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Introduction

The aim of this book is to show the advanced Excel skills you need to be a success in the 

workplace. It is full of Excel techniques, formula examples, and uses of Excel features 

that I have learned over the last 20 years of teaching and consulting in Excel and want to 

share with you now.

Microsoft Excel is utilized by businesses all over the world to manage, analyze, and 

share data. However, most users are taught how to use the tools and formulas of Excel 

in a very narrow way. They have typically learned them from a colleague or through 

Google. They perform the steps and it does a job, but they often do not know how it 

returned that result. Advanced Excel Success will uncover some of the secrets that you are 

not told and use Excel tools in a way that you did not realize was possible.

This book will benefit anyone who works with Excel regularly, no matter the 

profession or their requirements from Excel.

Advanced Excel Success is divided into six chapters:

•	 Chapter 1: This chapter focuses on Excel tricks to boost 

productivity – tricks and innovative ways of using Excel features that I 

have learned over the years.

•	 Chapter 2: This chapter is all about formulas and some of the 

best functions in Excel. It takes a deep dive into Excel formulas to 

understand them in a way you may not have done before. It then 

focuses on some of Excel’s best functions to analyze data and 

produce dynamic reports with “real-world” examples.

•	 Chapter 3: This chapter will look at advanced formatting techniques 

to add more meaning to your data. It starts with some advanced 

Conditional Formatting techniques. And then it takes formatting up 

another step with some very creative uses and unleashes the power 

of custom formatting.

•	 Chapter 4: This chapter will cover a variety of advanced charting 

tricks. These include automatically changing the color of key metrics, 

dynamically sorting chart data, and how to build creative chart labels.
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•	 Chapter 5: This chapter is a guide to Power Query, one of the most 

important upgrades in Excel history. The chapter walks through 

several examples using Power Query to streamline common data 

tasks and prepare data for analysis.

•	 Chapter 6: This chapter is a guide to Power Pivot, a feature that goes 

beyond the Excel spreadsheet. With Power Pivot, we can store huge 

volumes of data, model it, and perform powerful calculations. This is 

all covered in the chapter.

�Download the Example Files
You are encouraged to download the example files used by me throughout the book 

to practice on. The best way of learning is by doing. Follow along, explore, and this 

experience will benefit your learning greatly.

You can download the example files from the book’s Apress web page  

(www.apress.com/gp/book/9781484264669).

The files are organized into folders that match the chapters of this book.

Introduction

http://www.apress.com/gp/book/9781484264669


1
© Alan Murray 2021 
A. Murray, Advanced Excel Success, https://doi.org/10.1007/978-1-4842-6467-6_1

CHAPTER 1

Excel Tricks and  
Data Tools
Everybody loves an Excel trick. I certainly do. I love picking up new shortcuts and 

secret tips and learning innovative ways of using tools that I never thought to try. We 

are always learning.

When trying to accomplish an Excel task, sometimes the solution can come from 

an unexpected source. It could be from a tool that you thought you knew very well. And 

suddenly a clever new trick has opened your mind to new possibilities. You find yourself 

eagerly thinking of other ways you can use this new knowledge. I love that feeling.

This chapter will explore some of the tricks that I have learned over the years. I am 

indebted to my friends, my students, and occasionally my own endeavor in Excel to 

learning these. I hope these tips become a reference you can refer to again and again.

�Fill Techniques
Let us begin with some fill techniques. It is one of the first techniques that you learn in 

Excel, but there are options that many are not aware of.

�Generate a Number Series
When you generate a simple series of numbers, for a ranking list, for instance, you 

may know that entering one number is not enough. By default, Excel repeats the 

same number.

	 1.	 Enter the first number of the series (1 in this example), select the 

cell, and position your cursor over the fill handle until you see the 

skinny black cross. Figure 1-1 shows the fill handle.

https://doi.org/10.1007/978-1-4842-6467-6_1#DOI
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	 2.	 Click and drag down the number of rows you want to generate a 

number series for.

The same number is repeated for every row (Figure 1-2).

By entering a second number, you can get a sequence (Figure 1-3).

Figure 1-1.  Using the fill handle to generate a series of numbers

Figure 1-2.  Same number is repeated when you fill down a single number

Chapter 1  Excel Tricks and Data Tools 
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But you do not need to go through that hassle. There are a couple of neat tricks to 

generate the series. Simply type the first number and hold the Ctrl key down as you fill to 

generate the sequence.

An alternative method is to use the magic square to the right. Select the square in 

addition to the one containing the number and fill down (Figure 1-4).

�Additional Series Options
You can access additional series options by dragging the fill handle away and then 

back with the right button depressed. On releasing the right button, a menu appears 

(Figure 1-5). Click Series.

Figure 1-3.  Using two numbers to generate the series

Figure 1-4.  Using the magic square to generate a series of numbers

Chapter 1  Excel Tricks and Data Tools 
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Note  You can also access these options by clicking Home ➤ Fill ➤ Series.

The Series window (Figure 1-6) provides some brilliant options such as to fill along 

rows or down columns, if you want to step values and at what value to stop.

Figure 1-5.  Use the right-click button to drag away and then back to unlock secret 
options

Chapter 1  Excel Tricks and Data Tools 
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In this example, I have set it to step by 2 and to stop at number 15.

The list is created with minimum fuss (Figure 1-7).

This is just one example of what is available. But let us look at a far more  

realistic scenario.

Figure 1-6.  Additional options in the Series window

Figure 1-7.  A list from 1 to 15 stepping by 2

Chapter 1  Excel Tricks and Data Tools 
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We are tasked with creating a list of dates from 3 March 2020 to 30 October 2022, and 

we want every other week (3 March 2020 is a Tuesday).

	 1.	 Type 03/03/2020 into the first cell and open the Series window.

	 2.	 It should automatically detect that you want to use date values. 

Ensure this is selected and note the options available for date 

units.

	 3.	 Enter 14 for the Step value and 30/10/2022 for the Stop value. The 

completed Series window is shown in Figure 1-8.

	 4.	 Click OK.

The list is generated (Figure 1-9). This is much simpler than typing two dates and 

dragging down cells until you reach 30 October 2022.

Figure 1-8.  Setting a date series with a stop value

Chapter 1  Excel Tricks and Data Tools 
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In this scenario, the list stops at 25 October 2022 because that is the final Tuesday in 

the series.

�The Incredible Flash Fill
Flash Fill is a tool that arrived with Excel 2013, and the day I first used it, I could not sleep 

that night. Along with the more important Power Query (Chapter 5), these tools make 

easy what was once a frustrating task.

Let us look at a couple of examples of what Flash Fill can do and how. These 

examples just give an insight, and you should further explore what else it can do.

File  flash-fill.xlsx

For the first example, we have people’s first names in column A and their last names 

in column B. In column C, we want to combine the two together.

Type the full name of the first person and press Enter. Start typing the name of the 

second person, and Flash Fill appears offering to complete the rest for you (Figure 1-10). 

Press Enter to confirm and fill in every full name.

Figure 1-9.  Schedule of dates every 14 days from 3 March 2020

Chapter 1  Excel Tricks and Data Tools 
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So easy to combine hundreds or thousands of names and without any formula.

Note  You can disable this automatic Flash Fill from Excel Options if you do not 
like this behavior.

For a second example, we have the codes in Figure 1-11, and we want to extract the 

letters from between the two hyphens (-). They also need to be displayed in uppercase.

This would be a complicated formula, but with Flash Fill it is simple.

Figure 1-10.  Flash Fill automatically picking up a data entry pattern

Chapter 1  Excel Tricks and Data Tools 
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	 1.	 Click cell B2 and type “JH”, the first area code in uppercase.

	 2.	 Press Ctrl + Enter to confirm your entry but stay on cell B2.

	 3.	 Press Ctrl + E. This is the Flash Fill shortcut.

As easy as that, we have the data we want for further analysis (Figure 1-12).

Note  You can also run Flash Fill by clicking Home ➤ Fill ➤ Flash Fill or Data ➤ 
Flash Fill.

Figure 1-11.  A list of codes with information we want to extract

Figure 1-12.  Completed Flash Fill solution for the area codes

Chapter 1  Excel Tricks and Data Tools 
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�Take Advantage of Custom Lists
When you enter the name of a month or day of the week in Excel and fill to other cells, 

a series is automatically created (Figure 1-13). This is possible because Excel has these 

series stored as custom lists.

You can create your own custom lists in Excel. This can improve the speed and 

accuracy of entering a series of data. This is very useful.

Another scenario for using custom lists is for sorting data effectively. You can sort 

lists using a custom list, but what if the items are not in the correct order?

Take this scenario. We have a Slicer connected to a table or PivotTable for filtering. 

It has the days of the week and is sorted in order (Figure 1-14). But, maybe, for you the 

first day of the week is not Monday, but Sunday. So, you would prefer this to be at the top 

when sorted.

File  custom-lists.xlsx

Figure 1-13.  The day of the week series in Excel

Chapter 1  Excel Tricks and Data Tools 
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To create a custom list:

	 1.	 Click File ➤ Options ➤ Advanced ➤ Edit Custom Lists  

(Figure 1-15).

Figure 1-14.  Slicer with the days of the week sorted using the standard custom list

Chapter 1  Excel Tricks and Data Tools 



12

	 2.	 You cannot edit the built-in custom lists, so we will need to create 

a new one. With NEW LIST selected, type the days of the week into 

the List entries box in the order that you want. Press Enter after 

each one (Figure 1-16).

	 3.	 Click Add to add the new list to the Custom lists on the left, then 

click OK to close the window.

Note  You can also import a list from a range of cells.

Figure 1-15.  Edit Custom Lists button in the Advanced options

Chapter 1  Excel Tricks and Data Tools 
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This list can now be used to sort the Slicer.

	 1.	 Select the Slicer, then click Slicer ➤ Slicer Settings.

	 2.	 Ensure the Use Custom Lists when sorting box is checked 

(Figure 1-17). You may need to sort it in descending order and 

then switch back to ascending to get the new custom list to take 

control.

Figure 1-16.  Creating a new day of the week custom list

Chapter 1  Excel Tricks and Data Tools 
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The Slicer options are now sorted correctly (Figure 1-18).

Figure 1-17.  Use Custom Lists when sorting a Slicer

Figure 1-18.  Slicer sorted using the new custom list

Chapter 1  Excel Tricks and Data Tools 
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Creating your own version of these month name and day of week custom lists is a 

typical example. Different scenarios may call for a different “first month.”

You can get creative with this for other work scenarios. Imagine we have many store 

locations used in a Slicer (or a table or a PivotTable) that we want sorted. But two are our 

flagship stores (Germany and Switzerland), and we would like to see them at the top of 

the list for quicker access.

Creating a custom list and then sorting using that list can create the desired order 

(Figure 1-19).

�Change Multiple Worksheets at the Same Time
Occasionally, you may need to make the same change to multiple worksheets at one 

time. This could be deleting columns, formatting cells, or writing a formula. By grouping 

worksheets, this task is simple.

File  group-worksheets.xlsx

Figure 1-19.  Custom List to specify the order of countries in a Slicer

Chapter 1  Excel Tricks and Data Tools 
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In the workbook group-worksheets.xlsx, there are five worksheets, each with the 

quarterly sales of products. Each worksheet represents a store, and some modifications 

need to be made to them. This is shown in Figure 1-20.

To make changes to all the worksheets, right-click one of the worksheet tabs and 

click Select All Sheets (Figure 1-21).

Figure 1-20.  The five worksheets and their data

Chapter 1  Excel Tricks and Data Tools 



17

The sheets are now grouped, and this is identified by the word Group in the Title bar 

next to the workbook’s name (Figure 1-22).

We can now begin to make some changes, and those changes will be replicated on all 

the sheets.

Figure 1-21.  Select all the sheets in a workbook

Figure 1-22.  Group in the Excel Title bar

Chapter 1  Excel Tricks and Data Tools 
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In this example, the quarter headers were formatted bold, in row 8 a SUM function 

was used to total the quarter’s sales, and those cells were formatted with a top and 

bottom border and number formatting applied (Figure 1-23).

To ungroup the sheets, simply click a different sheet tab to the currently active sheet.

Note  You can group specific worksheets by pressing the Ctrl key and clicking 
each worksheet you would like included in the group. Or to group a consecutive 
range of worksheets, click the first worksheet, press the Shift key, and click the 
last worksheet in the range.

�Advanced Find and Replace Tricks
Find and Replace is an often-forgotten hero of data manipulation. It has been around 

for such a long time and is hidden away on the far end of the Home tab of the Ribbon – 

leading people to forget about it.

Figure 1-23.  Formatting and a formula applied to the grouped sheets

Chapter 1  Excel Tricks and Data Tools 
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Sometimes, these methods are still the best. Fancy formulas, Power Query, and 

macros are all great. Occasionally though, you just need to get the job done. Here are 

some examples of when Find and Replace can come to the rescue.

File  find-and-replace.xlsx

�Find and Replace in the Entire Workbook
Let us begin with a huge time saver, being able to replace, format, or remove values from 

an entire workbook with a few clicks of a button.

We have three worksheets: North East, North West, and South (of course, it could be 

many more), and we need to make some changes to data across all these sheets.

For this first example, we want to change the name of a product from “Supreme 

Pizza” to “Mega Pizza.” We need to change every instance of this name and for all 

worksheets.

	 1.	 Open the Find and Replace window by using the Ctrl + H 

keyboard shortcut or clicking Home ➤ Find & Select ➤ Replace.

	 2.	 Type “Supreme Pizza” in the Find what box and “Mega Pizza” in 

the Replace with box.

	 3.	 Click the Options button to expand the dialog window.

	 4.	 Change the Within setting from Sheet to Workbook. The 

completed steps are shown in Figure 1-24.

Chapter 1  Excel Tricks and Data Tools 
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	 5.	 Click Replace All.

All instances of “Supreme Pizza” have been replaced. A message is shown confirming 

the number of replacements made (Figure 1-25). If this is more than expected, you can 

undo the operation and refine your search criteria.

Figure 1-24.  Replace all instances of Supreme Pizza for the entire workbook

Figure 1-25.  Completion message confirming the number of replacements made

Note  Find and Replace is incredibly powerful, and therefore some care should be 
taken. The word “Pizza” is included in the search to protect against changing other 
uses of “Supreme” outside of the one intended.

Chapter 1  Excel Tricks and Data Tools 



21

�Edit Your Formulas Fast
The Find and Replace tool is set to look in formulas by default. This setting can be 

extremely useful for editing many formulas quickly.

On the same three worksheets, North East, North West, and South, formulas have 

been used to analyze the sales data. An example of one of these formulas is

=SUMIFS($C$2:$C$21,$A$2:$A$21,E3)

They are using sheet references. $C$2:$C$21 refers to the sales values on that sheet.

The ranges on these sheets are now being formatted as tables, and because of these 

we want to quickly update all formulas to use the table references instead, as this is more 

efficient.

Each table is named as NorthEast, NorthWest, and South (spaces cannot be used in 

table names). A sample of the NorthEast table is shown in Figure 1-26.

Let us look at changing all references to the sales values.

	 1.	 Open the Find and Replace window.

	 2.	 Enter $C$2:$C$21 in the Find what box and NorthEast[Sales] in 

the Replace with box.

Figure 1-26.  The NorthEast table with the Sales column

Chapter 1  Excel Tricks and Data Tools 
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	 3.	 Change the Within setting to Sheet. We need to edit each sheet 

individually as the tables have different names.

	 4.	 Ensure that the Look in setting is set to Formulas. The completed 

steps are shown in Figure 1-27.

	 5.	 Click Replace All.

Note  Find and Replace settings are retained. This is useful if you perform that 
technique regularly on a workbook, but also something to be wary of. Be sure to 
clear previous settings as you work along with the book examples.

�Change Cell Formatting
Yes, it is true. Find and Replace can even be used to locate, replace, or remove based on 

the cell formatting.

The formulas on the North East, North West, and South worksheets all have a specific 

formatting applied to them. This is a good idea as it makes the cells containing formulas 

instantly recognizable to users.

Figure 1-27.  Edit all formulas on the worksheet quickly with Find and Replace

Chapter 1  Excel Tricks and Data Tools 
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If the formatting of these cells needs to change, Find and Replace makes this a 

simple task.

	 1.	 Open the Find and Replace window.

	 2.	 Click the Options button to make the formatting options available.

	 3.	 Next to the Find what box, click the Format button arrow, select 

Choose Format From Cell (Figure 1-28), and click one of the 

formula cells.

	 4.	 Next to the Replace with box, click the Format button arrow and 

either click Format to specify the formatting to use or Choose 
Format From Cell if the formatting to use is already applied  

to a cell.

	 5.	 Select Workbook from the Within list to change the formatting on 

all worksheets (Figure 1-29).

Figure 1-28.  Choose format from a cell

Chapter 1  Excel Tricks and Data Tools 
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	 6.	 Click Replace All.

�Remove Values
Find and Replace, despite its name, is not only great at finding and replacing values and 

formatting. But it is also very useful at finding and removing data.

Figure 1-30 shows the first ten rows of sales data with total rows inserted into the range. 

For a more efficient analysis, we will remove these total rows.

Figure 1-29.  Change cell formatting with Find and Replace

Chapter 1  Excel Tricks and Data Tools 
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	 1.	 Open the Find and Replace window.

	 2.	 Type “Total” into the Find what box.

	 3.	 Select Sheet from the Within list.

	 4.	 Click the Match entire cell contents box. We want to be sure that 

the found cells only contain the word “Total”.

	 5.	 Click Find All. A list of all the found cells including information 

such as the cell address is shown. The completed steps are shown 

in Figure 1-31.

Figure 1-30.  Sample data with total rows that need removing
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	 6.	 Ensure the area with the list of found cells is active and press  

Ctrl + A to select all the cells (Figure 1-32).

	 7.	 Click Close.

Figure 1-31.  Find all the cells with “Total” as the entire cell content
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	 8.	 Click Home ➤ Delete ➤ Delete Sheet Rows to remove the rows 

that were found (Figure 1-33).

�Remove Asterisks from a Range
There are two main wildcard characters that can be used in your search criteria. These 

are the question mark (?) and the asterisk (*).

Figure 1-32.  Select all the found cells

Figure 1-33.  Delete the selected rows on the sheet
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These wildcard characters can be used in place of characters you are unsure of. The 

question mark can be used in place of a single character. For example, A?an would find 

both Adam and Alan. And the asterisk can be used in place of any number of characters. 

For example, L*n would find both London and Linton.

If the asterisk and question mark are wildcards, how would you look for those 

characters specifically if needed?

Let us look at the scenario shown in Figure 1-34. A data import has positioned 

asterisks around the names in a list, and we need to remove them.

In this scenario, we can use the tilde (~) character before the asterisk in the Find 
what box (Figure 1-35). Leave the Replace with box empty to replace them with nothing 

and click Replace All.

Figure 1-34.  List of imported names including asterisk characters
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The tilde informs the Find and Replace tool that the following character should be 

used as the search criteria and not as a wildcard.

Note T his can also be used to replace or remove the question mark. If you need 
to replace or remove a tilde, use two tildes (~~) in the Find what box.

�Replace Line Breaks Easily
Line breaks are another type of nasty character that you can find yourself removing from 

Excel spreadsheets, especially when you are getting data from external sources. Once 

again, though, this is easy with Find and Replace.

In Figure 1-36, line breaks have been used to separate the names.

Figure 1-35.  Using the tilde to find the asterisk characters
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	 1.	 Select the range of names and open the Find and Replace window.

	 2.	 In the Find what box, press Ctrl + J on the keyboard. This shortcut 

inserts a line break for the search criteria (it may not be visible).

	 3.	 In the Replace with box, type a comma and a space (, )  

(Figure 1-37).

Figure 1-36.  Line breaks separate the names in column B
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	 4.	 Click Replace All to replace all the line breaks.

	 5.	 Click the Wrap Text button on the Home tab to remove the text 

wrapping enforced by the line breaks.

Note T he line break is character 10 on Windows and 13 on a Mac. You can also 
replace the line breaks using the CHAR function with the appropriate character 
code within the SUBSTITUTE function if you wanted a formula solution.

�Delete Every Nth Row Quickly
At times we need to be inventive, and if we cannot search directly for the text we need, a 

helper column can be created.

In this example, we have a list of sales data with total rows inserted into the range 

which we want to remove. The total rows are labeled with the region name so we do 

not have consistent text that we can use as search criteria, but they do occur in every 

fifth row.

To get around this, we will create a column with a series of characters and use a 

unique character for every fifth row (Figure 1-38).

Figure 1-37.  Replace line breaks with Find and Replace

Chapter 1  Excel Tricks and Data Tools 



32

	 1.	 In column C, type the characters into the first five cells. You can 

use any characters you want; just ensure that the one in the fifth 

row is unique.

	 2.	 Select these five cells and fill the list to the bottom of the range 

to generate the series of characters. You can do this quickly by 

double-clicking the fill handle.

	 3.	 In the Find and Replace window, type the unique character in 

the Find what box. Click Find All to list the cells containing that 

character.

Figure 1-38.  Generate a series of characters to identify the rows we need
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	 4.	 Press Ctrl + A to select all the cells (Figure 1-39).

	 5.	 Click Home ➤ Delete ➤ Delete Sheet Rows to remove  

every fifth row.

�Quickly Find All Cells That Meet Criteria
The Go To Special tool is incredibly useful and enables us to select all cells that meet 

specific criteria easily. It is fantastic for auditing spreadsheets and performing quick  

no-nonsense tasks.

File  go-to-special.xlsx

Figure 1-39.  Select all the cells with that unique character
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�Remove Blank Rows
The problem of blank rows is an unfortunate tale that all Excel users experience at some 

point. The good news is that the shining knight of Go To Special will help rid them from 

our spreadsheets.

Note  Go To Special provides a quick and no fluff way of getting the job done. In 
Chapter 5, we cover Power Query which can handle this task more efficiently and 
do much more.

Figure 1-40 shows a snapshot of some data we have received. We need to remove all 

the blank rows that appear after each period.

Figure 1-40.  Blank rows in a spreadsheet. Bad news!
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	 1.	 Select the range to search for blanks. In this example, I will select 

column A as that is sufficient to identify a blank row.

	 2.	 Press F5 to open the Go To window and click Special, or click 

Home ➤ Find & Select ➤ Go To Special to open the Go To 

Special window.

	 3.	 Select Blanks (Figure 1-41) and click OK.

All the blank cells in the given range are selected. We can now move on to 

removing them.

	 4.	 Click Home ➤ Delete ➤ Delete Sheet Rows.

Note T o open the Go To Special window, you can use either the F5 or Ctrl + G 
shortcuts followed by Alt + S.

Figure 1-41.  Select Blanks in the Go To Special window
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�Fill Blank Cells with 0
In addition to blank rows to remove, there is the other common issue of blank cells.

Figure 1-42 shows a sample of data with blank cells scattered within the range. We 

want to fill those cells with a value. In this example, we will fill them with 0.

	 1.	 Select the range containing the blanks to fill. In this example, I will 

select columns B:E.

	 2.	 Click Home ➤ Find & Select ➤ Go To Special, select Blanks, and 

click OK.

	 3.	 All the blank cells in the range are selected. The first one is the 

active cell (Figure 1-43).

Figure 1-42.  Blank cells in a data set
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	 4.	 Type 0. This will appear in the active cell only. Press Ctrl + Enter 

to apply to all the other selected cells (Figure 1-44).

Figure 1-43.  Quickly select all the blank cells in a range
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�Fill Blank Cells with the Cell Value Above
Exporting reports from other systems into Excel often leaves us with data that is awkward 

to analyze further. Take the example in Figure 1-45 which has blank cells under the labels 

in the first two columns.

We will fill those cells with the value from the cell above.

Figure 1-44.  Zero in all blank cells
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	 1.	 Select the range containing the blanks to fill. In this example, I will 

select columns A:B.

	 2.	 Click Home ➤ Find & Select ➤ Go To Special, select Blanks, and 

click OK.

	 3.	 The blank cells are selected. Type = and click the cell above the 

active cell. In Figure 1-46, that is cell B2.

	 4.	 Press Ctrl + Enter.

Figure 1-45.  Exported report containing blank cells
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All the blank cells are populated with the content from the cell above (Figure 1-47).

Figure 1-46.  Fill the blanks with the value from the cell above
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�Format All Cells Containing Formulas
When creating models and reports in Excel, it can be awkward to remember which cells 

contain input values or which contain formulas.

Doing something simple such as formatting these cells differently will give them that 

distinction so that it is no longer a headache in the future.

If you have many formulas on a spreadsheet, this may sound a tedious task to find 

and select them all to format. Let us get Go To Special to do it for us.

	 1.	 Open the Go To Special window.

	 2.	 Click the Formulas option. You can be more specific and  

select the formulas that return numbers, text, logicals, or errors,  

if needed. We will select all (Figure 1-48).

	 3.	 With the formulas selected, they can now be formatted  

how you want.

Figure 1-47.  Completed Excel range with blanks filled from the cell value above
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�Compare Two Columns by Identifying Row Differences
When auditing spreadsheets, you may need to highlight inconsistencies between values 

in different columns. Go To Special has an option to quickly identify these differences.

Figure 1-49 shows a list of invoices and the amount paid which we want to compare 

for this example.

Figure 1-48.  The formulas options in the Go To Special window
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	 1.	 Select the range of cells to compare. In this example, this is B2:C6.

	 2.	 Open the Go To Special window by pressing F5 followed by  

Alt + S, or click Home ➤ Find & Select ➤ Go To Special.

	 3.	 Click the Row differences option (Figure 1-50) and click OK.

Figure 1-49.  Data with columns to compare

Figure 1-50.  Row differences option in the Go To Special window
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With the cells containing a different value to its adjacent column selected, we can 

format the cells so that they are easily identified (Figure 1-51).

�The Secrets of Text to Columns
The Text to Columns feature is very well known in Excel, but it does have some secret 

abilities that you may not be aware of.

File  text-to-columns.xlsx

�Convert Text to Number
Text to Columns is one of the fastest no-nonsense ways to convert data. Many users do 

not realize this because its name implies that it will split data into columns. But you do 

not have to.

In this example, we have a classic scenario of converting numbers stored as text 

to numbers.

	 1.	 Select the range of text you want to convert to numbers.

	 2.	 Click Data ➤ Text to Columns to open the Text to Columns 

wizard.

Figure 1-51.  Formatting applied to identify the row differences
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	 3.	 Leave the first step as Delimited and click Next.

	 4.	 Remove all delimiter options in step 2. We are not interested in 

splitting columns. Click Next.

	 5.	 Ensure General is selected as the format (Figure 1-52). This will 

convert numbers and dates if it recognizes them. Click Finish.

