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          In This Chapter 

■   Determining When to Use a Dashboard 
■  Establishing User Requirements
■  Assembling the Data
■  Building the Dashboard
■  Formatting the Dashboard    

  Dashboards have never been more popular. We have more data available to us all 

the time and better visualization tools than ever before. At its core, a dashboard 

is a collection of charts. But it ’ s much more than that. If you put some charts on 

a page, you would technically have a dashboard, but perhaps not a very good 

one. Creating a good dashboard takes some preparation, knowledge, and skill. 

In this chapter, I introduce you to dashboards and the concepts, skills, and best 

practices you ’ ll need to create them.

  Determining When to Use a Dashboard

 Dashboards are used to present data. Data can be thought to be at various stages: 

raw, aggregated, analyzed, and presented. The stage your data is in depends 

on where it comes from and what you plan to do with it. There are many levels 
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4 Part I ■ Display Data on a Dashboard

of aggregation and an infi nite number of ways to analyze or present data. For 

example, an invoice is an aggregation of invoice lines and a sales report is an 

aggregation of invoices. Relative to an invoice, the invoice lines are raw data 

but relative to the sales report, the invoices are the raw data. Figure   1.1   shows 

data in its various stages.

      Raw data is data that hasn ’ t been processed. It can be transactions that come 

out of an accounting system, sales information from a point of sale, or readings 

from a measuring device like tank levels or temperatures. If you ’ re starting with 

raw data, you will have to do some aggregating and possibly some analyzing 

before it ’ s ready for a dashboard.

       N OT E      A workbook containing the charts in the figures for this chapter is named 
 Chapter1Figures.xls x and can be found on this book ’ s companion website at
www.wiley.com/go/datavizwithexcel/.  //

  Aggregated data has been grouped and summarized in some way. A report 

of units produced by month sums the units produced each week or each day. 

And that may be a sum of units produced by shifts for a day. In many cases, 

dashboard builders start with aggregated data.

 Dashboards tell a story about the underlying data. Analyzing data is deter-

mining what stories the data tells and which of those stories is worth telling. 

Analyzing is more than just drawing conclusions from the data. It ’ s also under-

standing the nature of the data and what questions the data raises. It ’ s common 

 Figure 1.1  :      Data shown raw, aggregated, and analyzed and presented
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during data analysis to have to take a step back and aggregate the data in a 

different way.

 Finally, there ’ s the presentation stage, where dashboards live. The dashboard 

building process can start at any stage. If you get the source data from a data 

analyst, the story to tell may have already been determined and it ’ s just a matter 

of presenting that story in an effective way. Conversely, if you start with raw 

data, you ’ ll need to fi rst aggregate and then analyze the data to make those 

determinations.

 Dashboards are constantly evolving. At one time they were only static visuals 

telling one story. Now, dashboards include self-service business intelligence 

(BI) tools that either tell multiple stories or allow the users to fi nd the meaning 

in the data themselves. With Microsoft ’ s Power BI tool and its integration into 

Excel with Power Pivot and Power Query, self-service BI is becoming more 

mainstream and accessible.

       C R O S S - R E F E R E N C E      Power Pivot, Power Query, and Power BI are introduced
in Chapter 3, “Organizing Data for Dashboards.”  

   What Is a Dashboard?
 A dashboard is one or more visual elements that tell a story about related data. 

A report that aggregates data isn ’ t a dashboard because it ’ s not telling a story. 

That ’ s typically called a report or table, although these terms are often used to 

mean the same thing. For our purposes, a dashboard must contain visual ele-

ments and not just a list of data.

 The story is the most important aspect of a dashboard. It comes from analyzing 

the data to determine what ’ s important about it. Key performance indicators 

(KPIs) are commonly displayed on dashboards. KPIs are ready-made stories for 

your dashboard to tell. I briefl y discuss KPIs in the next section. A common pit-

fall in dashboard building is to start with a conclusion. The person requesting 

the dashboard may have an agenda or preconceived notion of what that data 

should say. But the data should drive the story, not the other way around. Try 

to reframe the conclusion as a question. If someone wants you to create a dash-

board that shows that sales decreased because of bad weather, you can turn that 

into a question like “How does average daily temperature correlate with daily 

sales?” or “How much do we sell on rainy days vs. sunny days?”

 The underlying data on a dashboard is related, but how it ’ s related depends 

on who ’ s looking at it. A member of the Human Resources department ’ s dash-

board might use data related to employee retention like hiring rate, fi ring rate, 

layoffs, voluntary terminations, and retirements. The human resources manager 

may have a dashboard that ’ s a level above, such as more aggregated employee 
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retention data along with payroll costs and benefi t engagement. The person 

in charge of all administration in a company would look at human resources 

data next to fi nance, accounting, and legal data. At the top level of a company, 

data from administration, operations, and research and development is related.  

  Key Performance Indicators
 How KPIs are determined and what makes a good one is well beyond the scope 

of this book. An organization ’ s leaders will develop KPIs based on what they 

know about the organization. If you ’ re running a for-profi t business, net income 

is an important measurement and you don ’ t have to analyze the data to know 

that it ’ s something you ’ ll want to look at. KPIs are unique to each organization, 

but similar organizations will have similar KPIs. Finance departments are inter-

ested in net income, free cash fl ow, and working capital. And manufacturers 

are interested in units produced and line utilization.   

  Establishing User Requirements 

 Don ’ t start building a dashboard until you have a plan. Just like building a 

house, if you start without a plan, you may have to tear it down and start over. 

To make your plan, start by fi nding out what the end users need. There are at 

least three users you ’ ll want to talk to before you begin: the person requesting 

the dashboard, the person providing the data, and the end user. All these users 

may be one person, and that person may even be you. 

 Get as much detail as you can from the person requesting the dashboard. If 

they have a general idea of what they want, now is the time to probe for details 

to get a clear picture. As I mentioned in the previous section, the requester 

might be starting with a conclusion in mind. Try to turn that conclusion into a 

question or series of questions so you ’ re on the same page.

 Questions about the source data are sometimes overlooked but shouldn ’ t be. 

