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Excel Advanced

Chapter 1 - Dynamic Arrays & Modern Formulas: UNIQUE, SORT, FILTER, and Spilling

Every formula in Excel Fundamentals returned exactly one value into exactly one cell. This chapter
introduces a genuinely different category: dynamic array formulas, which can return many values
from a single formula typed into a single cell — and Excel automatically “spills” the rest of the
results into the empty cells around it. This one shift changes how several everyday tasks — getting

a distinct list, sorting, filtering — actually get done.

What "Spilling"” Actually Means

Type a dynamic array formula into one cell, press Enter, and if the result is more than one value,
Excel automatically fills — spills — that result into as many cells below and to the right as it needs,
entirely on its own. You only ever type the formula once, into the top-left cell of what becomes the

spill range.

Typed into D2 only — nowhere else:
=A2:A10

Excel automatically fills D2:D160 with A2's through A16's values,

even though the formula was only ever entered once, into D2.

This is a genuinely different mechanic from Excel Fundamentals' own fill handle (Chapter 2):
dragging a fill handle creates separate copies of a formula, one per cell, each independently
referencing its own row. A spilled array is one single formula, living in one cell, whose result
simply occupies more than one cell on the grid. Delete the source formula in D2, and the entire
spill range D2:D10 disappears together — you cannot edit or delete just one cell inside someone

else's spill range.

If you've ever seen an older-style "array formula” entered with Ctrl+Shift+Enter (sometimes called
a CSE formula) in a much older workbook, dynamic arrays are Excel's modern replacement — the
same underlying idea of "one formula, many results," but no special key combination needed, and

results now spill visibly onto the grid instead of being locked invisibly into one cell.



UNIQUE — Extracting Distinct Values

UNIQUE returns every distinct value from a range, in the order it first appears, with no duplicates:

A2:A10 contains: Groceries, Transport, Groceries, Entertainment, Transport, Groceries,
Utilities, Transport, Entertainment

=UNIQUE (A2:A10)

-» spills: Groceries, Transport, Entertainment, Utilities

Before dynamic arrays, getting a distinct list meant either the destructive Remove Duplicates tool
(which permanently deletes rows from your actual data — a real risk if that wasn't what you meant
to do) or a convoluted COUNTIF -based helper-column trick. UNIQUE does neither: the source
data (Chapter 7's Transactions table, for instance) is left completely untouched, and the distinct list

live-updates automatically the moment the source data changes.



SORT — Sorting a Range via Formula

SORT returns a range's values reordered, without touching the range itself:

=SORT(A2:B10, 2, -1)
. A2:B16 -~ the range to sort
o 2 -» sort by the 2nd column of that range

. -1 -» descending order (1 would be ascending, and is the default if omitted)

The key difference from Excel Fundamentals' Sort dialog (Chapter 7): that dialog physically
reorders the actual rows in place, once, as a one-time action. SorT as a formula creates a live, re-
sorting view of the data elsewhere on the sheet — change a value in the source range, and the
sorted spill range updates itself automatically, with the source data's own row order left

completely alone.



FILTER — Filtering a Range via Formula

FILTER returns only the rows matching a condition, spilled into a new location, leaving the source

data's rows untouched and fully visible:

=FILTER(A2:C20, B2:B20="Groceries", "No matches")
. A2:C20 -» the full range to filter
. B2:B206="Groceries" > the condition — column B must equal "Groceries"

"No matches" -» optional — shown instead of a #CALC! error 1if nothing

matches

This is a meaningfully different tool from Excel Fundamentals' AutoFilter (Chapter 7): AutoFilter
hides non-matching rows in place, on the same table, and every filter has to be manually reapplied
or adjusted by hand. FILTER instead extracts matching rows to wherever you put the formula,
live-updating automatically as the source data changes, while the original table stays completely

intact and unfiltered.



Combining Them: Nesting Dynamic Array Functions

Exactly like Excel Fundamentals Chapter 4's nested 1F formulas, dynamic array functions can nest

inside one another — the inner function's spilled array becomes the outer function's input directly:

A distinct, alphabetically sorted category List in one formula:
=SORT(UNIQUE(A2:A50))

Only this month's transactions, sorted by amount, highest first:
=SORT(FILTER(A2:C50, B2:B50="July"), 3, -1)




The # Spill Reference Operator

Once a formula has spilled, another formula can refer to the entire spill range — not just its top-
left cell — by adding a # after the reference:

D2 holds a spilled FILTER formula, currently occupying D2:D9.
=COUNTA(D2#)

-» counts every cell in the CURRENT spill range — automatically 8 today,

and automatically whatever it grows or shrinks to tomorrow

D2# always means "the whole spill range that starts at D2, however large it currently is" —
genuinely different from a plain range like D2:D9 , which is a fixed address that wouldn't

automatically follow the spill range if it later grew to D2:D12 or shrank to D2:D5.

TASK EXCEL FUNDAMENTALS TOOL EXCEL ADVANCED DYNAMIC ARRAY
Get a Remove Duplicates (destructive) or a =UNIQUE(range) — non-destructive, live-
distinct list COUNTIF helper column updating
Sort data Data — Sort (one-time, reorders the =SORT(range) — live view, source
source in place) untouched
Filter data AutoFilter (hides rows in place on the =FILTER(range, condition) — extracts
same table) matches elsewhere, live-updating

YOU GENERALLY DON'T FILL-HANDLE A DYNAMIC ARRAY FORMULA

Chapter 2's fill handle exists to copy a formula into many cells because each cell needed its
own independent copy. A spilling formula already fills every cell it needs from a single entry
— dragging its fill handle down would create unwanted, separate duplicate formulas below it
instead of extending anything. If you find yourself reaching for the fill handle after a UNIQUE,
SORT, or FILTER formula, that's usually a sign the formula should have been left to spill on its

own.




#SPILL! MEANS SOMETHING IS BLOCKING THE SPILL RANGE, NOT THAT THE FORMULA IS
WRONG

If any cell in the space a dynamic array formula needs to spill into already contains something
else, Excel shows #sPILL! instead of the results — the formula itself is perfectly valid, it
simply has nowhere to put its answer. Clearing whatever occupies the blocked cells (or
moving the formula somewhere with more open room) resolves it immediately, with no
change to the formula needed. Also note: UNIQUE, SORT, and FILTER require Excel 2021 or
Microsoft 365, the same version requirement as XLOOKUP from Excel Fundamentals Chapter
5.




Hands-On Exercises

EXERCISE 1

A1:A12 lists transaction categories with repeats: Groceries, Transport, Groceries, Entertainment,
Transport, Groceries, Utilities, Transport, Entertainment, Groceries, Rent, Transport. Write a
single formula that spills an alphabetically sorted, duplicate-free list of these categories into

C1. State exactly what values spill, and into which cells.

[ = View solution ]

EXERCISE 2

A2:C20 holds Date, Category, and Amount. Write a FILTER formula that extracts only the rows
where Category equals "Groceries," showing "No groceries this period" instead of an error if
there are no matches. Explain what happens to this formula's result automatically if a new

"Groceries" row is later added to the source data.

[ = View solution ]

EXERCISE 3

A FILTER formula in D2 currently spills into D2:F15. Write a formula elsewhere on the sheet that
counts exactly how many rows are currently in that spill range, using the # operator. Explain
why using a fixed range like COUNTA(D2:F15) instead would eventually give a wrong answer,

and describe the specific circumstance that would make it wrong.

[ = View solution ]
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CHAPTER 1 QUICK REFERENCE

* Dynamic array formula — typed once, spills its full result into neighbouring empty cells

automatically
* =UNIQUE(range) — distinct values, first-seen order, non-destructive
* =SORT(range, [col], [order]) — a live, re-sorting view; source data stays in its original order

e =FILTER(range, condition, [if empty]) — extracts matching rows elsewhere; source stays

fully visible and untouched

* D2# — the spill reference operator; always means "the current spill range starting at D2,"

whatever size it currently is

® #SPILL! — something is blocking the result's landing space; the formula itself is not the

problem

® Requires Excel 2021 / Microsoft 365, same version requirement as XLOOKUP (Excel

Fundamentals Chapter 5)
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Excel Advanced

Chapter 2 - Advanced Lookups & Data Validation

Excel Fundamentals Chapter 5 used XLOOKUP for the simplest possible case: one key, one exact
match, one answer. Real spreadsheets often need more — finding a value at the intersection of
two keys, matching against a tier rather than an exact value, or restricting what a user is even
allowed to type into a cell in the first place. This chapter covers all three, and closes with dropdown

lists that stay in sync with live data automatically, using Chapter 1's own dynamic arrays.

Nested XLOOKUP: Looking Up in Two Dimensions

Imagine a grid with Regions down the side and Months across the top, each intersection holding
that region's sales for that month. Finding "North region, March" needs two lookups at once —
one to find which row, one to find which column — and XLOOKUP can nest inside itself to do both

in one formula:

Al1:A5 = Region names (down the side). B1:F1 = Month names (across the top).

