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Everyone who uses the Internet on a regular basis knows that every once in
a while, a web page that normally loads quickly takes longer than expected.
Experienced web users will simply hit the refresh button and the page will
normally load as expected. When this happens, long time web users think,
“hmmm, that was odd,” if they even consciously notice at all, and
immediately forget the incident. So, what do you do when this happens
during your performance test? That’s exactly what we are going to discuss
this month.

Last month we discussed placing timers in scripts and what those timers
measure. This month we begin to discuss what to do with the resulting
times received after executing a test. For the next few articles, I will
assume that we know how to create scripts with the delays and timers to
represent your user community model and focus on what to do with the
results of the tests. This month’s edition of the "User Experience, Not
Metrics" article series discusses how to use Rational TestStudio and
Microsoft Excel to determine whether or not a collected measurement is an
outlier, and how to account for identified outliers.

If you have not yet read the other articles in this series, the topics presented
in this article do not directly depend on topics presented previously. The
intent of this article is to discuss how to handle what can be a complex
mathematical and statistical topic in a way that non-math majors will
understand. We will do this by combining statistics with practical
experience based on years of conducting web-based Performance Testing.
The article is intended for all levels of TestStudio users, and may also prove
useful to managers of projects where performance testing will occur.

What is an Outlier?

If we were to ask statisticians what an outlier is they would tell you that any
measurement that falls outside of three standard deviations, or 99% of all
collected measurements, is an outlier. By definition one standard deviation
is the wvariance in measurements that encompasses 68% of all
measurements. That means if your sample of 100 measurements has an
average of 10 seconds and a standard deviation of 3 seconds, that 68% of all
measurements are between 7 seconds and 13 seconds. Following this
example, three standard deviations, would encompass a range of 1 second to
19 seconds. Any measurement of less than 1 second or greater than 19
seconds is an outlier. The problem with this definition is that it assumes
that your collected measurements are distributed normally, which is rarely
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the case for web-based page response times. If you are interested in the mathematical equations for this
type of analysis you can visit http://www.health.uottawa.ca/biomech/courses/hss2381/means.pdf
published by the faculty of health sciences from the University of Ottawa, Canada for a biomedical
data analysis and measurements course.

A more applicable definition of an outlier for our purposes can be found in the glossary of terms at the
following URL http://www.statsoftinc.com/textbook/glosfra.html published by StatSoft Inc.

“Outliers are atypical (by definition), infrequent observations; data points which do not appear to
follow the characteristic distribution of the rest of the data. These may reflect genuine properties of the
underlying phenomenon (variable), or be due to measurement errors or other anomalies which should
not be modeled.”

While that definition sounds rather technical, it can be depicted easily by the following graphs.

Figure 1 — Visual examples of outliers
The datapoints that do not fall along the trend lines, depicted in red, are outliers by this definition.

There is still a problem with this definition for our purposes, and that is statistical significance. In an
effort to keep this discussion from getting overly mathematical, let’s take a common sense approach.
In the first graph of figure 1, we see that three of eleven datapoints qualify as outliers. Any of you that
have ever taken a statistics course, will immediately agree that nearly 30% of all collected datapoints
cannot be dismissed as outliers. So, how do we determine how many datapoints we can reasonable
dismiss as outliers? That is where common sense comes in.

How many Outliers can | have?

So how many outliers can we dismiss as “atypical infrequent observations”? To answer this question,
we must first determine if the sample of measurements are statistically significant. Mathematically
calculating statistical significance or reliability, based on sample size is well beyond the scope of this
article. Luckily, we have a way around this problem. First, it is easy for us to add iterations to our tests
to increase the total number or measurements collected. Whenever possible, ensure that before
attempting to determine if there are outliers, that you have at least 100 measurements of each timer.
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Then, if you see evidence of outliers, re-execute the tests and compare them. If the majority of the
measurements are the same, plus or minus the outliers, then the results are likely to be statistically
significant. In article 8 of this series we will discuss more about what types of tests are most useful
throughout the testing cycle and how to ensure statistical significance.
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Now, assuming we have a statistically significant sample of measurements, we can continue our
discussion on outliers. I submit that there is no set number of outliers that can be dismissed, but a
maximum percentage of the total observations. If we apply the spirit of the two definitions that we
have discussed, we come to the conclusion that up to 1% of the total measurements beyond the third
standard deviation are significantly outside the rest of the measurements and can be considered outliers.

Identifying Outliers

Now that we agree on a working definition of an outlier, let’s discuss how to identify them. To identify
outliers, we are going to use a version of the Response vs. Time charts available in TestManger. To
display the chart we will be using, execute a test, then upon completion, press the Resp vs. Time
button. Once the chart is displayed, on the menu bar, select View and then Settings. Doing that will
display the window shown in figure 2.