Find out where the data is coming from and if it ’ s already been aggregated or 

analyzed. Depending on your project, you may want to try to get the data in as 

raw a form as possible in case you have to change direction once you get started. 

It ’ s a lot easier to aggregate raw data in a different way but almost impossible 

to disaggregate it. 

 Determine if the data is coming from inside or outside of the organization, 

who maintains it, and how often it ’ s updated. Financial data from an accounting 

system may only be available monthly or quarterly. Other types of data, like 

data from a point of sale, may be able to be queried in real time.

 If you don ’ t have the data you need, your dashboard project might turn into 

two projects: a data-collection project and a dashboard project. You may fi nd 
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that not only is the data not readily available, it doesn ’ t exist at all. If the orga-

nization doesn ’ t track defects from the production line, there may be no way to 

get historical data. In that case, you could set up a system to start tracking the 

data you need, which would delay how quickly a dashboard could be created. 

Having this conversation early in the project helps set the expectations of all 

the stakeholders. 

  Types of End Users 
 You can divide end users by how they intend to use the dashboard to get a 

better understanding of how to construct it. Monitors use dashboards to see 

the state of an organization or project at a given time. You use your car ’ s dash-

board to monitor speed, fuel levels, and trouble alerts. Deciders use dashboards 

to determine if they should take one action, another action, or no action at all. 

A production manager might use a dashboard of sales and line utilization data 

to determine if a third shift is necessary. 

 Planners are people at the highest levels of an organization that determine 

the direction of the organization. They are looking at broader trends, and the 

actions they take are more policy based. Planners might look at operating 

results by division to determine how to allocate resources for the next fi ve years. 

Presenters use dashboards to present information. A dashboard presented at 

a shareholder meeting may be used to simply give shareholders information 

they don ’ t see day to day.

 There is a lot of overlap in these categories of users. Someone monitoring a 

project, for example, will certainly take action if the information dictates it. And 

shareholders might change the direction of a company by changing management 

if they don ’ t like the information presented. Know your audience, and in some 

cases your audience ’ s audience, so you can provide the right level of information. 

 Determine how often the dashboard will be created. If you ’ re creating a dash-

board to show the effects of the Olympics on a city ’ s fi nances, you ’ ll probably 

only do that one time. For one-off dashboards, you don ’ t have to be as concerned 

about data maintenance and how effi ciently you can build it. 

 For periodic or real-time dashboards, make sure the data availability lines 

up with how often you will be publishing. Also, invest more of your time in 

automation for dashboards you will be publishing more. Real-time dashboards 

have to be fully automated. Dashboards you publish annually can be less so. 

 Document the dashboard-building process from the start. You don ’ t need fancy 

software for this, just a text document or a spreadsheet. Record the information 

about the users and the data that you ’ ve already discovered. Also document how 

the data moves through the process from raw, possibly through a database, and 

into a spreadsheet. Even if it ’ s a dashboard that will be created often, or fully 

automated, document the data fl ow so you or someone else can troubleshoot 
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problems when they arise. Imagine yourself re-creating the dashboard a year 

from now, after you ’ ve forgotten all the details, and try to provide answers to 

the questions you would have.

 Plan on iterating through the dashboard design process. When you get a 

usable draft, send it to the stakeholders for input. Continue to send iterations 

for input throughout the process. You can continue to work on the next stage 

while you wait for input, but if there are problems, you ’ ll save yourself a lot of 

rework compared to handing over a fi nal design that ’ s not right.

 Finally, plan to review the results after the dashboard is complete. If you 

email a dashboard weekly, set up a reminder to check back with the end users 

in a few months to make sure it ’ s still meeting their needs. This is particularly 

important if you are spending time creating the ongoing dashboard. In one 

case, I was creating a monthly dashboard and the publishing mechanism had 

failed. I didn ’ t realize that it didn ’ t get published for several weeks, but nobody 

asked where it was. It turned out that the needs of the end users had changed, 

and we stopped publishing that dashboard, saving time every month.

  Assembling the Data 

 For Excel users, working with data is the best part of dashboard building. As 

you are no doubt aware, Excel provides great tools for data aggregation and 

manipulation, including hundreds of formulas and data tables and tools for 

sorting data, splitting data, and removing duplicates. In the following sections, 

I discuss some of Excel ’ s tools for manipulating data.

       R E F E R E N C E      If the data driving your dashboard originates outside Excel, the 
first task will be to import the data. I discuss working with external data in Chapter 3.

   PivotTables
 One of Excel ’ s most powerful tools is the  PivotTable . A PivotTable is a report e
that fi lters, sorts, and summarizes your data based on conditions that you set. 

PivotTables are interactive in that you can drag and drop fi elds into the appro-

priate PivotTable Fields areas to quickly change how your data is summarized.

       R E F E R E N C E      Charts made from PivotTables are called PivotCharts. PivotCharts 
have interactive functions that other charts don ’ t have. I discuss PivotCharts in more
detail in Chapter 9, “Visualizing Changes over Time.”
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  Anything you can do with a PivotTable you can do with worksheet formulas. 

A PivotTable will summarize your data in much less time than it takes to write 

the formulas to do the same thing. If you want to make changes to a PivotTable 

by adding, removing, or rearranging fi elds, it updates in a fraction of a second. 

Rewriting formulas for changes takes much longer. Figure   1.2   shows a portion 

of some raw data and Figure   1.3   shows one possible PivotTable you can create 

from the data.

 Figure 1.2  :      Raw data for a PivotTable 

 Figure 1.3  :      A PivotTable
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           The PivotTable in Figure   1.3   was made by dragging the Qtr fi eld to the Col-

umns area, the Region and State fi elds to the Rows area, and the Sales fi eld to 

the Values area. By default, Excel sums the Sales fi eld because its data is numeric. 

For non-numeric data, Excel defaults to counting the data. Figure   1.4   shows the 

PivotTable Fields task pane with these conditions.

      The areas of the PivotTable Fields task pane are as follows:

■ Tools (represented by the gear icon) : This section allows you to change

the layout of the task pane and sort the fi eld names. If you have a lot of 

fi elds, you may prefer a layout that shows more fi elds. 

