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A Step-by-Step Guide for Completing an
Outlier Analysis

“An outlier is an observation which deviates so much from the other observations as to arouse suspicions that
it was generated by a different mechanism” (Hawkins, 1980). Outliers are also referred to as anomalies,
abnormalities, deviants, and discordant in the data mining and statistics fields. Often what constitutes a
‘sufficient’ anomaly is based on subjective judgment. Some anomalies may be embedded in a large amount of
“noise” and may not be of interest. Most of the time, the significant deviations are the ones of interest.” See
IDEA Data Quality: Outlier Analyses Brief for more information about the importance of outlier analyses and

data quality.

The purpose of this document is to demonstrate three ways of completing outlier analyses. It also
demonstrates three ways of displaying the analyses. State staff who want to calculate their outlier analyses
using their databases and/or programs can use this guide instead of the IDEA Data Quality: Outlier Analysis

Tool that provides assistance with automatic calculation of outlier analyses.
There is no single right way to do an outlier analysis. Staff need to choose an approach and be systematic.

The tutorials included in this guide each present different methods staff can use to identify and visualize
outliers. Staff should pick the method, or methods, that make the most sense to them.?

Identifying an Outlier

Identifying an outlier shat starts with a simple question, “What Is Normal?” The testimonials in this guide can
help state staff define what is normal and use data visualization to make identified outliers more noticeable.

A Range of Normal

Outliers are the numbers outside of a range of data considered normal. The following tutorials present
different ways of identifying what is normal:

e  Tutorial 1: Systematically Determining What Is Normal Using the Interquartile Range
e Tutorial 2: Qualitatively Defining a Normal Range

e Tutorial 3: Simply Sorting

Data Visualization Support for Outlier Analyses

Data visualization can help support outlier analyses by making identified outliers more noticeable. The
following tutorials present visual approaches that pair well with any of the first three approaches to
calculating outlier analysis.

e Tutorial 4: Heat Maps in Excel

e Tutorial 5: Dot Plots in Excel

1Sample Part B data were used to illustrate each tutorial, but these approaches will work with Part C data or any other data source.
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e Tutorial 6: Dot Plots in Tableau
A Range of Normal

As stated above, outliers are the numbers outside of a range of data that state staff identified as normal.
Here are a few ways to define a normal range.

(Note: Within this section, the guide refers to the edges of the normal range as Upper and Lower Fences.)

Tutorial 1: Systematically Determining What Is Normal Using the Interquartile Range

Tutorial 1 is the typical statistical approach to defining what is normal. This approach uses an easy-to-
calculate “interquartile range” to identify a normal range for a provided series of data. This series could be
data from across all local education agencies (LEAs) and local lead agencies (LLAs) in a state for a single
measure. Most likely, state staff will analyze a distribution within a single column in Excel.

Step 1.
To start, staff will need an Excel workbook with at least two columns of data. The following example uses
district-level Indicator B5 data.
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15 000014 991 113 77.32% 11.34% 8.25%
16 000015 317 38 90.91% 0.00% 0.00%
17 000016 2237 473 68.14% 14.77% 4.38%
18 000017 1754 204 73.10% 19.29% 0.00%
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Step 2.

The first calculations are for the first and third quartiles, using the following formulas in Excel:
“=percentile(<Cell Range>,0.25)” AND “=percentile(<Cell Range>,0.75)"; staff should just replace <Cell Range>
with the range of values, they are checking.

For this example, the formula for the Quartile 1 calculation would be “=PERCENTILE(D2:D949,0.25),” and the
Quartile 3 calculation would be “=PERCENTILE(D2:D949,0.75).”
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Step 3.
Next, staff should calculate the interquartile range, which is simply Quartile 3 — Quartile 1.

In this example, the formula would be “=D952-D951.”
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Step 4.
Using the interquartile range (IQR), staff should come up with a “normal range” by setting up fences. The
Lower Fence is the bottom of the range, and the Upper Fence is the top.