Report Output Settings

General | Edit Graph Labels | Select Command |D= I

— Graph Style; — araph Type:
[T Log Scale £ Wirtual tester
[ Irverted Azes " CMD ID
W Display Grid " Histogram
ir
[~ Dizplay Resource Legend Scatter
" Line

] 4 I Cancel Apply Help

Figure 2 — Response vs. Time Options window

The original settings on this window is for the Virtual tester radio button on the graph type section to
be selected. You can see in figure 2 that the Scatter option is selected. Scatter charts make it easy to
identify outliers.
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Figure 3 — Response vs. Time Scatter Chart

For those of you who are unfamiliar with the scatter chart, allow me to describe what you see in figure
3. Vertically on the left hand side is the response time in milliseconds. Across the bottom of the graph
is the time since the start of the test run, also in milliseconds. Each red dot represents a command ID or
timer measurement. Each measurement is placed on the graph according to the intersection of the time
the timer ends, and the length of time it takes to receive a response. This performance test represents
100 measurements each of two timers against the Noblestar.com web site (Home Page and Pagel).
According to the 1% part of our definition of an outlier, we may identify 1 individual measurement of
each timer as an outlier. According to the “significantly outside the rest of the measurements” part of
our definition, there is actually 1 outlier on the chart. With all other transactions taking under 15
seconds, the one that took nearly 250 seconds definitely qualifies as significantly outside the rest of our
measurements.

Recreating Performance Response and Scatter Charts in Excel

Since our goal is to eliminate this outlier from our results, we need to discuss a way to do that.
TestManager does not have the ability to delete individual measurements from our results. What we
can do, is copy the raw data into Excel and recreate our graphs and tables there, without the outliers. If
you are familiar with Excel, the next few sections may be obvious to you. If you are new to Excel, I
encourage you to follow along with results of your own. We will be expanding on the use of Excel in
later articles when we discuss reporting. If you use a spreadsheet program other than Excel, the
concepts in the next few paragraphs will still apply, even if the specific steps do not.

Before we start recreating the charts and graphs that we use in TestManager, we must first get the raw
data that we want into Excel. Once we launch Excel, we will need to go back to TestManager and get
the data we want. First, since we are only interested in the data related to timers, and not all of the
individual command IDs, we will limit the results in the table to just timers. To do this, we will once
again go to View on the menu bar then Settings. This time we will go to the Select Command IDs tab.
By default all timers and command IDs appear in the selected window on the right hand side. We want
to select only timers. Press the << button to move all of the timers and command IDs to the Available
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window on the left hand side from the Selected window. After doing that select each timer that you
want to include, in this case Home Page and Pagel, and press the > button to move them back to the
Selected window. See Figure 4.

Report Oukput Settings
General | Edit Graph Lahels  Select Command 10 |

Select the command 1Dz that are to be shawr;
Aveailable Selected
Moblest~001 -
MHoblest~002

M aoblest~003

oot > |
<
LY |

Haome Page
Fagel

M oblest~007
Moblest~003
Maoblest~010
Moblest~012
MHoblest~013
MHaoblest~014
Moblest~015
Maoblest™017
MHoblest~013
Moblest~021
Maoblest~022
Moblest~024
MHoblest~025 ;I

k. | Cancel Apply Help

Figure 4 — Response vs. Time Select Command IDs window

When we return to the scatter chart, we see that only the timers are included in the table below the
graph. Finally, to copy the data, highlight the first three columns of the table, right click and select

copy.
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Figure 5 — Scatter Chart data selected
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The three columns that we need to recreate this chart are Cmd ID, Ending TS and Response. The Cmd
ID column is simply the timer or Command ID name. Ending TS is the Ending Time Stamp or the
point in time that the response is completely received as measured from the start of the test execution.
The Response column is the total response time of the timer as we discussed in Article 5.

Once copy is selected, simply highlight the top left hand cell in Excel, right-click and select paste.

Creating the Scatter Chart

Since the point of this exercise was to remove the outlier, then recreate our charts and graphs, lets start
by removing the outlier. The easiest way to find the outlier is to sort the data by response time. To do
this highlight the three columns, then select Data from the Menu bar then Sort. We want to select to

sort descending by column C.
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sort 2
Sark by
[Column C <] C scending
f+ Descending:
Then by
I =l * fccending
" Descending
Then by
I =l * accending
" Descending
My lisk has
" Header row £+ Mo header row
Qptions. ., K I Cancel

Figure 6 — Excel Sort Window

When I executed this sort, | immediately found the outlier from figure 3.