■ Search : By typing in this text box, you limit the fi eld list to only those 

fi elds that match or partially match the text you type.

■ Filters : If you drag a fi eld into this area, Excel places a drop-down box 

above your PivotTable. You can select one or more values from the drop-

down to limit what data the PivotTable displays.

■ Columns : Fields in this area are displayed across the top of the PivotTable. 

You can put multiple fi elds in the Columns area to nest them. That is, 

fi elds that are higher up in the Columns area will span multiple columns 

and the cells below it will only show values that are related to the higher 

fi elds. Figure   1.5   shows the Month fi eld nested below the Qtr fi eld. The 

values Jan, Feb, and Mar are the only values related to Qtr-1, so they ’ re 

the only values shown nested beneath it. 

 Figure 1.4  :      The PivotTable Fields task pane
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■ Rows : Fields in this area are displayed down the left side of the PivotTable.

As with the Columns area, you can nest fi elds to display them in a hier-

archy. The PivotTable shown in Figure   1.3   shows the State fi eld nested 

beneath the Region fi eld. 

■ Values : Fields in this area are aggregated in the body of the PivotTable.

Sum and Count are the most commonly used aggregators. But there are 

several more ways to aggregate, including Average, Min, and Max. The 

aggregation occurs at the intersection of the Column and Row fi elds. For 

example, where Qtr-1 and Missouri intersect, the PivotTable in Figure   1.3   

sums the sales for only those rows that contain a State of Missouri and a 

Qtr of Qtr-1.

 Excel adds grand totals and, if there are nested fi elds in the Columns or 

Rows areas, subtotals. These totals can be shown or hidden depending on how 

you want to display the data. To turn off the grand totals, select any part of the 

PivotTable and choose Options from the PivotTable Tools Analyze tab of the 

Ribbon to show the PivotTable Options dialog box shown in Figure   1.6  . Uncheck 

the check boxes labeled Show Grand Totals For Rows and Show Grand Totals 

For Columns. 

 Figure 1.5  :      Nested fields in the Columns area

 Figure 1.6  :      The PivotTable Options dialog box
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      To hide the subtotals for nested fi elds, right-click one of the values in the fi eld 

and choose Field Settings from the context menu. On the Field Settings dialog 

box, shown in Figure   1.7  , choose one of the following option buttons.

■ Automatic: Displays subtotals with the same aggregation (sum, count, 

etc.) as the child fi eld. 

■ None: Hides subtotals for the fi eld. 

■ Custom: Displays subtotals with the same or a different aggregation than

the Child fi eld.

  Figure   1.8   shows a PivotTable with both grand totals and subtotals hidden.

 Figure 1.7  :      The Field Settings dialog box

 Figure 1.8  :      A PivotTable with no grand totals or subtotals



 Chapter 1 ■ Dashboard Basics 13

       The GETPIVOTDATA Worksheet Function 

 PivotTables are dynamic by nature. That means they can change size and the 

location of the data you want, making it diffi cult to refer to their cells in formulas. 

Fortunately, Excel provides the GETPIVOTDATA worksheet function so that 

you can be sure you always point to the correct data. 

 For example, if you wanted to use California ’ s fi rst quarter sales in a formula, 

you can use this GETPIVOTDATA function:

   =GETPIVOTDATA("Sales",$I$3,"State","California","Region","West","Qtr","
Qtr-1") 

    If more data is added to the source data and the PivotTable is refreshed so the 

cell that contains California ’ s fi rst quarter sales moves, the formula still points 

to the right place. The fi rst argument of the function refers to the fi eld in the 

Values area that you want to return. The next argument, I$3$, is the top-left 

cell of the PivotTable that contains the data. The last six arguments are pairs of 

values that determine what intersection of columns and rows to use.

 The argument pairs can be in any order, but within the pairs, the fi eld name 

must come fi rst followed by the value for that fi eld. The pair of arguments “State” 

and “California” tell the function to use the row where California appears on 

the State fi eld. As the function evaluates the remaining pairs of arguments, it 

narrows down to the value to return.

 You can also use GETPIVOTDATA to return totals. For example, to return 

the grand total of the Qtr-1 column, use this function: 

   =GETPIVOTDATA("Sales",$I$3,"Qtr","Qtr-1")  

    Or to return the grand total of the entire PivotTable, use this function: 

   =GETPIVOTDATA("Sales",$I$3)  

    The GETPIVOTDATA function is tedious to create manually. Fortunately, 

Excel will build the function for you when you click inside a PivotTable. Simply 

type an equal sign and click a cell inside the body of the PivotTable to have 

Excel build the function with all the proper arguments. If you want to refer to 

a cell in a PivotTable and avoid the GETPIVOTDATA function, you can simply 

type the cell address in your formula. To turn off the default behavior of using 

GETPIVOTDATA, go to File ➪ Options ➪ Formulas and uncheck the Use 

GetPivotData Functions For PivotTable References check box.

       WA R N I N G      Unlike formulas, a PivotTable does not automatically display 
changes made to data after the PivotTable is created. Click the Refresh button on the 
PivotTable Tools Analyze tab of the Ribbon to update the PivotTable for any changes.
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     Worksheet Functions
 Excel has hundreds of worksheet functions to help you manipulate and stage 

data for a dashboard. In practice, you won ’ t use most of them. But there are 

some worksheet functions that show up more often than not in dashboarding 

projects. In the following sections, I ’ ll discuss some of the more common ones. 

  The VLOOKUP Function 

 The VLOOKUP function fi nds a value in the fi rst column of a range and returns 

a value in another column on the same row as the found value. The syntax for 

VLOOKUP is as follows: 

   VLOOKUP(lookup_value, table_array, col_index_num, range_lookup)

    Figure   1.9   shows an example of the VLOOKUP function. 

      In this example, there is a table of commissions by salesperson and month in 

the range F3:R52. The formula fi nds the April commission for the salesperson 

in cell B4. The salesperson ’ s name must be in the fi rst column of the range. The 

formula looks down column F until it fi nds the salesperson ’ s name, then returns 

the value in the fi fth column.