�Converting Date Formats
Excel can sometimes have trouble recognizing dates. This could be that they have come 

from a country with a different format to the regional settings of your Excel. For example, 

I am based in the UK, so dates formatted as MM/DD/YYYY are not recognized as a date.

Figure 1-52.  Convert text to numbers with Text to Columns
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Figure 1-53 shows dates in the MM/DD/YYYY formats. Two of the dates are stored as 

text, and two have been stored as dates. Excel thinks it understands two of them, but the 

dates are wrong as they do not follow the expected DD/MM/YYYY format.

Text to Columns will take care of this.

	 1.	 Select the range of dates and click Data ➤ Text to Columns.

	 2.	 Leave the first step as delimited, and ensure no delimiters are 

used in the second step.

	 3.	 On step 3, click the Date option and select MDY from the format 

list (Figure 1-54). Click Finish.

Figure 1-53.  Dates in MM/DD/YYYY not recognized by my Excel
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Figure 1-54.  Select the format that the dates are using

The dates are now recognized and stored correctly (Figure 1-55).

Figure 1-55.  MM/DD/YYYY dates successfully converted to DD/MM/YYYY
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Text to Columns can be used to convert from any date format. This could be dates 

stored as text or dates using a YYYYMMDD format.

It is one of my favorite secrets about the feature. And when I use it to resurrect 

thousands of unrecognized dates in a few seconds, it always impresses.

�Converting International Number Formats
It is also a quick way of handling international number formats. I live in the UK, so the 

comma (,) is used as a thousand separator and the period (.) as a decimal separator.

Not all countries use the same characters so there can be confusion in Excel when 

working with data from other countries. Figure 1-56 shows numbers that use a comma 

(,) as the decimal separator and the period (.) as the thousand separator. My version of 

Excel does not recognize these as numbers, though it did recognize the 9.

Thankfully, Text to Columns can fix this fast.

	 1.	 Select the range of numbers to convert and click Data ➤  

Text to Columns.

	 2.	 Leave the first step as delimited, and ensure no delimiters are 

used in the second step.

	 3.	 In step 3, click the Advanced button.

	 4.	 Change the Decimal separator and the Thousands separator to 

the ones used by the data (Figure 1-57).

Figure 1-56.  International numbers not recognized by Excel
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Figure 1-57.  Advanced settings for converting text to numbers

	 5.	 Click OK to close the advanced settings and then Finish.

The numbers are successfully converted (Figure 1-58).

�Convert Values with a Trailing Minus Sign
Let us look at how Text to Columns can easily handle the scenario of trailing minus signs 

as shown in Figure 1-59.

Figure 1-58.  International numbers successfully converted
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	 1.	 Select the range you need to convert and click Data ➤ Text to 
Columns.

	 2.	 Leave the first step as delimited, and ensure no delimiters are 

used in the second step.

	 3.	 In step 3, click the Advanced button and check that the Trailing 
minus for negative numbers box is checked (Figure 1-60). By 

default, it should be so this is an often unnecessary check.

	 4.	 Click OK and then Finish.

Figure 1-60.  Trailing minus for negative numbers check box in advanced settings

Figure 1-59.  Numbers with a trailing minus sign
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Figure 1-61.  Text values converted to negative number values

The text values have been successfully converted to negative numbers (Figure 1-61).

�What Is So Special About Paste Special?
Paste Special is an incredible tool for quickly manipulating data. It is very helpful for 

simple but brilliant time-saving data formatting and other transformations.

File  paste-special.xlsx

�Convert Positive Values to Negative
Using Paste Special, we can easily convert positive values to negative or vice versa.

	 1.	 Type -1 into a vacant cell.

	 2.	 Copy that cell value by pressing Ctrl + C.

	 3.	 Select the range of cells you want to convert and click Home ➤ 

Paste arrow ➤ Paste Special or use the Ctrl + Alt + V shortcut.

	 4.	 In the Paste Special window, select Values and Multiply  

(Figure 1-62).
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Multiplying the values by –1 converts them to negative. The same technique converts 

negative values to positive.

These operations in Paste Special are extremely useful. We can perform fast 

mathematical operations without having to use a cell formula and then copy the results.

�Remove Formulas from a Cell
Pasting values only to remove the formulas from a cell is probably the most common use 

of Paste Special.

Instead of achieving this through the Paste Special options, let us look at one of my 

favorite shortcuts – the right-click wiggle.

Figure 1-62.  Convert positive numbers to negative with Paste Special
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Figure 1-63.  Right-click wiggle to paste as values only

	 1.	 Select the range containing the formulas you want to replace with 

values only.

	 2.	 Position your cursor on the edge of the selected range, right-click 

and drag away from the selection, then back again and release  

the mouse.

	 3.	 A menu appears with some useful paste options (Figure 1-63). 

Click Copy Here as Values Only.
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�Repeat Column Widths
This is a question I get a lot on my beginner’s classes in Excel. How can we make each 

column the same width quickly?

Figure 1-64 shows four columns, and the “Qtr3” column is clearly wider than the 

other three. Also, how do we know the other three are the same width?

Let us repeat the width of the “Qtr1” column to the other three to be sure they are all 

the same.

	 1.	 Click a cell in column A (“Qtr1” column) and press Ctrl + C  

to copy.

	 2.	 Select cells in columns B:D. Just some cells in all three columns is 

enough; you do not need to select the entire column.

	 3.	 Press Ctrl + Alt + V to open the Paste Special options.

	 4.	 Select Column Widths and click OK.

�Pasting with Charts
Paste Special can also be used to quickly copy formatting between charts. In this 

example, we want to repeat the formatting from the “Income” chart on the left to the 

“Expenses” chart on the right (Figure 1-65).

Figure 1-64.  Column C is wider than the other three columns
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Figure 1-65.  Two charts with different formatting

Figure 1-66.  Paste Special options for charts

	 1.	 Select the chart with the format you want to copy and  

press Ctrl + C.

	 2.	 Click the chart you want to paste the formatting to.

	 3.	 Click Home ➤ Paste arrow ➤ Paste Special to open the window 

shown in Figure 1-66.
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	 4.	 Select Formats. We do not want to paste the data as well.

Job done! The two charts have the same format (Figure 1-67).

Figure 1-67.  Same formatting applied quickly between two charts
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CHAPTER 2

The Ten Power  
Functions of Excel
I love using formulas in Excel. They are the heartbeat of a spreadsheet.

They turn a static spreadsheet into a dynamic and interactive spreadsheet that can 

make decisions, change over time, and react to user requests.

Excel has many tools now to create powerful reports including Power Query, VBA, 

and Power Pivot. However, formulas are still the heartbeat of a smart spreadsheet.

Many users learn to use a function to complete a specific task at work. And they 

will often learn this from a colleague or from a Google (or Bing) search. This is great! I 

do it too 😊.

However, to achieve advanced success with formulas, you need to understand 

exactly how these functions work and why.

There are too many functions in Excel to go through each one in detail. So, in this 

chapter, I will go into intimate detail on the ten power functions of Excel for dynamic, 

interactive reports and models. The ten functions covered in this chapter are

	 1.	 SUMPRODUCT

	 2.	 UNIQUE

	 3.	 SORT

	 4.	 SORTBY

	 5.	 FILTER

	 6.	 INDEX

	 7.	 CHOOSE

	 8.	 XLOOKUP
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	 9.	 INDIRECT

	 10.	 SWITCH

This is not to discredit the incredible functions outside of these ten, such as FIND, 

SUM, ABS, VALUE, TEXT, and so on. These power functions cannot do it alone.

However, they are the real driving force behind dynamic spreadsheets. Therefore, I 

have labeled them the power functions.

�Functions Are Beautiful
There are many Excel functions. Each has its own purpose and method of achieving 

that purpose.

A worksheet function returns something. It cannot delete or format values. We need 

tools such as Power Query, VBA, or Conditional Formatting for those needs.

Some functions can return ranges, and others only return values (text, numbers, 

logical). Some can return an array and others aggregate. Functions are diverse. All of 

them are beautiful.

These differences can be confusing and overwhelming to the less experienced user. 

Once you understand how a function wants to be used, it gets easier.

�Using Tables
Many of the formula examples in this book reference data in a table. Although it is not 

necessary, tables offer many advantages compared to sheet ranges.

Let us look at how to create a table in Excel and then detail some of the reasons you 

should be using them.

�Format a Range as a Table
Formatting a range as a table is quick and simple.

File  tables-and-das.xlsx
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	 1.	 Click within the range of cells you want to format as a table.  

Click Insert ➤ Table or press Ctrl + T.

	 2.	 Ensure the range used in the Create Table window is correct  

and that the My table has headers box is checked (Figure 2-1). 

Click OK.

The range has now been converted to a table. After creating a table, I then perform 

two more steps.

The next step is to clear the formatting. This is optional. There are many styles you 

can use for your table, and you can also create your own. I like to clear it.

Click a cell within the table, click the Table Design tab, expand the Table Styles 

gallery, and click Clear (Figure 2-2).

Figure 2-1.  Ensure the range is correct and headers box checked
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The next step to perform is very important. You must name your table something 

meaningful. This name will be used by formulas, PivotTables, Slicers, and anything else 

connected to it.

Enter a useful name into the Table Name box on the Table Design tab (Figure 2-3).

Figure 2-2.  Clearing the table style

Figure 2-3.  Enter a meaningful name for the table
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Data imported into Excel is automatically formatted as a table. And tables will be 

used by the power tools (Power Query and Power Pivot) in the last two chapters of 

this book.

�Advantages to Using Tables
The formulas we use will not just be returning a result for now but also the future. If 

data is added, removed, or changed, the formulas need to continue to return the correct 

results.

Tables are dynamic and so provide us with this future proofing. They automatically 

expand and contract when data is added or removed.

Tables also provide simple, meaningful, and consistent references for our formulas. 

Here is a SUMIFS function referencing the columns of a table:

=SUMIFS(Sales[Sales],Sales[Region],E3)

And this is the alternative formula referencing the ranges on a sheet:

=SUMIFS(C2:C9,B2:B9,E3)

There is a clear winner. The table references are more meaningful and much easier 

to enter in the formula.

When typing the formula, when you enter the table name followed by a square 

bracket ([), a list of the table elements appears (Figure 2-4). This makes it simple to 

reference the header row, entire table, or a specific column.

Figure 2-4.  Drop-down of table elements
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When referencing cells in a table from a formula, the column name is shown if the 

cell is on the same row as the formula (Figure 2-5). The @ character is used to indicate 

that the cell or cells are on this row, and not the entire column.

This is clearer than the classic sheet references of the column letter and row number. 

The formula is also consistent for all rows of the table and automatically fills down if 

more rows are added to the table.

If you select cell(s) on a different row to the formula, then a sheet range is used, that 

is, D3 or B2:D2.

OK, we need to move on. This was just a quick lesson and insight on the importance 

and use of tables.

�Dynamic Arrays – The Game Has Changed
Dynamic array formulas started to arrive for Microsoft 365 subscribers in November 

2019 and have significantly changed how we write formulas. Dynamic arrays are not 

available to users of Excel 2019 or earlier. They are only available to Excel for Microsoft 

365 users.

These new formulas will automatically fill into the neighboring cells if multiple 

values are returned. This behavior is known as “spilling.”

Array formulas are not new to Excel, but there have been several limitations to their 

use in the past. These include the user needing to select the entire output range for the 

values and to press Ctrl + Shift + Enter to run them. This led to the name CSE formulas.

Figure 2-5.  Referencing cells on the same row
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Dynamic arrays can be written just like any other formula and ends the need to use 

Ctrl + Shift + Enter when writing array formulas.

The ability to reference arrays easily within formulas is incredible. And their facility 

to dynamically resize with data is a game changer. Dynamic arrays are here.

Let us look at a simple example of their use.

File  tables-and-das.xlsx

Figure 2-6 shows the SUMIFS function being used on the Sales table we just created. 

It references cell E3 for the criteria and now needs to be filled down to the other cells 

where we need a result.

With dynamic arrays, we can now reference the entire criteria range of E3:E5, and the 

formula will spill to include all the results.

=SUMIFS(Sales[Sales],Sales[Region],E3:E5)

This is shown in Figure 2-7. A blue border is used to identify the spill range.

Figure 2-6.  SUMIFS function that requires filling down

Chapter 2  The Ten Power Functions of Excel 



64

This formula is not completely dynamic as it uses the E3:E5 reference. This is OK for 

this first example. To be truly dynamic though, a formula should be referencing a table or 

a spill range. We will see many examples in this chapter.

There are a few key things to know about dynamic array formulas:

•	 A #SPILL! error is shown if the range that a formula attempts to spill 

into is blocked (Figure 2-8). This is fixed by moving or removing the 

content blocking the spill range.

Figure 2-7.  SUMIFS function with a spill range
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•	 Dynamic array formulas cannot be used within tables. This will 

also cause a #SPILL! error. However, using them on table data is 

encouraged.

•	 The formula exists in the first cell only and spills to the others. It 

cannot be edited from any cell except the first one.

•	 To reference a spill range, the hash or pound operator (#) is used 

(Figure 2-9). This makes it easy to run other formulas and Excel 

features off dynamic spill ranges.

Figure 2-8.  #SPILL! error caused by the text in cell F5

Figure 2-9.  Referencing a spill range
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•	 If a workbook containing dynamic array formulas is opened by a user 

on a previous version, it is shown as a legacy array formula with the 

curly braces.

{=SUMIFS(Sales[Sales],Sales[Region],E3:E5)}

•	 The @ character is used to indicate implicit intersection. In the 

following formula, the range B2:B15 is used so the @ character 

implies the use of the value in the cell on the same row as the 

formula. The @ character is also used in table references to indicate 

implicit intersection.

=IF(@'Due Dates'!$B$2:$B$15<TODAY(),"yes","no")

When sharing workbooks with users without the Excel for Microsoft 365 version, it is 

recommended to avoid the use of dynamic arrays.

�SUMPRODUCT
Availability: All versions

File  sumproduct.xlsx

The first power function on the list is SUMPRODUCT. This function is incredibly 

versatile and was my favorite function prior to the introduction of dynamic arrays.

Dynamic arrays have replaced the need for SUMPRODUCT. However, this remains 

an incredibly useful function for those using or sharing spreadsheets with others on 

versions outside of Excel for Microsoft 365.

The most popular uses of SUMPRODUCT are to sum and count values with complex 

criteria beyond what SUMIFS and COUNTIFS can handle and to use it as an alternative 

to array formulas.

The SUMPRODUCT function multiplies the values from corresponding ranges/

arrays and then sums those results. Does not sound like much but wait till you see what 

it can do.

The syntax for the SUMPRODUCT function is

=SUMPRODUCT(array1, [array2], [array3], ...)
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�Simple Example of SUMPRODUCT
Let us start with a simple example to understand how the SUMPRODUCT function 

works.

We have some products with a column of the quantity sold and the product price. To 

find the total, we could multiply the quantity by the price for each product and then sum 

the results. But with SUMPRODUCT, we can do this in one formula (Figure 2-10).

=SUMPRODUCT(product_sales[Qty],product_sales[Price])

The formula will multiply the first product quantity and price, then the second 

product quantity and price, and so on. These results are then summed.

In Excel 365 with the dynamic array formulas, we can simply multiply the quantity 

and price columns in a SUM function.

=SUM(product_sales[Qty]*product_sales[Price])

�Sum and Count with Multiple Criteria
Moving on from that simple example, let us look at some of the real reasons people use 

and love SUMPRODUCT.

Figure 2-10.  A simple example of using SUMPRODUCT
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There are many functions in Excel that help us sum and count values based on 

criteria being met. The most used are the SUMIFS and COUNTIFS functions. These 

functions are brilliant, but they are limited in that they can only handle AND logic 

between their conditions.

Using the table shown in Figure 2-11, we would like to return the number of sales 

from the regions North and South.

The COUNTIFS function cannot handle OR logic, so it would need to use two 

functions and add them together.

=COUNTIFS(Sales[Region],"North")+COUNTIFS(Sales[Region],"South")

Figure 2-11.  Sample data for SUMPRODUCT with multiple criteria
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Note T here is a trick using array constants so COUNTIFS and SUMIFS can handle 
OR logic, but it is awkward and limited in its ability.

SUMPRODUCT provides a much simpler way to complete this, especially when you 

have more than two conditions. It does take some practice though to get familiar with it.

The following formula will return the number of sales for the regions North and 

South (Figure 2-12):

=SUMPRODUCT((Sales[Region]="North")+(Sales[Region]="South"))

Each condition is enclosed in brackets, and the plus operator (+) is used for OR logic.

Note T he * operator is used for AND logic between conditions.

Figure 2-12.  SUMPRODUCT with multiple OR conditions
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�Understanding the Logic
Let us break down how this works before we explore further examples.

In Excel, the number 0 is False, and any number other than 0 is True.

The SUMPRODUCT function evaluates the two conditions and returns TRUE or 

FALSE. The first array in the following is the results for North and the second array is 

South:

{FALSE;TRUE;FALSE;TRUE;FALSE;FALSE;TRUE;FALSE;FALSE;FALSE;TRUE}

+

{FALSE;FALSE;FALSE;FALSE;FALSE;FALSE;FALSE;FALSE;TRUE;TRUE;FALSE})

The values from the relative position in each array are added together. So, the first is 

added to the first, second with the second, and so on.

When a mathematical operation is performed on True and False values, they are 

converted to 1 and 0. The corresponding array values are then added together, for 

example, 0 + 0 = 0; 1 + 0 = 1; and so on.

{0;1;0;1;0;0;1;0;1;1;1}

This is then summed to return the result of 6.

The asterisk (*) operator is used to perform AND logic. If we want to count the sales 

from the North region for Food products, the following formula can be used:

=SUMPRODUCT((Sales[Region]="North")*(Sales[Category]="Food"))

The two arrays when evaluated produce True and False values. The first array is for 

the North region and the second for the Food category.

{FALSE;TRUE;FALSE;TRUE;FALSE;FALSE;TRUE;FALSE;FALSE;FALSE;TRUE}

*

{TRUE;FALSE;TRUE;TRUE;TRUE;TRUE;TRUE;TRUE;TRUE;FALSE;FALSE})

The array values are then multiplied, converting them to 1 and 0 and performing the 

operation, for example, 0 * 1 = 0; 1 * 0 = 0; and so on.

{0;0;0;1;0;0;1;0;0;0;0}

By using the * operator, a 1 is returned only if both arrays result in 1 (or True),  

as 1 * 1 = 1.

This array is then summed to produce the result of 2.
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Note T his same logic is used with the FILTER function later in this chapter.

�More Complex Examples
Let us expand on those SUMPRODUCT examples by using cell values for the criteria 

instead of typing values such as “North” and “Food” into the formula. We need to also 

look at summing values and using both AND and OR criteria in one formula.

To sum values using multiple conditions in SUMPRODUCT, we multiply by the range 

of values we want to sum.

Suppose we want to sum the total sales for the regions of North and South. The 

following SUMPRODUCT formula can be used (Figure 2-13):

=SUMPRODUCT(((Sales[Region]=F3)+(Sales[Region]=G3))*Sales[Total])

Each condition is enclosed in brackets, and then brackets also surround the two OR 

conditions to force the + operation to occur before the * operation.

Figure 2-13.  Sum values with multiple criteria using SUMPRODUCT
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This time, cell values (F3 and G3) were used instead of entering North and South into 

the formula. The regions can be changed easily by editing the cell values.

For a final example, we need to return the total sales for the regions North and South 

only for the product Pizza (Figure 2-14).

=SUMPRODUCT(

     ((Sales[Region]=F3)+(Sales[Region]=G3))*

     (Sales[Product]=F5)*

     Sales[Total]

)

This formula has been split onto different lines using Alt + Enter to make it 

easier to digest. This is optional. The formula bar needs to be expanded and resized 

to see all the formula.

Figure 2-14.  Using AND and OR logic in a SUMPRODUCT formula
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Note W ith the dynamic array formulas in Excel 365, you can do all this in a 
SUM function. However, it is important to stress the use of SUMPRODUCT for 
compatibility for those on other versions.

�Alternative to Array Formulas
The other great strength of SUMPRODUCT is that it can handle arrays without the need 

to press Ctrl + Shift + Enter.

Take this example; we have a list of dates and values of transactions on those dates. 

We want to find the total for a specific month.

Most users would create an additional column to extract the month before then 

writing a SUMIFS function. SUMPRODUCT can do this in one formula (Figure 2-15).

=SUMPRODUCT((MONTH(Monthly_Sales[Date])=D3)*Monthly_Sales[Total])

A True is returned whenever there is a match between the result of the MONTH 

function and the value in cell D3. This is then converted to 1 and 0, multiplied by the 

corresponding total value and summed.
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Let us look at another example; this time, we have asked a bunch of people for their 

favorite three colors. We now want to count the occurrences of a specific color in the list.

The following SUMPRODUCT function is used (Figure 2-16). It includes the FIND 

function which will return the index number position of the word, if it finds it, and 

ISNUMBER to convert that number to a True value.

=SUMPRODUCT(--(ISNUMBER(FIND(C2,Colours[Favourite Colours],1))))

The double unary (--) is used to convert the True and False values to 1 and 0 so that 

they can be summed.

Instead of the double unary, we could have performed a mathematical operation to 

convert them. The following example multiplies the array values by 1 to convert them:

=SUMPRODUCT((ISNUMBER(FIND(C2,Colours[Favourite Colours],1)))*1)

Figure 2-15.  SUMPRODUCT as an array alternative for non-Excel 365 users
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Figure 2-16.  Counting the occurrences of a word in a column with SUMPRODUCT

�UNIQUE
Availability: Excel for Microsoft 365 only

File  unique.xlsx

The UNIQUE function returns a list of distinct or unique values from a range or array.

The syntax for the UNIQUE function is

 =UNIQUE(array, [by_col], [exactly_once])

•	 array: The range or array you want to return unique values from.

•	 [by_col]: This is a logical value (True/False). The default is False to 

compare rows against each other and return unique rows. Use True 

to compare and return unique columns.

•	 [exactly_once]: A logical value. The default value is False which 

returns a distinct list of the values. Using True returns a list of the 

unique values (those that only occur once).

Note  Function arguments enclosed in square brackets are optional. For example, 
[by_col].
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�Create a Distinct List
The UNIQUE function is brilliant for generating a distinct list of items for other formulas 

or Excel features to use.

In this example, we want to create a distinct list (a list with duplicate values removed) 

of the food products we have sold. We can then use SUMIFS to generate a quick and 

dynamic analysis of sales by product.

The following UNIQUE function is used in cell F6 and spills to the cells below to list 

each product (Figure 2-17):

=UNIQUE(Sales[Product])

We only need to provide the array in this example, as the UNIQUE function defaults 

to generating a distinct list (exactly_once argument is set to False).

This result is dynamic. If more rows are added to the Sales table with new products, 

the UNIQUE function will automatically add them to the spill range.

Figure 2-17.  Generate a distinct list of products
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We can now write a SUMIFS function in cell G6 that uses this spill range (Figure 2-18).

=SUMIFS(Sales[Total],Sales[Product],F6#)

F6 is the cell containing the UNIQUE function, and the # operator is used to 

reference the spill range.

�Dynamic List for Data Validation
The UNIQUE function is very useful for providing a dynamic distinct list of items for a 

Data Validation list.

In this example, we will use the same table (this time named Food_Sales), and we 

will generate a drop-down list of products in cell F3 (Figure 2-19).

Figure 2-18.  SUMIFS using the UNIQUE function spill range
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Unfortunately, the dynamic array formulas cannot be used directly in a Data 

Validation rule. So, in this example, we have used the following UNIQUE function in 

cell I1 (Figure 2-20). We can then reference this spill range from the Data Validation 

window.

=UNIQUE(Food_Sales[Product])

	 1.	 Select cell F3 and click Data ➤ Data Validation to open the Data 

Validation window.

	 2.	 Select List and enter =$I$1# into the Source box.

Figure 2-19.  Food Sales table with space for a drop-down list in cell F3
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The drop-down list is in cell F3. A SUMIFS function is returning the total sales of the 

selected product in cell G3 (Figure 2-21).

If new products appear in the Food_Sales table, they are automatically added to 

this list.

Figure 2-20.  Referencing a spill range in a Data Validation rule
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�Count of Distinct and Unique Entries
For a final example of the UNIQUE function, we have a list of attendee names in a table 

named Attendees (Figure 2-22). There are duplicate names because some people have 

attended more than once.

We need to find out how many people only attended once (unique names) and how 

many distinct people have attended.

Figure 2-21.  Dynamic Data Validation list from formula spill range
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In cell C3, the following UNIQUE function can be used to return the list of names 

that only attended once (Figure 2-23):

=UNIQUE(Attendees[Names],,TRUE)

The by_col argument has been ignored, and True has been set for the exactly_once 

argument.

Figure 2-22.  Attendees table with a list of names
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This is great, but we are not interested in their names; we just want to know how many. 

The COUNTA function can be used to count the items in the array returned by UNIQUE.

=COUNTA(UNIQUE(Attendees[Names],,TRUE))

We can then do the same in cell E3, though this time we want a distinct count and so 

will ignore the last two arguments of the UNIQUE function (Figure 2-24).

=COUNTA(UNIQUE(Attendees[Names]))

Figure 2-23.  Unique list of names that only attended once

Figure 2-24.  Unique and distinct count formulas
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�SORT and SORTBY
Availability: Excel for Microsoft 365 only

File  sort-and-sortby.xlsx

The sort functions were a terrific addition to Excel. Sorting data is a very popular 

feature of Excel, and now there are two functions in Excel 365 that will dynamically sort a 

range or array.

�SORT Function
Let us begin with the SORT function. Its syntax is

=SORT(array, [sort_index], [sort_order], [by_col])

•	 array: The range or array of data you want to sort.

•	 [sort_index]: An index number which represents the row or 

column number of the array to sort by. If omitted, the first row or 

column is used.

•	 [sort_order]: Enter 1 to sort in ascending order or –1 for descending. 

If omitted, it will sort in ascending order.

•	 [by_col]: Logical value which specifies whether to sort by row or by 

column. The default value is False, which sorts by row (vertical sort). 

Enter True to sort by column (horizontal sort).

�Sort a Distinct List
We just looked at how the UNIQUE function can return a distinct range of values 

and that this is great for dynamic reports and feeding other features such as Data 

Validation lists.

We can take that a step further and automatically sort that list.
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In this example, we show the total sales by product but have the products in 

ascending order by name. The following formula was used in cell F3 (Figure 2-25):

=SORT(UNIQUE(Sales[Product]))

Because the array is one column and we want it in ascending order, we do not need 

to provide any other arguments except the array to sort. In this example, that is the array 

returned by the UNIQUE function.