B2:F5 = the actual sales grid.

=XLOOKUP(H1, A2:A5, XLOOKUP(H2, B1:F1, B2:F5))

1. H1 - the Region typed by the user (e.g. "North")

2. A2:A5 -» search the Region column for it

3. XLOOKUP(H2, B1:F1, B2:F5) - the RETURN range isn't fixed — it's itself another
XLOOKUP, which finds H2's month (e.g. "March") across
B1:F1 and returns that entire COLUMN from B2:F5

Read this from the inside out, the same way Chapter 1 taught you to read nested dynamic arrays:
the inner xLookup resolves first, turning "March" into the single column of sales figures for March.
The outer xLookup then searches that one column (not the whole grid) for the row matching

"North," landing on exactly one cell — the intersection of both keys.
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Approximate-Match XLOOKUP for Tiered Lookups

Excel Fundamentals Chapter 4 built a 4-band nested 1IF chain to sort a value into a grading band.
For a genuinely long list of tiers (a commission structure, a tax bracket table), a long nested 1F
chain becomes unwieldy. XLOOKUP's optional 5th argument, match mode, offers a cleaner

alternative:

A2:A5 (sorted ascending) = 0, 1000, 5000, 20000 — tier thresholds
B2:B5 = "Bronze", "Silver", "Gold", "Platinum"
=XLOOKUP (D1, A2:A5, B2:B5, "No tier", -1)

The 5th argument, -1, means: "if there's no exact match, use the

Largest value that's still less than or equal to D1" — i.e. find

which tier threshold D1 has reached, not exceeded.
D1 = 6500 > matches the "5000" tier - returns "Gold"

This single formula replaces what would otherwise be a nested 1F chain with one entry per tier
— and unlike that nested chain, adding a new tier here means adding one row to the reference

table, not editing the formula's own logic at all.
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Data Validation: Basic Dropdown Lists

Data — Data Validation, with "Allow" set to List, restricts what can be typed into a cell to a fixed
set of choices, shown as a dropdown arrow next to the cell. The source can be a typed, comma-

separated list, or — far more maintainable — a reference to a range:

Bronze,Silver,Gold,Platinum

Budget[Category]

14



Dependent Dropdowns: A Second List That Reacts to
the First

A dependent dropdown is a second Data Validation list whose available choices change based on
what's selected in a different cell — a Subcategory list that only shows subcategories belonging to
whichever Category was picked. Chapter 1's FILTER makes this straightforward: set the second
dropdown's Source to a formula that filters the full subcategory list down to just the ones

matching the first dropdown's current selection.

Data Validation Source field for the Subcategory dropdown (cell B2):
=FILTER(Subcats[Name], Subcats[Category]=A2)

- A2 holds whatever Category was picked in the first dropdown;

this List automatically narrows to match it

LOOKUP NEED TOOL
One key, one exact answer Plain XLOOKUP (Excel Fundamentals Chapter 5)
Two keys (a row key and a column key) XLOOKUP nested inside XLOOKUP

One key, matched against a sorted list of tiers XLOOKUP with match mode -1 (or 1)

Restricting what a user can type Data Validation — List
A dropdown whose options depend on Data Validation — List, sourced from a FILTER
another cell formula

A FILTER-SOURCED DROPDOWN UPDATES ITSELF AS THE UNDERLYING DATA CHANGES

Because the dependent dropdown's source is a live FILTER formula rather than a fixed,
manually-typed list, adding a new subcategory to the subcats table makes it available in the
dropdown immediately, for whichever category it belongs to — with no dropdown settings
ever needing to be touched again, the exact same "maintain the data, not the dropdown"
principle Chapter 1's UNIQUE and FILTER already established.

15



A DROPDOWN SOURCED FROM A SPILL RANGE NEEDS THE # OPERATOR, NOT JUST THE FIRST
CELL

Setting a dropdown's Source field to a single cell like b2 when D2 actually holds a spilling
formula only offers ONE choice — the formula's first result — not the full list. The Source must
reference the entire spill range with D2# for every spilled value to appear as a choice.

Forgetting the # is easy to miss, since the dropdown still works, it just silently offers far
fewer options than intended.
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Hands-On Exercises

EXERCISE 1

A2:A5 lists Regions (North, South, East, West), B1:E1 lists Quarters (Q1, Q2, Q3, Q4), and B2:E5
holds a sales grid — so row 2 is North's data, row 3 is South's, and so on, lining up with A2:A5.
Write a nested XLOOKUP formula that returns the sales figure for "South" region, "Q3" quarter,

given those two values typed into G1 and G2. Trace through which lookup resolves first and

[ = View solution ]

EXERCISE 2

A2:A5 (sorted ascending) holds commission thresholds 0, 2000, 8000, 15000, with B2:B5
holding rates 2%, 4%, 6%, 8%. Write an XLOOKUP formula using approximate match to find the
correct commission rate for a sales figure of 9500 in cell D1. State the exact rate returned and

explain why match mode -1 (not 0) is required here.

[ = View solution ]

EXERCISE 3

A dropdown's Data Validation Source field is set to just "D2", where D2 holds the formula
=UNIQUE(A2:A20), currently spilling into D2:D6. Describe exactly what the dropdown will show,

why, and what single change to the Source field fixes it.

[ = View solution ]
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CHAPTER 2 QUICK REFERENCE

Two-dimensional lookup: nest XLOOKUP inside XLOOKUP's return-range argument — the

inner one resolves first, its result becomes the outer's search range

* Tiered lookup: XLOOKUP's 5th argument, match mode -1, finds the nearest threshold not

exceeded — a clean alternative to a long nested IF chain

e Data Validation — List restricts input to a fixed set; source a real range (or Table column)

instead of typing values by hand

* Dependent dropdown: source the second list from a FILTER formula referencing the first

dropdown's cell

® A dropdown sourced from a spilling formula needs D2#, not just D2, or it only offers the first

spilled value
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Chapter 3 - PivotTables & PivotCharts in Depth

Excel Fundamentals Chapter 9 built a PivotTable from four boxes — Rows, Columns, Values, Filters.
That's enough to summarize data, but a PivotTable can do considerably more: calculate a brand-

new figure from other summarized fields, group numbers into custom bins, and be controlled with
clickable buttons instead of dropdown menus. This chapter covers all of it, plus the PivotChart — a

chart wired directly into a PivotTable's own data.

Calculated Fields: Adding a Formula Inside the
PivotTable

A calculated field (PivotTable Analyze — Fields, Items & Sets — Calculated Field) creates a brand-
new field, computed from a formula referencing the PivotTable's other fields, that then behaves

like any other field you can drag into Values:

Calculated field named "Profit Margin", formula:

=(Sales - Cost) / Sales

The field names inside a calculated field's formula ( sales , cost ) refer to the source data's own
columns — but critically, the formula is applied to the already-summarized totals for whatever
Row/Column grouping is currently in place, not to each individual source row before it's
aggregated. For a region with 50 transactions, "Profit Margin" is calculated once, from that region's
TOTAL Sales and TOTAL Cost — it is not 50 separate row-level margins averaged together

afterward.
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Grouping Revisited: Custom Numeric Bins

Excel Fundamentals Chapter 9 covered grouping dates into Months and Quarters. The same right-
click = Group also works on numeric fields placed in Rows, letting you specify a start, an end, and

an interval to build even-sized bins automatically:

Right-click a numeric Row field (e.g. transaction Amount) - Group:
Starting at: ©
Ending at: 500

By: 100
> produces bins: ©-99, 100-199, 200-299, 300-399, 400-499, 500+

This turns a field with too many individual unique values to usefully summarize (every distinct
transaction amount) into a manageable handful of ranges — the PivotTable equivalent of a

histogram, built with no formula at all.

20



Slicers: Clickable Filter Buttons

Insert — Slicer replaces the plain dropdown in the Filters area with a panel of visible buttons —
one per unique value — that filter the PivotTable the instant you click them. Multiple values can be
selected at once (Ctrl+click, or Shift+click for a range), and the currently-inactive values visibly grey

out, making the active filter state obvious at a glance in a way a closed dropdown never shows.

A single Slicer can also control more than one PivotTable at once: right-click the Slicer - Report
Connections, and tick every PivotTable that should respond to it. Clicking one Category button
then filters every connected PivotTable (and any PivotChart built from them) simultaneously — a
genuinely different capability from the Filters area, which only ever affects the one PivotTable it

belongs to.
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Timelines: A Specialized Slicer for Dates

Insert — Timeline is only offered when a PivotTable has an actual date field available. It provides a
draggable horizontal range selector, with buttons to switch its granularity between Days, Months,
Quarters, and Years — dragging the selected range instantly filters the connected PivotTable(s) to

that period, without needing to open Chapter 9's own date-grouping dropdown each time.
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PivotCharts: Charts Wired Directly to a PivotTable

Insert — PivotChart (or PivotTable Analyze — PivotChart) creates a chart that reads its data

straight from a PivotTable, rather than from a fixed range the way Excel Fundamentals Chapter 8's

charts do. A PivotChart gets its own field buttons directly on the chart, letting you rearrange which

fields appear without touching the underlying PivotTable at all — and it automatically responds to

any Slicer or Timeline connected to its source PivotTable, since it's reading the exact same live

summary, not a separate copy of it.