 The range_lookup argument is set to FALSE in this example because you 

want the formula to only return a value if it fi nds an exact match. If you set 

range_lookup to TRUE, Excel expects the data in the fi rst column to be sorted 

and will return a close match if there isn ’ t an exact one. There are situations 

where returning an approximate match is useful, but they are rare, and most 

of the time you ’ ll want the last argument to be FALSE.  

 Figure 1.9  :      The VLOOKUP function 
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  The XLOOKUP Function 

 The XLOOKUP function is a relatively new addition to the Excel worksheet 

function lineup. It works like VLOOKUP but doesn ’ t require the value to fi nd 

to be in the fi rst column. Here is the syntax for XLOOKUP:

   XLOOKUP(lookup_value, lookup_array, return_array, if_not_found, 
  match_mode, search_mode)

    The fi rst argument is the same for XLOOKUP and VLOOKUP. Instead of sup-

plying the entire range and assuming the lookup value is in the fi rst column, you 

supply a lookup_array (the column to search) and a return_array (the column 

with the value to return). 

 The XLOOKUP function also includes the if_not_found argument that lets 

you specify a value to return if the lookup value isn ’ t in the list. If you don ’ t 

specify this argument and the value isn ’ t found, XLOOKUP returns the #N/A 

error value just like VLOOKUP.

 The match_mode argument is like the range_lookup argument in VLOOKUP. 

Instead of TRUE or FALSE, you supply a number to tell Excel whether you 

want an exact match or one of the approximate match options. The exact match 

option, 0, is the default. 

 The last argument, search_mode, allows you to tell Excel how to search for the 

value. If you have a large data set, the search_mode argument can help speed 

up the search. For most data sets, it can be ignored.

 Figure   1.10   shows an XLOOKUP formula to fi nd the name of the salesperson 

with the highest commission in April. 

      Instead of looking for a value in the fi rst column, this formula looks for a 

value in the fi fth column and returns the corresponding value from the fi rst 

 Figure 1.10  :      The XLOOKUP function 
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column. The formula in cell C4,  =MAX(J3:J52) , fi nds the largest value in column 

J. The XLOOKUP function looks down column J for that value and returns the 

value in column F on the same row. Because you know the value exists and 

you want an exact match, you don ’ t need to supply any of the other arguments 

to the function.  

  The INDEX and MATCH Functions

 If you ’ re using a version of Excel that doesn ’ t include XLOOKUP, you can create 

the same result using a combination of the INDEX function and the MATCH

function. The INDEX function returns a value from a range based on the row 

number and column number you provide. For a single column range, you only 

have to provide the row number. The MATCH function part of the formula 

computes which row INDEX uses. Figure   1.11   shows a formula to return the 

same values as the XLOOKUP function in the previous example.

      The syntax for the MATCH function is 

   MATCH(lookup_value, lookup_array, match_type)  

    The MATCH function works like VLOOKUP except that there is no column 

to return. It simply returns the position of lookup_value in the lookup_array list 

of values. The last argument of MATCH, 0, looks for an exact match like when 

the last argument of VLOOKUP is FALSE. In this example, MATCH returns the 

value 8 because the value in C4 is the eighth value in the range J3:J52.

 Once Excel computes the value returned by MATCH, the INDEX function 

is evaluated like 

   =INDEX(F3:F52,8)  

 Figure 1.11  :      The INDEX and MATCH functions
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    The syntax for the INDEX function is

   INDEX(reference, row_number, column_number)  

    Because the reference argument is a single column, F3:F52 in this example, 

you only need to supply the row_number argument.  

  The SUMPRODUCT Function 

 The SUMPRODUCT function is one of Excel ’ s most powerful worksheet functions. 

It ’ s designed to multiply two or more ranges together and sum the results to a 

single number. A simple example of SUMPRODUCT is shown in Figure   1.12  .

      In this example there are quantities, and for each quantity, a price. SUM-

PRODUCT multiplies each quantity by its corresponding price and sums all of 

the results. It ’ s the same as putting in the formula  =A2*B2  and fi lling down in

column C and then using  =SUM(C2:C5) , but it does it in one formula.

 The SUMPRODUCT function works like an array formula, discussed in the 

next section, and that ’ s where its real power lies. With SUMPRODUCT, you can 

fi lter out values by multiplying them by 0, so they have no effect on the fi nal 

sum. Figure   1.13   shows an example of using SUMPRODUCT to only sum totals 

for one product in one month. 

 Figure 1.12  :      The SUMPRODUCT function

 Figure 1.13  :      Filter values with SUMPRODUCT 
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      This SUMPRODUCT example consists of three sections: two comparison 

sections and one result section. The magic of SUMPRODUCT is that when a 

comparison returns TRUE, multiplying it treats TRUE as the number 1, and when 

a comparison returns FALSE, multiplying it treats FALSE as the number 0. The fi rst 

section,  ($C$2:$C$3651=K6) , compares every value in column C to the value in cell

K6 and returns a TRUE or FALSE. The second section,  (MONTH($A$2:$A$3651)=4) , 

compares the month of every date in column A to 4 and returns a TRUE or FALSE. 

 The last section,  ($I$2:$I$3651) , doesn ’ t do any comparison. Instead, it simply 

returns the long list of numbers from column I. Each of these sections is eval-

uated to an array of 3,650 values. The values in the arrays for the fi rst two sec-

tions are either TRUE or FALSE and the values in the array of the last section 

are the values in column I.

 Next, SUMPRODUCT multiplies each line of the arrays together. For the fi rst 

items in the arrays, which correspond to row 2 of the data, SUMPRODUCT mul-

tiplies FALSE * FALSE * 535.84 because the value in C2 is not equal to the value 

in K6 and the month in A2 isn ’ t 4. Since FALSE evaluates to 0 and multiplying 

any number by 0 equals 0, the total for that item is 0.

 For the data in row 6, the item does match, but the month still does not. 