This same technique can also be used to ensure Data Validation lists are always in 

the correct order.

�Sort Multiple Columns
In that example, we only needed to sort one column. Let us see an example of sorting a 

multiple column array.

In this example, we have a table named Scores with names and exam scores. We want 

to sort the list of names and scores in descending order by scores.

Figure 2-25.  Sorting the products in ascending order
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The following SORT function has been used in cell D2 to accomplish this (Figure 2-26):

=SORT(Scores,2,-1)

It sorts the entire Scores table (you can select specific columns only in a table to 

return) by the second column (Scores). The –1 specifies to sort in descending order.

Two of the scores are the same (Victoria Ashworth and Elizabeth Brown). If scores 

are tied, we want a second sort to be ascending by the name.

This SORT function uses array constants to specify multiple columns to sort 

(Figure 2-27). These constants are enclosed in curly braces. The sort index is set to sort 

by column 2 and then column 1. The corresponding sort order array is set to descending 

first and then ascending.

=SORT(Scores,{2,1},{-1,1})

Elizabeth Brown and Victoria Ashworth are now correctly ordered.

Figure 2-26.  Sort the scores in descending order
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�SORTBY Function
Let us now look at the SORTBY function. With this function, you specify the range or 

array to sort by instead of using an index number. Also, the range or array to sort by does 

not need to be in the sorted array results.

=SORTBY(array, by_array1, [sort_order1], ...)

•	 array: The range or array that you want to sort.

•	 by_array1: The range or array to sort on.

•	 [sort_order1]: Enter 1 for ascending order and –1 for descending. If 

omitted, the array is sorted in ascending order.

�Sort Multiple Columns with SORTBY
Let us repeat the previous example of sorting the Scores table descending by exam scores 

and then ascending by name, but this time with the SORTBY function.

Figure 2-27.  Adding a second-level sort to order tied values
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The SORTBY function can handle multiple column ranges to sort so there is no need 

for array constants (Figure 2-28). This can make things easier.

=SORTBY(Scores,Scores[Scores],-1,Scores[Name],1)

�Sort by Column Not in the Sorted Array
The biggest strength of the SORTBY function over SORT is that the array to sort by does 

not need to be included in the sorted array results.

To start with a simple example, let us repeat the sort by exam score and name 

example, but we will only return the name column.

This formula is the same as the last one except that the array only specifies the Name 

column to be returned. It can still sort by exam score even though it is not in the returned 

range (Figure 2-29).

=SORTBY(Scores[Name],Scores[Scores],-1,Scores[Name],1)

Figure 2-28.  SORTBY function to sort by multiple columns
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�Sort Products by Sales Totals
Let us go back to that first sort example with the total sales by product. We have changed 

our mind and wish to sort the list in descending order by the sales totals.

This example is complex. The range of products and the range of total sales values 

are separate spill ranges. So, we need SORTBY because we are sorting the products by a 

range outside of the sorted array.

Beginning with the total sales in cell G3, this formula sums the sales of each distinct 

product in the table and sorts the values in descending order:

=SORT(SUMIFS(Sales[Total],Sales[Product],UNIQUE(Sales[Product])),,-1)

Then in cell F3 (Figure 2-30), this formula sorts the distinct products array using the 

SUMIFS function for the by array argument:

=SORTBY(UNIQUE(Sales[Product]),SUMIFS(Sales[Total],Sales[Product], 

UNIQUE(Sales[Product])),-1)

Figure 2-29.  Sort by a column not included in the returned array
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�FILTER
Availability: Excel for Microsoft 365 only

File  filter.xlsx

The FILTER function will filter a range or array based on specified criteria. Along 

with the SORT function, this is a massive addition to Excel for creating powerful dynamic 

reports.

The filter feature found on the Home and Data tabs is one of the most popular in 

Excel, but it is let down by being a manual process. A user needs to reapply the filter 

every time they want to update the results.

However, there is now a function to automate your filtering and spill to a worksheet 

range or to feed another function.

This is the syntax for the FILTER function:

=FILTER(array, include, [if_empty])

Figure 2-30.  SORTBY products using the SUMIFS range
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•	 array: The range or array that you want to filter and return

•	 include: The filter criteria that determines which rows to return

•	 [if_empty]: The action to take if no results are returned by the filter

�FILTER Function Example
OK, let us see it in action. We have a table named Issues with information about logged 

issues to a support team (Figure 2-31).

We want an automatic report that lists the unsolved issues by center, with the higher 

priority ones at the top of the list.

We have an output area ready for the FILTER function to be used in cell G8 and spill 

to the other cells (Figure 2-32). We want to return the Assigned To, Received, and Level 

information. Cell G5 contains a drop-down list for the user to select the center they want 

to filter by.

Figure 2-31.  Issues table with data about logged issues to a support team
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The following FILTER function returns the desired results (Figure 2-33). It has been 

broken up over multiple lines to make it more readable.

=FILTER(Issues[[Assigned To]:[Level]],

     (Issues[Solved]="no")*(Issues[Centre]=G5),

     "All issues resolved"

)

The formula uses two conditions shown in the second line. The issues column must 

be equal to “No” and the center equal to the one selected in cell G5. The asterisk (*) 

operator is used for AND logic.

The technique to writing the filter criteria is the same as what we discussed with the 

SUMPRODUCT function earlier in this chapter (see “Understanding the Logic”).

If no results are returned, the text “All issues resolved” is shown.

Figure 2-32.  Range for the FILTER function output

Chapter 2  The Ten Power Functions of Excel 



92

This report is fully dynamic. If a different center is selected from the drop-down list 

in cell G5, the results for that center are shown. And the formula is referencing data in a 

table, so if more rows are added, the formula updates perfectly.

Let us add to this function by sorting the results so that the higher priority issues 

are at the top. The higher the level number, the more important, so the list needs to be 

sorted in descending order by level.

In addition to this, if there are unresolved issues with the same level, then they 

should be sorted in ascending order by the received date so that those logged longer are 

higher in the list.

Figure 2-33.  Report on unresolved issues using the FILTER function
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Figure 2-34.  FILTER and SORT functions together to order the issues by priority

We can add the SORT function to the FILTER. We need two sort levels, so the sort 

index (3,2) and sort order (-1, 1) are entered into arrays in curly braces (Figure 2-34).

=SORT(FILTER(Issues[[Assigned To]:[Level]],

     (Issues[Solved]="no")*(Issues[Centre]=G5),

     "All issues resolved"),

     {3,2},{-1,1}

)

The Bedrock center is a good example. There are three level 2 issues unresolved, and 

they have been sorted in ascending order by date received.
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�Dependent Drop-Down List
The FILTER function is brilliant for making more advanced drop-down lists. In this 

example, we will use it to create a dependent drop-down list.

We have a table named Cities, which has a column with a country name and then 

another for a city (Figure 2-35).

We would like to create a drop-down list to select a country and then a second list 

that only shows cities from the selected country.

Figure 2-35.  Table of countries and cities
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For the first country drop-down list, we can use the same technique discussed earlier 

in the “UNIQUE” section of this chapter (see “Dynamic List for Data Validation”).

The following formula is used in cell G1 to create a sorted and distinct list of 

country names (Figure 2-36):

=SORT(UNIQUE(Cities[Country]))

Note T he formulas that prepare the lists would normally be put on a different 
hidden sheet. They are only used on the same sheet here to keep them all in 
one place.

Then, in cell D2, a Data Validation rule is set up for the list using the source =$G$1#.

Now for the sexy dependent list part. In cell H1, the following formula is used. It 

returns the cities where the country is equal to that selected in cell D2, and if no city is 

selected, then it returns all of them (Figure 2-37).

=SORT(FILTER(Cities[City],Cities[Country]=D2,Cities[City]))

The SORT function is added to ensure that the cities are returned in ascending order.

Figure 2-36.  Dynamic drop-down list of country names
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In cell E2, the Data Validation rule is set up using the =$H$1# spill range reference 

(Figure 2-38).

Figure 2-38.  City spill range used for the Data Validation list source

Figure 2-37.  FILTER function for the dependent list
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The drop-down list successfully returns only the cities from the selected country 

(Figure 2-39).

�Shrinking Drop-Down List
In this second drop-down list example, the FILTER function will assist in creating a 

shrinking drop-down list.

We have a table named Workers and another table named Tasks with a list of tasks 

that we want to assign the workers to (Figure 2-40). We want to select a name from a 

drop-down list and have the list shrink (remove that name) as a worker cannot do more 

than one task.

Figure 2-39.  City drop-down list dependent upon the selected country
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To achieve this, we will start with a COUNTIFS function in cell F2 (Figure 2-41).

=COUNTIFS(tasks[This Week],Workers[Names])

This function counts the occurrences of the names from the Workers table that have 

been used in the This Week column of the Tasks table. Francisco has been assigned to 

Task 2, and there is a 1 for his name in row 5.

Figure 2-40.  Table of workers to assign to tasks

Figure 2-41.  COUNTIFS function marking the workers that have been used
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The next step is to filter out the names that have been used. The FILTER function is 

perfect for this (Figure 2-42).

=SORT(FILTER(Workers[Names],COUNTIFS(tasks[This 

Week],Workers[Names])=0,""))

The FILTER function returns only the names from the Workers table where the 

COUNTIFS result equals 0. This leaves us with the unused names. The SORT function is 

thrown in to order the names A to Z.

The final step is to create the Data Validation list. Select the This Week column of the 

Tasks table and create a Data Validation list that uses =$F$2# as its source.

As names are selected from the list, they are removed (Figure 2-43). Next week the 

names can then be deleted from the This Week column, and the list will be complete 

again.

Figure 2-42.  FILTER function to only show the unused names
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�Aggregate FILTER Results
The purpose of the FILTER function is to return values that meet specific filter criteria. 

All of the examples so far have returned the filtered range to a cell on a worksheet, but it 

could be returned to another function.

We looked at the SUMPRODUCT function earlier and how it can sum or count 

values dependent on complex criteria. And the way that we write the criteria is the 

same for FILTER.

Well, FILTER cannot sum or count values, but it can handle the complex criteria and 

then hand it over to another function for the aggregation.

In this example, we repeat the SUMPRODUCT example earlier but with FILTER 

and SUM. This formula returns the total sales for pizza in the North and South regions 

(Figure 2-44). It uses both OR and AND logic in the criteria.

=SUM(FILTER(Sales[Total],

     ((Sales[Region]=F3)+(Sales[Region]=G3))*(Sales[Product]=F5),

     0))

Figure 2-43.  Completed shrinking drop-down list
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Figure 2-44.  FILTER function used for complex criteria to then aggregate

The importance behind this example is that although the SUM function has been 

used, it could have been a different function. We could have used COUNTA, AVERAGE, 

LARGE, MEDIAN, or any other function that fulfills our objective.

�INDEX
Availability: All versions

File  index.xlsx

The INDEX function is a very versatile function that can be used to return a value 

or a range. It is most often associated with the MATCH function to perform powerful 

lookups. It is also well known for creating dynamic ranges.

This is the syntax of the INDEX function:

=INDEX(array, row_num, [column_num])
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•	 array: The range or array

•	 row_num: The row position in the range or array

•	 [column_num]: The column position in the range or array

Note T he INDEX function can also be used to return a range from an array of 
defined ranges. This technique has been ignored as there are better approaches to 
do this than INDEX.

Let us explore some interesting examples of why INDEX is one of the power 

functions.

�INDEX and MATCH for Versatile Lookups
We are spoiled for choice nowadays for lookup techniques with XLOOKUP, FILTER, and 

Power Query, but the combination of the INDEX and MATCH functions remains one of 

the best ways to look up data.

Note T here is an XMATCH function in Excel 365 which is an improvement on the 
classic MATCH function. I have chosen to demonstrate with MATCH here to focus 
on a complete non-Excel 365 user’s solution.

One of the biggest frustrations that initially lead users from VLOOKUP to an INDEX 

and MATCH lookup is the inability of VLOOKUP to look to the left.

Take this example (Figure 2-45) where we want to return the date and value of an 

invoice. The table is named Invoices, and the Date column is to the left of the ID column.
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Figure 2-45.  Invoice data to look up with INDEX and MATCH

Because INDEX and MATCH are two different functions, we can keep the lookup 

array and the return array separate.

Note T he XLOOKUP function can also be used for versatile lookups.

This formula in cell E5 (Figure 2-46) will look up the ID using the MATCH function 

and return the date using INDEX:

=INDEX(Invoices[Date],MATCH(E3,Invoices[ID],0))
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This is great, but we do want to return the invoice value too. And it would be great if 

we could write one formula to handle both.

In the formula in Figure 2-46, the INDEX function was given one column (the Date 

column) as the array. This time, we will give it the entire table as the array and use 

another MATCH function to find the column to return from.

In this formula, the second MATCH function looks up the return column by looking 

for the cell values in E4 and F4 across the table headers (Figure 2-47).

=INDEX(Invoices,MATCH($E$3,Invoices[ID],0),MATCH(E4,Invoices[#Headers],0))

Figure 2-46.  INDEX and MATCH to return data from the left
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Figure 2-47.  Two-way lookup with INDEX and MATCH

An advantage INDEX has over XLOOKUP (discussed soon) is that it accepts index 

numbers for the row and column of the range or value to return. And we can do some 

awesome things with this.

In this example, a formula is used in cell C3 to return the last months value for the 

product selected in cell C2 (Figure 2-48).

The INDEX function uses the entire Monthly_Sales table as its array. MATCH is used 

to find the row number of the product in cell C2, and the COLUMNS function is used to 

return how many columns are in the Monthly_Sales table.

=INDEX(Monthly_Sales,

     MATCH(C2,Monthly_Sales[Product],0),

     COLUMNS(Monthly_Sales)

)

If more columns are added to the table, it will still return the value from the last 

column.

Note T here is a ROWS function to return the number of rows in a table or range.
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�Return the Last X Values from a Row/Column
The INDEX function has always been the most efficient way to create dynamic references 

to use in other functions and features such as charts.

In this example, we have a table named Week_Data with weekly sales of products 

(Figure 2-49). Every week another column is added, and we want to return the last x 

number of week values.

Figure 2-48.  Return the value from the last column
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Figure 2-49.  The Week_Data table with weekly sales of products

In this formula entered in cell C5, a user enters a value in cell C2 for the number of 

weeks they want to return values (Figure 2-50):

=SUM(

    �INDEX(Week_Data,MATCH(B5,Week_Data[Product],0),COLUMNS 

(Week_Data)-$C$2+1)

    :

    INDEX(Week_Data,MATCH(B5,Week_Data[Product],0),COLUMNS(Week_Data))

)

There is a lot going on in this formula. The range operator (:) is the most 

important aspect.

The first INDEX function returns the first cell of the range, the second one returns the 

last cell, and they are joined to form a range.

The MATCH function finds the row of the product, and the COLUMNS function 

returns how many columns are in the table. In the first INDEX function, you can  

see -$C$2+1 used to go back from the end of the table to find the start of the range.

This range is given to a SUM function to then total the last X number of week sales 

for each product.
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The returned values could also be spilled to a range on a worksheet using the 

dynamic array formula engine. This is also possible in versions outside of Excel 365, but 

without the dynamic arrays, it is cumbersome to make it dynamic.

To do this, we just need to remove the SUM function from the formula. Without the 

aggregation, the array is returned and spilled to the worksheet (Figure 2-51).

=INDEX(Week_Data,MATCH(B5,Week_Data[Product],0),COLUMNS(Week_Data)-$C$2+1)

     :

     INDEX(Week_Data,MATCH(B5,Week_Data[Product],0),COLUMNS(Week_Data)

)

Figure 2-50.  Sum the last X column values number
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To get the dynamic week headers in row 4, the following formula was used in cell C4. 

It uses the table headers for the INDEX array, and the row number is simply 1 as there is 

no product to find.

=INDEX(Week_Data[#Headers],1,COLUMNS(Week_Data)-$C$2+1)

     :

     INDEX(Week_Data[#Headers],1,COLUMNS(Week_Data)

)

�CHOOSE
Availability: All versions

File  choose.xlsx

The CHOOSE function is a brilliant lookup function in Excel that does not seem to 

get the credit that it should. Most users have never heard of it.

It does a very simple job, which is to choose a value or action from a list based on a 

selected index number.

Figure 2-51.  Returned range spilled to the worksheet
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This is the CHOOSE function syntax:

=CHOOSE(index_num, value1, [value2], ...)

•	 index_num: The selected index number which specifies the value 

that CHOOSE should return from the list

•	 value1, [value2]: A list of values, cell ranges, formulas, defined 

names, or tables from which CHOOSE selects

The beauty of the CHOOSE function is in its simplicity. It provides a simple way to 

do something very powerful. And this is to return a formula, range, or value from a user 

selection.

It is awkward to use with large lists so leave those for other lookup functions, but with 

smaller lists, it is very easy to understand and set up.

Let us look at some examples to see why CHOOSE is brilliant.

�Pick a Formula from a List
The CHOOSE function returns a value or action from a list when given an index number. 

So, we need something to give it an index number.

A clever use of the CHOOSE function is therefore with form controls. In Figure 2-52, 

there is a simple table of product values named Sales. And there are three options. These 

have been inserted from the Developer tab in Excel. We will not go into how to do that 

here.
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We want each option button to perform a different formula. So, a user can select if 

they want the total, the average, or the max of the values.

Option buttons (like most form controls) return an index number to distinguish 

which one was selected. This makes them the perfect partner for the CHOOSE function.

We need to link the option buttons to a cell, so that when an option button is clicked, 

the index number is returned to that cell.

Right-click an option button and click Format Control. Click the Cell link box and 

then click a cell on a worksheet to link to (Figure 2-53). This is normally on a different 

hidden sheet, but in this example, we will use $A$1.

Figure 2-52.  Select a formula from option buttons
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When the option buttons are used, Total returns 1, Average returns 2, and Max is 3.

In cell D2, the following formula is used to run a different formula based on the user 

selection (Figure 2-54):

=CHOOSE(A1,

     SUM(sales[Values]),

     AVERAGE(sales[Values]),

     MAX(sales[Values])

)

The CHOOSE function uses cell A1 for the index number, then picks from the three 

different formulas in its list. Simple, yet incredibly cool.

Figure 2-53.  Link the option buttons to a cell
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Let us see an example of running the CHOOSE function of a Data Validation list 

instead of using form controls.

If we create a Data Validation list with the options Sum, Average, and Max, it will 

return those values when selected. CHOOSE requires an index number. So, the two 

cannot communicate directly.

Figure 2-54.  CHOOSE formula running a formula based on user selection
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In Figure 2-55, the CHOOSE formula includes the MATCH function to look for 

the selected function (B2) in the Formulas table (E1:E3) and return its index position. 

CHOOSE then does its thing from there.

=CHOOSE(MATCH(B2,Formulas,0),

     SUM(sales2[Values]),

     AVERAGE(sales2[Values]),

     MAX(sales2[Values]),

)

These examples are small to help understand the concept, but we could use any 

formula we want in the list for CHOOSE to pick from.

Figure 2-55.  CHOOSE working of a Data Validation list
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For example, we could add it to the INDEX function example in the previous chapter 

when we summed the last X number of week values.

�CHOOSE Specific Columns for FILTER
Another scenario you may see CHOOSE being used is to reverse the order of the 

columns for VLOOKUP. It was a neat little trick to get VLOOKUP returning data to its left. 

Quite cool, but in truth not that useful. You should use XLOOKUP or INDEX and MATCH 

instead.

A better example of this technique is with the FILTER function. This function is 

awesome, but one limitation is that the columns of the array that it returns must be 

consecutive.

For example, if we wanted to use the FILTER function on the Employees table in 

Figure 2-56, and return the columns First Name, Last Name, Age, and Salary, the FILTER 

function alone could not do this.

With the CHOOSE function, we can specify the columns that we want, and FILTER 

can return them.

Figure 2-56.  Employees table that we want to filter
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Note T his technique is useful, though returning the columns using separate 
FILTER formulas would give you more flexibility if you needed to chart this data or 
run more formulas off it.

In this formula, CHOOSE uses an array of constants for its index numbers and then 

returns all the values in its list, which are the table columns.

The FILTER function returns only the employees with a salary of greater than or 

equal to 35,000 (Figure 2-57).

=FILTER(

     �CHOOSE({1,2,3,4},Employees[First Name],Employees[Last Name], 

Employees[Age],Employees[Salary]),

     Employees[Salary]>=35000,

     ""

)

Figure 2-57.  CHOOSE picking specific columns for FILTER
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�XLOOKUP
Availability: Excel for Microsoft 365 only

File  xlookup.xlsx

The XLOOKUP function was introduced as a blend of the best elements of VLOOKUP 

and the INDEX and MATCH combination all in one function. It also has a few extra 

advantages.

These are some of the strengths of XLOOKUP:

•	 It can return values and ranges (VLOOKUP cannot return a range).

•	 It defaults to an exact match. It’s the most used lookup type.

•	 It can perform robust range lookups that do not depend on the order.

•	 It has a built-in if not found argument. No need for IFERROR or IFNA 

to handle the classic #N/A error.

•	 It can look up from first to last or last to first.

•	 It can look up vertically or horizontally.

•	 It can handle wildcard characters.

It is a beast of a function. This is the syntax of XLOOKUP:

=XLOOKUP(lookup_value, lookup_array, return_array, [if_not_found], [match_

mode], [search_mode])

•	 lookup_value: The value you are looking for.

•	 lookup_array: The range or array to search.

•	 return_array: The range or array to return.

•	 [if_not_found]: Value to return if no match is found.
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•	 [match_mode]: How to match the lookup value. 0 for an exact match 

(default), –1 for exact match or next smaller, 1 for exact match or next 

larger, and 2 for a wildcard character match.

•	 [search_mode]: Enter 1 to search first to last (default), –1 to search 

last to first, 2 for a binary search ascending, and –2 for a binary search 

descending.

�Quick XLOOKUP Example
Let us begin with a classic XLOOKUP example before we show off its special features.

In this formula, XLOOKUP is being used for an exact match to look for the staff ID 

and return the member of staff’s name (Figure 2-58). Only three arguments are needed 

because XLOOKUP defaults to the exact match.

=XLOOKUP(A2,Staff[ID],Staff[Name])

With XLOOKUP, a range or array is used for the lookup array and return array. In this 

example, references to the column of a table named Staff are used.

Figure 2-58.  XLOOKUP for an exact match to return staff details
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�Robust Range Lookup
The XLOOKUP function has a robust range lookup that is not broken when the values of 

the lookup array are not in order.

Although performing an exact match is more common, range lookups are very 

useful. In an example like this, they are much more efficient than a multiple condition 

logical function such as IFS, SWITCH, or CHOOSE.

In this formula, XLOOKUP is used to return the discount dependent upon the total 

spent (Figure 2-59):

=XLOOKUP(B2,discounts[Spent],discounts[Discount],,-1)

The Spent column of the Discounts table is not in order. You can see 200 between 750 

and 1000, yet the XLOOKUP formula continues to work perfectly.

The if not found argument has been ignored, and an exact match or next smaller 

item has been specified by entering –1.

Figure 2-59.  Using XLOOKUP for a robust range lookup
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�Multiple Column Lookup
Often users need to match the value from more than one column to find an exact match. 

XLOOKUP makes this multiple column lookup scenario easy.

In this example, we have a table named Employees, and we want to return the 

employees’ salary in cell C2 (Figure 2-60). We need to match their first name and last 

name so we will need to match two columns.

=XLOOKUP(A2&B2,Employees[First Name]&Employees[Last 

Name],Employees[Salary])

The ampersand (&) is used to join the contents of A2 and B2 together in the lookup 

value and join the contents of the First Name and Last Name columns together in the 

lookup array.

�Return the Last Match
XLOOKUP has the option to search from last to first instead of the classic first to last. This 

can help to return the last match from a list.

Figure 2-60.  Multiple column lookup made easy with XLOOKUP
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Note T he XMATCH function also has this functionality and can be combined with 
the INDEX function for powerful lookups.

In this example, we have a table named Monthly_Sales, and we want to return the last 

sales total for a specific salesperson. The table is ordered by month, so we want to return 

the value for the last instance of the selected salesperson (E2).

The salesperson is identified by two letters at the beginning of the reference. We will 

use wildcard characters to ignore everything in the salesperson reference except the first 

two letters.

This is the formula used in cell F2 (Figure 2-61):

=XLOOKUP(E2&"*",Monthly_Sales[Sales Person Ref],Monthly_Sales[Total],,2,-1)

The asterisk (*) wildcard character is combined with the value from cell E2 

for the lookup value. Number 2 is used for the match mode to specify the use of 

wildcards and –1 for the search mode to specify a last to first lookup.

Figure 2-61.  Searching last to first and using wildcards with XLOOKUP
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�Two-Way Lookup
There is only one thing better than an XLOOKUP. Two XLOOKUPs! And that is what we 

need to create a two-way lookup.

Earlier in this chapter, we created a two-way lookup with INDEX and two MATCH 

functions – one to look down a column and another to look along a row. This is much 

easier with XLOOKUP.

In this example, we want to return the sales value for the product selected in cell A2 

and the store location selected in cell B1 (Figure 2-62).

This formula uses a second XLOOKUP for the return array of the first XLOOKUP. It 

searches for the store location (B1) along the table headers and returns the location 

values for the outer XLOOKUP to return the value for the selected product.

=XLOOKUP(A2,Store_Sales[Product],

     XLOOKUP(B1,Store_Sales[#Headers],Store_Sales

)

We can see a breakdown of this formula more clearly by selecting only the second 

XLOOKUP in the formula bar and pressing the F9 key to calculate it. You must be careful 

to select the second XLOOKUP function completely and precisely.

Figure 2-62.  Two-way lookup with two XLOOKUP functions
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We can now see the array of values being returned for the selected store location 

(Plymouth in this example). The outer XLOOKUP then grabs the value for the selected 

product (453 for Fruit in this example).

=XLOOKUP(A2,Store_Sales[Product],

     {537;536;453;402;110}

)

Press Esc when finished so that the array of values is not kept.

Note T he F9 key calculates the formulas. This can also be done by clicking 
Formulas ➤ Calculate Now.

�Dynamic SUMIFS Columns
The great fun with these formulas is how we can use them together. XLOOKUP is 

fabulous for using with other formulas to return ranges or values dependent upon user 

selections.

In this example, we want to sum the values for the product selected in cell A2 and the 

store location selected in cell B1 (Figure 2-63).

This formula uses XLOOKUP for the sum range of SUMIFS. It returns the range of 

values for the location selected in B1 for SUMIFS to then do the rest.

