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MS 365 Excel Basics #9 

Data Analysis & Single Cell Reporting Formulas: GROUPBY & PIVOTBY Dynamic Spilled 
Array Functions  
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Dynamic Spilled Array Functions seen in this video 

 

Characteristics of Dynamic Spilled Array Formulas (DSAF) 

Characteristics of Dynamic Spilled Array Formula: 
1. The formula lives in the top cell. 
2. Spilled values spill down and to the right. 
3. To edit a dynamic spilled array formula, you edit the formula in the top left cell. 
4. Cells below the top cell do not contain values. All values emanate from the top cell. 
5. Even though the values below the top cell do not live in the cell, you can refer to a value in any of the spilled 

range with a cell reference. 
6. If a cell in the path of the spilled values contains a value, you will get a #SPILL! error. 
7. You refer to a spilled range of values using the top cell address and the spilled range operator: # symbol, like 

E5#. 
8. The most amazing characteristic of dynamic spilled array formulas is that when the source data changes and 

the resultant array expands (or contracts), the spilled range dynamically updates. 
9. Not all worksheet functions can spill results. Aggregate functions like SUM, AVERAGE, AND, OR, and 

SUMPRODUCT cannot deliver spilled arrays. 
10. Spilled array formulas are not allowed in Excel Tables. 
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11. Some function arguments do not allow function argument array operations, such as: 
a. Range argument of the functions SUMIF, COUNTIF, and AVERAGEIF. 
b. Criteria_range argument of the functions SUMIFS, COUNTIFS, AVERAGEIFS, MINIFS, & MAXIFS. 
c. First argument of the functions SUMIFS, AVERAGEIFS, MINIFS, and MAXIFS COUNTIFS. 
d. lookup_value argument in VLOOKUP and HLOOKUP. 

12. Almost all array operations involve operations on multiple formula inputs, such as C5:C7*D9, where a column 
of values is multiplied by a single value. The exceptions are array functions like SEQUENCE, RANDARRAY, and 
MUNIT, which are each programmed to generate an array of answers from a single input (for example, 
=SEQUENCE(3) = {1;2;3}). 

13. Different than a PivotTable, which has automatic dynamic formatting that follows the report when expands or 
contracts, Dynamic Spilled Array Formulas do not have automatic formatting. 

a. Use Conditional Formatting: either built-in, or logical formula driven conditional formatting. 

SEQUENCE Function to generate sequences of Numbers 

Use SEQUENCE to generate a rectangle sequence of numbers: 

 

Format Dynamic Spilled Arrays with Conditional Formatting 

Whereas, where a PivotTable has automatic formatting that adjusts when you pivot your report, Dynamic Spilled Array 
Formula have no formatting abilities. If the Dynamic Spilled Array Formula will not expand or contract, then you can 
just use style formatting like fill color, font color, bold and borders. If you want the report formatting to automatically 
adjust to future expanding or contacting, you use Conditional Formatting with either the built-in options or the option 
to build your own logical formula. Before you add Conditional Formatting to a Dynamic Spilled Array Formula, you 
must always select a range that will accommodate any anticipated expanding or contacting of the formula, then you 
apply the Conditional Formatting. In this example, you want to apply a border format if the cell contains content. To 
accomplish this, you can use a built-in option, as shown in the following six steps. 

Step 1: Highlight a range large enough to accommodate any future expanding or contracting of the Dynamic Spilled 
Array Formula. Then in the Home Ribbon tab, Styles group, click the Conditional Formatting dropdown arrow, then 
click New Rule. 
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Step 2: In the New Formatting Rule dialog box: 1) in the Select a Rule Type area, click Format only cells that contain, 2) 
in the Edit the Rule Description area, click the Format only cells with dropdown arrow and then select No Blanks. “No 
Blanks” is a logical test that evaluates to TRUE when a cell has content and evaluates to FALSE when the cell is empty. 
When the logical test evaluates to TRUE, the conditional formatting will be applied. 

 

Step 3: In the New Formatting Rule dialog box: 1) click the Format button to determine what formatting should be 
applied, 2) In the Format Cells dialog box click the Border tab and then in the Preset area select Outline. This cell 
outline will be applied when the logical test evaluates to TRUE. 
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Step 4: After you click OK on the Format Cells and the New Formatting Rule dialog boxes, only the cells with content 
get the border formatting. 

 

Step 5: Edit the SEQUENCE function in the top cell of the array so that the function only delivers the row numbers 1 to 
5. 