SUMPRODUCT evaluates that row as TRUE * FALSE * 575.60. The TRUE value 

is evaluated as a 1, but since the second section is FALSE, thus 0, the whole 

row still evaluates to 0. Only when the formula gets down to row 924 do both 

the item and the month match. When it evaluates that row, it multiplies TRUE 

* TRUE * 47.12. The TRUE values evaluate to 1 and that row adds 47.12 to the 

fi nal sum.

 You can see that if any condition is FALSE, Excel inserts a 0 into the multipli-

cation and makes the whole row 0. Only if every condition is TRUE is a value 

other than 0 added to the total. It doesn ’ t matter if you have 2 conditions or 20, 

if they ’ re all TRUE, Excel keeps multiplying by 1, which has no effect on the 

fi nal section. 

 In this way, SUMPRODUCT is like a PivotTable. In a PivotTable, Excel aggre-

gates the values where all the row fi elds intersect all the column fi elds. The 

value of a PivotTable over SUMPRODUCT is that it ’ s far easier to change a 

PivotTable than to rewrite a bunch of SUMPRODUCT formulas. But the value 

of formulas is that they recalculate instantly when the data changes, whereas 

you must refresh a PivotTable.

 Another similarity between SUMPRODUCT and PivotTables is that you can 

aggregate values by counting them instead of summing them. To count values 

using SUMPRODUCT, only include comparison sections in the formulas. For 

example, to count all the rows with a specifi c product in April, use the follow-

ing formula: 

   =SUMPRODUCT(($C$2:$C$3651=K7)*(MONTH($A$2:$A$3651)=4))  
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    This formula is like the preceding example except that the section represent-

ing column I is omitted. Now when both conditions are TRUE, Excel multiplies 

1 * 1, and the result, 1, is included in the sum. There are 18 rows in the example 

data that have P23981 as the item and the date is in April. For each of those rows, 

1 is added to the total and the formula returns 18. 

 Another technique you can use with SUMPRODUCT is adding comparison 

sections together that refer to the same column. For example, if you want to 

sum the total for two products, P23981 and P73302, that occur in April, use the 

following formula:

   =SUMPRODUCT((($C$2:$C$3651="P23981")+($C$2:$C$3651="P73302"))  
  *(MONTH($A$2:$A$3651)=4)*($I$2:$I$3651))

    In this example, there are two conditional sections that refer to column C. 

They can never both be TRUE because any row in column C can only contain 

one item. By adding them together, Excel will add 0 + 0, 0 + 1, or 1 + 0 and will 

return the total if column C is either product (or 0 if it ’ s neither). Because Excel 

multiplies before it adds, you have to enclose these conditional sections in their 

own sets of parentheses to force Excel to perform that evaluation fi rst. Only 

use this technique when the comparison sections refer to the same column. If 

you add together comparisons for different columns, and they ’ re both TRUE, 

it would return a 2 and your result would be wrong.

  Array Formulas 

 The SUMPRODUCT function in the previous section is a special kind of array 

function. It only sums the results and can ’ t aggregate them in any other way. 

Array formulas use the exact same calculation as SUMPRODUCT but you can 

choose how to aggregate the fi ltered values. With array formulas, you have to 

commit the formula after you enter it using Ctrl+Shift+Enter, not just Enter as 

you do with SUMPRODUCT or other worksheet functions.

 Using the same data set from the SUMPRODUCT examples, if you want to 

return the largest total for product P23981 in April, you would use an array 

formula and the MAX function, as shown below and in Figure   1.14  :

          =MAX(($C$2:$C$3651=K6)*(MONTH($A$2:$A$3651)=4)*($I$2:$I$3651))

    The formula bar in Figure   1.14   shows curly braces around the formula. You 

don ’ t type those curly braces. Excel inserts them automatically when you com-

mit the formula using Ctrl+Shift+Enter instead of just Enter. If your array for-

mula isn ’ t returning the correct result, the fi rst thing to check is that the curly 

braces are there. If they are not, press F2 to edit the cell and recommit it with 

Ctrl+Shift+Enter. 
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 Just like SUMPRODUCT, this array formula contains two conditional sections 

and one values section. After Excel multiplies the three sections together, again 

treating TRUE as 1 and FALSE as 0, instead of summing the result, it fi nds the 

maximum value of the results. In fact, if you were to change the MAX to SUM 

in that formula, you would get the same result as the SUMPRODUCT formula. 

 To fi nd the smallest value from a list of fi ltered values requires a slightly dif-

ferent technique. Since the values that you fi lter out evaluate to 0 prior to being 

aggregated, the smallest value from a list of positive values would always equal 

0. Fortunately, the MIN function ignores text values and we can use that to only 

include nonzero values. The following formula returns the smallest value for 

item P23981 in April:

   =MIN(IF(($C$2:$C$3651=K15)*(MONTH($A$2:$A$3651)=4)=0,"",$I$2:$I$3651))  

    The two conditional sections are places in the conditional argument of an IF 

function. If when multiplied together they equal 0, an empty string (two double 

quotes) is inserted in the fi ltered values, otherwise the value from column I is 

inserted. Since MIN ignores strings, it will ignore all the empty string values 

and only return the smallest value where the conditions are TRUE.   

  Tables 
 Tables are special areas in a spreadsheet that hold data. They ’ re meant to be like 

database tables, but they only share some of the same properties. The two main 

advantages to using tables are that cell formats and formulas are consistent for 

all the rows, and references to the table grow and shrink automatically as the 

table grows and shrinks. Figure   1.15   shows a small table and a column chart 

created from that table.

      If you change the number of rows or columns in the table, the chart will 

adjust automatically. The chart isn ’ t simply referencing the range A1:C6, it ’ s 

referencing the special area with a name like Table1 and is aware when that 

area grows or shrinks. 

 Figure 1.14  :      An array formula to find the largest value 
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 The fi rst step is to convert a normal Excel range into a table. To do that, select 

the range and choose Insert ➪ Table from the Ribbon to show the Create Table 

dialog in Figure   1.16  . 

      This dialog confi rms the range you want to convert and lets you specify if 

the fi rst row of your range contains headers. Click OK to fi nish creating the 

table. Next, select the table and choose Insert ➪ Recommended Charts from 

the Ribbon and choose the Clustered Column option to insert the chart. You 

can change the chart ’ s title as I have, but it ’ s not necessary for this example.