=SUMIFS(XLOOKUP(B1,Sales[#Headers],Sales),Sales[Product],A2)

Using tables makes referencing the different parts of a range such as the headers, 

columns, and data area so much easier.
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�INDIRECT
Availability: All versions

File  indirect.xlsx

The INDIRECT function enables us to create dynamic references to sheets, ranges, 

tables, and defined names instead of entering them directly into the formula.

A reference in a formula could then be altered without directly changing the 

formula itself.

This is the syntax for the INDIRECT function:

=INDIRECT(ref_text, [a1])

•	 ref_text: A reference supplied as text.

Figure 2-63.  XLOOKUP with SUMIFS for a dynamic sum range
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•	 [a1]: A logical value that specifies what type of reference was used  

in the ref text argument. Enter True or ignore the argument for an  

A1-style reference, or enter False for an R1C1 reference.

�Return Table Based on Drop-Down Selection
This book has focused on the use of tables as the base for your formulas. It makes 

referencing data easier and more meaningful and makes your formulas dynamic.

If you are going to create dynamic references using INDIRECT, you will need to know 

how to refer to the different parts of a table.

To get familiar with the parts of a table, type = into a cell, followed by the table name 

and a square bracket ([), to see a list of the table elements (Figure 2-64).

In this example, we have three tables named London, Auckland, and Dublin 

(Figure 2-65). We have a drop-down list in cell B2 where a user can select a table to 

return.

Figure 2-64.  List of the different elements of a table
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We will bring the table to a range on a worksheet, but it could be fed to another 

formula such as XLOOKUP or COUNTIFS.

In cell B4, the following formula can be used to return everything including the 

headers (Figure 2-66):

=INDIRECT(B2&"[#All]")

Figure 2-66.  INDIRECT function to return all of the table

Figure 2-65.  Three sales tables to return using INDIRECT
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Figure 2-67.  INDIRECT function to return table headers only

The INDIRECT function combines the value in cell B2 with the text in the double 

quotes and returns it as a reference.

This technique uses the dynamic array engine and spills the entire table across the 

empty cells surrounding it.

This is great! It makes it so simple to return an entire table based on a list selection.

This is returned all in one spill range. It can be beneficial to return table elements 

separately, so that you can refer to the individual spill ranges in other formulas, charts, or 

Data Validation lists. For example, you may want to sum the sales values.

This formula uses the INDIRECT function to only return the table headers (Figure 2-67):

=INDIRECT(B2&"[#Headers]")

Now, we can use a formula to return only the Product Name column (Figure 2-68).

=INDIRECT(B2&"[Product Name]")
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And then return the Sales column (Figure 2-69).

=INDIRECT(B2&"[Sales]")

Figure 2-68.  INDIRECT to return a table column only
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Figure 2-69.  Separate spill ranges for individual referencing

They are now separate spill ranges and can be referenced individually. For example, 

the following formula would sum the sales values:

=SUM(C5#)

Of course, if we wanted the total sales of the selected table without the table being 

returned to the worksheet, we could have used this formula:

=SUM(INDIRECT(B2&"[Sales]"))

�Reference Other Sheets with INDIRECT
In addition to referencing elements of a table, you can also reference other sheets from a 

cell content with INDIRECT.

In this example, we have three sheets named Auckland, London, and New York. On 

each sheet, cell C10 contains a total value which we want to return.
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We have a drop-down list of the values Auckland, London, and New York in cell B3 of 

the sheet we are returning the value to.

This formula will dynamically reference the correct sheet from the value in cell B3 

(Figure 2-70):

=INDIRECT("'"&B3&"'!C10")

The single quotes or apostrophes (‘) have been joined either side of the sheet name, 

as they need to be there if a sheet name contains spaces. One of the sheets is named New 

York, so this is important. It is good practice to put those into the INDIRECT reference 

just in case.

The exclamation mark (!) follows a sheet name in its reference.

�SWITCH
Availability: Excel 2019, Excel for Microsoft 365

File  switch.xlsx

The SWITCH function evaluates a value (expression) against a list of values and 

returns the result for the first matching value.

This is an awesome function that simplifies the testing of multiple values compared 

to nested IFs.

Figure 2-70.  Using INDIRECT for dynamic sheet references
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This is the syntax of the SWITCH function:

=SWITCH(expression, value1, result1, [default or value2, result2])

•	 expression: The expression to be compared against value1, value2, 

and so on.

•	 value1: The value to be compared against the expression.

•	 result1: The result to return if the expression and value match. This 

can be a value, range, or formula.

•	 [default or value2, result2]: Provide more values to compare and 

their result if true or a provide a default value. Default is the value to 

return if there are no matches.

�Testing Text Values
The SWITCH function is concise and simple to understand, especially when compared 

to writing nested IFs. You state the expression once and then test a list of values against 

it. With IF functions, you need to repeat the expression each time.

In this example, we have a table named Memberships with three membership grades: 

Platinum, Gold, and Silver (Figure 2-71). We want to assign the correct fee for each 

membership grade. Platinum is 90, Gold is 65, and Silver is 50.

The following formula has been entered into the table in cell B2:

=SWITCH([@Grade],"Platinum",90,"Gold",65,"Silver",50)

The expression is the grade. This is stated once, and then it is tested against the 

three values.
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We could have added a default value to the SWITCH function on the end. This is the 

value returned if it finds no matches. This formula displays the text “No match”:

=SWITCH([@Grade],"Platinum",90,"Gold",65,"Silver",50,"No match")

I do not think this is necessary in this instance. If a default value is not used, then the 

#N/A error is shown.

The SWITCH function is cleaner and more concise than a nested IF equivalent. 

This formula has been broken over multiple lines to make it easier to read. You can 

see the multiple references to [@Grade]. With the SWITCH function, [@Grade] is only 

referenced once.

=IF([@Grade]="Platinum",90,

     IF([@Grade]="Gold",65,

        IF([@Grade]="Silver",50,"No match")

     )

)

Figure 2-71.  Testing a list of text values with SWITCH
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Even an IFS function alternative is not as clean. This function removes the need to 

write IF and use multiple brackets. However, it still requires constant referencing of  

[@Grade].

=IFS([@Grade]="Platinum",90,[@Grade]="Gold",65,[@Grade]="Silver",50)

Note  Creating a lookup table and using a lookup formula such as XLOOKUP to 
find and return the fees would be even better.

�Using Logical Operators
To use logical operators such as >, <, and = in the SWITCH function, there is a little trick. 

You need to set the expression to True.

In this example, we use a SWITCH function to assign a discount dependent upon 

the years value (Figure 2-72). Years of 8 or more earns a 15% discount, 4 or more is a 10% 

discount, and anything else is 0%.

=SWITCH(TRUE,[@Years]>=8,15%,[@Years]>=4,10%,0%)

The order of the values is very important as the SWITCH function tests from first to 

last. 9 is larger than both 8 and 4 so we need to ensure that 8 is tested first.

Using the word TRUE in the expression allows us to write values such as  

[@Years]>=8.
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�SWITCH and Other Functions
Formulas can also be used for the expression and for the values to return. This opens 

more potential.

In this example, we have a table named Work_Pay with a column of dates and 

another column of hours worked. The rate that is paid is different on a Saturday and 

Sunday than other days of the week.

In the following formula (Figure 2-73), the WEEKDAY function has been used to 

return the day of the week of the date. It is returned as an index number. The 2 in the 

WEEKDAY function tells it to start the week on a Monday. This means that Saturday is 

number 6 and Sunday is number 7.

=SWITCH(

     WEEKDAY([@Date],2),

     6,[@Hours]*20.5,7,[@Hours]*18.5,[@Hours]*16.5

)

Figure 2-72.  SWITCH function to apply a discount dependent on years
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The SWITCH function then tests this result against number 6 (Saturday) first and 

calculates the pay, then tests against number 7 (Sunday), and then uses the default 

argument to calculate the pay for any other day of the week.

Figure 2-73.  Using formulas in SWITCH for the expression and return values
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CHAPTER 3

Advanced Formatting 
Techniques
You start formatting cells the first day you use an Excel spreadsheet, and then you never 

stop developing your formatting skills. With some advanced formatting skills, you can 

give your spreadsheets greater clarity and meaning.

For those involved in creating reports and have a need to track performance to a goal 

or against a KPI, need to track dates, compare values, or look for trends. Formatting will 

make what is important “pop” from the screen.

This chapter will explore some advanced Conditional Formatting techniques and 

then move on to the secret brilliance of custom number formatting.

�Conditional Formatting

File  conditional-formatting.xlsx

Conditional Formatting is one of the most used features in Excel. It can do so much, 

especially when formulas are used within your rules.

In this chapter, we will look at examples of advanced Conditional Formatting 

techniques and see how they can be applied.

�Apply a Rule to an Entire Row
A common question when users first start creating Conditional Formatting rules, is if the 

rule can be applied to multiple columns or to the entire row.
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Typically, Conditional Formatting rules are applied to single cells, but if you have a 

table with many columns, this information is not always visible on screen.

In this example, we have a table of members and information such as the date 

they joined and their membership type (Figure 3-1). We want to format the entire row 

(columns A:D) for those members with a Gold membership.

Following on from The Ten Power Functions of Excel chapter, we will continue to 

use tables where possible to keep our data dynamic and update automatically when 

additional rows are added.

	 1.	 Select all four columns of the table. Ensure that you are selecting 

the table and not the sheet columns. The arrows are similar, so it 

is easy to select the wrong area. Figure 3-2 shows the table column 

selection stops at row 9 (bottom of the table), while selecting the 

sheet column continues for all 1,048,576 rows.

Figure 3-1.  Table of members with membership type
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	 2.	 Click Home ➤ Conditional Formatting ➤ New Rule ➤ Use a 
formula to determine which cells to format.

	 3.	 Enter the following formula (Figure 3-3). Column C contains the 

membership type to test, and row 2 is the first row of our selection. 

The dollar sign before column C keeps this fixed on that column, 

while the row number will move down to each row of the table to 

test and format each member.

=$C2="Gold"

Note P ress F2 to enable “Edit” mode and the ability to move through the formula 
with the cursor arrows of your keyboard. Otherwise, when you press an arrow key, 
the formula will point to the active cell. This can be very frustrating, so adopt the 
habit of pressing F2 as soon as you click the formula box.

Figure 3-2.  Selecting a table vs. a sheet column

Chapter 3  Advanced Formatting Techniques



140

You cannot use table references such as [@Membership] in Conditional Formatting 

rules like we did with the formulas in the previous chapter. Even though we are not 

referencing the table, the Conditional Formatting will update to new rows that are added.

	 4.	 Click Format to specify the formatting to apply. Click OK when 

done to close each window.

The Conditional Formatting rule is applied (Figure 3-4). More rules can be added if 

required.

Note  Formatting is only applied if the formula evaluates to True. Any number 
other than 0 is True.

Figure 3-3.  Rule to format the entire row for Gold members
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�Conditional Formatting with Multiple Columns
Once you know how to reference another cell from a Conditional Formatting rule, testing 

multiple columns is simple.

In this example, we have a table with member details like the previous example. We 

want to format the rows where the membership is gold and the years is greater than or 

equal to 5.

	 1.	 Select the four columns of the table.

	 2.	 Click Home ➤ Conditional Formatting ➤ New Rule ➤ Use a 
formula to determine which cells to format.

	 3.	 Use the following formula. This uses the AND function. With this 

function, both conditions must be True for the result to be True.

=AND($B2="Gold",$C2>=5)

	 4.	 Click Format and choose the formatting you want to apply.

Figure 3-4.  Members with a Gold membership formatted in the table
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Only the first two gold memberships are also members for 5 years or more 

(Figure 3-5).

Let us take this further and format the memberships that are gold or silver and have 

been members for 5 years or more.

Click Home ➤ Conditional Formatting ➤ Manage Rules ➤ Edit Rule.

The following formula can be used as the rule in this example. It uses the OR 

function to test if the membership is gold or silver and then tests the year condition.

=AND(OR($B2="Gold",$B2="Silver"),$C2>=5)

No other rows will be formatted as no other membership meets the criteria.

You can of course use any formula you want. We covered many incredible functions 

in The Ten Power Functions of Excel. The AND and OR functions are brilliant for testing 

multiple values easily.

Figure 3-5.  Rule that formats memberships that are gold and >= 5 years
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Play around to see what is possible. Try some of the other formulas covered in the 

book. You are on the path to advanced Excel success.

�Format Dates That Are Due Soon
Tracking dates such as deadlines and expiry dates are a common requirement of 

Conditional Formatting.

In this example, we have a table of names and expiry dates for some type of contract 

(Figure 3-6). We want to apply two Conditional Formatting rules to format:

•	 Expired dates

•	 Dates due within the next 21 days

Figure 3-6.  Table of names and expiry dates
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Note T he dates in the screenshot will be different to those on the example file 
provided. The dates are generated by a formula so that they automatically update, 
and you can follow along with the examples.

	 1.	 Select the Expired Date column of the table.

	 2.	 Click Home ➤ Conditional Formatting ➤ Highlight Cells Rules 

➤ Less Than.

	 3.	 Enter the following formula into the box (Figure 3-7). The TODAY 

function returns today’s date.

=TODAY()

	 4.	 Select the formatting you want to use from the list.

Figure 3-7.  Format cells where the date is less than today’s date
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The rule formats the one expired date for Yoshi Latimer (Figure 3-8).

Let us now format those dates that are due within the next 21 days.

	 1.	 Select the Expired Date column of the table.

	 2.	 Click Home ➤ Conditional Formatting ➤ Highlight Cells Rules 

➤ Between.

	 3.	 In the first box, enter =TODAY(), and in the second box, enter 

=TODAY()+21 (Figure 3-9). This will format a date if it is between 

today’s date and the date in 21 days’ time.

	 4.	 Specify the formatting you want to use.

Figure 3-8.  Identifying dates that have expired in a table
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Four dates are formatted as they occur within the next 21 days of the current date 

(Figure 3-10).

�Format Weekends and Other Important Dates
Often users want to format dates of some significance in a table. Weekend dates are 

typical, as generally transactions are either lower or higher depending on the nature of 

your business.

Figure 3-10.  Conditional Formatting rules identifying expired and due dates

Figure 3-9.  Format dates that occur within the next 21 days
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There may be other dates of significance such as holidays, project milestones, office 

closures, financial deadlines, and so on.

In this example, we have a table of product sales (Figure 3-11) and a table of 

important dates. We will format the weekend dates in one color and the dates of 

significance in another color.

Figure 3-11.  Product sales table and a table of important dates
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Let us start by creating a rule to format the weekend dates.

	 1.	 We will format the entire row, so select all the columns  

of the table.

	 2.	 Click Home ➤ Conditional Formatting ➤ New Rule ➤ Use a 
formula to determine which cells to format.

	 3.	 Enter the following formula (Figure 3-12). It uses the WEEKDAY 

function to return the date’s day of the week as an index number. 

Number 2 specifies that the week starts on a Monday, so any 

number greater than 5 is therefore Saturday and Sunday.

=WEEKDAY($A2,2)>5

	 4.	 Click Format to specify the format to apply.

Figure 3-12.  Format the weekend dates in a table
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Now to format the dates of significance:

	 1.	 Select all the columns of the table and start a new rule that uses a 

formula for the criteria.

	 2.	 Enter the following formula (Figure 3-13). It uses the COUNTIFS 

function to count the occurrences of the dates in the dates table. 

Any number other than 0 is True, so if the date is in the dates 

table, then the result is True.

=COUNTIFS($F$2:$F$5,$A2)

Once again, range references are used, but because the data is formatted as a table, it 

will update when new dates are added.

The product sales table shows both rules being applied (Figure 3-14).

Figure 3-13.  COUNTIFS formula to format the significant dates
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If the goal were to format the weekend dates and the significant dates the same, we 

could have used one rule with this formula:

=OR(WEEKDAY($A2,2)>5,COUNTIFS($F$2:$F$5,$A2))

The OR function ensures that if either condition were True, the rows would be 

formatted.

Figure 3-14.  Weekend and significant dates formatted in the table
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�Compare Two Lists
Conditional Formatting is an awesome way to visualize the differences between two lists. 

Which items are in both lists? Or which items are in one list and not the other?

In this example, we have two tables of attendees. The first table is named Attendees1 

and the second named Attendees2. We would like to identify the names in Attendees1 

that also appear in Attendees2 (Figure 3-15).

	 1.	 Select the two columns of Attendees1.

	 2.	 Click Home ➤ Conditional Formatting ➤ New Rule ➤ Use a 
formula to determine which cells to format.

	 3.	 Enter the following formula in the box provided and specify the 

format to apply:

=COUNTIFS($E$2:$E$8,$A2)

The names in Attendees1 that also appear in Attendees2 are formatted (Figure 3-16).

Figure 3-15.  Two lists of attendees to compare the differences
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This formula works because it counts the occurrences of the names in the second list 

using the unique ID. Any number other than 0 is True, so if they appear in the second 

list, then the formula evaluates to True.

Note  You cannot use table references in a Conditional Formatting rule. However, 
despite the reference to range $E$2:$E$8, the rule will update if rows are added or 
removed from the second table.

If we wanted to format the names that do not appear in the second list, we can 

simply add =0 to the end of the formula:

=COUNTIFS($E$2:$E$8,$A2)=0

The three names that appear in Attendees1 and not Attendees2 are formatted 

(Figure 3-17).

Figure 3-16.  Formatting the names that appear in both lists
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�Icon Sets to Show Change
The icon sets in Conditional Formatting are great. With icon sets, we can use arrows, 

flags, traffic lights, and other icons as a quick visual representation of met targets and 

number variance.

In this example, we have a table with the sales performance of our sales reps this 

week and last week (Figure 3-18). A column has been created with the following formula 

to calculate the percentage increase/decrease this week compared to the previous week:

=([@[This Week]]-[@[Last Week]])/[@[Last Week]]

Figure 3-17.  Names that appear in the first list but not the second
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We would like to use the green up arrow and red down arrow icons to show the sales 

value change.

We do not want to show the percentage variance, so this will be hidden. The formula 

is only used so that we can create the Conditional Formatting rule.

	 1.	 Select the Variance column of the table.

	 2.	 Click Home ➤ Conditional Formatting ➤ New Rule (this is 

quicker than selecting the arrows through the icon sets option and 

then going back to edit them).

	 3.	 Select Icon Sets from the Format Style list and then the arrow 

icons from the Icon Style list (Figure 3-19).

	 4.	 Adjust the Type column from percentage to Number. Change 

the logical symbol from >= to > for the green arrow. Ensure both 

values are set to 0.

	 5.	 Check the box to Show Icon Only.

Figure 3-18.  Table with last week and this week sales
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The arrow icons are shown visualizing that the sales value was down for two sales 

reps (Figure 3-20).

Any formula can be used as the base for your icon sets rule. This gives us great 

flexibility. We could have applied icon sets instead of formatting the row in the previous 

“compare two lists” example, by using the COUNTIFS function in a column.

Think about what formulas you could use and how they could benefit your reports.

Figure 3-19.  Formatting rule to display arrow icons to visualize variance
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�Data Bars to Compare Values
Data bars make it easy to see the largest and smallest values in a range. This makes them 

perfect for comparing values.

In this example, we have a table of products and their sales values. We will use data 

bars to compare each product’s performance.

	 1.	 Select the column of values.

	 2.	 Click Home ➤ Conditional Formatting ➤ Data bars. Select 

the color you want to use (I am a fan of the solid fill option over 

gradient fill).

The data bars are displayed in the column cells along with the value (Figure 3-21).

Figure 3-20.  Arrow icons to compare this week and last week sales
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By default, the data bars will automatically work out the minimum and maximum 

values for the bars. For the maximum value, the data bar covers the entire cell.

To change this and other aspects of data bars such as color, click Conditional 
Formatting ➤ Manage Rules ➤ Edit Rule.

The Edit Formatting Rule dialog window (Figure 3-22) provides a few options for 

changing your data bars. These include setting your own minimum and maximum 

values.

Figure 3-21.  Data bars showing sales performance of products
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�Data Bars to Show Progress Toward a Goal
Data bars are also great for showing progress toward a goal. In this example, we have 

some tasks and their percentage complete (Figure 3-23). We will visualize this progress 

in a different column using data bars.

Figure 3-22.  Options to customize your data bars
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	 1.	 Add a new column to the table and use the formula  

=[@[% Complete]] to link to the percentage complete values.

	 2.	 Select the added column and click Home ➤ Conditional 
Formatting ➤ Data Bars ➤ More Rules.

	 3.	 Check the box to Show Bar Only (Figure 3-24).

	 4.	 Change the Type field for Minimum and Maximum to Number. 

Enter 0 for the minimum value and 1 for the maximum value.

Figure 3-23.  Task list and their percentage complete
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The progress bars are shown in their own column next to the percentage complete 

(Figure 3-25). As this was a progress toward 100%, we set 1 as the maximum value.

You can also refer to another cell for the minimum or maximum value. This is helpful 

if these values are dependent upon a formula or changed regularly by a user.

Figure 3-24.  Edit the min and max values of data bars
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�Create a Heat Map with Color Scales
Heat maps are used to direct a user’s attention to what matters. They are used to show 

patterns and trends. They focus a user’s attention on areas either by location, time, or 

parts of a surface such as a web page.

In this example, we have a list of ten products and their sales over 12 months 

(Figure 3-26). We will use the color scales option of Conditional Formatting to visualize 

the trends and patterns over the year of these product sales.

Figure 3-25.  Data bars to show task progress
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	 1.	 Select the Jan to Dec columns.

	 2.	 Click Home ➤ Conditional Formatting ➤ Color Scales  

(Figure 3-27). Select the first option. This applies green to the 

largest values in the range and red to the smallest values.

Figure 3-26.  Monthly sales of products
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This now makes it simple to see that the sales of biscuits and waffles were high for 

all 12 months. Also, the period between July and October was the best for all products 

(Figure 3-28).

Figure 3-27.  Apply the color scales rule to the sales data
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�Conditional Formatting with PivotTables
Conditional Formatting can also be applied to PivotTables. You just need to be careful 

what values the rule is applied to avoid unexpected results.

In this example, we have a PivotTable with sales to customers in Denmark 

summarized by the product category (Figure 3-29).

We want to use icon sets to show a green circle for the values that are greater than or 

equal to 2800 and an amber/yellow circle for the values greater than or equal to 1200.

This Conditional Formatting rule needs to ignore the grand totals for the customers 

and product categories.

Figure 3-28.  Color scales applied to the 12 months’ product sales values
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Figure 3-29.  PivotTable showing sales to customers in Denmark

	 1.	 Click any cell in the PivotTable.

	 2.	 Click Home ➤ Conditional Formatting ➤ New Rule.

	 3.	 Select All cells showing “Total sales” values for “Product 
Category” and “Customer Name” from the Apply rule to area 

of the window (Figure 3-30). The options here will change 

depending on the labels in your PivotTable.
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This step ensures that the grand total values will not be formatted.

	 4.	 Select Icon Sets for the Format Style and choose the green, amber, 

and red circles for the Icon Style.

	 5.	 Click the arrow next to the red circle icon and select No Cell Icon 

to turn it off.

	 6.	 Select Number in the Type column for both rules. Enter 2800 for 

the green circle rule and 1200 for the amber/yellow circle rule.

Figure 3-30.  Apply an icon set rule to PivotTable values
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The Conditional Formatting rule is applied only to the values for customers and 

product category (Figure 3-31).

�In-Cell Charts with the REPT Function

File  in-cell-charts.xlsx

There is a fabulous technique to create in-cell charts using the REPT function and some 

specific formatting. These in-cell charts are a great alternative to using data bars and 

icon sets.

What makes these a great option is that they are created using a formula, so we have 

lots of control over how to use them. Also, we can add further Conditional Formatting 

rules to change their color dependent on conditions (Figure 3-32). You cannot do this 

with data bars.

Figure 3-31.  Icon sets showing top performing values in a PivotTable
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We have a range with a column of names and another with score values. In column 

C, we will create the in-cell charts shown in Figure 3-32.

We will use the REPT function, which repeats a value a specified number of times. The 

pipe symbol (|) will be repeated the number of times shown in column B using REPT.

Note T he pipe symbol (or vertical bar) is usually found on the same key as the 
backslash character.

	 1.	 In cell C2, enter the following formula and copy down:

=REPT("|",B2)&" "&B2

This formula concatenates the score onto the end of the repeated pipe symbol, just 

like the data labels of a bar chart.

	 2.	 This looks terrible at the moment, so let’s change the font. Change 

the font of the cells to Playbill or Stencil. Both of these work well.

	 3.	 Change the font color to something better. I have decided on 

green (Figure 3-33).

Figure 3-32.  In-cell charts using the Stencil font and an added conditional rule

Chapter 3  Advanced Formatting Techniques



169

Figure 3-33.  In-cell charts using the REPT function and Stencil font

Note I f the value being repeated is large, divide it by a value to reduce the 
number of times the character is repeated.

Because these mini charts are created by using a formula and some font formatting, 

we are not constrained to a few options like we are with data bars.

Let us add a Conditional Formatting rule to the cells that changes the color of any 

score less than 60.

	 4.	 Select range C2:C8 and click Home ➤ Conditional Formatting ➤ 

New Rule ➤ Use a formula to determine which cells to format.

	 5.	 Enter the following formula. It refers to the scores in column B and 

tests if the value is less than 60.

=B2<60

	 6.	 Click Format and choose the formatting you want to use.

We have our completed in-cell charts. They enable us to easily compare the scores 

and see who met the threshold of 60 (Figure 3-34).
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There is much potential with in-cell charts. They are driven using a formula so you 

can use any criteria needed and add whatever Conditional Formatting rules you might 

want.

You can also use any symbol Excel will accept. There is a large gallery of symbols 

in Excel including emojis, thumbs up, currency symbols, and images of objects such as 

planes.

�Custom Number Formatting

File  custom-number-formatting.xlsx

Custom number formatting gives you complete control over how cell content looks. It 

does not change its value, only its appearance.

You access custom number formatting from the Custom category on the Number 

tab of the Format Cells dialog window (Figure 3-35).

Figure 3-34.  In-cell charts to compare scores and see who met the threshold

Chapter 3  Advanced Formatting Techniques



171

In the Type box, you can write or edit a number format. There are many different 

characters with different roles in formatting.

We will not list the meaning of each character in this book, but instead focus on 

“real-world” examples of their use.

A number format is split into four sections. Each section controls how a specific type of 

value is formatted. The sections are separated by semicolons. You do not have to use all four.

Positive number; Negative number; Zero value; Text

Let us look at some useful examples of custom number formatting.

Figure 3-35.  Custom number formatting area of the Format Cells window
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�Combine Text and Numbers in a Cell
Excel provides formatting options for currency, percentages, dates, and more, but it has 

not covered everything, and you may need to create your own formats.