CAN CONTROL MULTIPLE

FILTERING METHOD VISUAL
PIVOTTABLES AT ONCE
Filters area (Excel A closed dropdown — current No
Fundamentals Ch.9) selection not visible until opened
Slicer Clickable buttons, active/inactive Yes, via Report Connections

state always visible

Timeline A draggable date range, with

granularity buttons

Yes, via Report Connections
— dates only

built from it, all current together in one step.

SLICERS, TIMELINES, AND PIVOTCHARTS ALL STILL RELY ON THE SAME UNDERLYING REFRESH

A Slicer, a Timeline, and a PivotChart are all different ways of viewing or controlling one
underlying PivotTable's cached data — none of them bypass Excel Fundamentals Chapter 9's
core rule that a PivotTable never updates on its own. After the source data changes, a single

Refresh brings the PivotTable, every Slicer and Timeline connected to it, and every PivotChart
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A CALCULATED FIELD CAN NEVER COMPUTE A TRUE ROW-BY-ROW AVERAGE

Because a calculated field's formula runs on already-summarized totals, there is no way to
make one compute something like “the average of each individual row's profit margin" — it
can only ever compute "(total Sales minus total Cost) divided by total Sales" for whatever
grouping is showing. If a genuine row-level calculation is needed (average margin computed
per transaction, then averaged), that column has to be calculated in the SOURCE data itself —
e.g. an Excel Table calculated column (Chapter 7's [@ColumnName] ) — before it ever reaches

the PivotTable, not invented afterward as a calculated field.
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Hands-On Exercises

EXERCISE 1

A PivotTable summarizes Sales and Cost by Product. Create a calculated field named "Profit"
that computes Sales minus Cost. For a product with total Sales of 5000 and total Cost of 3200
across all its transactions, what does the Profit field show? Explain whether this is the sum of

each individual transaction's own profit, or something else, and why the distinction matters.

[ = View solution ]

EXERCISE 2

A numeric Age field is placed in Rows with 200 unique values, making the PivotTable
unreadably long. Describe exactly how to group it into 10-year bins from 0 to 100, and explain

what the resulting Row labels would look like.

[ = View solution ]

EXERCISE 3

Two PivotTables (one summarizing Sales by Category, one summarizing Sales by Region) are
both built from the same Transactions table. Describe how to set up a single Category Slicer
that filters BOTH PivotTables at once when clicked, and explain why a plain Filters-area

dropdown on just one of the PivotTables couldn't achieve the same result.

[ = View solution ]
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CHAPTER 3 QUICK REFERENCE

Calculated field — a new field computed from other fields' TOTALS, not from individual

source rows

* Numeric grouping — right-click — Group with Starting at / Ending at / By, building even bins

from a field with too many unique values

® Slicer — clickable filter buttons; can connect to and filter multiple PivotTables via Report

Connections
* Timeline — a draggable date-range slicer with Day/Month/Quarter/Year granularity buttons

* PivotChart — a chart reading live from a PivotTable, inheriting any connected Slicer/Timeline

automatically

® All of the above still require a manual Refresh after the source data changes — none of them

bypass Excel Fundamentals Chapter 9's core refresh rule
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Chapter 4 - Power Query: Importing, Cleaning & Reshaping Data From Multiple Sources

Every chapter so far assumed the data was already sitting cleanly in the worksheet. Power Query
solves the problem that comes before that — getting messy, scattered, or badly-shaped data from
wherever it actually lives (a CSV export, a folder of monthly files, another workbook) into a clean,
consistent shape, and doing it in a way that can be replayed automatically every time the source

data refreshes, rather than repeated by hand.

What Power Query Actually Is

Power Query (Data tab — Get Data, or Get & Transform Data) is a genuinely separate
transformation engine bundled inside Excel. Its defining idea: every cleaning action you take —
renaming a column, removing rows, splitting text — isn't typed as a formula at all. It's recorded as
one numbered step in a list, and that whole list can be replayed automatically against tomorrow's

version of the same source data.
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Importing Data From Different Sources

Data — Get Data offers several source types, each opening the same Power Query Editor once

connected:

From Text/CSV
From Workbook

From Folder

From Web
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The Applied Steps Panel: Recorded, Replayable

Transformations

Inside the Power Query Editor, every click you make — renaming a column, removing a column,
changing a data type, filtering out some rows — appears as a new entry in the Applied Steps
panel on the right, in the exact order you performed them. Steps can be renamed, reordered, or
deleted individually, and clicking any earlier step shows you a live preview of the data at exactly
that point in the process. Under the hood, each step is actually a line of Power Query's own
formula language (called "M") — but the Applied Steps panel means most day-to-day cleaning

never requires writing M by hand at all.
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Common Cleaning Transformations

TRANSFORMATION

WHAT IT DOES

Change Data Type

Remove

Duplicates

Split Column

Fill Down

Trim / Clean

Unpivot Columns

Forces a column to be treated as genuine Number/Date/Text — fixes the

exact "numbers stored as text" problem from Excel Fundamentals Chapter 9

Removes duplicate rows, based on selected columns — unlike Excel's own

Remove Duplicates, this step re-runs automatically on refresh

Breaks one column into several, by a delimiter (comma, space) or by character

count

Fills blank cells with the value from the cell above — common when a source
export only writes a category name once, then leaves it blank for every

following row

Removes leading/trailing spaces and non-printable characters — the classic

fix for lookups (Chapter 5) that mysteriously fail to match

Turns wide data (separate Jan/Feb/Mar columns) into tall data (one "Month"
column, one "Value" column) — often the single most useful reshape for

badly-formatted source exports
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Combining Data from Multiple Sources: Append vs.

Merge

Two genuinely different operations combine two queries, and picking the wrong one produces

confusingly broken results:

Append Queries

Merge Queries
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Loading the Result Back Into Excel

Close & Load (or Close & Load To...) sends the finished query's result somewhere useful: as a new
Excel Table on a worksheet (immediately gaining every Chapter 7 Table benefit), as a connection
only (kept available for other queries to Merge against, without cluttering the worksheet with its
own visible table), or straight into the Data Model — the foundation Chapter 5's Power Pivot

builds on directly.
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Refreshing a Query

Data — Refresh All re-runs every recorded Applied Step against whatever the source currently
contains — not just re-totalling numbers the way Excel Fundamentals Chapter 9's PivotTable
refresh does, but re-importing, re-cleaning, and re-reshaping the data completely from scratch,

automatically, every time.

LOADING A QUERY AS A TABLE STACKS CHAPTER 7'S BENEFITS ON TOP OF POWER QUERY'S
OWN

Choosing "New Worksheet" (as a Table) when you Close & Load gives you both worlds at

once: Power Query's repeatable import-and-clean pipeline feeding data in, and Chapter 7's

auto-expanding Table (with structured references) holding it once it arrives — a formula like
=AVERAGE (CleanedSales[Amount]) stays correct through both a query refresh AND any further

rows the Table itself might gain.

A MERGE'S JOIN KEY MUST MATCH EXACTLY, AND A RENAMED SOURCE COLUMN BREAKS THE
RECORDED STEPS

Merging two queries on a key column that differs by case, extra whitespace, or formatting
(Chapter 6's number-format lesson applies here too) silently produces unmatched rows with
blank results, rather than an error — the same exact-match discipline Chapter 5's lookup
functions required. Separately, if a source file's column is later renamed at the source, any
Applied Step referencing that column's old name breaks on the next refresh with a genuine
error — unlike an Excel Table's own forgiving auto-expansion (Chapter 7), Power Query's
recorded steps are tied to the exact column names and structure that existed when they were

first recorded.
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Hands-On Exercises

EXERCISE 1

A folder contains 12 CSV files, one per month, each with identical columns: Date, Category,
Amount. Describe exactly which Get Data option combines all 12 into a single table
automatically, and explain what happens the next time this query is refreshed after a 13th

monthly file is added to the same folder.

[ = View solution ]

EXERCISE 2

An imported source table has one row per sale but a wide layout — one column per month
(Jan, Feb, Mar, ... Dec), each holding that month's sales figure for a given Product. You need it
reshaped into a tall format instead: one row per Product-Month combination, with a "Month"
column and a "Sales" column. Which Power Query transformation solves this directly, and what

would the reshaped output's columns be?

[ = View solution ]

EXERCISE 3

You need to combine a Products query (columns: ProductID, ProductName, Category) with a
Sales query (columns: ProductID, Date, Amount) so each sale row also shows its product's
name and category. Is this an Append or a Merge, and why? Then describe a realistic reason
this operation could silently produce blank ProductName/Category values for some rows even

though every ProductID genuinely exists in both queries.