 Now imagine a scenario where you want to add the next year to this chart and 

you want to split Texas out of the Southwest region and make it its own region. 

With a normal Excel range, you would add a new series for the new year and 

adjust the existing series to point to the larger range. But because you ’ re using 

a table, you can simply add the data and the chart will adjust. 

 To add the new year, enter  2023  in cell D1. Figure   1.17   shows that Excel has 

increased the table columns for the new range and has already added a new 

series to the chart.

 Figure 1.15  :      A column chart based on a table

 Figure 1.16  :      The Create Table dialog 



22 Part I ■ Display Data on a Dashboard

      Next, enter Texas  into cell A7. Excel will increase the table rows and you can

enter values for the new year and split the Southwest region. Figure   1.18   shows 

the new table size and the resulting chart. 

      Excel has automatically added a new clustered column to the chart for the 

new region and the 2023 series is populated with the data entered in the table. 

The new data entered for Texas for existing years is automatically formatted 

with the same number format as the other data in those columns. Because 2023 

is a new column, it does not have existing formatting to apply and you must 

 Figure 1.17  :      The table expands for new data.

 Figure 1.18  :      The chart adjusts for new data.
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format that column separately. Nothing on the chart was changed. You only 

have to add new data to the table to achieve these results. 

  Structured Table Referencing

 The chart in the previous example adjusted as the data in the table changed. When 

you refer to tables in formulas using structured table referencing , your formulas gg
will automatically account for changes in the table too. For these examples, the 

name of the table was changed to tblRevenue from Excel ’ s default table name. 

To change the name of a table, select any part of the table and choose Table 

Tools Design ➪ Table Name from the Ribbon and type the table ’ s new name. 

 To create a formula using structured table referencing, select an unused cell 

in the worksheet, enter the start of a formula like  =SUM( , and point to the range

B2:B7. If you enter data in a cell that ’ s adjacent to the table, Excel will assume you 

want to expand the table, so choose a cell away from the table. By default, Excel 

will convert your formula to structured table referencing like the formula below: 

   =SUM(tblRevenue[2021])

    Instead of referring to the range B2:B7, Excel converted the argument to tblRev-

enue[2021], referring to the column labeled 2021 in the table named tblRevenue. 

If you ’ re staging data for a dashboard, you can use structured table referencing 

to make sure your formulas always cover all the data.

 You don ’ t have to point to the data to get structured table referencing. You can 

enter that same formula manually. Start entering a formula by typing =SUM(tbl

into a cell. Figure   1.19   shows the drop-down box Excel displays showing all your 

choices that contain those letters. 

      If you have more than one table in your workbook and you choose to name 

them all starting with the same letters, like tbl , this method gives you a handyl
list of tables to choose from. In this example, there is only one table and it is 

selected because it ’ s the fi rst one on the list. From here, you can press the Tab key 

to complete the table name without having to type it all. After the table name, 

type an open bracket,  [ , to see a list of options related to that table. Figure   1.20

shows the list of options for tblRevenue. 

 Figure 1.19  :      Excel ’ s formula entry drop-down
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      The fi rst option is the @ symbol. When you ’ re using formulas from within 

a table, the @ symbol tells Excel to return the value from the same row as the 

formula. The reference [@2021] returns the value from the column named 2021 

and that ’ s on the same row. Contrast that to the reference [2021], which returns 

the entire column. 

 The next four options are the column names in the table. Excel is aware of 

the structure of the table and autogenerates named ranges for the columns. The 

last four options are references to special areas in the table. The #All reference 

refers to the entire table including headers and totals. The #Data reference is the 

same as #All except it excludes headers and totals. The #Headers and #Totals 

references refer only to their respective areas. You can arrow down to the option 

you want and press Tab to complete the entry.

 For example, if you arrow down to the #Data reference, press Tab, and enter 

a closing bracket and closing parenthesis, you would get the following formula 

that sums all the data in the table:

   =SUM(tblRevenue[#Data])

       Text to Columns
 When you ’ re dealing with data that originated outside of Excel, sometimes the 

data is all lumped together instead of nicely laid out in columns. Excel ’ s Text to 

Columns feature can help you manipulate data into a usable format. Figure   1.21   

shows data pasted into column A of a worksheet. It is columnar data separated 

by commas but is all in one cell.

      To separate the data, follow these steps:

1.   Select the data and choose Data ➪ Text to Columns from the Ribbon. 

2.   From the Convert Text to Columns Wizard, shown in Figure   1.22  , select 

the Delimited option and click Next. 

 Figure 1.20  :      Options for table formula completion 
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3.         Unselect the Tab delimiter and select the Comma delimiter. Excel shows 

a preview of how it split the data, as shown in Figure   1.23  . Click Next. 

4.         On the last step, you can format each column. Excel will generally convert 

dates and numbers successfully. If you have text that contains numbers 

with leading zeros, Excel will remove the zeros unless you format that 

column as Text. Figure   1.24   shows the data split into separate columns.

 Figure 1.21  :      Data that is lumped together in a cell 

 Figure 1.22  :      The Convert Text to Columns Wizard 
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    Removing Duplicates 
 Another common problem when dealing with raw data is duplicate records. 

Excel ’ s Remove Duplicates tool is a quick and easy way to delete duplicate records 

in place without having to use PivotTables or tedious formulas. The data shown 

in Figure   1.25   has some duplicate records. 

      To remove the duplicates, select the data and click Remove Duplicates from 

the Data tab on the Ribbon. This will show the Remove Duplicates dialog, 

shown in Figure   1.26  .

 Figure 1.23  :      Excel splits the data on the delimiter.

 Figure 1.24  :      Data split into separate columns
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      The dialog shows all the columns from the data, and you can select which 

of those columns will determine what ’ s a duplicate. With invoices, like in this 

example, all the data will be duplicated, so choose all the columns. For other 

types of data, maybe only one or two of the columns will determine a duplicate. 

To avoid deleting data you shouldn ’ t, try to use as many columns as possible. 