For example, we have a list of weights which are measured in kilograms. We want to 

create a format with the unit symbol “kg” after the numeric value.

In the Type box of Format Cells, enter the following format code:

0.00 "kg"

This formats the values to two decimal places and follows the value with the text 

string “kg” (Figure 3-36).

The number format character zero (0) forces the display to that number of digits. 

This is represented well with products C and D. Product C is displayed as 0.86, and 

product D is displayed as 4.20 rather than 4.2. The zero forces the display to 0.00.

The hash or pound sign (#) is the placeholder for optional digits. If the format code 

#.## “kg” was used, then product C would display as .86 kg and product D as 4.2 kg.

Figure 3-36.  Combine text and numbers in a cell
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You can also mix the two placeholders. For example, use #.00 “kg” to force the 

display of two decimal places.

Remember, this does not change the value in the cell. It is just the values’ appearance. 

They are still numeric, and you can perform mathematical operations on them.

�Show the Weekday of a Date
Let us now look at a custom number formatting example with dates. Excel offers a 

limited list of date formats, and displaying the weekday is not in the list.

Enter the following format code into the Type box of Format Cells. This will show the 

weekday in a shortened form before the date (Figure 3-37).

ddd dd/mm/yyyy

Figure 3-37.  Display the weekday of a date
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As you can imagine, the number of d’s entered will change how the day is 

represented (Table 3-1).

The same works with the month and the use of the letter m in the format code.

We can get inventive with this. In Chapter 2, there was an example of the 

SUMPRODUCT function summing the values from a specific month. The month number 

was entered in a cell to specify which month to sum.

It would be better to select a month using a drop-down list of month names rather 

than enter a month number.

In this example, a list has been created for the first of each month, that is, 

01/01/2020, 01/02/2020, and so on. It does not matter what the date is, as long as we 

have one for each month of the year (Figure 3-38). This list is then formatted with the 

custom number format code of mmmm.

Table 3-1.  List of day 

codes and formats

Code Format

d 9

dd 09

ddd Sun

dddd Sunday
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In cell D3, a Data Validation list is then created from the list of dates/months in range 

G1:G12.

The following SUMPRODUCT function can then be used in cell E3 (Figure 3-39):

=SUMPRODUCT((MONTH(Sales[Date])=MONTH(D3))*Sales[Total])

Figure 3-38.  List of dates formatted to show month names
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It tests the month of the Date column against the month of the date in cell D3. 

Remember, although you can see the month name in the list, it is a list of dates.

�Keep the Leading Zeroes of a Value
When you enter numbers such as 007 or 051 in Excel, the leading zeroes are removed as 

they are unnecessary, and Excel is tidying up your formatting.

However, you may need the leading zeroes. The most common approach to dealing 

with this issue is to format the cells as text. This can be done in the Format Cells window 

or by typing an apostrophe (‘) before the number.

This is a useful solution unless you need it to remain a numeric value. Another 

reason could be that the values need to be a specific number of digits. Using custom 

number formatting, we can format the cell to add leading zeroes up to a specified 

number of digits.

Figure 3-39.  Using custom number formatting for a nice month name  
drop-down list
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If we need the values to be five digits in length, the following format code can be 

used (Figure 3-40):

00000

Now when a user enters a number such as 308, two leading zeroes are added to make 

it five digits, 00308.

�Display Negative Values in Red
Format codes are made up of four sections separated by semicolons: positive; negative; 

zero value; text.

To specify how negative values should be displayed, we need the second section of 

the format code.

To make things easier, there are built-in custom number formats that we can select 

and edit. There are already some format codes that display negative values in red. It 

makes sense to choose one of these.

In this example, I selected one with zero decimal places and added parentheses 

around the negative number instead of the negative sign (Figure 3-41).

#,##0;[Red](#,##0)

Figure 3-40.  Leading zeroes so all values are five digits in length
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�Show Zero Values as Blank Cells
The zero value is the third section in the format code. To change how zero values are 

shown, we enter what we want in this section.

We could display a dash (-) like the accounting format does. Or maybe display the 

text “zero”.

In this example, we want to hide the zero value. We have a table of scores, and 

the zero is for students who have not taken the test yet. A zero is misleading as it is 

not their score.

The following format code is used:

0;;;

This code uses a whole number for the score (positive number) and then 

ignores negative numbers and zero values. This is done by adding the semicolons 

and not specifying formatting for that section. A blank cell is shown for the zeroes 

(Figure 3-42).

Figure 3-41.  Negative values shown in red with parentheses
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�Format Time to Show Duration over 24 Hours
There is a custom number format to display duration over the limit of the standard 

time unit, for example, 24 hours or 60 minutes. It is to enclose the time unit in square 

brackets, for example, [h] and [m].

This is useful when calculating duration on timesheets and project trackers.

In this example, we have a table of time spent completing tasks. It is displayed in 

hours, minutes, and seconds. There is a SUM function in cell D3 to find the total duration 

(Figure 3-43).

On entering the SUM function, the result is shown as 05:23:02. This is using 

the default time format of hh:mm:ss. It is only showing the remaining hours after 

completed days.

To display hours over the 24-hour limit, enclose the hours in square brackets.

[h]:mm

Figure 3-42.  Hide the zero values
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There is a custom number format already provided for this, but it is easier to type this 

into the Type box. Seconds have been excluded from the result.

The same technique can be used to display minutes or seconds over 60.

Figure 3-43.  Display duration over 24 hours
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CHAPTER 4

Advanced Chart Tricks
Everybody loves a good chart. However, you find many users stick to the standard chart 

types provided by Excel and a few tweaks of the standard settings.

You can create some very useful charts that present data effectively with the 

standard settings. But there is so much more to explore. By combining your charts with 

the power of tables, formulas, formatting, and Power Query, you can take your charts 

to the next level.

There are books dedicated to charts in Excel, but we only have this chapter. The rule 

is to keep it simple but be creative. Let tools such as Power Query and formulas do the 

heavy lifting and allow charts to focus on effective presentation.

This chapter will cover a variety of advanced charting tricks. These include 

automatically changing the color of key metrics, dynamically sorting chart data, adding 

charts that shift with time, and building creative chart labels.

�Dynamic Charts

File  dynamic-charts.xlsx

We want to remove as many manual tasks as we can from our day-to-day Excel work. We 

want to save time and improve accuracy.

There was a focus in Chapter 2 - The Ten Power Functions of Excel with keeping 

everything dynamic by basing them on tables or dynamic array formulas. It will be more 

of the same with our Excel charts.

We want our charts to automatically adjust if data is added or removed from its 

source. This includes expanding to new data, sorting values, and rolling with time.

https://doi.org/10.1007/978-1-4842-6467-6_4#DOI
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�Dynamic Chart Range with Tables
The easiest way to ensure that your charts automatically update when new data is added 

is to use data formatted as a table for its source.

When new rows or columns are added to a table, it automatically expands. If our 

charts use a table for their source, they will automatically update too.

In this example, we have a table named Sales_Summary with the sales of products. 

We will create a clustered column chart.

	 1.	 Select the table data.

	 2.	 Click the Insert tab and select the 2D Clustered Column Chart.

That is it! Nothing more to do (Figure 4-1).

If more data is added to the Sales_Summary table, the column chart will 

automatically add the product to the axis and plot the data.

If you select the chart and click Chart Design ➤ Select Data to view the data 

source for the chart, you may be surprised to see it references the range ‘From 

Table’!$F$3:$G$7 (Figure 4-2). You may have expected to see the table name Sales_

Summary like you would in a PivotTable data source or a formula.

Figure 4-1.  Column chart using data formatted as a table
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Despite the table not being mentioned, rest assured that the chart will react if the 

table data is changed.

You can check this by resizing the table using the blue handle in its bottom-right 

corner (Figure 4-3). The chart will adapt to the table range.

Figure 4-2.  Data source for the column chart

Figure 4-3.  The chart will automatically adapt if the table is resized
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�Charts and Dynamic Array Formulas
Another way to create dynamic chart ranges is to use dynamic array formulas and their 

resulting spill range.

You cannot create a chart directly from the spill range as we did with the table. Doing 

this would create a nice chart, but because it does not understand the spill range, it 

would not update when the formulas’ spill range changes.

You also cannot write dynamic array formulas or use spill range references directly in 

the chart’s source.

The way around this is to reference the spill range in a defined name and then use 

the defined name as the source for the chart elements.

In this example, we have the same product sales data, but this time they are the result 

of formulas (Figure 4-4). There are separate spill ranges in cell F3 for the distinct list of 

products and cell G3 for the total sales of each of those products.

Let us begin by creating a defined name for each spill range.

	 1.	 Click cell F3 (the location of the spill range).

	 2.	 Click Formulas ➤ Define Name.

	 3.	 Enter a meaningful name. Product_Labels has been used here.

Figure 4-4.  Dynamic array formula spill ranges
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	 4.	 Type a hash (#) at the end of the F3 reference to refer to the spill 

range (Figure 4-5). Click OK.

	 5.	 Repeat the steps for the G3 spill range. Name it Total_Values.

We will now create the column chart from the range. Then edit the source of the data 

series and the category axis labels to use the defined names.

	 1.	 Select range F3:G7 and click Insert ➤ Clustered Column Chart.

	 2.	 Click Chart Design ➤ Select Data to open the Select Data Source 

window (Figure 4-6).

Figure 4-5.  Using defined names as a bridge between spill ranges and charts
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There are buttons to edit the source of the data series and the category 

axis labels above each box.

	 3.	 Click Edit for the Legend Entries (Series).

	 4.	 Replace the range with the defined name Total_Values (Figure 4-7).  

Do not delete the sheet name. It is important to keep the sheet 

name before the defined name.

Figure 4-6.  The Select Data Source window

Figure 4-7.  Use the defined name Total_Values for the data series source
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	 5.	 Click the Edit button for the Horizontal (Category) Axis Labels.

	 6.	 Replace the range with the defined name Product_Labels.

The chart will now automatically update when new data is added to the Product_

Sales table and the dynamic array formulas update.

�Automatically Sort Chart Values – With Excel 365
It is important that the values in your charts are sorted correctly. And if you have charts 

hooked up to a dynamic range, the sorting will also need to be dynamic.

You may want to sort the category axis in A–Z order or the values in largest to 

smallest order. With the SORT and SORTBY functions in Excel 365, this task is simple.

The SORT and SORTBY functions were covered in Chapter 2. And one of the 

examples was to sort the product sales we have been working with in this chapter in 

descending order by total sales value.

To recap, this is how it was done.

Beginning with the total sales in cell G3, this formula sums the sales of each distinct 

product in the table Product_Sales2 and sorts the values in descending order:

=SORT(

     SUMIFS(Product_Sales2[Total],

     Product_Sales2[Product],UNIQUE(Product_Sales2[Product]))

     ,,-1)

Then in cell F3, this formula uses SORTBY to sort the distinct products array using 

the SUMIFS function for the by array argument:

=SORTBY(UNIQUE(Product_Sales2[Product]),

     SUMIFS(Product_Sales2[Total],

     Product_Sales2[Product],UNIQUE(Product_Sales2[Product]))

     ,-1)

With the formulas written, we then repeat the steps from the previous example. 

Define names for the two spill ranges, insert the chart, and use the defined names for the 

data series and category axis (Figure 4-8).
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�Automatically Sort Chart Values – Without Excel 365
The SORT and SORTBY functions may only be available to Excel 365 users, but there are 

still ways that we can automatically sort values using formulas.

We will continue with the same example we have been working with in this chapter, 

the total sales of products. We have a table named Chart_Prep, and it uses the SUMIFS 

function to total the sales of each product.

We will use this table to rank the total sales values. Then order them in another table, 

which will feed the chart. It follows good practice when creating reports to have separate 

tables or ranges for the data, the calculations, and then the report.

Note  You can also group, sum, and sort the values for a chart using Power 
Query or a PivotTable. This chapter is focusing on formulas to prepare your chart 
source data. The benefits of using formulas include their flexibility and that they 
automatically update.

Figure 4-8.  Automatically sort chart values using SORT and SORTBY
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To rank the total sales values, the following formula was added to the Chart_Prep 

table (Figure 4-9):

=RANK.EQ([@Total],[Total],0)+COUNTIFS($G$3:G3,[@Total])-1

This formula uses the RANK.EQ function to rank each total value in the Total 

column. The 0 specifies descending order, so the largest value is the first and so on.

The COUNTIFS function is used to separate tied values and ensure a unique rank 

for each total value. It does this by counting the occurrences of each value, the minus 

is performed, and the result is added to the rank. For example, if a value has occurred 

twice, the –1 is performed, and then the 1 is added to the rank.

In this example, the values are unique, but in Figure 4-10 the coffee sales are equal to 

hot dogs. The COUNTIFS function ensures that a unique rank number is applied.

Figure 4-9.  Rank the total sales values in the table
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We then need to order the product names and totals by their rank. We can do that 

with lookup formulas. Let us use the INDEX and MATCH combination (Figure 4-11).

This formula has been entered into cell K3 to return the sales value. The same 

formula has also been used for the product name in cell J3 but with the INDEX array as 

Chart_Prep[Products].

=INDEX(Chart_Prep[Total],MATCH(ROW(I1),Chart_Prep[Rank],0))

It uses the ROW function to return the row number from a cell in row 1. Cell I1 has 

been used for this example. This returns rank number 1, but when the formula is filled 

down, it returns 2, 3, 4, and so on.

MATCH finds the position of the rank number, and INDEX returns the product name 

and total.

Figure 4-10.  Unique ranking for tied values
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The column chart (or any other chart) can then be created from this ordered table 

(Figure 4-12).

Figure 4-11.  Order the ranked values in a table to feed the chart

Figure 4-12.  Sorted column chart using a rank table and lookup formulas
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�Rolling Excel Chart for Last X Values
It is a common requirement to report on a rolling basis. This could be the last 12 months, 

6 weeks, or 14 days.

You do not want to be editing chart source data routinely to chart the correct values. 

Creating a rolling chart is therefore a valuable technique. The chart will automatically 

update as new data is added.

As always, we will use formulas to give the chart this power. There are a few functions 

that can be used for this task. INDEX, OFFSET, and XLOOKUP are all great. We will focus 

on INDEX. It is the most versatile and accessible function for this task.

In this example, we have a table named Rolling_Chart with monthly sales (Figure 4-13). It 

currently has 16 months of data (Apr-19 to Jul-20), and we want the last 12 months.

Additional rows will be added to this table, so we will use a formula to ensure we 

always chart the last 12 months only. We need a formula for the Period labels and another 

for the Total values. The formulas will be used in defined names like previous examples.

Figure 4-13.  Table with the sales each month for 16 months
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This formula has been used in the defined name Period. It uses two INDEX functions 

either side of the range operator (:).

=INDEX(Rolling_Chart[Period],ROWS(Rolling_Chart[Period])-11,1)

    :

    INDEX(Rolling_Chart[Period],ROWS(Rolling_Chart[Period]),1)

The first INDEX function returns the reference at the start of the range. The ROWS 

function returns the number of rows in the table, and minus 11 brings us to the first 

month of the last 12.

The second INDEX function then returns the reference for the last row in the Period 

column.

This formula was then used for the defined name Chart_Values. It is the same 

formula except that the INDEX array is the Total column.

=INDEX(Rolling_Chart[Total],ROWS(Rolling_Chart[Period])-11,1)

    :

    INDEX(Rolling_Chart[Total],ROWS(Rolling_Chart[Period]),1)

Create an Excel chart as usual and then edit the chart series and axis labels to use the 

defined names. Figure 4-14 shows the axis labels being edited to use the defined name 

Period. Remember not to remove the sheet reference.

Note  When writing complex formulas such as this, it is good practice to write 
them onto the spreadsheet, check they work, and then copy them into the defined 
name.

A line chart has been used for this example (Figure 4-15).

Figure 4-14.  Defined name used for the chart axis labels to make it dynamic
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This same technique can also be used to return the last x number of columns. The 

COLUMNS function would be used to return the number of columns in a table.

In this example, we have a table named Period_Sales (Figure 4-16), and we want to 

chart the product sales for the last period only.

The axis labels do not need to be dynamic as the product names do not change. The 

following formula can be used to fetch the values for the last period:

=INDEX(Period_Sales,1,COLUMNS(Period_Sales))

    :

    INDEX(Period_Sales,6,COLUMNS(Period_Sales))

Figure 4-15.  Line chart for sales of the last 12 months

Figure 4-16.  Product sales for each period
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Note T he ROWS function could have been used instead of 6 in the second INDEX 
to make the range height dynamic. Without it, if new products are added, the chart 
ignores them.

This formula is used in a defined name and then used for the data series of the chart 

(Figure 4-17).

�Interactive Charts

File  interactive-charts.xlsx

Adding interactivity to your Excel charts will take them to another level. Using features 

such as drop-down lists and check boxes, we can provide the user with the control to 

select the elements of a chart that they want to see.

Figure 4-17.  Column chart with sales from the last period only
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�Adding Interactivity with a Data Validation List
In this example, I want to revisit the Period_Sales table from the previous example that 

shows product sales over periods of time.

However, this time we have provided a drop-down list for the user to specify which 

product to chart and a cell to enter the number of periods to chart for (Figure 4-18).

We will use formulas in defined names and use those for the chart source.

We will need a formula for the period names, to be used in the chart axis labels, and 

another for the values associated with the selected product.

This formula returns the period names for the specified number of periods. It is used 

to define the name Period_Names (Figure 4-19).

=INDEX(Period_Sales[#Headers],,COLUMNS(Period_Sales)- 'Data 

Validation'!$E$2+1)

    :

    INDEX(Period_Sales[#Headers],,COLUMNS(Period_Sales))

It uses the INDEX function to return from the headers area of the table. No row is 

specified as the headers area is only one row, and cell E2 is used to find the starting 

reference.

Figure 4-18.  Product sales by period with cells for interaction
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The following formula is used to create the defined name Product_Values. It returns 

the values for the selected product and the specified number of periods.

=INDEX(Period_Sales,

    �MATCH('Data Validation'!$B$2,Period_Sales[Product],0),COLUMNS 

(Period_Sales)- 'Data Validation'!$E$2+1)

    :

    INDEX(Period_Sales,

MATCH('Data Validation'!$B$2,Period_Sales[Product],0),COLUMNS 

(Period_Sales))

The MATCH function is used to return the row number of the selected product.

	 1.	 Create a chart from a selected range of period labels and a range 

of product values (Figure 4-20). Does not matter which, as we will 

edit them to the defined names shortly.

Figure 4-19.  Defined name for the chart label axis
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	 2.	 Click Chart Design ➤ Switch Row/Column to put the period 

names on the category label axis.

	 3.	 Use Period_Names for the axis labels source and Product_Values 

for the data series, as shown in previous examples.

Figure 4-21 shows a line chart based on these defined names. When a different 

product is selected from the list, or a different number of periods is entered, the chart 

updates.

Figure 4-20.  Periods 1 to 4 and the associated Pineapple values selected
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Figure 4-21.  Interactive line chart with a drop-down list and a cell for entry

�Check Boxes to Select Data Series
There are a variety of form controls available for use in Excel, and they are fantastic for 

adding interactivity. There are option buttons, list boxes, check boxes, and more.

In this example, we have monthly sales for three different regions (Figure 4-22). We 

want a line chart showing the sales, but only for selected regions. The user will make 

these selections using check boxes.
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We will use a preparation range for this example. This is an area on the worksheet 

where formulas will test which check boxes are selected and only show the values for 

those selections. The chart will use this data for its source.

Let us insert the check boxes first.

	 1.	 Click Developer ➤ Insert ➤ Check Box from the Form Controls 

group (Figure 4-23). Insert one for each region.

Note I f you do not have the Developer tab, right-click the Ribbon and click 
Customize the Ribbon. Check the box for Developer in the list on the right.

Figure 4-22.  Product sales for three different regions
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	 2.	 Right-click and select Edit Text to name them appropriately.

	 3.	 Right-click on the first check box and select Format Control. On 

the Control tab, click the Cell link box and then click a cell on the 

worksheet to link the check box to. Cell B9 has been used in this 

example (Figure 4-24).

	 4.	 Repeat the previous step for the other two check boxes.

In this example, the preparation range is underneath the data. The check boxes have 

been linked to cells above their column, so that it is clear which value relates to what 

check box.

In Figure 4-25, you can see the North and South check boxes are currently selected.

Figure 4-23.  Insert a check box from the Developer tab
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Figure 4-24.  Link the check boxes to a cell on a worksheet

Figure 4-25.  Check boxes linked to cells in row 9
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The following formula is used in cell B11 and filled across and down for all regions 

and all months (Figure 4-26):

=SWITCH(B$9,TRUE,B2,NA())

It tests if the cell in row 9 contains TRUE, indicating that the check box is selected. If 

it is, then the value is shown; otherwise, the #N/A error is shown. The NA() function is 

used for this. The #N/A error is used because it is not displayed by the chart.

Users of Excel versions outside of 2019 and 365 will not have the SWITCH function. 

However, the following formula works just as well using the IF function:

=IF(B$9=TRUE,B2,NA())

Now we can insert the line chart. Select range A10:D16 and insert the line chart.

Position the check boxes where you want them. I have positioned them in the top-left 

corner of the chart (Figure 4-27).

Figure 4-26.  SWITCH function to show the value if checked and NA if not

Chapter 4  Advanced Chart Tricks



204

To position them on the chart like this, you may need to select the check boxes  

and bring them forward using the shape arrange controls on the Shape Format tab 

(Figure 4-28).

You can set up some great interactivity for your charts and your reports. Be creative. 

How can you improve the usability and effectiveness of your charts by adding some 

interactive elements?

Figure 4-27.  Line chart with check boxes for data series selection

Figure 4-28.  Bring forward shapes to layer them in the correct order
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�Creative Chart Labels

File  chart-labels.xlsx

Chart labels are a fantastic opportunity to convey more information and insights into 

your data. It is an opportunity missed by many Excel users.

All chart labels can be linked to cell values. This opens untold potential for your 

labels. Most importantly, using formulas to feed the labels of a chart keeps everything 

dynamic.

Let us look at a few examples of how we can take the different labels of a chart further.

�Dynamic Chart Title
The chart title is possibly the most well-known label of a chart, and its prominent 

position above the chart makes it great for summarizing the chart data.

You do not want to update the title every time the data in the chart changes, so let us 

link it to a cell.

We will revisit the example of product sales over periods of time. There is a Period_

Sales table on another worksheet, and two interactive cells where a user can specify a 

product and the number of periods to chart.

This feeds a line chart using defined names, which currently has a standard chart 

title (Figure 4-29). Let us link the title to the selected values in cells B2 and E2.
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Enter the following formula in any cell. In this example, I have used cell G2, but this 

is normally on another sheet hidden from the user.

=B2&" sales for the last "&E2&" periods"

It uses the ampersand to join the content of the cells with some written text. Now we 

need to link the chart title to the cell.

	 1.	 Click the chart title.

	 2.	 Click the Formula Bar and type =.

	 3.	 Click the cell containing the formula and press Enter.

We now have a dynamic chart title that will change when the data changes 

(Figure 4-30). This is just a small example of what is possible. On a more detailed 

report, it may not be clear which controls a chart is connected to. Therefore, efficient 

labeling is essential.

Figure 4-29.  Line chart with a standard title
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Figure 4-30.  Dynamic chart title showing selected cell values

In this example, the cell values are directly above the chart. So maybe this title is 

not necessary. We will use a chart title more effectively by displaying other more useful 

information.

We will show the total sales value for the selected product and number of periods 

instead.

The following formula has been used in cell G2:

="Total "&B2&" Sales: "&TEXT(G1,"$#,#")

Cell G1 contains a formula that sums the selected values (the formula from the 

Product_Values defined name with a SUM wrapped around it).

The TEXT function is fantastic. It formats text in a specified number format. It 

enables us to use the dollar currency format in a text label (Figure 4-31). Without TEXT, it 

would lose all number formatting.

Chapter 4  Advanced Chart Tricks



208

You may have more information that you want to display, for example, the rank of 

the product sales value or the percentage difference between the last period and the 

period before.

In addition to the chart title, text boxes or shapes can be inserted and linked to cell 

values in the same way.

It is a delicate balance between presenting useful information and cluttering the 

chart too much.

�Advanced Data Labels
Data labels are another great option for displaying extra information that is not charted.

In this example, we have a table with product sales this month and last month 

(Figure 4-32). The following formula has been used in the Variance column to calculate 

the percentage variance and display the appropriate symbol:

=SWITCH(TRUE,

    [@[This Month]]>[@[Last Month]],

    "▲ "&TEXT(([@[This Month]]-[@[Last Month]])/[@[Last Month]],"0%"),

    [@[This Month]]<[@[Last Month]],

Figure 4-31.  Dynamic chart title showing total product sales
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Figure 4-32.  Product sales with variance data for use in data labels

    "▼ "&TEXT(([@[This Month]]-[@[Last Month]])/[@[Last Month]],"0%"),

    "► "&TEXT(0,"0%"))

Note T he IFS function can be used instead of SWITCH if it is not available on your 
Excel version.

The SWITCH function is used to handle the multiple conditions of whether sales 

have increased, decreased, or are equal.

The symbols have been inserted from the Arial font directory. They were inserted 

into the worksheet first and then copied and pasted into the formula after it had 

been written.

To insert symbols:

	 1.	 Click Insert ➤ Symbol.

	 2.	 Select Arial from the Font list.

	 3.	 Locate the symbol you want to use, select it, and click Insert 

(Figure 4-33).
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A column chart has been created to show only this month’s sales for each product. 

We would like to add the information from the Variance column as data labels.

	 1.	 Select the chart.

	 2.	 Click Chart Elements ➤ Data Labels arrow ➤ More Options 

(Figure 4-34).

Figure 4-33.  Insert triangle symbols to present variance clearly
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	 3.	 From the Format Data Labels pane, select the Label Options 

category, click Value From Cells, and select the Variance column 

(Figure 4-35).

	 4.	 Uncheck the Value data labels box.

Figure 4-34.  Adding data labels to a chart

Figure 4-35.  Using values from cells for chart data labels
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The Variance column is added to the data labels of the column chart (Figure 4-36).

�Display Symbols in the Chart Axis
The chart axis can also be used to display symbols and other useful information.

We will continue with the previous example, but now the table layout has 

been changed, and the Variance column is positioned before the Product column 

(Figure 4-37).

Figure 4-36.  Monthly sales variance shown in data labels

Chapter 4  Advanced Chart Tricks



213

Figure 4-37.  Table with the Variance column positioned before the Product

	 1.	 Select range A1:B7 (axis labels), hold Ctrl, and select range D1:D7 

(data series).