A | B | C |
Bl Home Page 549521 244513
2 |Home Page 767373 11045
_ 3 |Home Page | 796004 10735
_4 |Home Page | 112522 8433
_ 4 |Home Page Begyy 5732
_ B |Home Page | G03472 8211
_7 |Home Page | 822653 7HE1
_ 8 |Home Page | 277730 ai=lay]
_9 |Home Page | 879575 izl
10 |Home Page | 198825 arja

Figure 7 — Excel Sorted Data

Now, delete the row containing the outlier, and it’s time to create the new scatter chart. Creating the
scatter chart is really quite easy. Highlight columns B and C, then select Insert on the menu bar, and
select Chart. On the Standard Types tab, under Chart Types, select XY (Scatter). I won’t talk you
through all of the possible options and customizations for this chart. Figure 8 shows the chart created
by pressing finish after selecting XY (Scatter).
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Figure 8 — Scatter Chart in Excel without the Outlier
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Comparing this chart to figure 3, you see that the scale on the left hand side only goes up to 12 seconds
instead of 250 seconds, that the dots are blue instead of red, and there is a box on the right hand side
that says “Series 1. Otherwise these charts are the same. Figure 9 is a preview of how we will clean
this chart up and make it easier to understand during future articles.

Noblestar.com 1-User Scatter Chart
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Figure 9 — Scatter Chart in Excel without the Outlier, Customized

Calculating Average, Standard Deviation and Percentiles

The next thing we need to do is recalculate the average, standard deviation, minimum, maximum and
percentile values after eliminating the outlier. Figure 10 shows the Performance Report Output from
the test run as it appears in TestManager with the outlier. I have modified the settings of this chart to
include just the two timers we have been discussing in the same way the Scatter chart settings were
modified.
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B Performance Report Output - Performance 2 =10 x|

250,

2007
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1007

EI:I 1 . . . . - .
k1M B0tk 70t 20tk 90tk 95th bl s,

CrdIDr | MUK | MEAN | STDODEY | MIN | 50th | 70th | SOth | 90th | 95th | Max

1 Home Page ! 100 6.93 23921 3331 403! 4531 434t BH3IT 824! 2445
2 FPagel 100 234 085 226 253 2891: 348: 403: 465 Rd44
3 TOTAL 700 77 1594: 009: 287: 381: 4220 492 GHER! 244599

Figure 10 — Performance Report Output in TestManager

Since we have not eliminated any of the Pagel measurements, we won’t be doing any calculations with
these measurements. To calculate the new Home Page values, we use the values that we have already
pasted into Excel. We start by highlighting the three columns of data, copying them and pasting them
onto Sheet2. The next step is to separate the Home Page measurements from the Pagel measurements.
To do this we will once again highlight all three columns, go to the Data menu option and select sort.
This time we will sort ascending on Column A. Once this is done, scroll down the page, highlight all
of the rows that start with Pagel and delete them, since we won’t be using them for this set of
calculations. I find it helps me stay organized to now add my column headers and row labels before
starting the calculations. Once you have done this, the first 10 rows of the spreadsheet should look like

this.
Timer |Start Time [Resp Time

Home Page 767373 11045

Homea Page 796004 10735

Home Page 112522 5433

Home Page 95977 B732 CmdiD |NUM|MEAN|STD DEV | MIN |50th | 70th | 80th | 90th |95th | MAX
Home Page 808472 8211 Home Page
Home Page 822653 7951 Fagel
Home Page 277730 BS51

Home Page 879575 B850

Home Page 198825 B759

Home Page 231954 E510

Figure 11 — First Ten Rows of Excel Worksheet
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Now we just have to add the calculations. The same basic process applies for determining all 10
values. Place your cursor in the cell next to Home Page below NUM. Next select Insert on the Menu
bar and select Function. All of the functions that we will need are in the Statistical Function category.
The first function we will need is COUNT.
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Paste Function d A
Function category: Function name:

Most Recently Used a| |AvERAGEA |

All BETADIST _I

Financial BETAIMY

[Dake & Time BIMCOMDIST

Math & Tri CHIDIST

CHITMY

Lookup & Reference CHITEST

Database COMFIDEMCE

Text CiORREL

Logical

Information | [FoimTa hd

COUNT{valuel,value2,..}

Counts the number of cells that contain numbers and numbers within the lisk
of arguments.

| Ik I Cancel

Figure 12 — Excel Paste Function Wizard - Part 1

When the next screen appears, all you have to do is highlight all of the values in Column C and press
Enter or click on the OK button.