Calculate the Lower Fence by subtracting 1.5 times the interquartile range from Quartile 1. [Lower Fence =
Quartile 1 — (1.5 * IQR)]

Calculate the Upper Fence by adding 1.5 times the interquartile range to Quartile 3. [Upper Fence = Quartile
3+ (1.5 * IQR)]

In this example, the formula for the Lower Fence would be “=D951-(1.5*D953),” and the Upper Fence would
be “=D952+(1.5*D953).”

(Note: This is subjective. To create a larger range (fewer outliers), staff should multiply by a larger number
than 1.5 (maybe 2 or 3). To create a smaller range, staff should not use a multiplier at all. If staff do not use a
multiplier, the definition of the percentile indicates that staff will identify about half of their data points.
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Step 5.

Once the Lower and Upper Fences are known, state staff can identify outliers. An outlier would be any

number falling below the Lower Fence or above the Upper Fence.

In this example, that would be any number less than 25.6 percent and any number over 122.6 percent. The

value of 15.38 percent would be considered an outlier because it falls below 25.6 percent.

Note: With data that are widely dispersed, it is likely that the Lower Fence could be a negative number or the

Upper Fence could fall outside of the possible range of values. Staff could interpret a negative Lower Fence as
having no Lower Fence with no low outliers.
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Tutorial 2: Qualitatively Defining a Normal Range

Another way to identify outliers would be to use qualitative information. State staff can identify the numbers
that seem out of place given what they know about their state’s data, or they can ask colleagues about their

own expectations based on experience. Staff should determine a range that seems to make sense, then look

at the data.

Turning to the last example, let’s say that after speaking with colleagues, staff determined that districts
should be looked at further if they had any less than 50 percent for Indicator B5A. Staff should just go ahead
and identify those cases.
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Tutorial 3: Simply Sorting
Sometimes the easiest way to do an analysis would be to simply sort the data. The goal of an outlier analysis

is not to support statistical analyses but, rather, to identify potential data issues. There is no harm in singling
out data that staff would usually consider part of a normal range.

Step 1.
Staff should highlight their range of data.
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Step 2.

Staff should sort by the measure.
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Step 3.
Staff should look deeper into the values at the top and bottom of the sort.

Home  Insert  Pagelayout  Formulas Tableau  eDocPrinter  JMP  Acrobat
by TEL TED 3 |Gl connections 5] K Clear = H g . @ Show Detail
,% Ei :E T z =5 N )
E [ Properties T Reapply — > Hide Detail
From From From FromOther | Existing | Refresh %] sot | Fiter o Textto Remove  Data  Consolidate Whatlf = Group Ungroup Subtotal
Access Web Text Sources=  Connections | All~ =2 Edif Links i Advanced | Columns Duplicates Validation ~ Analysis = - -
Get External Data Connections Sort & Filter Data Tools Outline =
AL - fe | District v
4] ~
District
iy I

Qutlier is Step 1 Qutlier is 2 Outlier i 3 Qutlier i o Qutlier

www.ideadata.org



Data Visualization Support for Outlier Analyses

Data visualization can help support outlier analyses by making identified outliers more noticeable. Here are a
few ways state staff can use data visualization to support their outlier analysis.

Tutorial 4: Heat Maps in Excel

By using conditional formatting in conjunction with the approaches shown previously, staff can make outliers
stand out. This can be particularly important when there are multiple columns of data or many rows.

Step 1.
Staff should highlight the range of data and click on the Conditional Formatting button in the Home tab.
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Step 2.

If staff determined the normal range w by using the interquartile range, they should select Highlight Cells
Rules, then select Less Than. In the box that asks for a number, they should enter the cell location of the
Lower Fence value. They can also adjust the format (color/font/additional symbols).

Staff should do the same for the Upper Fence but use Greater Than.