	 2.	 Insert a column chart.

	 3.	 Link the chart title to cell G2.

The variance information is shown in the category axis labels as an alternative to the 

use of data labels (Figure 4-38).
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�Advanced Formatting with Charts

File  advanced-formatting.xlsx

In this section, we look at some examples of advanced formatting tricks to make your 

charts “pop” a little more.

�Conditional Formatting on Charts
Although Excel does not have a Conditional Formatting feature for charts as it does for 

ranges, it is easy to set up.

We will write formulas to prepare conditional ranges and then feed these to the chart 

as additional data series. We will then overlap the data series so that they appear as one 

that changes color.

For the first example, we have a column chart displaying product sales, and we 

would like to conditionally format the minimum and maximum values.

Figure 4-38.  Monthly sales variance displayed in the category axis labels
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We will use the following SWITCH function in an additional column to show the 

value if it is the maximum or show the #N/A error if not:

=SWITCH(TRUE,[@Total]=MAX([Total]),[@Total],NA())

We will then add another column with the following conditional formula for the 

minimum value:

=SWITCH(TRUE,[@Total]=MIN([Total]),[@Total],NA())

We currently have the column chart in Figure 4-39 using all the columns from the 

table. You can see that apple juice (maximum value) and hot dog (minimum value) have 

an extra column in the chart.

Figure 4-39.  Column chart with an extra column for max and min values
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Change the color of the maximum and minimum data series (columns) to what you 

want. I am using green for the maximum and red for the minimum.

Now we will overlap the columns so that they appear as one.

	 1.	 Right-click a column and click Format Data Series.

	 2.	 Select the Series Options category and set the Series Overlap to 

100% (Figure 4-40).

That is it! With the power of formulas and some simple chart formatting, the 

maximum and minimum values of the chart will be automatically formatted when data 

is updated (Figure 4-41).

Figure 4-40.  Overlap the data series to appear as one
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Figure 4-41.  Column chart with the max and min values formatted

In this example, we formatted the min and max values, but you can set any 

conditions you need with your formulas. You may want to format the items that are 

selected from a list or those that reach a specific target value.

�Conditionally Format Markers on a Line Chart
The same technique can be used to conditionally format markers on a line chart. Let us 

use the example of formatting the max and min values again.

The SWITCH function is used to add Max and Min columns to the table as before, 

showing the #N/A error to hide a marker (Figure 4-42).
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Select the range and insert a line chart with markers. You will not need to overlap the 

data series with a line chart.

When formatting the max and min markers:

•	 Set the line to no line. If there are tied min or max values, this 

prevents the line from being shown.

•	 Set the marker color and a width of 2.5 points to make it  

clearly visible.

•	 Add the data label for each marker.

Figure 4-43 shows the line chart with formatted min and max markers.

Figure 4-42.  SWITCH function to identify the max and min values
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�Bar in Bar Chart to Compare Actual Against Target
A bar in bar chart is a great way to compare values such as actual against target or this 

period against the previous period (Figure 4-44).

To create one, we will overlap the data series like we did with the max and min 

column chart. And then add a little extra formatting.

Figure 4-43.  Format the max and min markers on a line chart
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In this example, we have the product sales table with actual and target values 

(Figure 4-45).

	 1.	 Select the table and insert a 2D clustered bar chart.

	 2.	 Right-click a data series and click Format Data Series.

Figure 4-44.  Bar in bar chart to compare actual and target

Figure 4-45.  Product sales with target and actual values
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	 3.	 Select the Series Options category and set the Series Overlap  

to 100%.

	 4.	 Select the Target data series. Click the Fill & Line category and set 

a fill color. I have used green.

	 5.	 Expand the Border section, and set the same color you used for 

the fill (green), the Width to 12 points, and the Join type to Miter 

(Figure 4-46).

	 6.	 Select the Actual data series and set the fill color. I have used 

black. Then add data labels.

	 7.	 Make any other necessary changes such as removing the chart 

title, axis, and gridlines.

Figure 4-46.  Formatting the Target series of the bar in bar chart
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�Add a Target Range to a Line Chart
Adding a target range to a column or line chart makes it easy to see if values are within 

range or are too low or too high.

Let us use a line chart for this example and the sales data shown in Figure 4-47. The 

Period and Total columns will be used as data for the line graph. The other columns are 

for the target range.

The Top column will not be used for the chart. It is only used to calculate the 

difference with a simple top minus bottom calculation.

The bottom value is the start of the target range, and the difference is the height of 

the target range.

	 1.	 Select range A2:B9, hold Ctrl, and select range D2:E9 also. Insert 

a line chart.

The line chart does not look very good at the moment (Figure 4-48). 

The line for the total values looks great. The other two are the target 

range, but they need fixing. We will now format the target range.

Figure 4-47.  Table of data to display a target range on a line chart
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Figure 4-48.  The line chart looks bad initially

	 2.	 Right-click one of the straight lines representing the target range 

and click Change Series Chart Type. Change the chart type for 

series 2 and 3 to a stacked column (Figure 4-49).
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	 3.	 Right-click the stacked column on the chart and click Format 
Data Series. Select the Series Options category and change the 

Gap Width to 0%.

	 4.	 Select the bottom of the stacked column (series 2). Click the Line 
& Fill category and select No Fill.

	 5.	 Make some final adjustments such as removing the legend and 

gridlines and editing the chart title.

Figure 4-49.  Change chart type for series 2 and 3 to a stacked column
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Figure 4-50.  Line chart with target range

It is easy to add a target range to a chart and yet very effective (Figure 4-50).

This chapter showed just a few examples of how you can take your Excel charts to the 

next level. There is much more that you can do, and there are many resources available 

online to learn from.
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CHAPTER 5

Power Query – You Will 
Never Work the Same  
Way Again
Power Query is one of the most important updates in the history of Excel. What once 

seemed impossible or would require VBA is now very simple. Understanding the role of 

Power Query will change the way you work with data.

This chapter will walk through several examples of how you can use Power Query to 

streamline tasks and prepare data for analysis. Be ready! You will never work the same 

way again.

�Introduction to Power Query
Power Query first appeared as an add-in in Excel 2013, named Power Query. And in 

versions after that is now native to Excel and found on the Data tab, under the name Get 

& Transform (Figure 5-1).

Microsoft is regularly making improvements and releasing updates to Power Query, 

so Microsoft 365 users will always have the latest features available.

Figure 5-1.  Get & Transform on the Data tab

https://doi.org/10.1007/978-1-4842-6467-6_5#DOI
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The role of Power Query is to import, clean, and prepare data for analysis.

Excel in the past was limited in how we got external data into Excel. We relied on the 

external software or website having good export to Excel functionality.

Once in Excel, we then used formulas and features such as Text to Columns, Filter, 

Remove Duplicates, and Find and Replace to transform it. This was frustrating and took time.

Power Query fills in this gap. And better yet, it has a nice easy-to-use interface with 

buttons that many Excel users will recognize. Most operations can be performed without 

knowing advanced formulas or any code.

Power Query is an ETL tool. This stands for extract, transform, and load. Let us look 

at the three different aspects of the Power Query role (Figure 5-2):

•	 Connect: Easily connect to and extract data from a variety of external 

sources such as CSV, a folder of files, PDF, web page, SharePoint, and 

more. Once this connection is established, it is refreshed with the 

click of a button. You do not need to find the file or specify the URL 

every time you import.

•	 Transform: The stage that is the most fun. Remove, sort, filter, split, 

replace, and load more transformation steps to shape and clean the 

data into something usable.

•	 Load: Load the data ready for use. This could be directly to a 

PivotTable, to a table on the worksheet, into the data model for Power 

Pivot, or as connection only for other queries to use.

Figure 5-2.  Connect, transform, and load data with Power Query
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As users perform commands to transform the data in the Power Query Editor, each 

action is recorded in the Applied Steps pane (Figure 5-3). The entire process can be run 

again by simply clicking Refresh in Excel. And these steps can also be deleted or edited 

later if things change.

Note T here is no Undo button in Power Query. You undo an action by deleting the 
applied step using the black X by the step name.

For each command, behind the scenes, M code was created. This is the language 

of Power Query. It can be complicated to learn, and fortunately you can do incredible 

things in Power Query without knowing any of it.

Figure 5-3.  Each action in Power Query is recorded in Applied Steps
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In fact, by default, Power Query hides the M code, so that it does not scare you. 

However, you can view and edit it (Figure 5-4) by showing the Formula Bar (click View 

➤ Formula Bar) or by opening the Advanced Editor (click Home ➤ Advanced Editor). 

Learning M code will make you a Power Query Jedi.

The examples in the chapter have been chosen to demonstrate as many features of 

Power Query as possible and barely any M code. There is far more to Power Query for 

you to explore beyond this chapter.

�Transform Data in Excel

File  excel-data.xlsx

Let us look at our first example of using Power Query to clean and prepare data. This first 

example will be data already in Excel. However, this data has many problems and is not 

currently in a tabular structure for us to analyze with formulas, PivotTable, or other Excel 

features.

Figure 5-5 shows the data we have received. It contains total rows, empty columns, 

blank cells, and even a cell with the name and ID number combined.

This is a typical example of data we can receive from software outputs or from other 

Excel users.

Figure 5-4.  Methods to view and edit the Power Query M code
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Let us go through the steps of loading the data into Power Query, transforming it, 

and loading it back as a table on the worksheet.

	 1.	 Select the range B3:F30 and click Data ➤ From Table/Range.

	 2.	 You will be prompted to format the range as a table. Check the My 
table has headers box.

	 3.	 The table is loaded into the Power Query Editor. This is where all 

the magic happens. We should name the query first. Expand the 

Queries pane on the left, right-click the query, click Rename, and 

name it Data (Figure 5-6).

Figure 5-5.  Unstructured data in Excel to transform

Chapter 5  Power Query – You Will Never Work the Same Way Again 



232

We will now walk through the transformation steps.

	 4.	 Right-click the second column (named Column 1) and click 

Remove to delete this empty column.

	 5.	 Select the Name column. Click Home ➤ Split Column ➤ By 
Delimiter. Select Custom from the list and enter a comma 

followed by a space (, ) as the delimiter (Figure 5-7).

This step splits the name and the ID into separate columns.

Figure 5-6.  Data table loaded into the Power Query Editor

Figure 5-7.  Split the column using the comma and space as the delimiter
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	 6.	 Select the Name.1, Name.2, and Region columns and click 

Transform ➤ Fill ➤ Down.

This replaces the empty cells with the value from the cell above (Figure 5-8). We can 

now remove the null values from the Product column. This will remove the Total rows.

	 7.	 Click the filter arrow in the Product column and uncheck the 

(null) box.

	 8.	 Click and drag the Name.2 column to the first position so that the 

ID column is before the name column.

	 9.	 Double-click the Name.2 header and rename it ID. Repeat for the 

Name.2 column and rename it Name.

	 10.	 Click the data type button (Figure 5-9) in the Amount column 

header and change the data type to Currency.

Figure 5-8.  Data table with the empty cells from columns 1–3 populated
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Note  Do not confuse the data type with formatting. You will still need to format 
your cell and PivotTable values. Specifying the correct data type is critical to work 
with the data.

The transformation steps are complete. Each step has been recorded in the Applied 

Steps box (Figure 5-10).

Multiple Changed Type steps have been produced by Power Query. Only Changed 

Type2 was directly actioned by us. This is not a problem, but we could delete Changed 

Type and Changed Type1 to tidy up the query and specify each column’s data type at the 

end ourselves, especially if the query was more elaborate than this one.

Figure 5-9.  Changing the data type to Currency for fixed decimal places

Figure 5-10.  Applied Steps including multiple Changed Type steps
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You will be warned if you delete a Changed Type step, as it could affect the 

performance of a subsequent step (Figure 5-11). In this example, it does not.

Note Y ou can stop Power Query from automatically adding Changed Type steps. 
Click File ➤ Options and settings ➤ Query Options and specify to never detect 
column types.

Now, we will load the query as a table on the worksheet.

	 11.	 Click Home ➤ Close & Load list ➤ Close & Load To. Specify 

Table to an Existing worksheet and select a cell to import to 

(Figure 5-12).

Figure 5-11.  Warning as deleting a step may affect subsequent steps
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The transformed table is loaded to the worksheet for us to perform further Excel 

tasks (Figure 5-13). The query appears in the Queries & Connections pane.

Figure 5-12.  Close and load to a table on the existing worksheet
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If you need to edit the query, click the table and click the Query tab and then Edit, 

right-click the query in the Queries & Connections pane and Edit, or click Data ➤ Get 
Data ➤ Launch Power Query Editor to get access to all the workbook queries.

�Combine Multiple Sheets into One

File  combine-tables.xlsx

A very common requirement in Excel is to combine multiple tables into one. The days of 

copying and pasting or using Macros are gone. Power Query makes this easy.

Figure 5-13.  The transformed table is now easy to work with
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In this example, we have a workbook with 12 sheet tabs named after the months of 

the year (January–December). On each sheet, we have data formatted as a table (as it 

should be), and the tables are also named after the months of the year. The data is for 

product sales for that month, and each sheet has between 200 and 500 rows.

We want to create a master sheet with all 12 tables combined into one. We can then 

easily interrogate and analyze this one table of data.

	 1.	 Click Data ➤ Get Data ➤ From Other Sources ➤ Blank Query.

	 2.	 The Power Query Editor opens, and you are taken to the Formula 

Bar (click View ➤ Formula Bar if you do not see one). Type the 

following formula:

=Excel.CurrentWorkbook()

Note T he M language is case sensitive. So, check your typing and ensure it is 
exactly the same.

	 3.	 All the tables from the workbook are shown. We want to combine 

all of them into one table. Click the double arrow button in the 

Content column header (Figure 5-14).

Note I f there were tables in the list we wanted to exclude, they could be filtered 
out at this stage.
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	 4.	 Ensure all the column boxes are checked to be included in the 

result. Uncheck the Use original column name as prefix box.

All the tables are expanded and stacked into one table. The table 

name is displayed in a column called Name. We do not really need 

this column as we have a Date column, but we will keep it as a 

label for our tables and charts.

	 5.	 Rename the query Master.

	 6.	 Move the Name column to the second position before the Product 

column.

We will shorten the month name to only the first three letters as 

this would work better in the axis of a chart.

	 7.	 Select the Name column and click Transform ➤ Extract ➤ First 
Characters. Enter 3 as the number of characters.

Figure 5-14.  Combine all the tables into one
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There are also some irregularities in the format of these month 

names. In Figure 5-14, you can see that June has an uppercase U 

and September has a lowercase S.

	 8.	 Click Transform ➤ Format ➤ Capitalize Each Word.

	 9.	 Rename the Name column as Month.

	 10.	 Change the data type of the Date column to Date, Product and 

Region columns to Text, and the Amount column to Currency.

	 11.	 Click Home ➤ Close & Load list ➤ Close & Load To. Select Table 

and New worksheet.

The table is loaded to a new worksheet. The Queries & Connections pane shows the 

Master query with 4434 rows loaded (Figure 5-15).

�Excel.CurrentWorkbook() Problem
When data on any of those worksheets is changed, the query can be refreshed by clicking 

Data ➤ Refresh.

However, at the moment, there is a problem when we do so. When refresh is clicked, 

the Queries & Connections pane shows 8867 rows loaded (Figure 5-16). And if you click 

refresh again, more rows are loaded.

Figure 5-15.  Master query loaded 4434 rows
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This is happening because the Master query itself is a table in the workbook and is 

therefore included in the import.

To fix this, we need to edit the query and add a step to filter out the Master table.

	 1.	 Right-click the Master query in the Queries & Connections pane 

and click Edit.

	 2.	 Click the Source step in the Applied Steps box.

	 3.	 Click Home ➤ Refresh Preview to see the Master table included 

in the list of tables (Figure 5-17).

Figure 5-16.  More rows loaded to the Master table on refreshing the query
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	 4.	 Click the filter arrow for the Name column and uncheck the 

Master box.

	 5.	 Click Home ➤ Close & Load.

�Connect to Another Excel Workbook

File  another-excel-workbook.xlsx

Power Query also makes it simple to import data from an external Excel workbook. 

When changes are made to the Excel workbook, the connection can be refreshed to load 

the updates.

Figure 5-17.  Master table included in the list of tables to be appended
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And if the workbook is renamed or has moved location, the query source can be 

edited easily without re-creating the entire query.

In this example, we have an Excel workbook which contains four worksheets, one 

table, and a defined name. We wish to import three of the worksheets and append them 

into one list. We also want to import the table but load that query as a connection only.

	 1.	 From a blank Excel workbook, click Data ➤ Get Data ➤ From 
File ➤ From Workbook.

	 2.	 Locate and select another-excel-workbook.xlsx.

	 3.	 The Navigator window opens, listing all the tables, sheets, and 

defined names in the workbook (Figure 5-18). Check the Select 
multiple items box. Check the boxes for the Products table and 

the Angel, Bloomsbury, and Victoria sheets only.

Figure 5-18.  Select only the table and three of the worksheets to import
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The defined name is for a print area that has been set, and the 

Lists sheet is the sheet where the Products table resides. We do not 

need these.

Note I nstead of selecting the desired tables and sheets in this window, we could 
have filtered out those we do not want in the Power Query Editor. This approach is 
more dynamic as it will handle changes to the workbook such as additional print 
areas being created.

	 4.	 Click Transform Data.

Each workbook item has been loaded as a separate query. The 

Products query is perfect. However, we need to perform some 

transformation steps on the other three.

We will append the Angel, Bloomsbury, and Victoria tables 

together to one table. But first we need to add a column with the 

name of the table to distinguish which store the sales came from 

when they are appended.

	 5.	 Select the Angel query from the Queries pane on the left.

	 6.	 Click Add Column ➤ Custom Column.

	 7.	 Enter Store as the new column name and enter = "Angel" in the 

formula box provided (Figure 5-19).
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Figure 5-19.  Add a custom column with the table name

	 8.	 Move the Store column to the first position in the table.

	 9.	 We now need the month names and sales values in columns 

instead of rows. Select the Store and Column1 (product) columns. 

Right-click and click Unpivot Other Columns.

	 10.	 Rename Column1 to Product, Attribute to Month, and  

Values to Amount.

	 11.	 Change the data type of the Store column to Text and the Amount 

column to Currency.

The Angel query is now completed (Figure 5-20).
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	 12.	 Repeat steps 5–12 for the Bloomsbury and Victoria queries.

With the query for each store transformed, we will now append 

them into one sales table.

Note W e could have appended the tables after adding the custom column 
and then only performed the unpivot, column naming, and data type steps once. 
I decided to keep the transformations local to the specific queries to make 
troubleshooting problems easier in the future.

	 13.	 Select the Angel query and click Home ➤ Append Queries list ➤ 

Append Queries as New.

	 14.	 Select the Three or more tables option, select the Bloomsbury 

table, and click Add and then repeat for the Victoria table 

(Figure 5-21).

Figure 5-20.  The completed Angel query
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	 15.	 Name the query SalesCombined.

All three tables are stacked into one table. Perfect for a PivotTable 

or Excel functions such as SUMIFS to analyze.

The append query still references the three store queries. So, 

any changes to the Excel workbook, when refreshed, will update 

through to the SalesCombined query.

	 16.	 Click Home ➤ Close & Load list ➤ Close & Load To. Select Only 
Create Connection.

All five queries are loaded, but they will not appear on the 

worksheet as they are connection only.

The three store queries were staging queries which we then 

appended. The Products query we will use in a Merge query 

shortly. The SalesCombined query is the only one we need to load 

to a table on the worksheet.

Figure 5-21.  Append query with three or more tables

Chapter 5  Power Query – You Will Never Work the Same Way Again 



248

	 17.	 Right-click the SalesCombined query in the Queries & 

Connections pane and click Load To.

	 18.	 Select table and load it to the existing worksheet.

All five queries are loaded, but only the SalesCombined query is 

loaded as a table to the worksheet (Figure 5-22).

	 19.	 Save the workbook as store-sales.xlsx.

�Merge Queries – A Lookup Alternative

File  store-sales.xlsx

Figure 5-22.  Five loaded queries, only one loaded as a table
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Lookup formulas in Excel such as VLOOKUP, INDEX and MATCH, and XLOOKUP have 

many needs. They are incredibly versatile, and we saw demonstrations of some of their 

uses in Chapter 2. A popular use for them is to combine columns from different tables 

into one.

Merge Queries in Power Query are a fantastic alternative to this specific use of 

lookup formulas.

In this example, we will continue with the workbook from the previous section 

named store-sales.xlsx. We have a query named SalesCombined which contains data 

on product sales. And another query named Products which contains the category each 

product belongs to.

We want to merge these two queries and bring the Category column into the 

SalesCombined table.

	 1.	 Click Data ➤ Get Data ➤ Launch Power Query Editor.

	 2.	 Select the SalesCombined query from the Queries pane.

	 3.	 Click Home ➤ Merge Queries. This will merge to the currently 

selected query.

	 4.	 Select Products from the list of tables to merge SalesCombined 

with.

	 5.	 Click the Product column in the SalesCombined table and then 

the Product column in the Products table (Figure 5-23).

These are the two key fields to uniquely identify and link the 

products correctly. The message at the bottom of the Merge 

window confirms a complete match of 324 out of 324 rows.

Note Y ou can select multiple columns to identify records correctly from two 
tables. For example, it could be product name and size.
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	 6.	 The Join Kind is set to Left Outer. This is what we need for this 

example. There are six different join kinds.

	 7.	 The Products table is added as a column to the SalesCombined 

query. Click the double arrow button in the column header. 

Uncheck the Product column and the Use original column name 
as prefix box (Figure 5-24).

Figure 5-23.  Merge query to add columns from another table
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	 8.	 Move the column to the third position after the Product column.

	 9.	 Click Home ➤ Close & Load.

The category information is loaded to the table on the worksheet (Figure 5-25).

Figure 5-24.  Add the Category column to the SalesCombined table

Figure 5-25.  Completed SalesCombined table with added category column
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�Merge Queries – Compare Tables

File  merge-queries-compare.xlsx

There are five other join kinds in addition to the classic merge we have just seen. The 

different join kinds will return different results, so the one you choose will depend on the 

result you want.

This is the description of the six different joins:

•	 Left Outer: All rows from the left table and only the matches from the 

right (classic lookup)

•	 Right Outer: All the rows from the right table and only the matches 

from the left

•	 Full Outer: All rows from both tables

•	 Inner: Only the matching rows from both tables

•	 Left Anti: Rows in the left table without a match in the right table

•	 Right Anti: Rows in the right table without a match in the left table

In this example, we have a table named Event1 and another named Event2 

(Figure 5-26). Both tables have already been loaded as connection only queries.

The tables contain the names of attendees for two events. We would like to compare 

the two tables to output the names of those who attended both events. And another 

query with the names of those who attended event 2, but not event 1. These attendees 

are new visitors.
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	 1.	 Click Data ➤ Get Data ➤ Combine Queries ➤ Merge.

	 2.	 Select Event1 from the first list of tables and Event2 from the 

second list.

	 3.	 Click the Name column in Event1 and then again in Event2. This is 

the identifying value in both columns.

	 4.	 Select Inner from the Join Kind list (Figure 5-27).

This will produce the results of those who attended both events. 

The preview text at the bottom of the window informs us that 

there will be eight names returned.

Figure 5-26.  Two tables with event attendees to compare
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The eight names are returned, and we are taken to the Power 

Query Editor to perform further transformations (Figure 5-28).

The right table is added as a column. We used this in the 

previous example to add columns to the left table. This time, it is 

unnecessary as the left and right tables have the same columns.

Figure 5-27.  Perform an inner join between two tables
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	 5.	 Name the query AttendedBoth.

	 6.	 Close and load the query as a table to the worksheet.

To return the names of those who attended event 2 but not event 1, we would use a 

right anti join.

	 1.	 Start another merge query with the two tables and specify the 

Right Anti from the Join Kind list.

	 2.	 Name the query Event2Only.

Figure 5-29 shows the results of the right anti join. This join 

returns rows that exist in the right table only. Therefore, the left 

table returns no rows, and we need to expand the right table to get 

the results.

Figure 5-28.  Eight rows appear in both the left and the right tables

Figure 5-29.  Right Anti join results
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	 3.	 Click the double arrow button in the Event2 header, keep both 

columns checked, and uncheck the Use original column name 
as prefix box.

	 4.	 Remove the first two columns and rename the Name.1 column to 

Name and the Location.1 column to Location.

	 5.	 Close and load the query as a table to the worksheet.

Figure 5-30 shows the results from both queries.

The six different joins of merge queries can be very useful. Explore their capabilities 

and think about scenarios where they could prove useful to you.

Figure 5-30.  The results from both merge queries
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�Import Files from a Folder

File  sales-data folder

This feature of Power Query is magnificent. The hours of time I have saved many users 

by demonstrating this functionality are “off the chart.”

With Power Query, it is simple to import all or just some of the files from a folder. 

You choose which files to import by specifying filter criteria on the file attributes such as 

name, extension, or date modified. Or import them all and filter out the content you do 

not need.

This connection can then update with the click of a button when files are added, 

removed, or changed in that folder.

In this example, we have a folder named sales-data (Figure 5-31). It contains 12 CSV 

files that we want to import, one for each month of the year.

It also contains a text document named exciting and a PDF file named new-members. 

We have no interest in using these files in this query.

Figure 5-31.  The sales-data folder with the CSV files to import
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For this query, we will load it directly into a PivotTable. Most of the previous queries 

have been loaded as a table to the worksheet. This is great as you can continue using 

Excel tools with the data.

However, if the goal is to analyze the data with a PivotTable or load it into the data 

model (covered in Chapter 6) for further analysis, then it is unnecessary to store it on the 

worksheet. And doing so will add unnecessary bulk and weight to your Excel file.

So, if you are handling large volumes of data, maybe even more than the physical 

limitations of the spreadsheet (1,048,576 rows), then loading directly into a PivotTable or 

the data model is even more useful.

	 1.	 Start a new workbook and click Data ➤ Get Data ➤ From File ➤ 

From Folder.

	 2.	 Click Browse and locate the sales-data folder (Figure 5-32).

	 3.	 A window appears listing all the files found in that folder. Click 

Transform Data.

Figure 5-32.  Locate the sales-data folder
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Note T here are buttons in this window to combine or load the files. It is good 
practice to click Transform Data, even if your intent is to combine or load the files. 
This gives you the chance to check the quality of your data and make any required 
transformations.

The Power Query Editor is opened with the list of files (Figure 5-33). The formula bar 

shows the folder path. This can be edited in the future if the path changes. It can also be 

edited by clicking the gear icon next to Source in the Applied Steps box.

	 4.	 Click the filter arrow for the Extension column and clear the check 

boxes for the .pdf and .txt extensions.