 

Step 6: When the Dynamic Spilled Array Formula spills into a smaller range, the conditional formatting adjust to 
format just the range with the spilled results. 
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History Of Reporting with Single Cell Reporting Formulas 
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PIVOTBY Array Function to Create Reports 

 

  

Argument Description

row_fields

(required)

A column-oriented array or range that contains the values which are used to group rows and generate row headers. The 

array or range may contain multiple columns. If so, the output will have multiple row group levels.

col_fields

(required)

A column-oriented array or range that contains the values which are used to group columns and generate column 

headers. The array or range may contain multiple columns. If so, the output will have multiple column group levels.

values

(required)

A column-oriented array or range of the data to aggregate. The array or range may contain multiple columns. If so, the 

output will have multiple aggregations.

function

(required)

An explicit or eta reduced lambda (SUM, PERCENTOF, AVERAGE, COUNT, etc) that is used to aggregate values. A vector of 

lambdas can be provided (with HSTACK or VSTACK). If so, the output will have multiple aggregations. The orientation of the 

vector will determine whether they are laid out row- or column-wise.

field_headers A number that specifies whether the row_fields, col_fields, and values have headers and whether field headers should be 

returned in the results. The possible values are:

Missing: Automatic. 

0: No 

1: Yes and don't show 

2: No but generate

3: Yes and show

Note: Automatic assumes the data contains headers based on the values argument. If the 1st value is text and the 2nd 

value is a number, then the data is assumed to have headers. Fields headers are shown if there are multiple row or 

column group levels.

row_total_depth Determines whether the row headers should contain totals. The possible values are:

Missing: Automatic: Grand totals and, where possible, subtotals.

0: No Totals

1: Grand Totals

2: Grand and Subtotals

-1: Grand Totals at Top

-2: Grand and Subtotals at Top 

Note: For subtotals, row_fields must have at least 2 columns. Numbers greater than 2 are supported provided row_fields 

has sufficient columns.

A number indicating how rows should be sorted. Numbers correspond with columns in row_fields followed by the columns 

in values. If the number is negative, the rows are sorted in descending/reverse order.

A vector of numbers can be provided when sorting based on only row_fields. 

col_total_depth Determines whether the row headers should contain totals. The possible values are:

Missing: Automatic: Grand totals and, where possible, subtotals.

0: No Totals

1: Grand Totals

2: Grand and Subtotals

-1: Grand Totals at Top

-2: Grand and Subtotals at Top 

Note: For subtotals, col_fields must have at least 2 columns. Numbers greater than 2 are supported 

provided col_fields has sufficient columns.

A number indicating how rows should be sorted. Numbers correspond with columns in col_fields followed by the columns 

in values. If the number is negative, the rows are sorted in descending/reverse order.

A vector of numbers can be provided when sorting based on only col_fields. 

relative_to When using an aggregation function that requires two arguments,  relative_to controls which values are provided to the 

2nd argument of the aggregation function. This is typically used when PERCENTOF is supplied to function.

The possible values are:

0: Column Totals (Default)

1: Row Totals

2: Grand Totals

3: Parent Col Total

4: Parent Row Total

Note: This argument only has an impact if function requires two arguments. If you supply a custom lambda function to 

function, it should follow this pattern: LAMBDA(subset,totalset,SUM(subset)/SUM(totalset)) 

row_sort_order

col_sort_order

PIVOTBY(row_fields , col_fields , values , function ,

[field_headers] , [row_total_depth] , [row_sort_order] , [col_total_depth] , [col_sort_order] , [filter_array] , [relative_to])

PIVOTBY Array Function:

Using a formula, it creates PivotTable-like summary reports with conditional calculations based on row area, column area and filter area conditions. This 

function allows you to group, aggregate, sort, and filter data based on the fields you specify.
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GROUPBY Array Function to Create Reports 
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When to use PivotTable & When to Use PIVOTBY & GROUPBY 

The main advantages of the PivotTable feature are: 

• The most common reporting calculations are adding, counting and creating percentages. The PivotTable 
allows you to create these calculations quickly with the features: Summarize Values By (11 aggregate 
functions) and Show Values As (14 additional calculations). 

• PivotTables have automatic formatting that follows the report as you pivot it. 
• The PivotTable Grouping Feature is unparalleled in how easy it is to group dates into months, standard 

quarters and years, times into hours and numbers into grouped categories with an upper and lower limit. 
• Pivoting a report is easier than with formulas. 

The main advantages of the GROUPBY & PIVOTBY functions are: 

• The GROUPBY & PIVOTBY functions update instantly when source data changes. 
• In the GROUPBY & PIVOTBY function argument, there are more aggregate functions available than in the 

PivotTable, such as: MEDIAN, ARRAYTOTEXT, CONCAT, SINGLE, SQRT, SUMSQ, and many more. 
• You can avoid adding helper columns to source data tables by adding the helper column formula directly to 

the values argument in the GROUPBY & PIVOTBY functions (similar to DAX Functions in Power Pivot & Power BI 
like SUMX and AVERAGEX). For example, you can add a price lookup formula, a hourly time calculation 
formula, a price increase formula directly to the values argument. 