When you click OK, Excel displays the message box in Figure   1.27   showing how 

many rows will be deleted.

 Figure 1.25  :      Data with duplicate records

 Figure 1.26  :      The Remove Duplicates dialog
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      Click OK to dismiss the message box and you ’ re left with only unique records. 

You can undo this action if you determine you made a mistake.   

  Building the Dashboard

 If you ’ re a typical Excel user, like me, you probably relish working with numbers, 

tables, and PivotTables. You may not be as comfortable designing visual elements. 

Fortunately, there are lot of great examples to draw from, and you probably 

already see them in news articles or on the websites you visit. Dashboarding 

has been around long enough that the community has developed some visu-

alization principles to help you create great dashboards. Once you learn these 

principles, you ’ ll likely become a critic of every dashboard you see! 

 The fi rst rule is to stay on message. If you ’ ve done the planning steps, you 

already have a good idea of what data you have available and what the end 

user ’ s needs are. Make every element of your dashboard further the story your 

dashboard tells. Can you tell the story and meet the user ’ s needs with one 

simple chart? If so, don ’ t clutter the dashboard with other elements. There is no 

minimum number of visual elements you need to make a dashboard.

 To that end, don ’ t let the availability of data determine which elements to 

include on the dashboard. It ’ s very likely you ’ ll have more data available than 

you need. When you have a data set that ’ s perfectly aggregated and requires 

almost no work to drive a chart, it ’ s tempting to include it because of the low cost 

of creation. But there ’ s an even greater cost if it detracts from the dashboard ’ s 

overall message.

 That ’ s not to say that every element on your dashboard must be a show-

stopper. On every dashboard there are more important and less important 

elements. Elements that support the story, but aren ’ t necessarily critical, can 

still be included if they don ’ t add clutter. There ’ s a balance between providing 

as much information as possible and keeping the dashboard clean and simple 

that you will learn with experience.

  Organizing Elements
 There ’ s a lot of information and opinions about how to design for documents 

with multiple elements, particularly in the area of web page design. I think 

 Figure 1.27  :      Excel displays the number of deleted values.
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there are three main principles that cover most of it: size, color, and placement. 

 The largest element will get the most attention. Make the element with most 

important information larger than the others. It doesn ’ t have to be so large that 

it dominates the page, but its size should be an indication of its importance. 

Consider the white space around an element as part of its size. Figure   1.28   

shows a dashboard with three elements, one of which is larger to indicate its 

importance over the others.

      Elements with bright and contrasting colors will be perceived as more impor-

tant than light, consistently colored elements. If every element on your dashboard 

has bright, contrasting colors, it will look more cluttered than the same layout 

with only one such element. I ’ m not advocating one garishly colored chart with 

a bunch of gray ones. It only takes a subtle difference in color to draw a reader ’ s 

attention. In every case, you ’ ll want to limit the total number of colors you use 

and the ones that are there should complement each other. But a slight variation 

can make an element stand out.

 Figure 1.28  :      A dashboard with different sized elements 
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 Generally, the most important element should be at the top left of the page and 

the least important at the bottom right. Think of someone reading a few lines 

of text. They start at the top left and read across, then drop down to the next 

line and read across from there. Whatever ’ s at the top left will get the reader ’ s 

attention fi rst. Another design pattern is to place the most important element in 

the center and surround it with less important elements. This pattern seems most 

effective when one element is overwhelmingly more important than the others.  

  Varying Elements 
 A dashboard typically contains several different chart types. If every element is 

a line chart, the reader has to work harder to interpret the information. There is 

a case for having the same chart type for all the elements. If the data is the same 

for every element except for one dimension, like sales over time, but each chart 

is for a different region, then using the same chart type will help the reader 

make the connection that the data is similar. However, when the data varies by 

more dimensions, like units vs. dollars and time scale, different chart types are 

warranted. Figure   1.29   shows a dashboard where all eight charts are the same 

type, indicating that the data is the same except for one dimension. 

 Figure 1.29  :      A dashboard of the same chart type



 Chapter 1 ■ Dashboard Basics 31

      As you ’ ll see in Part III, “Tell a Story with Visualization,” the chart type you 

select should match the data and the story you ’ re telling. But there is some 

overlap. Line charts are great for showing changes over time, but a column chart 

can be just as effective if the time is broken into discrete periods, like months.

 That doesn ’ t mean that every element has to be a different chart type. It just 

means that if you do use the same chart type for different data, don ’ t place them 

right next to each other and make them the same size and color. And like the 

warning against including data simply because it ’ s available, don ’ t include a 

chart type because it ’ s the hot, new thing or you just learned how to make it. 

Ensure that the chart types fi t the data and further the story.

  Showing Trends 
 If you want to show a trend, you can add a trendline to a chart. Some charts 

already show the trend and the trendline doesn ’ t add any information. Figure   1.30   

shows a line chart with a dashed trendline. The trend is easy to see without the 

added trendline, so it should be omitted. 

      In other cases, the trendline is helpful. If the data has variations that make the 

trend hard to see, and showing the trend is part of the story you ’ re telling, then 

include a trendline. Figure   1.31   shows a line chart of daily sales. The periodic 

dips for the decreased sales over the weekends make it harder to spot the trend. 

In this case, a trendline helps the reader interpret the data more easily. 

      To add a trendline, right-click on a series and choose Add Trendline. By 

default, a linear trendline is added to the chart and the Format Trendline task 

pane is displayed, as shown in Figure   1.32  .

 Figure 1.30  :      A trendline that adds little information 
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      There are several options for the type of trendline to display. Choose a trend-

line type that fi ts your data:

■ Exponential:  Best for data sets that rise or fall at increasingly higher rates.

■ Linear:  Best for simple, linear data sets.

 Figure 1.31  :      A trendline helps when data varies. 

 Figure 1.32  :      The Format Trendline task pane 
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■ Logarithmic:  Best for data sets that rise or fall quickly, then level out. 

■ Polynomial:  Best for data sets that fl uctuate.

■ Power:  Best for data sets that rise or fall at a constant rate.