[ = View solution ]
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CHAPTER 4 QUICK REFERENCE

* Power Query — a separate transformation engine; cleaning actions are recorded as

replayable steps, not typed formulas

* From Folder — combines every similarly-shaped file in a folder into one table, and picks up

new files automatically on refresh
* Applied Steps — the recorded, editable, reorderable list of every transformation performed

® Unpivot Columns — turns wide data (one column per category) into tall data (one row per

category)

* Append stacks rows (same columns, more rows); Merge joins on a key (same rows, more

columns) — the two are not interchangeable

* Refresh All replays the entire import-and-clean pipeline, not just a re-total — a genuinely

bigger operation than a PivotTable's own refresh

* A Merge's join key needs an exact match, and a renamed source column breaks recorded

steps on the next refresh
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Chapter 5 - Power Pivot & the Data Model: Table Relationships and an Introduction to DAX

Chapter 4 mentioned loading a Power Query result straight into the Data Model instead of a
worksheet Table — this chapter is where that path actually goes. The Data Model lets several
related tables work together directly, without merging them into one flat sheet first, and its own
formula language, DAX, fixes the exact limitation Chapter 3's calculated fields ran into: a formula

that only ever sees already-summarized totals.

What the Data Model Actually Is

The Data Model is an in-memory relational engine bundled inside Excel, capable of holding
multiple tables at once and understanding how they relate to each other — genuinely closer to a
small database than a worksheet. A table joins the Data Model either by ticking "Add this data to
the Data Model" when creating a PivotTable from an Excel Table (Chapter 7), or directly from Power
Query's own Close & Load To dialog (Chapter 4), choosing "Only Create Connection” plus "Add
this data to the Data Model."
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Table Relationships: No More Merging Everything by
Hand

With a Products table (ProductID, ProductName, Category) and a sales table (ProductID, Date,
Amount) both added to the Data Model, Power Pivot — Manage — Diagram View lets you draw
a relationship by dragging sales[ProductID] onto Products[ProductID] . This is a one-to-many
relationship — one product can appear in many sales rows — the same underlying concept as a
foreign key in a real database.

Once related, a single PivotTable can pull Category from Products and Amount from Sales at the
same time, with no merge, no VLOOKUP, and no combined helper table required anywhere —
Excel resolves the relationship automatically, the same job Chapter 4's Merge Queries does at
import time, but now live and reusable across any number of PivotTables built from the same

model.
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Building a PivotTable from the Data Model

Insert — PivotTable, then choose "Use this workbook’s Data Model” instead of a single table or
range. The Fields pane now lists every related table separately, each one expandable — dragging
fields from two different tables into the same PivotTable works exactly like Chapter 3's basic layout,
just with the underlying join already handled by the relationship rather than by a lookup formula.
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DAX Measures: Beyond a Calculated Field's Limits

Chapter 3's warning box established that a calculated field can only operate on already-
summarized totals — it can never compute a genuine per-row calculation and then aggregate that.
A DAX measure (Power Pivot — Measures — New Measure) is written once, in the Data Model,
using DAX (Data Analysis Expressions) — and it recalculates correctly for whatever grouping or
filter a PivotTable currently applies, because it's evaluated fresh in each context rather than being a

static formula frozen against one set of totals:

Total Sales :=
SUM(Sales[Amount])

Profit Margin :=
DIVIDE(SUM(Sales[Amount]) - SUM(Sales[Cost]), SUM(Sales[Amount]))

DIVIDE is DAX's own safe-division function — it returns blank (or an optional fallback value you
specify) instead of a #D1v/e! error when the denominator is zero, without needing Excel

Fundamentals' own IFERROR wrapper at all.

39



CALCULATE: A First Taste of Context Modification

DAX's cALCULATE function evaluates an expression under a modified filter, layered on top of

whatever context a PivotTable is already applying:

Electronics Sales :

CALCULATE(SUM(Sales[Amount]), Products[Category] = "Electronics")

> total Sales, but always restricted to Electronics — regardless of

whatever Category grouping the PivotTable's own Rows/Columns show

This is genuinely deep territory — CALCULATE is often described as the single most important

function in all of DAX — and this chapter only introduces its basic shape. The full depth of context

modification is a topic for further, dedicated DAX study beyond this course.

CALCULATED FIELD
(CHAPTER 3)

DAX MEASURE

Where it's defined

What it computes on

Works across related

tables

Safe division

Inside one specific
PivotTable

Already-summarized

totals only

No — single table only

Needs IFERROR
wrapping

Inside the Data Model — reusable by any
PivotTable built from it

Recalculated fresh for whatever

filter/grouping context is active

Yes — can reference any table joined into the
Data Model

Built-in via DIVIDE

part of the same overall problem.

POWER QUERY, THE DATA MODEL, AND DAX FORM ONE REAL PIPELINE

A realistic workflow chains all three: Power Query (Chapter 4) imports and cleans data from
wherever it actually lives; that cleaned data is loaded into the Data Model and related to other
tables (this chapter); DAX measures then summarize it correctly no matter how a PivotTable

later slices it. None of the three steps replaces the others — each solves a genuinely different
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A ONE-TO-MANY RELATIONSHIP'S "ONE" SIDE MUST HAVE GENUINELY UNIQUE VALUES

Building a relationship between sales[ProductID] and Products[ProductID] only works
correctly if Products[ProductID] contains no duplicates — it's meant to be the unique "one"
side of the join. If the same ProductID appears twice in Products, Excel either refuses to create
the relationship or the resulting PivotTable double-counts matching Sales rows, silently
inflating totals. Before building a relationship, it's worth confirming the "one" side's key
column is genuinely unique — a quick check with a PivotTable count, or Chapter 4's own

Remove Duplicates step, catches this before it causes a silently wrong report.
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Hands-On Exercises

EXERCISE 1

You have a Products table (ProductID, ProductName, Category) and a Sales table (ProductID,
Date, Amount), both added to the Data Model. Describe the exact steps to relate them, and

explain what type of relationship (one-to-many, many-to-many) this specifically is and why.

[ = View solution ]

EXERCISE 2

Write a DAX measure named "Average Order Value" that safely computes total Sales divided by
a count of orders (a field named Sales[OrderCount]), returning blank instead of an error if there
are zero orders. Explain what specifically would go wrong (or not) if you instead tried to build

this as a Chapter 3-style calculated field.

[ = View solution ]

EXERCISE 3

A colleague builds a relationship between Sales[ProductID] and Products[ProductID], but
Products accidentally contains the same ProductID twice (a duplicate row from a bad import).
Describe what visibly goes wrong in a PivotTable built from this Data Model, and what step

from an earlier chapter would have caught the problem before the relationship was even built.

[ = View solution ]
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CHAPTER 5 QUICK REFERENCE

* Data Model — an in-memory relational engine holding multiple related tables, fed by Power
Query or "Add to Data Model"

® Relationship — a one-to-many join between tables (e.g. Sales[ProductID] —

Products[ProductID]); the "one" side must be unique

* PivotTable from the Data Model — drag fields from multiple related tables into one

PivotTable, no merge needed

* DAX measure — defined once in the model, recalculates correctly for any filter/grouping

context — unlike a calculated field
* DIVIDE(a, b) — DAX's built-in safe division, no IFERROR wrapper needed

® CALCULATE — modifies the filter context an expression evaluates under; only briefly

introduced here, genuinely deep on its own

® Pipeline: Power Query cleans — Data Model relates — DAX measures summarize
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Chapter 6 - Recording Your First Macro: What It Actually Does

Every chapter so far — formulas, PivotTables, Power Query, DAX — asked you to interact with a
feature Excel already built. A macro is different: it records a sequence of your own actions and
lets you replay that exact sequence with one click or keyboard shortcut. This chapter covers the
Macro Recorder specifically — the beginner-friendly way to create a macro without writing a line

of code — and sets up Chapter 7's dive into reading and writing that code directly.

What a Macro Actually Is

A macro is a stored sequence of actions, written under the hood in VBA (Visual Basic for
Applications) — Excel's own programming language. There are two ways to create one: recording
your own clicks and keystrokes (this chapter), or writing VBA code directly by hand (Chapter 7).
Recording is the on-ramp, in exactly the same relationship Chapter 4's Power Query Applied Steps
panel has to hand-written M code — a beginner never needs to write the underlying language

directly, but it's there, readable and editable, the moment anyone wants to go further.
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Enabling the Developer Tab

The ribbon tab where every macro tool lives — Developer — isn't visible by default. Enable it once
via File — Options — Customize Ribbon, then tick the Developer checkbox in the right-hand list.