The following M code is produced for the step. It can be worth checking the code, 

both to learn and understand the code better and to check what step was created.

= Table.SelectRows(Source, each ([Extension] = ".csv"))

Even though our action was to remove the pdf and txt files, the step created was to 

include CSV files only. This is what we wanted. So, it is important that it did not record 

our specific actions.

Figure 5-33.  All content from the folder is loaded into Power Query
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To explain further, if it had recorded the specific actions of removing pdf and txt files, 

there would be problems if an avi, png, or pptx file was to appear in that folder in the 

future.

Note Y ou could also have filtered the list using the Text Filters option in the filter 
list. These options are great for more flexible filter criteria. For example, to filter for 
extensions that begin with .xls would also include .xlsx, .xls, .xlsm, and .xlsb files.

	 5.	 Click the Combine Files button (double arrow in the Content 

header).

	 6.	 In the Combine Files window, you can specify a sample file from 

the list. This is the file that Power Query will follow as a framework 

for the other files when appending them. These files all have the 

same column headers, so the first file (April.csv) is fine for this 

example.

Multiple queries are loaded into the Queries pane including a parameter, sample 

file, function, and more (Figure 5-34). Understanding the role of each part is beyond the 

scope of this chapter. The only query of interest is the sales-data query.

Figure 5-34.  Multiple queries in the Queries pane
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Figure 5-35.  Using Replace Values to remove the CSV file extension

	 7.	 With the Source.Name column selected, click Home ➤ Replace 
Values. Enter .csv as the Value To Find and leave the Replace With 

box empty (Figure 5-35).

	 8.	 Rename the Source.Name column as Month.

	 9.	 Select the Date column and click Home ➤ Sort Ascending.

	 10.	 Change the data type of the Amount column to Currency.

	 11.	 Rename the query as AllMonthsSales.

All the data from the CSV files have been appended into one table and transformed 

(Figure 5-36). We are now ready to load the query to a PivotTable.
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	 12.	 Click Home ➤ Close & Load list ➤ Close & Load To.

	 13.	 Select PivotTable Report and place it on an existing worksheet.

We can then quickly and easily create a PivotTable such as the one in Figure 5-37. We 

have gone from a folder of files to a report in a matter of minutes and just a few clicks.

Figure 5-37.  PivotTable showing product sales in descending order by sales total

Figure 5-36.  Imported and transformed CSV files from the sales-data folder
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The data exists nowhere physically on a worksheet. Power Query connects the folder 

to the PivotTable. On clicking Data ➤ Refresh ➤ Refresh All, it would pull in all the CSV 

files, perform the transformation steps, and update the PivotTable.

�Extract Data from the Web
The Web is full of information that we may be interested in pulling into our Excel 

spreadsheets. Unfortunately, this is not always as simple as we would wish due to how 

the web page has been structured. And this is often out of our control.

Power Query provides a friendly interface to import data from the Web, but it does 

rely on the required data being formatted as a table on the web page.

Note T here are continuous improvements in Excel’s ability to extract data from 
the Web. Hopefully, since the publication of this book, there will be extra features to 
help extract less structured data from the Web.

In this example, we want to import the table of the top 250 films of all time from the 

IMDb.com website. Figure 5-38 shows the first few rows of this table.
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On importing the data, we will extract the year that the films were released into its 

own column and create a custom column with the decade of each film’s release.

This will be loaded to a table on the worksheet and then a PivotTable produced to 

summarize the number of films by decade.

	 1.	 Click Data ➤ Get Data ➤ From Other Sources ➤ From Web.

	 2.	 Enter the following URL into the box provided (Figure 5-39):

https://www.imdb.com/chart/top/?ref_=nv_mv_250

Figure 5-38.  The IMDb top 250 films to be imported
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Note T his URL may have changed since the publication of this book. Enter “IMDb 
top 250” into a search engine to grab the most up-to-date URL.

The Navigator window lists the different tables that Power Query 

has identified on the page. A preview is shown to help you find the 

table(s) you want to import (Figure 5-40).

	 3.	 In this example, only the document itself and one table are 

returned. Select Table 0 and click Transform Data.

Figure 5-39.  Enter the URL of the page to import into Excel
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	 4.	 In the Power Query Editor, rename the query TopFilms.

Figure 5-41 shows the data loaded into Power Query. There are 

a few transformations to walk through to get the rank, title, year, 

decade, and rating columns that we want.

Figure 5-41.  Top 250 film data loaded into Power Query

Figure 5-40.  Select the table from the web page to import

Chapter 5  Power Query – You Will Never Work the Same Way Again 



267

	 5.	 Select the Rank & Title and IMDb Rating columns and click Home 

➤ Remove Columns list ➤ Remove Other Columns.

Let us split the rank and title into separate columns.

	 6.	 With the Rank & Title column selected, click Home ➤ Split 
Column ➤ By Delimiter. Use a custom delimiter and enter a  

full stop (period) followed by a space (. ) (Figure 5-42). Select  

Left-most delimiter as some of the film titles include full stops in 

their name.

We will now split the film title and the year into separate columns.

	 7.	 Select the Rank & Title.2 column and click Home ➤ Split Column 

➤ By Delimiter. Use a custom delimiter and enter a space 

followed by an opening parenthesis “ (”.

	 8.	 To remove the closing parenthesis from the year, select the Rank 

& Title.2.2 column and click Home ➤ Replace Values. Enter a 

closing parenthesis “)” for the Value To Find and leave the Replace 

With box empty.

Figure 5-42.  Splitting the rank and film title into separate columns
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	 9.	 Rename the first column to Rank, the second column to Title, and 

the third column to Year.

Figure 5-43 shows the progress so far with the TopFilms query.

We will now create the decade column using a Power Query 

feature named Column From Examples. We will provide this 

feature with examples of the data we need, and it will write the 

conditional formula for us.

	 10.	 Select the Year column and click Add Column ➤ Column From 
Examples list ➤ From Selection.

We will now enter example values for the rows, and Power Query 

will try and work out what we need.

	 11.	 Enter 1990-1999 for the first film into the column provided on 

the right and press Enter. This film (your list may be different as 

it changes over time) was released in 1994 so 1990–1999 is the 

decade.

Column From Examples’ first attempt to understand what we 

need is incorrect (Figure 5-44).

Figure 5-43.  Transforming the IMDb top 250 films table

Chapter 5  Power Query – You Will Never Work the Same Way Again 



269

	 12.	 Enter 1970-1979 for the second film and press Enter. Column 

From Examples has now successfully understood what we want 

(Figure 5-45). Click OK.

	 13.	 Click and drag the Range column to between the Year and IMDb 

Rating columns.

Figure 5-44.  First attempt by Column From Examples

Figure 5-45.  Column From Examples to create a custom column
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	 14.	 Rename the Range column to Decade.

	 15.	 Change the data type of the Year column to Whole Number.

All the transformation steps of the query are complete. However, 

we could clean up the Applied Steps box.

Earlier in this chapter, we covered deleting the Changed Type 

steps. We can also rename steps. For example, we have two split 

column steps. Renaming these will provide more transparency to 

the query steps.

	 16.	 Right-click the Split Column by Delimiter step and click Rename. 

Name this step Split Rank and Title.

	 17.	 Right-click the Split Column by Delimiter1 step and click Rename. 

Name this step Split Title and Year.

You will be thankful for the time taken to rename steps when 

you revisit the query in the future. It will be much easier to 

understand. Figure 5-46 shows the Applied Steps after renaming 

the two split column steps.

Chapter 5  Power Query – You Will Never Work the Same Way Again 



271

Note T he gear icon to the right of the steps can be used to edit the step. If a step 
does not have a gear icon, it can only be edited with the M code in the Formula Bar 
or Advanced Editor.

	 18.	 Close and load the query as a table to a worksheet.

We can now perform some analysis on this web data import using Excel tools and 

formulas. For example, the PivotTable in Figure 5-47 uses the custom column we added 

to return the number of films from each decade.

Figure 5-46.  Applied Steps with steps renamed for greater meaning
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�Import from PDF

File  new-members.pdf

Power Query also makes it easy to import PDF data into Excel. We can then clean and 

tidy the data as we need it.

In this example, we have a three-page PDF document with information about new 

members that we want to analyze in Excel. It contains a table with information about 

the PDF export and a table with the new member details. We are only interested in the 

member details.

	 1.	 Click Data ➤ Get Data ➤ From File ➤ From PDF.

	 2.	 Locate the new-members.pdf document and click Import.

Figure 5-47.  PivotTable showing the count of films by decade
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In the Navigator window, Power Query lists all of the tables and 

pages that it has identified in the document (Figure 5-48). The 

table with new member data that continues over three pages has 

been identified as three different tables by Power Query (tables 2, 

3, and 4).

The preview area in the window is great to help discern the 

different tables.

	 3.	 Check the Select multiple items box and check the boxes for 

Table002, Table003, and Table004.

	 4.	 Click Transform Data.

The three tables are imported as separate queries (Figure 5-49). 

These queries make up the three parts of the new members data 

table, so we will append them shortly.

Figure 5-48.  Select the tables to import from the PDF
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Firstly, let us tidy up the table headers. In the first query, the first 

row of data are the headers.

	 5.	 Ensure that the Table002 (Page 1) query is selected and click 

Home ➤ Use first row as headers.

	 6.	 Select Table003 (Page 2) and rename the headers Name, Type, 
and Source to match the headers used in Table002. Repeat for 

Table003 (Page 3).

	 7.	 Select Table002 (Page 1) and click Home ➤ Append Queries list 

➤ Append Queries as New.

	 8.	 In the Append window, select Three or more tables. Add the two 

other tables to the Tables to append box (Figure 5-50).

Figure 5-49.  Tables are imported from the PDF as separate queries
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Figure 5-50.  Append all three tables imported from the PDF

	 9.	 Name the query NewMembers.

	 10.	 Close and load it as a table to the worksheet.

�Group By and Pivot

File  group-by-and-pivot.xlsx

Power Query is typically used to import and prepare data for a PivotTable or Excel 

formulas to summarize. However, Power Query itself has the functionality to group, 

summarize, and pivot data.

In this example, we will work with the completed query from the “Combine Multiple 

Sheets into One” example. This query has been loaded as a table to the worksheet. We 

want to change this to a connection only query.
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	 1.	 Right-click the Master query in the Queries & Connections pane 

(click Data ➤ Queries & Connections if it is hidden) and click 

Load To.

	 2.	 Select Only Create Connection and click OK.

	 3.	 Changing the query back to a connection only query will remove 

the table on the worksheet (Figure 5-51). Click OK to confirm this.

We will create two reports from this query:

•	 The first report will show the total sales from the regions for all 

months of the year (Figure 5-52).

•	 The second report will show the total sales and number of sales for 

each product. This will be sorted in descending order by total sales 

(Figure 5-53).

Figure 5-52.  Monthly sales by region report

Figure 5-51.  Warning as the connection only query will remove the table
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Figure 5-53.  Total and number of sales by product report

	 1.	 Click Data ➤ Get Data ➤ Launch Power Query Editor.

	 2.	 Right-click the Master query and click Reference. Repeat this step 

so that we have two new queries.

	 3.	 Rename one of the queries MonthlySalesByRegion and the other 

query ProductSales.

This creates two queries that are linked to the Master query. This ensures that the 

combining of the sheets and the transformation steps is only performed once, and then 

the two query reports are run. It’s better than duplicating a query and unnecessarily 

repeating the steps.

You can view the dependencies between queries as a diagram in the Query 

Dependencies window (Figure 5-54). Click View ➤ Query Dependencies.
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Let us now work on the first report.

	 4.	 Select the MonthlySalesByRegion query and click Home ➤  

Group By.

	 5.	 Select Advanced so that we can group by more than one column. 

Select Region from the list, click Add grouping, and then select 

Month from the second list (Figure 5-55).

	 6.	 Enter Total for the new column name and specify the operation as 

Sum and the column to sum as Amount.

Figure 5-54.  Viewing the dependencies between the queries
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Figure 5-56 shows the results from this grouping. To complete the report, we now 

need to pivot the Month column so that they become column headers.

Figure 5-55.  Group by region and month with total sales

Figure 5-56.  Group by region and month
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	 7.	 Select the Month column and click Transform ➤ Pivot Column.

	 8.	 Select Total as the Values Column and click OK (Figure 5-57).

	 9.	 Select the Jan column, press Shift, and select the Dec column. 

Click Home ➤ Data Type list ➤ Currency.

Let us now create the second report.

	 10.	 Select the ProductSales query and click Home ➤ Group By.

	 11.	 Select Advanced and select the Product column to group by.

	 12.	 This report has two aggregations. For the first one, enter Total 
Sales for the column name and to Sum the Amount column. For 

the second aggregation, use No of Sales for the column name and 

Count Rows for the operation (Figure 5-58).

Figure 5-57.  Pivot the month column to become column headers
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Figure 5-58.  Group by product with sum and count rows aggregations

	 13.	 Change the data type of the Total Sales column to Currency.

	 14.	 Select the Total Sales column and click Home ➤ Sort 
Descending.

	 15.	 Close and load the queries.

The tables are loaded onto separate sheets, but you can organize these how you want.

These two additional queries do re-create the “Excel.CurrentWorkbook() Problem” 

discussed earlier. So, let us go back to that query and deal with it.

	 1.	 Click Data ➤ Get Data ➤ Launch Power Query Editor.

	 2.	 Select the Master query.

	 3.	 Select the Source step in the Applied Steps box and click Home ➤ 

Refresh Preview.

The ProductSales and MonthlySalesByRegion tables are being 

picked up when combining all the workbook tables (Figure 5-59).
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	 4.	 Delete the current Filtered Rows step. We will insert a new one.

	 5.	 Select the Source step and filter out the MonthlySalesByRegion 

and ProductSales tables from the Name column.

	 6.	 Refresh the queries, and they work perfectly.

Power Query can also be used to create PivotTable-style reports.

Figure 5-59.  The report tables are recognized by Excel.CurrentWorkbook()
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CHAPTER 6

Power Pivot – The Internal 
Data Model of Excel
Power Pivot is a feature that takes us beyond the Excel spreadsheet. We can do things 

with Power Pivot that are unheard of with traditional Excel techniques.

This chapter will walk through the creation of a Power Pivot model from start to 

finish. We will produce different reports to showcase the power of this internal data 

model of Excel.

�What Is Power Pivot?
Power Pivot allows us to surpass the limitations of an Excel spreadsheet and perform 

powerful data analysis.

We can load tables from different sources into Excel memory and create 

relationships between them using a common column. This is known as the data model. 

Simply put, Power Pivot is PivotTables created from the data model. However, there is 

a lot more to it than that description suggests. It is a vast feature with its own formula 

language and nuances. This chapter is an introduction to its capabilities.

Note  The names of features can be confusing. The terms Power Pivot and data 
model are interchangeable. It is possible to work with the model without using 
PivotTables, but it is often still referred to as Power Pivot.

https://doi.org/10.1007/978-1-4842-6467-6_6#DOI
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The advantages to using Power Pivot include

•	 Work with large volumes of data: Using the data model, we are 

not limited to the 1,048,576 rows of an Excel spreadsheet. We can 

connect to and analyze millions of rows of data and not experience 

the same struggle of traditional Excel working with only a few 

hundred thousand rows.

•	 Create relationships between tables: When working with multiple 

tables, traditional Excel use involves using lookup functions to add 

columns so that you have one table with all the data. Figure 6-1 shows 

a VLOOKUP being used to search for the product in another table 

and return its price. With Power Pivot, the tables are kept separate, 

and a relationship is created between them. This is much more 

efficient, especially when working with many tables and lots of data.

Figure 6-1.  VLOOKUP being used to add columns from other tables
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•	 DAX formulas: Power Pivot has its own formula language known 

as Data Analysis Expressions or simply as DAX. This rich formula 

language offers powerful and flexible functions that are far superior 

to the 11 standard functions available with PivotTables.

You will see all these advantages as we work through the example in this chapter.

�Enable the Power Pivot Add-In
Power Pivot is a COM add-in and needs to be enabled before you can start using it. 

You can open the Power Pivot window and access the data model by clicking Data 

➤ Manage Data Model, but if the add-in is not enabled, you will see the message in 

Figure 6-2. Click Enable and you have Power Pivot.

You can also enable Power Pivot by following these steps:

	 1.	 Click File ➤ Options ➤ Add-ins.

	 2.	 Select COM Add-ins from the Manage list and click Go  

(Figure 6-3).

Figure 6-2.  Prompt to enable Power Pivot

Chapter 6  Power Pivot – The Internal Data Model of Excel



286

	 3.	 Check the Microsoft Power Pivot for Excel box and click OK 

(Figure 6-4).

Figure 6-3.  Access COM add-ins through Excel options
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A Power Pivot tab appears on the Ribbon (Figure 6-5). There are only a few buttons 

on it. This tab will be useful in creating measures later in this chapter without needing to 

open the Power Pivot window.

Most of our work however will require opening the window to access the data model. 

This can be done by clicking the Manage button on the Power Pivot tab or by clicking 

Data ➤ Manage Data Model.

Figure 6-4.  Enable Power Pivot from the COM Add-ins window

Figure 6-5.  The Power Pivot tab on the Ribbon
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�Importing Data into the Model

File  Ch06_power_pivot folder

Power Pivot has the functionality to connect to external data sources. These can be 

found on the Home tab of the Power Pivot window. However, they are limited, and you 

should not use them. Power Query is the tool for connecting to external sources and 

importing data into the model.

In this example, we have sales data for multiple stores across five different regions. 

We have a folder containing a CSV file for each region. In the folder, there are also two 

Excel workbooks with data about the products, stores, and the sales reps.

So, our model will contain four tables when all the data is imported – sales, products, 

sales reps, and stores.

�Import from Folder
Let us start by importing the CSV files from the Ch06_power_pivot folder.

	 1.	 Click Data ➤ Get Data ➤ From File ➤ From Folder.

	 2.	 Click Browse and locate the Ch06_power_pivot folder. Click OK.

	 3.	 A window lists all the files in the folder including the two Excel 

workbooks. We need to exclude these and only stack the CSV files. 

Click Transform Data.

	 4.	 Click the Extension column filter and click Text Filters ➤ Equals. 

Enter .csv for the rows to keep and click OK (Figure 6-6).
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	 5.	 Click the Combine Files button in the Content column header 

(Figure 6-7). This will stack the files into one table.

	 6.	 The Combine Files window offers the first file as the sample file 

and provides the opportunity to change this. This is the file that is 

most reliable, and its column headers will be used. The first file is 

fine in this example, so click OK.

The five CSV files are stacked into one list of 9020 rows (Figure 6-8). There are a few 

more transformations to perform before we load the table into the data model.

Figure 6-6.  Filter out all file types except CSV

Figure 6-7.  Combine the files into one table
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	 7.	 Rename the query sales.

	 8.	 Select the Source.Name column and click Home ➤ Replace 
Values. Enter .csv as the Value To Find and leave the Replace With 

box empty. Click OK.

	 9.	 With the Source.Name column selected, click Home ➤ Replace 
Values. Enter - as the Value To Find and enter a space in the 

Replace With box. This replaces the hyphen (-) in the north-east 

and north-west region names. Click OK.

	 10.	 With the Source.Name column selected, click Transform ➤ 

Format ➤ Capitalize Each Word.

	 11.	 Rename the Source.Name column as Region.

	 12.	 Move the Region column to the third position between Order Date 

and Product.

	 13.	 Move the Product column to the fifth position between Store and 

Units Sold.

The sales table is complete (Figure 6-9). We will now load it to the data model.

Figure 6-8.  The stacked sales table before final transformations

Figure 6-9.  Completed sales table
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	 14.	 Click Home ➤ Close & Load list ➤ Close & Load To. Select Only 
Create Connection and check the box to Add this data to the 
Data Model (Figure 6-10).

The sales query is loaded and displayed in the Queries & Connections pane with 

its 9020 rows. Other queries are shown that are required by the import from the folder 

process. We will not be working with these so they can be hidden (Figure 6-11).

Figure 6-10.  Import as a connection only and add to the data model
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The query was loaded as connection only so it will not appear on a worksheet. This is 

a simple model we are creating, but it could have been millions of rows.

�Import from Excel Workbook
With the sales data loaded, we have three more tables to import into the model. These 

three tables are coming from two different Excel workbooks.

	 1.	 Click Data ➤ Get Data ➤ From File ➤ From Workbook.

	 2.	 Locate the lookup-tables.xlsx workbook and click Import.

	 3.	 The Navigator window lists one table and two worksheets. 

Check the Select multiple items box and check the boxes for the 

products table and the Reps worksheet (Figure 6-12).

Figure 6-11.  The sales query visible in the Queries & Connections pane
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Figure 6-12.  Select the products table and the Reps worksheet

Figure 6-12 shows a preview of the Reps worksheet. As this is not 

in a table, there are no defined headers. We need to promote the 

first row to headers in this query.

	 4.	 Click Transform Data.

	 5.	 Select the Reps query and rename it reps to keep the query names 

in consistent case.

	 6.	 Click Home ➤ Use First Row as Headers.

	 7.	 Select the products query and change the data type of the Price 

column to Currency. Click Replace Current if you receive a 

message about changing the current changed type step or creating 

a new one.

Before we close and load these queries to the model, let us get the 

data we need from the other Excel workbook.
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	 8.	 Right-click the Queries pane and select New Query ➤ File ➤ Excel 
(Figure 6-13).

	 9.	 Locate the stores.xlsx workbook and click Import.

	 10.	 In the Navigator window, select the Store worksheet. In the 

preview, you can see that there are some blank rows and a mistype 

in the header of the second column (Figure 6-14). Click OK.

Figure 6-13.  Start a new query from the Power Query Editor
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Figure 6-14.  Preview of the stores information in the Navigator window

	 11.	 Rename the query stores.

	 12.	 Rename the Storee column to Store.

	 13.	 Filter the Store column to remove the Null rows.

	 14.	 Click Home ➤ Close & Load list ➤ Close & Load To. Select Only 
Create Connection and check the box to Add this data to the 
Data Model. Click OK.

All four queries are loaded as connection only and to the data model (Figure 6-15).
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�Create the Table Relationships
With the tables loaded into the data model, we can now create a PivotTable from 

the model. Let us create a PivotTable to show the total number of units sold for each 

product.

	 1.	 Click Insert ➤ PivotTable.

	 2.	 The PivotTable identifies that you have a data model in the 

workbook and automatically selects that option (Figure 6-16).  

If, for any reason, this has not happened, select Use this 
workbook’s Data Model. Specify a location and click OK.

Figure 6-15.  All four queries loaded to the data model

Chapter 6  Power Pivot – The Internal Data Model of Excel



297

The PivotTable Fields pane shows the four tables from the model 

(Figure 6-17). The cylinder icon next to their name indicates that 

they are from the data model.

Click the arrow next to their name to expand the table and access 

the fields.

Figure 6-16.  Create a PivotTable from the data model
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	 3.	 Click and drag the Product field from the products table into the 

Rows area and click and drag the Units Sold field from the sales 

table into the Values area.

	 4.	 The resulting PivotTable is shown in Figure 6-18. This is clearly not 

correct as each product has sold the same number of units. Even 

the grand total has the same value.

We have not created relationships between our tables yet, and that is the issue. 

Without the relationship between the products table and the sales table, it is unable to 

filter the total units sold value by the product to get each product’s total.

Figure 6-17.  PivotTable Fields pane with the four tables from the model
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We are alerted to this issue in the PivotTable Fields pane also (Figure 6-19). We could 

click the Auto-Detect button to set up the table relationships, but then we miss out on 

the fun. So, let us do it ourselves.

Figure 6-18.  This PivotTable is clearly wrong; it is not filtering by product
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Note  The light gray line separating the tables in the PivotTable Fields list 
indicates that they are not related.

	 1.	 Click the Power Pivot tab and then the Manage button.

	 2.	 The Power Pivot window opens and will probably take you to the 

Data view. This looks like Excel with tabs at the bottom for the 

four different tables. Click Home ➤ Diagram View.

This view is the best for managing your table relationships as it is 

very visual. You can see the four blocks that resemble the tables 

and the fields/columns listed within them.

You can move and resize the tables to organize them how you want.

Figure 6-19.  Missing relationships warning in the PivotTable Fields pane
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	 3.	 Click and drag the sales table underneath the other three tables 

and space them out neatly (Figure 6-20).

The sales table is known as a fact table or a data table. It contains 

the information on the transactions, in this case, sales.

The products, sales reps, and stores tables are known as dimension 

or lookup tables. They contain the information about the subjects 

used in the transactions.

I like to think of the fact table being the story and the dimension 

tables as the characters in the story.

To create a relationship, click and drag between the key fields in 

each table. Click and drag from the fact table to the dimension 

table (just like the lookup value and lookup array of the XLOOKUP 

function).

	 4.	 Click and drag from the Product field in the sales table to the 

Product ID field of the products table (Figure 6-21).

Figure 6-20.  Organize the tables to make the relationships easier to read
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	 5.	 Create a relationship between the sales and reps tables using the 

SP ID field in sales and the ID field in reps.

	 6.	 Create a relationship between the sales and stores tables using the 

Store field in sales and the Store ID field in stores.

The relationships are shown with lines linking the related tables (Figure 6-22). When 

a relationship line is selected (sales and stores in this image), the key fields from each 

table are identified with green rectangles.

The relationship lines have a one and an asterisk on each end indicating a many-

to-one relationship. For example, one product can be sold many times. This is the only 

relationship (cardinality) we will discuss in this book.

Figure 6-21.  Creating a relationship between the sales and the products tables
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There is also an arrow on the relationship line showing the filter direction.  

The tables have been arranged in this way as it visually shows the lookup tables 

filtering the fact table.

Switch to the Excel window, the PivotTable we created now works perfectly 

(Figure 6-23). The products table is filtered before it sums the total units of the sales 

table.

Figure 6-22.  All table relationships have been established
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In the Diagram view of Power Pivot, you can edit and delete existing table 

relationships by right-clicking the relationship line. The easiest way though is to click 

Design ➤ Manage Relationships.

This window lists the table relationships with columns showing the relationships 

tables, key fields, cardinality, and filter direction (Figure 6-24). As mentioned, this 

chapter focuses on a simple model that does not require knowledge in all these areas. 

But it is interesting to read.

There are buttons at the top of the window to create, edit, and delete relationships. 

Everything can be done from here.

Figure 6-23.  PivotTable works perfectly when tables are related correctly
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�Create a Date Table
There is one more table that we will add to our Power Pivot model, and that is a date 

table. A date table is essential to work effectively with dates.