X d9- ™
File Home

Outlier-Analysis-updated.xisx - Microsoft Excel

—y
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=

Step 3.

If staff determined the normal range using a qualitative approach, they should follow the same instructions
as in Step 2. They should either enter the number directly into the LESS THAN box or place the Lower Fence
value into a cell in the worksheet and refer to that.

X]| 9~ ™

d

Home Insert

Page Layout
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& Format Painter = = e e &2 Clear™  Filter - Select
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Alternative Quick Heat Maps

A quicker approach to heat maps in Excel is using the Color Scales feature found under the Conditional
Formatting drop-down menu. This will automatically color a set of selected cells based on the range of
values. Staff also can use data bars and icon sets to quickly identify possible outliers.

HEH9-o-|= Outlier-Analysis updatedads: - Microsoft Bxcel T | B e
W Inset  Pagelayout  Formulas  Data  Review  View  eDocPrinter  JMP  Acrobat s @oF R
;sz:;yv Arial S0 v A A E[%]E | - | S Wrap Text Percentage - E E g- Q‘ @ éi:ltfsum i ﬁr m
Paste o rormatpainter | B L U | | e A = = Merge & Center = § - s | %0 0 FC-:'.‘.\‘::::;BI- fiEormst§ Sts\iV‘ Inset Delete Fomat |, o Sortd findg
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1 A B c T B) T T F O

| 1 District Enrollment SWO Enrollment 5A - SWD Served in the Regular Class 80% or More of the Day 5B - SWD Serve op/Bottom Rules o5 409 of the Day  5C - SWD Senved in Separa
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12 000011 305 99 - — value in the cell. 00%
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16 /0001s 37 £ [ 0.00% 0.00%
| 17 'oo0o16 2237 473 68.14% 14.77% 4.38%
| 18 000017 1754 204 73.10% 19.29% 0.00%
| 19 'Do0018 1460 200 63.33% 10.67% 5.33%
| 20 000019 3134 545 52.97% 10.27% 5.86%
| 21 'Do0o20 1085 146 5349% 10.08% 1.55%
| 22 foooo21 592 108 50.67% 17.33% 0.00%
| 23 ‘oooozz 3862 399 64.38% 9.59% 1.92%

|24 000023 64 107 2.22% 444% o

W 4 v W[ 7 Outlier Analysis Step 2~ Outlier Analysis Step 3 Outlier Analysis Step 4 | Outlier AnalysisStep5 < %2 4[| (A0

Ready | Scroll Lack Igé | Average:7292% Count:335 Sum:6446142% |[EE|E) M 100% (= U (+)
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Tutorial 5: Dot Plots in Excel

Another approach to identifying outliers involves visualizing the data. An easy approach is using an in-cell
formula that will create a simple dot plot next to the data. Once the formula creates the plot, staff simply
look for data points that do not seem to fit with the others.

By using an Excel formula to create an in-cell chart, dot plots will always remain in line with the data. Excel’s
standard chart functions also can assist in identifying outliers but the standard chart functions will ultimately
be disconnected from the original data.

Step 1.

This example uses Excel’s REPT function to create this visual. Staff should start by selecting a cell next to the
first data point. Basically, staff is instructing Excel to put in a series of repeating blanks based on the data and
then adding some kind of character at the end.

In this example, the formula looks like this:
=REPT (“”,B2*50)&"“I”

In order to get the dot at the end, staff should use the Wingdings font. The *50 multiplier creates the spacing.
If staff desire less spacing, they should use a smaller multiplier.

Eid9-c-- Qutlier-Analysis-updatedadsx - Microsoft Excel o =
File Home | Inset  Pagelayout  Formulas  Data  Review  View  Tableau  eDocPrinter  JMP  Acrobat o @ o @ e
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S S = o .y <0
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Clipboard o Font o Alignment o Number [} Styles Cells Editing
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veaoy | 2 | [EEERT e ——
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Step 2.
Staff then just need to copy the formula down once they are happy with the look of the first cell. That is all
that it takes!