This single one-time setup step unlocks Record Macro, View Macros, and the Visual Basic editor

button for good.
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Recording Your First Macro

Developer — Record Macro opens a dialog before recording starts:

Macro name FormatNewData Format

New Data

Shortcut key

Store macro in  This Workbook

Personal Macro Workbook

Click OK, perform the exact sequence of actions you want repeated — for example, bolding a
header row, applying a number format, and freezing the top row — then click Developer — Stop

Recording (or the small square icon that appears in the status bar while recording).
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Running a Macro

A recorded macro can be run three ways: Developer — Macros, selecting it, and clicking Run; its
assigned keyboard shortcut, if one was set; or by assigning it to a clickable shape or a Quick Access
Toolbar button (right-click the macro in the Macros list = Assign Macro on any shape you've

drawn on the sheet).
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Relative vs. Absolute References While Recording

This is Chapter 3's relative-vs-absolute distinction, reappearing in a completely different context.
By default, the Macro Recorder captures absolute cell addresses — a macro recorded starting at
cell A1 always jumps back to exactly A1 every time it's run, no matter which cell was actually

selected beforehand.

Toggling Developer — Use Relative References ON before recording changes this: the recorded
macro instead replays its actions relative to wherever your cursor happens to be the moment
you run it — select cell D8 and run it, and it behaves as though it started at D8, not wherever you

originally recorded it from.

TOGGLING USE RELATIVE REFERENCES CHANGES BEHAVIOUR FOR EVERY MACRO RECORDED
AFTERWARD, NOT RETROACTIVELY

This setting only affects macros recorded WHILE it's turned on — it does not change how an
already-recorded macro behaves. If a macro needs to always return to one specific fixed cell
(e.g. always going back to a fixed report header), record it with the toggle OFF; if it needs to

act starting from wherever the user currently has selected, turn the toggle ON first.
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Viewing the Recorded Code

Alt+F11 (or Developer — Visual Basic) opens the VBA Editor, where Developer — Macros — Edit

jumps straight to your recorded macro's actual generated code:

Sub FormatNewData()
Rows("1:1").Font.Bold = True
Range("B2:B100") .NumberFormat = "$#,##0.00"
ActiveWindow.FreezePanes = False

Rows("2:2").Select
ActiveWindow.FreezePanes = True
End Sub

Nothing here requires understanding VBA yet — the point of this chapter is simply confirming that
recording and hand-writing code produce the exact same underlying thing, previewing what

Chapter 7 explains in full.

HAND-WRITTEN VBA
(CHAPTER 7)

RECORDED MACRO

Speed to create Fast — just perform the actions Slower — requires knowing
once the syntax
Captures mistakes made while Yes — every click, including N/A — only what's
recording unwanted ones deliberately typed
Loops, conditionals, user Cannot capture these at all Fully supported
prompts
Readable, editable afterward Yes, in the VBA Editor Yes
~

TWO DIFFERENT "RECORDER" FEATURES SOLVING THE SAME UNDERLYING PROBLEM

Chapter 4's Power Query Applied Steps panel and this chapter's Macro Recorder exist for the
same reason: sparing a beginner from hand-writing the underlying language (M for Power
Query, VBA for macros) for common, repetitive actions, while leaving that underlying code
fully visible and editable the moment anyone wants to go further. Recognising this same
pattern across two very different Excel features is worth more than memorising either one in

isolation.
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SAVING AS .XLSX SILENTLY DISCARDS EVERY MACRO IN THE WORKBOOK

A workbook containing macros must be saved as a .xIsm file (Macro-Enabled Workbook) —
saving it in the default .xIsx format triggers a warning dialog, but dismissing that dialog
without reading it (or clicking the wrong button) permanently strips every macro from the
saved file, with no way to recover them from that file afterward. Separately, opening a
workbook containing macros that was downloaded or received from someone else shows
Excel's own "Enable Content" security bar — macros are disabled by default in files from an

untrusted source, requiring an explicit, deliberate trust decision before they'll run at all.
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Hands-On Exercises

EXERCISE 1

Record a macro named FormatHeader that bolds row 1 and applies a light fill colour to it,
assigning it the shortcut Ctrl+Shift+H, storing it in the Personal Macro Workbook. Explain what

storing it there specifically enables that storing it in “This Workbook" would not.

[ = View solution ]

EXERCISE 2

You want a macro that bolds and colours whichever row is currently selected, not always row 1
specifically — usable on report data that starts on a different row each time. Explain which
recorder setting must be turned on before recording, and describe what would go wrong if

you recorded it with the default setting instead.

[ = View solution ]

EXERCISE 3

A colleague records a useful macro, then saves the workbook using the default Save (Ctrl+S)
without changing the file type, dismissing a dialog box they didn't read. The next day the
macro is gone. Explain exactly what happened and what they should have done differently

when saving.

[ = View solution ]
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CHAPTER 6 QUICK REFERENCE

Developer tab — enable once via File = Options — Customize Ribbon

® Record Macro — name (no spaces), optional shortcut key, choose This Workbook vs. Personal

Macro Workbook (available everywhere)

* Use Relative References (toggle) — OFF (default) always returns to the exact recorded cells;

ON replays relative to wherever the cursor currently is

e Alt+F11 opens the VBA Editor; Developer — Macros — Edit jumps to a specific macro's

generated code
® Macros require saving as .xlsm — the default .xIsx format silently discards them

® Macros from untrusted/downloaded files are disabled by default, requiring an explicit "Enable

Content" decision
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Chapter 7 - VBA Fundamentals: Variables, Loops, and the Excel Object Model

Chapter 6's recorder captures literal clicks — it cannot ask "is this value over budget?" or "repeat
this for every row until the data runs out." Writing VBA directly adds exactly the logic recording
can't: variables that hold a value across multiple steps, loops that repeat an action a controlled
number of times, and conditionals that branch based on real data. Every VBA concept in this
chapter has a direct equivalent already covered somewhere earlier in this course — the goal here is

connecting new syntax to ideas you already understand, not learning them from zero.

The Sub Procedure: VBA's Basic Unit

Every macro — recorded or hand-written — is a Sub procedure: a named block starting with sub
Name() and ending with End sub , exactly what Chapter 6's recorder generated automatically. To
write one directly: Alt+F11 to open the VBA Editor, then Insert — Module, and type directly into

the blank code window that appears.

Sub SayHello()
MsgBox "Hello from VBA"

End Sub
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Variables: Naming a Value to Reuse It

A variable is declared with pim (short for "dimension”), naming it and stating its type:

Dim total As Double

Dim productName As String
Dim rowCount As Integer
Dim dataRange As Range

total = ©

productName = "Widget"
rowCount = 10

Adding option Explicit as the very first line of a module forces every variable to be declared
with Dim before use — attempting to use an undeclared name (often a simple typo, like toatl
instead of total ) then raises a genuine compile-time error, rather than silently creating a brand-

new, always-empty variable and letting the code run anyway with a wrong result.
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The Range Object: VBA's Way of Referring to Cells

Range("A1") refers to a cell exactly the way you'd expect; Cells(row, column) offers a numeric
alternative — cells(2, 1) means row 2, column 1 (cell A1) — which becomes genuinely useful
once row and column are variables that change inside a loop, rather than fixed text you'd have

to rebuild as a string each time.

Range("A1").Value =
Range("A1:A10").Font.Bold = True

Cells(2, 1).Value = "Groceries" ' same cell as Range("A1") one row down
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The Excel Object Model: Mirroring Chapter 1's Own
Hierarchy

Excel Fundamentals Chapter 1 established Workbook — Worksheet — Cell as the fundamental
structure of every spreadsheet. VBA's own object model is that exact same hierarchy, expressed as

dot notation:

Workbooks ("Budget.x1lsx").Worksheets("Transactions").Range("A1").Value = 100

Workbook Worksheet Cell

Reading right to left, each dot drills one level deeper into the exact same nesting Chapter 1 first
described — the workbook is the file, the worksheet is one tab inside it, and Range finally

addresses one specific cell within that one worksheet.
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Loops: For...Next and For Each

A For...Next loop repeats a block a fixed number of times, using a counter — the programmatic
version of Excel Fundamentals Chapter 2's fill handle series, now driven by code instead of a

mouse drag:

Dim i As Integer
For i = 1 To 10

Cells(i, 1).value = i * 10
Next 1
' fills A1:A10 with 10, 20, 30 ...