As part of our data analysis, we may want to compare different date periods such 

as years and months or show cumulative monthly sales. To get our model working 

efficiently, we need a table of dates.

Sometimes, you will have a date table as an import from an external source. In this 

example, we will need to create one ourselves.

There are a variety of techniques for creating a date table. These include using Power 

Query which is a dynamic and powerful approach.

In this example, we will use a feature in Power Pivot that creates a date table at the click 

of a button. It’s very fast and very simple. We can then make some improvements to it.

	 1.	 In Power Pivot, click Home ➤ Data View to switch to data view.

	 2.	 Click Design ➤ Date Table ➤ New.

Figure 6-24.  The Manage Relationships window
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A date table is instantly created named Calendar and uses the columns and 

measures of a predefined template. You can see the first few rows of this table in 

Figure 6-25. This date table is very close to what we wanted; it just requires a few 

modifications.

It is important that the date table includes every date for every year that you plan 

to perform data analysis. In this table, the Date column is the base for all the other 

columns.

In this example, the sales data we are using is for the year of 2019 only. So, the Date 

column lists every date between 1 January and 31 December 2019.

Users may include the future or previous year’s sales data by adding the CSV files to 

the source folder. In this case, we can update the range by clicking Design ➤ Date Table 

➤ Update Range and specifying different start and end dates (Figure 6-26).

Figure 6-26.  Update the date table range

Figure 6-25.  Date table created quickly and easily
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You can add, remove, and edit the columns in this table to ensure you have the fields 

you want to use in your PivotTable labels and Slicers or for use in other measures. For 

example, you might want to add fiscal years or quarters.

We will just make a few small modifications to this table. This will be our first glimpse 

at DAX, but we will cover it in more detail soon.

	 3.	 Select the Month column and edit the DAX formula to display the 

month as “MMM” (Figure 6-27). The shortened month name will 

use less space in our table and chart labels.

Note  The FORMAT function is the DAX alternative to the TEXT function we used 
in Chapter 4 for dynamic chart labels.

	 4.	 Select the Day Of Week column and edit the DAX formula to show 

the day of the week as “DDD”.

=FORMAT([Date],"DDD")

	 5.	 Select the Day Of Week Number column and edit the WEEKDAY 

function by adding 2 for the Return Type argument.

=WEEKDAY([Date],2)

This changes the first day of the week from Sunday to Monday. It is important 

that the first day of the week is specified correctly, so they appear in this order in our 

PivotTable labels and Slicers.

Figure 6-27.  Edit the DAX formula to display a shortened month name
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The last few steps have provided a nice introduction to DAX formulas. You can only 

create columns in Power Pivot by using DAX. These are known as calculated columns.

The columns you need are normally imported from the source data or created 

in Power Query before loading to the model. Calculated columns are used to create 

additional columns in your lookup tables, if they are not provided by the queries. They 

should be avoided with your fact tables.

We will be seeing a lot more of DAX formulas shortly when we write measures. A 

measure is a DAX formula that is used in the Values area of a PivotTable, while calculated 

columns are used in the label and filter fields of a PivotTable. When we talk of DAX 

formulas, we are normally referring to measures. Learning to write measures unleashes 

the real power of Power Pivot.

Fortunately, you may have noticed that the structure of DAX formulas is very similar 

to Excel worksheet functions.

�Sort by Column
At the moment, if we use the month or day of week name fields as a label, they are 

ordered incorrectly. Figure 6-28 shows them being used as row labels in a PivotTable.

Figure 6-28.  The month and day of week names are not ordered correctly
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They are both displayed in A to Z order, but month and day of week names have their 

own special order. In Excel, custom lists are used to order them, but in Power Pivot we do 

things differently.

By specifying their order in the model, we will not have to sort them each time they 

are used in our reports.

	 1.	 Select the Month column and click Home ➤ Sort by Column.

	 2.	 Select the Month Number column as the column to sort by 

(Figure 6-29). Click OK.

	 3.	 Select the Day Of Week column and click Home ➤ Sort by 
Column.

	 4.	 Select the Day Of Week Number column as the column to sort by. 

Click OK.

The month and day of week names are now ordered correctly in the PivotTables 

(Figure 6-30).

Figure 6-29.  Sort the month name by the month number column
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This is why we have columns for the month number and day of week number in our 

model. We are unlikely to use them in a report. Month and day of week names are more 

effective. But they are required to order them correctly.

Note  The day of week names begin with “Mon” because we edited the WEEKDAY 
function to start the week from Monday.

The sort by column functionality of Power Pivot provides great flexibility with how 

you order items. Month names do not have to begin with January, and other text labels 

do not need to be ordered A to Z. There may be a different order you want to use, for 

example, poor, good, great, excellent.

�Mark the Table as a Date Table
This date table has already been marked as a date table to Power Pivot because we used 

the date table feature to create it. Marking it as a date table lets Power Pivot know where 

to find the dates when filtering the model.

Figure 6-30.  Month and day of week names ordered correctly
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Although this table has been marked already, let us go through the steps of how to do 

this.

	 1.	 Click Design ➤ Mark as Date Table ➤ Mark as Date Table.

	 2.	 Ensure that the Date column is selected as the column of unique 

dates in the table (Figure 6-31).

�Create the Relationship to the Date Table
The final stage in creating the date table is to establish its relationship in the model.

	 1.	 Click Home ➤ Diagram View to switch back to diagram view.

	 2.	 Click and drag from the Order Date column of the sales table to 

the Date column of the Calendar table.

The Calendar table is now related to the sales (fact) table, just like the other three 

lookup (dimension) tables (Figure 6-32).

Figure 6-31.  Specify the column of unique dates in your date table
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�Working with DAX Measures
We have had a small insight into DAX formulas by editing a few of the calculated 

columns of the date table. Let us now dive a little deeper into the world of DAX.

DAX or Data Analysis Expressions is the formula language of Power Pivot. It is vast 

and powerful and gives us ultimate control on how our measures are calculated.

�What Are the Advantages of Using Measures?
When using PivotTables, and you drag a field into the Values area, an aggregation is 

performed (Figure 6-33). This defaults to sum if a numeric field is used and count if a text 

field is used. You can easily change how the data is summarized. This is great!

Figure 6-32.  All tables of the model have relationships set up
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However, these are known as implicit measures. Each time you drag a field into a 

PivotTable, you have another implicit measure. These work great, but there are many 

advantages to creating your own (explicit) measures.

The advantages of writing DAX measures include

•	 DAX measures can be reused but are only calculated once. They can 

be used in PivotTables and Slicers as many times as you want.

•	 Measures can also be used in other measures. This simplifies your 

DAX formulas. For example, you can sum a value in a measure and 

then use that in other measures, instead of having to sum it in each 

measure (we will perform this example soon).

•	 There are hundreds of DAX functions to take advantage of. 

PivotTables only offer 11 functions to summarize values (sum, 

average, count, etc.). So, DAX takes you far beyond the standard 

PivotTable (hence the name Power Pivot).

•	 Being able to reuse measures in other PivotTables, Slicers, and 

measures creates a fast and lean model that is much more efficient 

than one using implicit measures.

•	 DAX measures are formatted when they are created. This ensures a 

consistent format across all reports and prevents having to specify the 

format every time it is used.

Figure 6-33.  The Units Sold field is summed when moved into the Values area
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�Create DAX Measures
Let us create a few DAX measures. We will do this from the Power Pivot tab on the 

Ribbon in Excel.

Click the Switch to Workbook button (Figure 6-34) or close the Power Pivot window.

�Calculate the Number of Sales
For our first measure, we will calculate the number of sales. For this, we will use a DAX 

function named COUNTROWS to count the number of rows in the sales table.

	 1.	 Click Power Pivot ➤ Measures ➤ New Measure.

	 2.	 Select the sales table for the Table name.

	 3.	 Enter No of Sales for the Measure name.

	 4.	 Enter the following formula into the box provided. Click the 

Check formula button to check for syntax errors.

=COUNTROWS(sales)

Note  You can press the Ctrl key and roll the mouse wheel to zoom in and out of 
the formula box.

	 5.	 Specify the format as a Number ➤ Whole Number and check the 

box to Use 1000 separator.

Figure 6-34.  Switch from the Power Pivot window to the Excel workbook
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Figure 6-35 shows the completed Measure window. This window makes it easier 

to create measures and ensures we are less likely to miss a step such as formatting the 

measure.

Click OK to create the measure. If a PivotTable was active when you created the 

measure, it will automatically add the measure to the Values area.

It is a good idea whenever you create a measure to add it to a PivotTable. This gives 

you the chance to check it works and is formatted correctly before you go any further. 

Figure 6-36 shows this measure added to the PivotTable we created earlier in this chapter.

Figure 6-35.  Measure to calculate the number of sales
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You can see the measure name used in the heading, the formatting is correct, and 

the grand total of 9,020 matches the number of rows loaded in the model.

When you are writing DAX formulas, think filtering. A large part of mastering DAX is 

understanding the filters on your model. This is something new to many Excel users and 

is the most important thing to understand when getting started.

When you write an aggregation formula such as count or sum in an Excel cell, 

you receive one number as a result. But with Power Pivot, that one result has different 

context depending on how we use it. In this example, it is in a PivotTable and is filtered 

by the row label of the product.

Figure 6-36.  No of Sales measure in a PivotTable
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We can continue to use it in as many PivotTables as we want. And it can be filtered by 

a PivotTable’s row, column, report filter, Slicer, and by table relationships.

The No of Sales measure can be found in the sales table in the PivotTable Fields pane 

(Figure 6-37). The fx icon next to its name identifies it as an explicit measure.

�Total Sales Revenue
Let us now calculate the total sales revenue. This will be a more complex DAX formula.

It will be more complex because we do not have a column to sum. The sales table 

contains a column with the number of units sold, and the products table has a column 

with the product price. Before we can sum the total sales, we first need to multiply these 

two values to get the total for each sale.

Now, we could create a calculated column in the sales table with the total for each 

row. And then sum that column.

We want to avoid the use of calculated columns though. The sales table has 9020 

rows, so we would have 9020 calculations we want to avoid, keeping our model lean. And 

imagine if the sales (fact) table was hundreds of thousands or even millions of rows.

Figure 6-37.  No of Sales measure in the PivotTable Fields pane
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To do this, there are DAX functions known as iterator functions. These functions 

move (iterate) down each row of a table and perform a calculation. And when finished, 

they aggregate the result. These functions have an X after their name, for example, 

SUMX, COUNTX, COUNTAX.

We will use the SUMX function to multiply the price by the number of units sold and 

then sum the resulting values (Figure 6-38).

	 1.	 Click Power Pivot ➤ Measures ➤ New Measure.

	 2.	 Select sales as the table name and enter Total Sales for the 

measure name.

	 3.	 Enter the following formula in the box provided:

=SUMX(sales,RELATED(products[Price])*sales[Units Sold])

	 4.	 Specify the format as Currency, £, and 2 decimal places.

Figure 6-38.  Using SUMX to calculate the total sales revenue
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The SUMX function asks for a table and then an expression. The sales table is 

provided as the table to iterate down. The expression is the product price multiplied by 

the units sold.

The RELATED function returns the price from the products table using the table 

relationship. It’s much easier than writing a VLOOKUP.

Even though the SUMX function is iterating down the sales table, the table is 

mentioned when referencing the Units Sold column. This is good practice to help 

distinguish table columns from measures. You should always use the table name before 

a column name.

Figure 6-39 shows the first few rows of the Total Sales measure being used in a 

PivotTable with the Stores field in row labels.

�Cumulative Sales Total
The next measure will be for the cumulative sales total. This measure will take advantage 

of the dates table and the Total Sales measure we just created.

	 1.	 Start a new measure and store it in the sales table with the name 

Total Sales YTD.

	 2.	 Use the following formula:

=CALCULATE([Total Sales],DATESYTD('Calendar'[Date]))

	 3.	 Specify the format as Currency, £, and 2 decimal places.

Figure 6-39.  First few rows of a PivotTable showing total sales by store
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This formula uses the CALCULATE function, the most important function in 

DAX. The CALCULATE function allows us to add, change, and remove filter context in a 

formula.

In this example, it uses the Total Sales measure as the expression, and the 

DATESYTD function is used to apply a filter to that expression.

Note  The Total Sales measure and the Date column look the same as they are 
both enclosed in square brackets []. Because the Calendar table is mentioned 
before Date, we can instantly tell that it is a column and not a measure.

Writing DAX can take a lot of practice before you get comfortable. The last two 

examples might be difficult to understand. Persevere, and after writing them a few times, 

you will understand them better.

Figure 6-40 shows the Total Sales and Total Sales YTD measures in a PivotTable with 

Month in row labels. It is good practice to test your measures in PivotTables, and this 

PivotTable demonstrates the Total Sales YTD measure is working perfectly.

Figure 6-40.  Total Sales and Total Sales YTD measures filtered by month
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�% of Year Total
We will now create a measure to calculate the month’s total sales as a percentage of the 

year total.

We will do this by creating two DAX formulas. First, we will calculate the total sales 

for all months. And then we can divide a month’s total by the result of all months’ 

measure.

	 1.	 Create a new measure in the sales table named TS All Months.

	 2.	 Use the following formula:

=CALCULATE([Total Sales],ALL('Calendar'[Month]))

	 3.	 Specify the format as Currency, £, and 2 decimal places.

This formula uses the ALL function within CALCULATE to remove the filter context. 

This is important! When we divide the total sales by the TS All Months measure, we know 

that it will be the total for all months and is unaffected by any month filters.

Figure 6-41 shows the TS All Months measure in a PivotTable with Month in the 

row labels. It does not look nice, but this proves that the month does not filter all 

months’ total.

Chapter 6  Power Pivot – The Internal Data Model of Excel



322

Note O nly the year 2019 is used in this data, so the DAX works perfectly. If your 
data contains multiple years, then you need to filter for a specific year to return the 
correct % of year total.

We will now calculate the month’s percentage of year total.

	 1.	 Create a new measure in the sales table named % of Year Total.

	 2.	 Use the following formula:

=DIVIDE([Total Sales],[TS All Months],0)

	 3.	 Specify the format as Number ➤ Percentage and 2 decimal 
places.

The DIVIDE function is a safe divide that offers an alternative action instead of 

producing #DIV/0! errors common in Excel. A zero has been entered as an alternative 

action here.

Figure 6-41.  TS All Months measure removes the filter context from row labels

Chapter 6  Power Pivot – The Internal Data Model of Excel



323

The formula [Total Sales]/[TS All Months] would also have worked, but it is 

good practice to use the DIVIDE function in Power Pivot.

Figure 6-42 shows the % of Year Total measure being used in a PivotTable report.

�Difference and % Difference to Previous Month
In this example, we will create measures to calculate the difference and the percentage 

difference between the current and the previous month.

The Measures window we have used so far has been very helpful, but let us create 

these measures in the Power Pivot window to get more familiar with that environment.

Click Power Pivot ➤ Manage to switch to the Power Pivot window.

The measures that have been created so far can be seen in the Calculation Area at 

the bottom of the Data View (Figure 6-43). It also shows their unfiltered result.

Figure 6-42.  Total sales and percentage of year total
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Note  Click Home ➤ Calculation Area if it is not visible.

To create a DAX measure in the Data View:

	 1.	 Click the next empty cell below the measures in the  

Calculation Area.

	 2.	 Enter the following formula in the Formula Bar:

TS Prev Month:=CALCULATE([Total Sales],DATEADD('Calendar' 

[Date],-1,MONTH))

	 3.	 Specify the format Currency, £, and 2 decimal places using the 

formatting buttons on the Home tab.

This formula uses CALCULATE to apply a filter to the Total Sales measure. The 

DATEADD function moves a given set of dates by a specified interval. In this example, 

they filter the total sales to one month previous.

The measure is named TS Prev Month, and this is written before the formula 

followed by a colon and an equals (:=).

Let us switch to the Excel workbook and test this measure out in a PivotTable. 

Using it side by side to the total sales is a simple method to check it is working correctly 

(Figure 6-44).

Figure 6-43.  Measures shown in the Calculation Area
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Figure 6-44.  Using a PivotTable to check that TS Prev Month works correctly

We can now create a measure named Diff Prev Month using the following formula:

Diff Prev Month:=[Total Sales]-[TS Prev Month]

Format the measure as Currency, £, with 2 decimal places.

And then create a measure named % Diff Prev Month using the DIVIDE function.

% Diff Prev Month:=DIVIDE([Diff Prev Month],[TS Prev Month],0)

Format this measure as a Percentage to 2 decimal places.

Figure 6-45 shows these two measures in a PivotTable.

Chapter 6  Power Pivot – The Internal Data Model of Excel



326

Note  The Total Sales measure has been used six times in other measures and 
also multiple times in the PivotTable examples. This measure is only created once, 
keeps our measures concise, and is formatted once on creation.

�Hide Bad Measure Totals
The PivotTable grand totals for the Diff Prev Month and % Diff Prev Month measures 

in Figure 6-45 are not useful. There is no previous month to the grand total, so they are 

confusing and not relevant.

To hide the totals in the PivotTable, we will use a DAX function called 

HASONEFILTER. This is used to check if a filter (the month in this case) has been 

applied or not.

Figure 6-45.  Difference and % difference to previous month
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Figure 6-46.  HASONEFILTER used to hide the value of an unfiltered measure

We will wrap this in an IF function to test the HASONEFILTER response. If the month 

filter has been applied, then keep the result. And for the totals where no filter is applied, 

we will show nothing.

	 1.	 In Excel, click Power Pivot ➤ Measures ➤ Manage Measures.

	 2.	 Select the Diff Prev Month measure in the list and click Edit.

	 3.	 Use the following formula in the box provided (Figure 6-46).  

Click OK.

=IF(HASONEFILTER('Calendar'[Month]),[Total Sales]- 

[TS Prev Month],"")
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The HASONEFILTER function checks the Month column from the 

Calendar table to see if it is filtered and returns True if this is the case. 

The IF function then takes the appropriate response.

	 4.	 Select the % Diff Prev Month measure in the list and click Edit.

	 5.	 Use the following formula in the box provided and click OK:

=IF(HASONEFILTER('Calendar'[Month]),DIVIDE([Diff Prev Month], 

[TS Prev Month],0),"")

Close the Manage Measures window. The grand totals have been hidden for those 

two measures (Figure 6-47).

�Organizing Your Measures and Fields
As you create more measures, you can see the PivotTable Fields list start to get cluttered. 

It can be awkward to find and use the fields and measures that you want.

Let us look at a few techniques for organizing your measures and fields better.

Figure 6-47.  Hiding PivotTable totals with DAX
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�View Fields and Areas Side by Side
This is a simple little trick that can help you work with your fields and measures in 

PivotTables. Instead of using the classic view of the areas below the fields and measures 

list, you can view them side by side.

In the PivotTable Fields pane, click the Tools button (gear icon) and select Fields 
Section and Areas Section Side-By-Side (Figure 6-48).

Figure 6-48.  Change the PivotTable Fields pane to view side by side
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This provides a larger area for the fields and measures list (Figure 6-49). I also find 

clicking and dragging to the right easier than dragging to below the list.

Figure 6-49.  Larger area to view and work with fields and measures
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�Hide Fields from Client Tools
All the fields and measures in the model have a job, but not all of them will be used in 

the reports.

Some of the fields are key fields used to establish relationships, and we have no plans 

to use them in a reporting scenario. Some of the measures we created such as TS Prev 

Month and TS All Months were meant to be used in other measures, not in any reports.

We will hide these fields and measures, so they do not appear in the PivotTable 

Fields list. This will reduce the clutter in our working environment.

	 1.	 Open the Power Pivot window and switch to Diagram View.

	 2.	 Right-click the field or measure and click Hide from Client Tools. 

In Figure 6-50, the ID field from the reps table is being hidden.

	 3.	 Continue until all the unnecessary fields and measures are 

hidden. Figure 6-51 shows a few tables on the PivotTable Fields 

pane after hiding fields such as Month Number, Day of Week 

Number, Product ID, and reps ID.

Figure 6-50.  Hide fields so they do not appear in the PivotTable Fields list
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If you need to show a field or measure again, simply right-click and click Unhide 
from Client Tools.

�Create a Measures Table
All the measures that we have created are stored in the sales table. This is the fact or data 

table, so it makes sense to store them here. This table generally has less fields than the 

dimension tables also.

However, a cool technique to better organize your measures is to create a measures 

table to store them in.

Now, there is no functionality on the Ribbon to create a table within Power Pivot. 

However, there is an awesome trick that I learned from my friend Mark Proctor to get 

this done.

	 1.	 Switch to an Excel worksheet and copy any blank cell.

	 2.	 Open the Power Pivot window, click Home ➤ Paste.

	 3.	 In the Paste Preview window, enter _Measures as the Table Name 

(Figure 6-52).

Figure 6-51.  Fields hidden from the PivotTable Fields list
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Figure 6-52.  Create a table within Power Pivot

The table is added to the data model and shown in the Data view 

of the Power Pivot window.

The table is added to the model, and the Power Pivot window 

opens. Rename the table _Measures (or whatever you want) by 

right-clicking the tab at the bottom of the Data view and click 

Rename ().

Note  The tables in the PivotTable Fields list are ordered A to Z. By naming the 
table with an underscore as a prefix, we ensure it appears at the top of the list.

Unfortunately, we cannot move a batch of measures in one go; 

we will need to move them one at a time. However, from now on, 

when you create a measure, you can store it in this table.
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	 4.	 Switch back to Excel and click Power Pivot ➤ Measures ➤ 

Manage Measures.

	 5.	 Select a measure and click Edit.

	 6.	 Change the table name to _Measures and click OK (Figure 6-53).

	 7.	 Repeat for all the measures you want to move.

Figure 6-54 shows the _Measures table in the PivotTable Fields list. 

A message is shown stating that relationships may be needed. This 

is because the _Measures table is not related to any other tables. 

This is fine so we can close that message.

The table still has the original Column column from the table we 

created within Power Pivot. We will hide this column.

Figure 6-53.  Changing the table that your measures are stored in
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	 8.	 Open the Power Pivot window, switch to Diagram View, right-click 

the Column column in the _Measures table, and click Hide from 
Client Tools.

Only the measures are now visible in the _Measures table, and the icon next to its 

name has automatically changed from a table to a Sigma (Figure 6-55).

Figure 6-54.  Disconnected measures table still with the Column field
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�Using a Disconnected Slicer
A useful technique when creating Power Pivot reports is the disconnected Slicer. It 

enables us to create a Slicer with values not found within our model.

In this example, we will create a Slicer with two different calculation options – the 

Total Sales or the Total Sales YTD measure. And this selection will change the calculation 

in the PivotTable.

	 1.	 Create a table on a worksheet like the one in Figure 6-56. This 

simple table has an ID column and a column with the calculations 

we will use in the Slicer. Name the table CalcSlicer.

	 2.	 Click the table and click Power Pivot ➤ Add to Data Model.

Figure 6-55.  The table has the Sigma icon next to its name

Figure 6-56.  Table with the calculations we will use in the Slicer
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With the table now loaded to the data model, let us create the 

PivotTable and insert the Slicer.

	 3.	 Insert a PivotTable that uses the workbook’s data model and move 

the Month field into the Rows area and the Total Sales measure 

into the Values area (Figure 6-57).

Total Sales is being used as a placeholder and will soon be 

replaced by the measure that uses the selected calculation.

	 4.	 Click Insert ➤ Slicer.

	 5.	 Click the All tab and check the Calculation column of the 

CalcSlicer table (Figure 6-58). Click OK.

Figure 6-57.  PivotTable showing total sales by month
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We now have the PivotTable and the Slicer (Figure 6-59), but 

currently when you click a Slicer option, nothing happens.

Figure 6-59.  Slicer with calculation options, but does not change the PivotTable

Figure 6-58.  Insert a Slicer with the different calculation options
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We will create two measures: one to record the selected option 

from the Slicer and another to perform the correct calculation 

based on this selection.

	 6.	 Create a new measure named Slicer Selection and store it in the 

_Measures table.

	 7.	 The measure will use the following formula and will be formatted 

as a Whole Number:

=MIN(CalcSlicer[ID])

This formula returns the ID of the selected value on the Slicer.

	 8.	 Create a new measure named Selected Calc and store it in the 

_Measures table.

	 9.	 The measure will use the following formula and will be formatted 

as Currency, £, with 2 decimal places:

=SWITCH([Slicer Selection],1,[Total Sales],2,[Total Sales YTD])

The SWITCH function is used to return the correct measure based 

on which ID was returned by the Slicer Selection measure.

	 10.	 The final step is then to replace the Total Sales measure in the 

Values area of the PivotTable with the Selected Calc measure 

(Figure 6-60).

Clicking a Slicer option changes the calculation in the PivotTable.
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We can now take things further by creating a PivotChart from the PivotTable 

(PivotTable Analyze ➤ PivotChart) and making further modifications to the Slicer.

	 1.	 Select the Slicer and click the Slicer tab and then Slicer Settings.

	 2.	 Uncheck the Display header box (Figure 6-61). The header 

is unnecessary, and there is no reason for a user to clear the 

selection.

Figure 6-60.  PivotTable with a Slicer that changes the calculation used
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	 3.	 Select the Slicer and change the Columns setting on the Slicer 

tab to 2. This will display the two options horizontally instead of 

vertically (Figure 6-62).

Figure 6-61.  Remove the header from the Slicer

Figure 6-62.  PivotChart with the Slicer to change calculation
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�Convert a PivotTable to Formulas
PivotTables are amazing! They make it effortless to create reports quickly, but they do 

have some limitations and constraints.

These limitations include

•	 Restricted formatting: You can create your own PivotTable styles, 

which is great, but you do not have complete freedom over the 

formatting.

•	 Restricted layout: There are certain aspects of a PivotTable that you 

are not allowed to delete or move.

•	 Restricted charts: Not all chart types work from PivotTables, and 

they do not have the full functionality that you get from charts based 

on ranges or tables.

So, it is cool that there is an option to convert your PivotTables to formulas. This gives 

you freedom over moving the cells, formatting, and charts.

Click the PivotTable and click the PivotTable Analyze tab (may be named Analyze or 

Options) ➤ OLAP Tools ➤ Convert to Formulas (Figure 6-63).

Figure 6-63.  Convert your PivotTable to formulas
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The PivotTable has been converted into formulas. When you select a cell, you will 

see the formula in the formula bar (Figure 6-64).

CUBE functions are used to access the data model without the PivotTable. Slicers will 

continue to work with the CUBE functions just as they did with the PivotTable results. 

You can learn more on how to use these CUBE functions and do some awesome things.

However, without getting involved with the formulas, you still have the advantage of 

being able to move cells around, format them, insert columns and rows, and more.

Figure 6-64.  CUBE functions used to access the data model
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