Tadw-o-|= Outlier-Analysis-updated.xlsx - Microsoft Excel
File Home | Insert  Pagelsyout  Formulas  Data  Review  View  Tableau  eDocPrinter  JMP  Acrobat

2 =)

= e L CE e o E I

) o comy - Wingdings 10 A A %] B S wrap Text General = Normal Bad S| & é‘ || - %
Paste S| Ee - A- o -y <8 ;% | Conditional Format Insert Delete Format Sort & Find &

" Fromsrana B £ L 00 A Bveoeaco | § - %+ | 9021 oo Tom (G008 ] Ml || e ot |, FUS E0E2

Clipboard & Font & Alignment & Number [ Styles Cells Editing
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5 000004 4 0 .
6 000005 166 32 100.00% Ll
7 000006 "7 55 B5.45% .
8 ‘000007 795 113 62.356% L]
9 'ooooos 3184 700 87.50% Ll
10 "000009 1073 135 66.36% . |
11 000010 17254 4011 4374% .
12 000011 305 99 95.92% .
13 "000012 101 21 93.33% .
14 000013 1290 296 58.76% .
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Ready | =] |

Step 3.

It is easy to change the font or change the character and get a different look. Here is an alternative using the
same exact formula with the Arial Black font in 10 point instead of Wingdings. The font change also changes
the spacing, so staff should set up cells within the same column using the same font.

o= Outlier-Analysis-updated.xisx - Microsoft Excel
File Home Insert Page Layout Formulas Data Review View Tableau eDocPrinter P Acrobat e =}
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Ready | = |
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Tutorial 6: Dot Plots in Tableau

Using an interactive visualization program like Tableau can be useful if there is a large amount of data. Such a
program allows the user to quickly and easily visualize hundreds of rows and multiple measures. If visualizing

public data, state staff can use Tableau Public for free. For private data, staff would need at least a personal
version of the Tableau desktop license.

Step 1.

Staff should open the Excel data in Tableau. The measures staff use should be under the Measures space in

Tableau, and descriptive variables, such as district, should be under Dimensions. If this is not the case, staff
should right-click on the variable and convert.

Tableau - Book2

File Data Worksheet Dashboard Story Analysis Map Format  Server Window Help = || == [S] s
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Measures
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i
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Number of Records
Measure Values

sheet1 ||t |15
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Step 2.
Staff should place the measure variable in the Columns box and the district variable in the Rows box. The
default should be a bar graph. If satisfied with the bar chart, staff stop here.

Tableau - Book2 I 4
File Data Worksheet Dashboard Story Analysis Map Format Server Window Help
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Marks
e |
il Automatic - 000004
Rl ey
&0 = ooos
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Step 3.
Click on the Show Me tab and select the bar chart.

Tableau-Book2 '-..u I ' =i ]
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Step 4.

To change to a dot plot, staff should just change the Marks from Automatic to Circle.

Tableau - Book2 I L
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Step 5.
To create a line to identify the Lower and Upper Fences, staff should just right-click on the x axis and select
Add Reference Line, Band, or Box. Then in the Value box, select Create New Parameter.

Tableau - Book2 [=/E@] = ]
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Step 6.

Staff should change the name of the parameter to “Fence” and set the current value as the Lower Fence

Value and click OK. Then, staff should click Apply and OK.

Tableau - Book2
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Step 7.

To include both the Upper and Lower Fences, staff should just follow the same steps a second time.

Staff may also opt to use the Parameters box that the program created on the screen to shift the Fence based
on what they are trying to see.

-
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Conclusion

This guide includes a handful of approaches state agency staff can use to identify and visualize outliers. There
are many others. Staff should find a set of approaches that works well for their state and their data and then
apply the approaches systematically.

State staff should visit ideadata.org to get in touch with their IDC State Liaison if they have any questions
about these approaches.
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