For Each instead loops directly over every cell in a Range object, without you managing a counter

at all:

Dim cell As Range
For Each cell In Range("Al:A10")

cell.Value = cell.Value * 2

Next cell
' doubles whatever value already exists in every cell from Al to Al0
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Conditionals: If...Then...Else in VBA

Excel Fundamentals Chapter 4's 1F() formula returns exactly one value. VBA's
If...Then...Else is a real control-flow statement — it can run any number of separate

statements per branch, not just produce one returned value:

If Cells(i, 3).Value > 100 Then
Cells(i, 3).Font.Color = RGB(255, 9, 0)
Cells(i, 4).value = "Over Budget"
ElseIf Cells(i, 3).Value > 80 Then

Cells(i, 4).Value = "Close to Budget"
Else

Cells(i, 4).value = "OK"
End If
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A Complete Example: Looping Through Data and
Flagging Overspending

Combining every piece above — variables, a loop, the Range/Cells object, and a conditional — into
one working procedure, in the spirit of Excel Fundamentals Chapter 10's own Budget Tracker

capstone, now automated:

Sub FlagOverspending()

Dim i As Integer
Dim lastRow As Integer

lastRow = Worksheets("Dashboard").Cells(Worksheets("Dashboard").Rows.Count,
1).End(x1Up).Row

For i = 2 To lastRow

If Worksheets("Dashboard").Cells(i, 3).Value >
Worksheets("Dashboard").Cells(i, 2).Value Then
Worksheets("Dashboard").Cells(i, 3).Font.Color = RGB(255, 0, 9)
End If

Cells(Rows.Count, 1).End(x1Up).Row is a common VBA idiom: start from the very bottom of the
sheet and jump upward to the last cell with data in it, finding the true last row automatically — the

code equivalent of Excel Fundamentals Chapter 1's own Ctrl+End shortcut.

VBA CONSTRUCT ALREADY-FAMILIAR EXCEL EQUIVALENT
For...Next loop Fill handle dragging a series (Fundamentals Ch.2)
For Each cell In Range Iterating every cell in a selected range, without tracking

a position by hand

If.. Then...Elself...Else The IF() function (Fundamentals Ch.4) — but able to run

multiple actions per branch, not just return one value

Workbooks(...).Worksheets(...).Range(...)  The Workbook — Worksheet — Cell hierarchy

(Fundamentals Ch.1), expressed as dot notation
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OPTION EXPLICIT TURNS A SILENT TYPO INTO A VISIBLE ERROR

Every earlier chapter's own "gotcha" boxes shared one theme: Excel almost never raises an
error for a mistake, it just quietly computes the wrong thing (Chapter 3's unlocked reference,
Chapter 9's Count-instead-of-Sum). option Explicit is the one place in this entire course
where a typo genuinely does get caught immediately, as a real compile error, rather than

silently producing a wrong result — always include it at the top of every module.

AN UNQUALIFIED RANGE OR CELLS REFERENCE SILENTLY USES WHICHEVER SHEET IS
CURRENTLY ACTIVE

Writing Cells(i, 1).value = ... with no worksheet named in front of it doesn't fail — it
simply operates on the ActiveSheet, whatever that happens to be at the exact moment the
code runs. If a user has a different tab selected than the one the code was written for, the
macro runs successfully but silently edits the wrong worksheet, with no error at all. Always
fully qualify references with an explicit worksheet — Worksheets("Dashboard").Cells(i, 1)

— exactly as this chapter's complete example does throughout.
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Hands-On Exercises

EXERCISE 1

Write a Sub procedure named FillSquares that uses a For...Next loop to fill cells A1 through A10
with each row number squared (A1=1, A2=4, A3=9, ... A10=100). Include Option Explicit and

properly declared variables.

[ = View solution ]

EXERCISE 2

Write a Sub procedure that uses For Each to loop through Range("B2:B20") on a worksheet
named "Prices" and multiplies every cell's existing value by 1.1 (a 10% increase), fully qualifying
every reference so it always affects the "Prices" sheet regardless of which sheet is currently

active.

[ = View solution ]

EXERCISE 3

A colleague's macro contains the line Cells(i, 4).Value = "Done" with no worksheet named
anywhere in the procedure. They run it while a different sheet than intended happens to be
active, and it appears to work with no error — but the data ends up on the wrong sheet.

Explain exactly why no error occurred, and rewrite the line so this mistake becomes impossible.

[ = View solution ]
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CHAPTER 7 QUICK REFERENCE

Sub Name() ... End Sub — the basic unit of a macro, written or recorded

* Dim name As Type — declares a variable; use with Option Explicit to catch typos as real

errors

* Range("A1") vs. Cells(row, col) — the same cell, two addressing styles; Cells is the natural

choice inside a loop

* Workbooks(...).Worksheets(...).Range(...) — the object model, mirroring Fundamentals

Chapter 1's own hierarchy

®* Fori=1Ton..Nexti— acounted loop; For Each cell In Range(...) ... Next — loops every

cell directly
¢ [f...Then...Elself...Else...End If — real branching logic, multiple statements per branch

* Always fully qualify with Worksheets(*Name") — an unqualified reference silently uses

whatever sheet is currently active
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Chapter 8 - Automating Real Tasks with VBA: UserForms and Event Handlers

Every Sub procedure in Chapter 7 had to be manually triggered — a shortcut key, the Macros list, a
shape. This chapter covers two features that break that pattern: a UserForm gives VBA a real input
dialog instead of relying on cells alone, and an event handler makes code run automatically in

response to something happening, with no manual trigger at all.

UserForms: Building a Custom Input Dialog

In the VBA Editor, Insert — UserForm creates a blank, resizable dialog window design surface,
alongside a Toolbox palette of draggable controls — TextBox, Label, CommandButton, ComboBox,
and more. Drag a Label and a TextBox onto the form for an input field, and a CommandButton for

a Submit action.

Every control has a Properties window (F4), where its (Name) property is set — exactly the same
"give it a clear, reusable name" discipline as Chapter 7's variable declarations, just applied to form

controls instead of code:

(Name) txtAmount

(Name) cmdSubmit
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Writing Code Behind a Button

Double-clicking cmdsubmit on the form's design surface jumps straight into its Click event code

stub, already correctly named and ready to fill in:

Private Sub cmdSubmit_Click()

Dim lastRow As Integer

lastRow = Worksheets("Transactions").Cells(Worksheets("Transactions").Rows.Count,
1).End(x1Up).Row + 1

Worksheets("Transactions").Cells(lastRow, 1).Value = txtAmount.Text

Unload Me
End Sub

txtAmount.Text reads whatever the user typed into that TextBox — the form's own equivalent of
reading a cell's .value , from Chapter 7. Unload Me closes the form once its job is done; Me

refers to the form itself from code running inside it.
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Showing the Form

A UserForm doesn't appear on its own — a small triggering Sub, placed in a regular module and

run the normal way (a shortcut, a worksheet button), displays it:

Sub ShowEntryForm()

UserForml.Show
End Sub
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Event Handlers: Code That Runs Automatically

Everything so far — including a UserForm's own button click — is still triggered by a direct action.
An event handler goes one step further: it runs automatically whenever Excel itself does
something specific, with no shortcut, button, or Macros-list entry involved at all. Two of the most

useful live in specific, already-existing modules in the VBA Editor's Project pane:

Workbook_Open ThisWorkbook

Worksheet_Change Sheet1

(Transactions)

' In the ThisWorkbook module:
Private Sub Workbook Open()

MsgBox "Welcome back — remember to check the Dashboard sheet.™
End Sub
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A Worked Worksheet_Change Example

Worksheet_Change receives a built-in parameter, Target , identifying exactly which cell (or range)

just changed — letting the handler react only when a specific relevant column is edited:

' In the Transactions worksheet's own module:

Private Sub Worksheet_Change(ByVal Target As Range)

If Target.Column = 3 Then ' column C — the Amount column

If Target.Value < @ Then
Application.EnableEvents = False
Target.Offset(9, 1).Value = "Check: Negative Amount"
Application.EnableEvents = True

End If

End If

End Sub

Unlike Excel Advanced Chapter 2's Data Validation, which prevents an invalid entry from being
typed in the first place, Worksheet_cChange reacts after the fact — useful for logic too involved
for Data Validation's own List/Whole Number/Decimal rule types, at the cost of only catching the

problem once it's already been entered.

MECHANISM WHEN IT RUNS

A normal Sub (Chapter 7) Only when manually triggered — Macros list, shortcut key, a
shape

A UserForm button's Click When the user clicks that specific button on a shown form

event

Workbook_Open / Automatically, whenever Excel itself opens the file or changes a

Worksheet_Change cell — no manual trigger at all

Data Validation (Chapter 2) Prevents invalid input before it's ever entered — no VBA
involved
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A USERFORM'S CONTROL NAMES DESERVE THE SAME DISCIPLINE AS A VARIABLE'S NAME

txtAmount and cmdsubmit read clearly in code specifically because their names describe
what they are and what they hold — the exact same reasoning behind Chapter 7's own
variable-naming discipline, just extended to form controls. A form full of controls still named
their defaults ( TextBox1 , CommandButtonl ) works identically, but becomes genuinely harder

to read back later once a form has more than one or two fields.