• In the GROUPBY & PIVOTBY function argument, you can use the LAMBDA function to define your own custom 
function. The possibilities are limitless. This ability is not taught in this video. It will be taught in a different 
video. 

• Anecdotal benefits: 
o You can use the report result from the GROUPBY & PIVOTBY functions as the source data for an X-Y 

Scatter chart, whereas you cannot create an X-Y Scatter chart from a PivotTable. 
o You can use the 1 – Table option in the field_relationship argument of the GROUPBY function to ignore 

the hierarchical relationship between two columns and sort a report independent of the hierarchical 
relationship (sort records like you would in a table). 

Example of Instant Update in the GROUPBY Function 

GROUPBY function and PivotTable reports BEFORE new data is added to Excel Table: 
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GROUPBY function and PivotTable reports AFTER new data is added to Excel Table: 

 

Array Functions to Building Single Cell Array Formulas: A Revolution in Excel 

The GROUOPBY, PIVOTBY, VSTACK, HSTACK and other functions have revolutionized how reporting can be done with 
single cell formulas. The nine examples we will see in this video are as follows: 

1) Use GROUPBY to create a frequency distribution and chart to show a video creator’s total time by video that 
will update instantly when daily data is added to an Excel Table. 

2) Use the ARRAYTOTEXT function in the function argument of the GROUPBY function to create a unique list of 
videos with a list of hours worked next to each video title. 

3) Use GROUPBY to find the median price for the Baltic birch product for each supplier. 
4) Use the GROUPBY and in the values argument, avoid using a helper column in the source data table and 

instead create a sales transaction amount column using the XLOOKUP function. 
5) In the function argument of the GROUPBY function, use the HSTACK function to horizontally stack the two 

functions: SUM and PERCENTOF. 
6) Use GROUPBY to create the time to hour conversion formula in the values argument and avoid a helper 

column in the source data table. 
7) Use the PIVOTBY function and the related_to argument with the Parent Row Total option to convert the 

PERCENTOF function default, % of column total calculation, to a % of parent row calculation. 
8) In the function argument of PIVOTBY, use the PERCENTOF function to create a three-in-one report that can 

either show % of grand total, % of column total or % or row total. In the related_to argument of the PIVOTBY 
function, use a formula input that allows you to switch between the different reports. 

9) Because we cannot summarize data in a PivotTable and use it as the source data for an X-Y Scatter chart, in 
this example, you can use GROUPBY function to summarize monthly advertising dollars spent (X) and monthly 
sales (Y) and then use it as the source data to create an X-Y Scatter chart to see if there is a relationship 
between the amount spent on advertising and sales. 

10) We will use a source data table with 990,000 rows of data and we will see that GROUPBY & PIVOTBY can 
handle this amount of data quickly, and it will not have to be added to a PivotTable cache, like if you use a 
PivotTable. 
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Example 1: GROUPBY Function to Create a Frequency Distribution 

In this example you will use GROUPBY to create a frequency distribution and chart to show a video creator’s total time by video that will update instantly 
when daily data is added to an Excel Table. The picture below shows the result: 

Single cell report in cell G4 and Excel Bar Chart before new data is added: 
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Single cell report Excel Bar Chart AFTER new data is added: 

 

 

 



Page 13 of 26 

Note about Excel Table Formula Nomenclature (Excel Table Formulas) 

Below are pictures of the most important types of references that we can make to an Excel Table. 
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Eta-LAMBDA Functions 

Eta LAMBDA functions are built-in aggregate functions that can be used in the function argument of the GROUPBY and 
PIVOTBY functions (Other Dynamic Spilled Array Functions with this function argument, such as BYROW, BYCOL, 
SCAN and others (not seen in this class) can use Eta-LAMBDAs also. In the PIVOTBY and GROUPBY functions, Eta 
LAMBDAs can make an aggregate calculations for each condition in the row or column sections of the generated 
report. A list of some of the possible Eta LAMBDA functions are shown here: 

• ARRAYTOTEXT 
• AVERAGE 
• CONCAT 
• COUNT 
• COUNTA 
• MAX 
• MEDIAN 
• MIN 
• MODE.SNGL 
• PERCENTOF 
• PRODUCT 
• SINGLE 
• SQRT 
• STDEV.P 
• STDEV.S 
• SUMSQ 
• VAR.P 
• VAR.S 

 

field_relationship argument in GROUPBY 
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Example 2: GROUPBY Function & ARRAYTOTEXT Function 