■ Moving Average:  Best for data sets that have regular fl uctuations that

you want to smooth out.     

  Formatting the Dashboard 

 Formatting can be the difference between a good dashboard and a great one. 

Fortunately, Excel provides a lot of formatting options for most of the chart types 

it offers. Excel also provides formatting options that don ’ t add much value and 

can take away from the message of the chart. 

 As with overall dashboard design, keep your formatting clean and simple. 

Overformatting distracts the user from interpreting the data and leads to less 

effective charts. Figure   1.33   shows a chart with a lot of formatting. Figure   1.34   

shows the same chart with a clean and simple design. While the fi rst chart 

shows how powerful Excel ’ s charting engine is, the second chart showcases 

the data and the message. 

           The worst offender of Excel ’ s formatting options is 3D. Applying 3D format-

ting almost always distorts the visual elements so they no longer represent the 

underlying data. With 3D column charts, the front row of columns has a larger 

area and the back row is partially obscured. 3D charts look cool, but they make 

it diffi cult for the reader to interpret the data accurately and the message may 

be lost.

 Figure 1.33  :      Too much formatting detracts from the chart ’ s message.



34 Part I 4 ■ Display Data on a Dashboard

 Here are some other chart formatting options to avoid or use with caution:

■ Background color: White or very light colors are acceptable backgrounds. 

Black and other dark colors lessen the contrast between the chart elements 

that represent data and the background. The background never represents 

data and should not be emphasized. 

■ Foreground color : Don ’ t include too many colors in your chart elements. 

Use color for a specifi c purpose, like to call attention to an important data 

point. Excel ’ s color pallet, shown in Figure   1.35  , makes it easy to keep your 

colors consistent by offering different levels of light and dark. Excel ’ s 

theme gallery, shown in Figure   1.36  , provides different pallets of colors 

that are complementary. 

■ Gradients: Gradient fi lls change the color of a chart element from very 

dark to very light. This offers no value and should be avoided. 

 Figure 1.34  :      Clean and simple formatting keeps the message front and center.

 Figure 1.35  :      Excel ’ s color pallet 
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■ Pictures: Picture fi ll colors a chart element with a repeating image. It not 

only adds no value but is distracting and decreases the effectiveness of 

the chart. Picture fi ll should also be avoided. 

■ Effects: The Format Data Series task pane has an Effects tab for most chart 

elements. It includes formatting options like Shadow, Glow, and Bevels. 

If used judiciously, some of these options can add depth to a chart that 

can be visually appealing. But there is a tendency to overuse these options 

and distract from the chart ’ s message. Generally, you should avoid this 

tab unless you have a compelling reason to use it.

■ Borders: Borders are lines that surround the plot area of a chart. They are 

almost never necessary. The axes already provide a visual boundary for 

the plot area. If you hide the axes because they aren ’ t necessary, the border 

probably isn ’ t necessary either. If you decide to use a border, make the 

color lighter so the data elements stand out. 

■ Gridlines: Excel includes gridlines by default on most chart types. Often, 

they don ’ t add any value to the chart. If there is an important data point 

that you want to draw attention to and it ’ s not near the axis, consider using 

a data label or color for that data point. If you choose to use gridlines, 

make sure they are light enough that they don ’ t draw attention from the 

data elements. 

 Figure 1.36  :      Excel ’ s theme gallery 
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■ Data labels: If every data point has a data label, then you ’ ve created a

table of data that ’ s hard to read. Use data labels to highlight important 

data points, like the minimum or maximum value. Data labels can also 

be used to explain unexpected values. Figure   1.37   shows a chart that uses 

a data label to explain an unusual dip in the output for a manufacturing 

plant.  

■ Axes: In most cases, the axes provide context and scale to the chart. In 

some cases, such as variance charts, the value of the axes is diminished. 

Don ’ t include an axis just because Excel adds them by default. Think about 

how they contribute to the message and help the reader interpret the data 

when you choose to show or hide them.

  Avoid adding clip art to your charts. Your chart is already a picture. You don ’ t 

need to add another picture to it. It can only detract from the data and message. 

  Number Formats 
 Your charts will almost always contain numbers, either in the axes or in data 

labels. Excel will use the formatting of the source data by default and that may 

not be what you want. Always use commas to make the numbers easier to read. 

 Format the numbers in your chart to the proper level of signifi cance. If you ’ re 

showing revenue numbers in the tens of millions, you don ’ t need to show the 

pennies. Excel provides a robust number formatting system that allows you to 

format almost any way you want. Try to show the lowest number of digits pos-

sible without losing any data. For example, show the number 17,483,262 as 17.4 

and use the title or axis label to tell the user that the numbers are in millions. 

The chart shown in Figure   1.38   uses this technique in the value axis.

 Figure 1.37  :      Data labels can be used to highlight unusual variations. 
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      To format large numbers in an axis, use the Number section of the Format Axis 

task pane, shown in Figure   1.39  . The zeros indicate where a digit is displayed. 

Where there are no digits to the right of a comma, the triplet representing hun-

dreds or thousands is completely hidden.

      Table   1.1   shows some ways that you can format large numbers. 

 Figure 1.38  :      Formatted large numbers in the value axis 

 Figure 1.39  :      The Number section of the Format Axis task pane

  Table 1.1  :  Custom formats for large numbers

TO DISPLAY THIS NUMBER. . . USE THIS CUSTOM FORMAT    

17.5 0,,.0  

17 0,,  

$17.5 $0.0,,

$17 $0,,

Continues
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      You can use dollar signs for money and letters, like K for thousands, M for 

millions, and B for billions, to show the scale of the numbers. Only use these 

options if you have a few numbers on your chart, like if you ’ ve highlighted 

a couple of important data points. For axes, don ’ t use dollar signs or letters. 

Instead, use the axis label or the chart ’ s title to show the scale.

TO DISPLAY THIS NUMBER. . . USE THIS CUSTOM FORMAT    

17.5M 0.0,,"M"

17M 0,,"M"

$17.5M $0,,.0"M"

$17M $0,,"M"

17,483K 0,000,"K"  

$17,483K $0,000,"K"

Table 1-1 (continued)