A WORKSHEET_CHANGE HANDLER THAT WRITES TO ITS OWN SHEET CAN RE-TRIGGER ITSELF

If a Worksheet_Change procedure itself writes to a cell on the SAME worksheet it's watching
(like this chapter's own example, writing a flag into the neighbouring column), that write is
itself a change to the worksheet — which fires Worksheet_change all over again, redundantly
at best and as a runaway loop at worst if the second firing writes somewhere that triggers a
third. Wrapping the handler's own writes in Application.EnableEvents = False before, and

= True immediately after, tells Excel to temporarily ignore any changes the code itself
causes, without disabling the *next* genuine user edit.
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Hands-On Exercises

EXERCISE 1

Design a UserForm with a TextBox named txtCategory and a CommandButton named cmdAdd.
Write the cndAdd_Click event so that clicking it appends whatever text is in txtCategory to the

next empty row of column A on a worksheet named "Categories," then closes the form.

[ = View solution ]

EXERCISE 2

Write a Workbook_Open event handler that automatically selects a worksheet named
"Dashboard" and displays a message box reading "Dashboard refreshed and ready" every time
the workbook is opened. Explain which specific module this code must be placed in for it to

run automatically, and why placing it in a regular module instead would not work.

[ = View solution ]

EXERCISE 3

A Worksheet_Change handler on a "Transactions" sheet writes a warning into column D
whenever column C's value exceeds 1000. A colleague reports Excel becomes unresponsive
briefly every time they enter a large value. Diagnose exactly why this happens and rewrite the

handler to fix it.

[ = View solution ]
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CHAPTER 8 QUICK REFERENCE

* Insert —» UserForm — a custom dialog; drag controls from the Toolbox, name each one

clearly via the Properties window (F4)

® Double-click a control in form design view to jump to its event code stub (e.g.
cmdSubmit_Click)

® UserForm1.Show displays a form; Unload Me closes it from inside its own code

* Workbook_Open (in ThisWorkbook) and Worksheet_Change (in a specific sheet's module)

run automatically — no manual trigger
* Target — Worksheet_Change's built-in parameter identifying exactly which cell changed

* Wrap a Worksheet_Change handler's own writes in Application.EnableEvents = False / True

to prevent it re-triggering itself
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Excel Advanced

Chapter 9 - Auditing & Troubleshooting Formulas

Eight chapters of building increasingly ambitious formulas, automations, and data models raises an
obvious question: what happens when one of them breaks, or worse, silently produces the wrong

answer with no error at all? This chapter covers Excel's own error values and its built-in auditing

tools — the ones that turn "something's wrong somewhere in this workbook" into "here,

specifically, is what's wrong."

Excel’s Error Values: What Each One Actually Means

Every error value this course has encountered along the way, gathered in one place:

ERROR WHAT IT ACTUALLY MEANS WHERE THIS COURSE FIRST SAW IT
#DIV/0! Division by zero Excel Fundamentals — any formula
dividing by an empty or zero cell
#N/A A lookup found no match Excel Fundamentals Ch.5 — XLOOKUP
with no matching value
#VALUE! A formula received the wrong type of value  Excel Fundamentals Ch.4 —
(e.g. text where a number was expected) concatenating a number without str-
equivalent handling
#REF! A formula refers to a cell that no longer Any formula whose referenced cell is
exists (usually after a row/column was later deleted
deleted)
#NAME?  Excel doesn't recognise a function name or Any misspelled function name
defined name — often a typo
#SPILL! A dynamic array's result has nowhere to Excel Advanced Ch.1 —
spill into UNIQUE/SORT/FILTER blocked by
occupied cells
#CALC! A dynamic array function's calculation itself ~ Excel Advanced Ch.1 — FILTER with no

failed (e.g. FILTER matching nothing, with

no if_empty argument given)
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Trace Precedents & Trace Dependents

Formulas — Trace Precedents draws arrows from the selected cell back to every cell that feeds
into it. Formulas — Trace Dependents draws arrows forward, showing every other formula that
relies on the selected cell. On a workbook the size of Excel Fundamentals Chapter 10's Budget

Tracker — or this course's own Data Model relationships (Chapter 5) — these arrows turn "which

cells actually affect this number" from a manual hunt into a single click.
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Error Checking & the Watch Window

Formulas — Error Checking walks through every cell Excel has flagged as containing a likely error,
one at a time, with a plain-language explanation and the option to trace its precedents directly
from the same dialog. The Watch Window (Formulas — Watch Window — Add Watch) keeps a
specific cell's current value visible in a small floating panel, even while you're actively editing a
completely different worksheet — useful for confirming a distant total updates the way you expect

while you work on the data feeding it.
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Evaluate Formula: Stepping Through a Calculation One

Piece at a Time

Formulas — Evaluate Formula steps through a nested formula one function call at a time,
showing the actual underlying value at each stage before moving to the next. This is precisely the
"read from the innermost parentheses outward" technique this course has used informally since
Excel Fundamentals Chapter 4's nested 1F and Excel Advanced Chapter 2's nested xLookup —
except now it's an actual built-in tool doing the tracing for you, rather than working it out by hand

on paper.
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IFERROR and IFNA: Catching Errors Gracefully

IFERROR wraps any formula, catching whatever error it produces and substituting a fallback value

instead:

=IFERROR(A1/B1, 0)

> 1f Al/B1 produces #DIV/@! (or any other error), show @ instead

IFNA is narrower — it only catches #N/A specifically, letting every other error type through

unchanged:

=IFNA(XLOOKUP(D1, A:A, B:B), "Not found")
-» catches a genuine "no match" from XLOOKUP specifically, but still

shows a real #REF! or #VALUE! if one of those occurs instead

That distinction matters more than it looks: a broad 1FERROR around a lookup would just as
happily swallow a genuine typo in the range address (a real #REF! , meaning something is actually
broken) as it would a legitimate "no match found," displaying the same harmless-looking fallback
value either way — with no way to tell, just by looking at the result, which situation actually

occurred.
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Circular References: When a Formula (Indirectly) Refers
to Itself

A circular reference occurs when a cell's formula depends — directly or through a chain of other
cells — on its own value. Excel shows a warning dialog the moment one is created, and the cell
typically displays @ or the last successfully calculated value instead of a real result. The single
most common accidental cause: summing a range that includes the very cell the total is being

written into.

Cell A11, 1intended as the total of Al1:Al10, accidentally written as:
=SUM(A1:A11)

» A11 now includes ITSELF in its own sum — a circular reference

Formulas — Error Checking — Circular References lists every cell currently involved in a circular
chain, which is genuinely necessary once the loop passes through several cells rather than a single

obvious one like the example above.

TOOL THE QUESTION IT ANSWERS

Trace Precedents "What feeds into this formula?”

Trace Dependents "What else relies on this cell?"

Evaluate Formula "What does this nested formula actually compute, step by step?"

Watch Window "Did this distant cell's value just change while | was working elsewhere?"

EVALUATE FORMULA IS THE "READ FROM THE INSIDE OUT" HABIT, BUILT DIRECTLY INTO EXCEL

Every nested-formula example across this entire course — Fundamentals Chapter 4's grading
bands, Advanced Chapter 2's two-dimensional XLOOKUP — was read by mentally resolving
the innermost function first and treating its result as a plain value for the next layer out.
Evaluate Formula performs exactly that same process for you, one visible click at a time, on

any nested formula in the workbook.
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WRAPPING EVERY FORMULA IN IFERROR TO "CLEAN UP" A SHEET HIDES REAL BUGS

A blanket habit of wrapping every formula in  IFERROR(..., "") oOr IFERROR(..., @) makes
a worksheet look tidy, but it also silently swallows genuine problems — a real typo in a range,
a broken reference after a row was deleted, a formula that should never have been able to fail
at all — behind a blank cell or a plausible-looking fallback number that gives no indication
anything went wrong. Reserve IFERROR / IFNA specifically for errors you've identified as
genuinely expected and survivable (a lookup that legitimately might not find a match); let

every other error surface visibly so it actually gets investigated and fixed.
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Hands-On Exercises

EXERCISE 1

A cell shows #REF!. Another cell, using the exact same lookup formula, shows #N/A instead.
Explain what each of these two errors actually indicates about its cell's formula, and describe

one realistic action that would have caused each one specifically.

[ = View solution ]

EXERCISE 2

A colleague wraps a VLOOKUP in IFERROR(VLOOKUP(...), **) to hide any error, "just in case."
Explain a realistic scenario where this specific choice could hide a genuine bug rather than just
a harmless missing lookup value, and rewrite it using the more precise alternative this chapter

introduces.

[ = View solution ]

EXERCISE 3

Cell B11 is meant to hold the total of B1:B10 but currently shows 0 with a circular reference
warning. Diagnose the most likely cause and state the corrected formula. Then describe which
specific auditing tool from this chapter would have made the mistake visible immediately,

before Excel's own warning even appeared.