In this example, use the ARRAYTOTEXT function in the function argument of the GROUPBY function to create a unique list of videos with a list of hours 
worked next to each video title. The picture below shows the result: 
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Example 3: GROUPBY Function & MEDIAN Function 

Use GROUPBY to find the median price for the Baltic birch product for each supplier. The picture below shows the result: 
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Example 4: XLOOKUP Helper Column in values argument of GROUPBY 

Use the GROUPBY and in the values argument, avoid using a helper column in the source data table and instead create a sales transaction amount column 
using the XLOOKUP function. The picture below shows the result: 

 

 

 

 

 

 

Alternative to vertically stack the 
report headers and the report. 
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Example 5: Use HSTACK to create side-by-side calculations in a GROUPBY Report 

In the function argument of the GROUPBY function, use the HSTACK function to horizontally stack the two functions: SUM and PERCENTOF. The picture 
below shows the result: 
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Example 6: Payroll Helper Column Formula in values argument of GROUPBY 

Use GROUPBY to create the time to hour conversion formula in the values argument and avoid a helper column in the source data table. The picture below 
shows the result: 
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Example 7: PIVOTBY function to create a % of Parent Row Total Report 

Use the PIVOTBY function and the related_to argument with the Parent Row Total option to convert the PERCENTOF 
function default, % of column total calculation, to a % of parent row calculation. The picture below shows the result: 
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Example 8: PIVOTBY Function to Create a 3-in-1 Report with % Of Column Total, % Of Row Total & % Of 

Grand Total Reports 

In the function argument of PIVOTBY, use the PERCENTOF function to create a three-in-one report that can either show % of grand total, % of column total or 
% or row total. In the related_to argument of the PIVOTBY function, use a formula input that allows you to switch between the different reports. The picture 
below shows the result: 
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Example 9: GROUPBY to Help Create an X-Y Scatter Chart 

Because we cannot summarize data in a PivotTable and use it as the source data for an X-Y Scatter chart, in this example, you can use GROUPBY function to 
summarize monthly advertising dollars spent (X) and monthly sales (Y) and then use it as the source data to create an X-Y Scatter chart to see if there is a 
relationship between the amount spent on advertising and sales. The solution is shown here: 

The picture below shows the result: 
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Example 10: GROUPBY worked quickly over 990,000 rows of data and the data did not have to be stored in 

PivotTable Cache 
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Bonus: Logical Formulas to Apply Conditional Formatting to a Single Cell Report 
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LET function to Define Variables (not covered in class) 

The LET worksheet function allows you to define variables within the function itself and use the variables throughout 
the LET function to create a final calculation that is delivered to the worksheet or internally in other formulas. The 
advantages of using the LET function to create worksheet solutions are: 

1. A variable is evaluated a single time, with the result stored in memory so that it can be used throughout the 
formula. For formulas with repeating formula elements, this can reduce overall calculation time by avoiding 
duplicate evaluation procedures. 

2. Formulas with repeating elements are easier to edit because you have only one location to edit. 
3. Complex formulas can be visually easier to read because each element is given a name and can be placed on 

a different line by using the keyboard for a line feed, Alt + Enter. 
4. You can condense reports made up of multiple formulas into a single cell formula that spills the complete 

report into the worksheet. 

The arguments for the LET function are shown in Figure 16.1. 

 

Figure 16.1 Arguments in the LET worksheet function. 

Full details about the LET function’s arguments are listed here: 

• name1 argument = Name of variable 1. Just as with Defined Names and Excel Table Names, you are not 
allowed to use spaces and other characters like * / + - ( ) ^ < > + & % ~ ` | ] [ } { @ ” ; : , ’ $ # !. 

• name_value1 argument = Worksheet elements such as references, numbers, functions and so on. 
• name2 argument = name of variable 2. 
• name_value2 argument = Worksheet elements or any previously define variable. Previously define variable 

will appear in a dropdown list along with defined names, table names and worksheet function names as you 
type the first few letters of the variable name in your formula. 

• name_n and name_value_n arguments = You can list up to 126 variables. 
• calculation argument = Formula that can use worksheet elements and any previously defined variables. This 

is the final result that is delivered by LET. 
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LAMBDA Function (not covered in this video) 

Define LAMBDA function 

• The LAMBDA function allows to create a custom function value, which: 1] 
Can be stored in a Defined Name to create a reusable function 

or 

2] Can be used in one of six LAMBDA Helper Functions for specific tasks such as 

spilling an aggregate calculation down a set of rows. When you use LAMBDA in a 

helper function you can use the formula directly in the worksheet or you can 

store it in a Defined Name to create a reusable function. 
• The arguments for the LAMBDA function are shown here: 

 

 

 