[ = View solution ]
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CHAPTER 9 QUICK REFERENCE

#DIV/0!, #N/A, #VALUE!, #REF!, #NAME?, #SPILL!, #CALC! — each means something

specific; see this chapter's own error table

* Trace Precedents / Trace Dependents — arrows showing what feeds a formula, or what

relies on a cell
* Evaluate Formula — steps through a nested formula one function call at a time

* Watch Window — keeps a specific cell's value visible while working elsewhere in the

workbook
¢ IFERROR catches any error; IFNA catches only #N/A, letting genuine other errors surface

® Circular reference — a formula that depends, directly or indirectly, on its own cell; often

caused by a SUM range accidentally including its own total cell

® Reserve IFERROR/IFNA for genuinely expected, survivable errors — don't use it to blanket-

hide every possible mistake
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Excel Advanced

Chapter 10 - Capstone: Building a Self-Updating Sales Dashboard

Nine chapters of Excel Advanced each covered one genuinely powerful tool in isolation — dynamic
arrays, deeper lookups, PivotTables and PivotCharts, Power Query, the Data Model and DAX,
macros, VBA, and formula auditing. This capstone chains all nine into a single realistic project: a
Sales Dashboard that imports its own data every month, relates it properly, summarizes it correctly
under any filter, and refreshes itself with one click — the kind of workbook the rest of this course

was actually building toward.

The Project Brief

Every month, a new CSV export of that month's sales lands in a shared folder. The dashboard
needs to: pull in every file in that folder automatically; relate each sale to its product's category;
calculate profit margin correctly no matter how the data is sliced; let a user drill down by category,
then a live, dependent subcategory list; visualize it with a chart controllable by clickable filters and

a date range; and refresh the entire pipeline with a single click, not nine separate manual steps.
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Step 1 — Importing and Cleaning Monthly Sales Files

Data — Get Data — From Folder (Chapter 4), pointed at the shared monthly-exports folder,
combines every CSV inside it into one query. Applied Steps clean the result: change Data Type
forces Amount and Cost to genuine numbers (not text — avoiding Chapter 4's own PivotTable
Count-instead-of-Sum trap), Trim removes stray whitespace from the Category column (avoiding
a silent Merge mismatch later), and Remove Duplicates guards against any accidentally re-

exported rows.
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Step 2 — Relating Sales to a Products Reference Table

Both the cleaned Sales query and a separate Products reference table (ProductID, Category,
Subcategory) are loaded into the Data Model (Chapter 5). In Diagram View, Sales[ProductID] is
related to Products[ProductID] as a one-to-many relationship — with Products[ProductID] first
confirmed unique (Chapter 5's own warning box), avoiding a silently inflated total from a duplicate

key.
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Step 3 — DAX Measures for Total Sales and Profit
Margin

Two measures, defined once in the Data Model (Chapter 5), correctly recalculate under whatever

filter the dashboard later applies:

Total Sales :=
SUM(Sales[Amount])

Profit Margin :=
DIVIDE(SUM(Sales[Amount]) - SUM(Sales[Cost]), SUM(Sales[Amount]))
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Step 4 — A Distinct, Live Category List for Reporting

A small reporting area lists every category currently in use, kept automatically up to date with a

dynamic array (Chapter 1):

=SORT (UNIQUE(Products[Category]))

This spilled list needs no maintenance as new categories appear in future monthly imports — it's

the same non-destructive, always-current list Chapter 1 built for exactly this reason.
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Step 5 — A Dependent Category — Subcategory

Dropdown

A Data Validation dropdown (Chapter 2) lets a user pick a Category; a second, dependent
dropdown then narrows to just that category's own subcategories, sourced from a live FILTER

formula:

Subcategory dropdown's Data Validation Source field:

=FILTER(Products[Subcategory], Products[Category]=A2)
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Step 6 — Building the PivotTable, PivotChart, Slicer,

and Timeline

A PivotTable built from the Data Model (Chapter 3) drags Category into Rows and the Total Sales
and Profit Margin measures into Values — no merged table or VLOOKUP needed anywhere, since
the relationship (Step 2) already joins Products and Sales live. A PivotChart built directly from it
visualizes the same data, and both a Category Slicer and a Date Timeline are connected via
Report Connections, so one click on a category button or one drag of the date range filters the

PivotTable and PivotChart together, instantly.
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Step 7 — Automating the Monthly Refresh with VBA

Rather than manually clicking Refresh All, then re-checking every query, a single macro (Chapters
6-8) does the whole job:

Sub RefreshDashboard()
Application.EnableEvents False
ThisWorkbook.RefreshAll
Application.EnableEvents = True

MsgBox "Dashboard refreshed — " & Format(Now, "dd mmm yyyy hh:nn")
End Sub

This macro is assigned to a shape placed directly on the dashboard sheet (Chapter 6) rather than
requiring anyone to know where to find it in the Macros list. Application.EnableEvents is
wrapped around the refresh specifically because this workbook also has a worksheet_change
handler elsewhere (Chapter 8) that would otherwise fire redundantly as the refreshed values land

in the sheet.
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Step 8 — Auditing Before Calling It Done

Before treating the dashboard as finished, Chapter 9's habits apply directly: Trace Precedents on
the Profit Margin measure's PivotTable cells confirms it's genuinely pulling from both related tables
as intended; Error Checking is run across the whole workbook to catch any stray #Rer! left over
from earlier iteration; and any IFERROR / IFNA used elsewhere in the workbook is checked
against Chapter 9's own rule — reserved for genuinely expected cases (a lookup that legitimately

might not match), never used as a blanket way to hide whatever error happens to show up.
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Putting It All Together

COVERED

DASHBOARD PIECE TECHNIQUE USED T
Importing every monthly file Power Query, From Folder Chapter 4
automatically
Sales properly linked to Products ~ Data Model relationship, unique-key check Chapter 5
Correct totals under any filter DAX measures with DIVIDE Chapter 5
An always-current category list SORT(UNIQUE(...)) Chapter 1
Category — Subcategory Data Validation sourced from FILTER Chapter 2
dropdown
The visual summary PivotTable, PivotChart, Slicer, Timeline Chapter 3
One-click refresh A recorded-then-refined macro, assigned to a Chapters 6-

shape 7
Avoiding a redundant re-trigger Application.EnableEvents wrapping Chapter 8
Confirming it's actually correct Trace Precedents, Error Checking, disciplined Chapter 9

IFERROR/IFNA

A GENUINELY ADVANCED WORKBOOK IS A STACK OF ORDINARY DECISIONS, APPLIED

CONSISTENTLY

Nothing in this capstone required a technique beyond what the previous nine chapters
already covered individually — the actual skill on display is recognising which of nine familiar
tools fits which specific piece of a real, ongoing reporting need, and remembering to apply

the earlier chapters' own warnings (unique keys, exact-match joins, disciplined error handling)

at every step, not just the one chapter each warning originally appeared in.
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A "SELF-UPDATING" DASHBOARD STILL DEPENDS ON THE SOURCE FOLDER STAYING
CONSISTENT

Every piece of automation in this capstone assumes next month's CSV export keeps the same
column names and layout as the ones already imported — exactly the fragility Chapter 4's
own warning box described for Power Query's recorded steps. A renamed column, a
reordered file, or a genuinely new category with no matching Products row would each
surface as a specific, diagnosable problem (a broken Applied Step, a blank Category, an
unmatched Subcategory) rather than a silent wrong number — provided Step 8's auditing
habits are actually followed each month, not skipped once the dashboard starts feeling
reliable.
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Hands-On Exercises

EXERCISE 1

Set up the Sales and Products tables from Step 1-2 (a small sample is enough — 2-3 monthly
CSVs and a Products table of 5-6 items), relate them in the Data Model, and write the Total
Sales and Profit Margin DAX measures from Step 3. Confirm both measures update correctly

when a Slicer filters to a single category.

[ = View solution ]

EXERCISE 2

Build the dependent Category/Subcategory dropdown pair from Step 5. Add a new
subcategory to your Products table for an existing category, and confirm it appears in the
dependent dropdown without touching the dropdown's own settings. Explain which chapter's

own principle this demonstrates.

[ = View solution ]

EXERCISE 3

Your RefreshDashboard macro (Step 7) doesn't wrap ThisWorkbook.RefreshAll in
Application.EnableEvents, and the workbook has a Worksheet_Change handler on the
Dashboard sheet. Describe specifically what could go wrong when the macro runs, referencing

the exact mechanism from an earlier chapter, and show the corrected macro.

[ = View solution ]
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COURSE RECAP — EXCEL ADVANCED

Ch.1: Dynamic arrays — UNIQUE, SORT, FILTER, spilling, and the # operator

Ch.2: Nested/tiered XLOOKUP, Data Validation dropdowns, dependent dropdowns via FILTER
Ch.3: Calculated fields, custom grouping, Slicers, Timelines, PivotCharts

Ch.4: Power Query — importing, cleaning, Append vs. Merge, recorded Applied Steps

Ch.5: The Data Model, table relationships, and an introduction to DAX measures

Ch.6: Recording a macro — what it captures, and relative vs. absolute recording

Ch.7: VBA fundamentals — variables, the object model, loops, conditionals

Ch.8: UserForms and event handlers — code that runs automatically

Ch.9: Auditing tools, error values, IFERROR/IFNA, and circular references

Ch.10: All of the above, combined into one real, self-updating dashboard
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