QLT

valuel |C1:C99] ) = {11045;10735;9433,
Yalue? I :k_] =

=49
Counks the number of cells that conkain numbers and numbers within the lisk of arguments,

Yaluel: valuel,valuez,. .. are 1 ko 30 arquments that can contain or refer ko a
wariety of different bypes of data, but only numbers are counted,

Farmula result =94 (o]4 I Cancel

Figure 12 — Excel Paste Function Wizard — Part 2

The same procedure is followed exactly for calculating the MEAN, STD DEV, MIN, and MAX. The
function names for finding those values are AVERAGE, STDEV, MIN, and MAX respectively. If you
are following along, you will notice that all of the values in the spreadsheet are in milliseconds. To
convert to seconds as we see in TestManager, we simply need to divide the results by 1000. To do that,
first put your cursor in the cell with the value calculated under the MEAN heading. In the formula bar
the function will appear rather than the value. On this spreadsheet the formula currently is
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“=AVERAGE(C1:C99)”. To convert the value to milliseconds, simply add “/1000” to the formula so it
looks like “=AVERAGE(C1:C99)/1000” then press enter. We will make this same modification for
every function other than COUNT.
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Calculating the percentile values follows much the same procedure, except this time use the
PERCENTILE function. In the Array section, highlight the values once again (in this case C1:C99),
and in the K section enter the decimal number representing the percentile we want to calculate. For
example, the K value for a 50" Percentile is 0.5. See figure 13.

ER.CENTILE
Array |C1:099 ] = {11045;10735;9433,
K|.5| =]-05
= 4076

Returns the k-th percentile of walues in a range.

K is the percentile value that is between O through 1, inclusive.

Formula result =4076 84 I Cancel

Figure 13 — Excel Paste Function Wizard — Part 2, Percentiles

In case you are not familiar with what the percentile calculations represent, I will pause to explain here,
using the 95th percentile as an example. If you have 100 measurements ordered from greatest to least,
and counted down the 5 largest measurements, then the next largest measurement represents the 95"
percentile of those measurements. For our purposes this measurement would be read “95% of all users
would experience a response time of this value or less under the same conditions as the test execution.”

To complete this chart, all we have left to do is copy the results for Pagel and paste them into our new
chart and format the cells to the proper number of decimal places. To format the cells to two decimal
places, highlight the cells and select Format on the menu bar then select Cells. In the window that
appears, under Category, select Number and ensure the number 2 is in the Decimal places section. See
figure 14.

The resulting table is below.
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Murnber | Alignment | Fank: | Border | Pakterns | Protection |
Cateqaory: ample
—
Currency Decimal places: |2 5"
Accaunting
Datke
Tirne [ Use 1000 Separator [,
Percgntage Megative numbers:
Fraction
Scientific
Texk 123410
Special (1234100
Custam 2l izs4an =l

Mumber is used for general display of numbers, Currency and Accounting
offer specialized Formatting For monetary walue.

Ik I Cancel

Figure 14 — Excel Format Cells

Notice the difference in the values for the Home Page timer by eliminating just one value. For
example, the average is now 4.53 seconds where it was 6.93 before. You will also notice that the
Standard Deviation is 1.47 seconds, rather than 23.92. If we were to return to the statistician that gave
us the definition about 3 standard deviations, that statistician would tell us that we now have a
statistically valid sample. Any time the standard deviation of a sample is greater than the average, the
sample is considered to be mathematically skewed, and deserves a closer look to determine validity.

CmdID |NUM|MEAN|STD DEV| MIN |50th | 70th |80th [90th |95th | MAX
Home Page| 99| 4.53 1.47|3.33| 4.08]4571487(5.77]17.99|111.05
Page1 100] 294 0.B85|226|255]|2.91|3.458| 4.08| 4.65| b.44

Figure 15 — Performance Results Output in Excel

Creating Performance Response Chart

Finally we have reached the last step in our journey to recreating the charts and graphs automatically
generated charts by TestManager. To create the graph from the top part of figure 10, we first need to
copy the table without the NUM, MEAN, and STD DEV columns as shown below.

Now highlight this entire section and select Insert then Chart from the Menu bar. This time we select
the Column Chart type option and press Finish. This results in the chart in figure 16.
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Figure 16 — Performance Report Qutput in Excel

Again, aside from different colors and values (based on the removal of the outlier), the only difference
we see is the box on the right hand side with a key to the colors.

Now You Try It

As I am sure you have noticed, nearly this entire article has been written as a set of instructions to
follow. To try these concepts yourself, simply look at any scatter chart from a previous test execution
and see if you have any outliers. When you find one that does, and if your testing experience is
anything like mine, it won’t take long to find one, simply follow the steps in this article to eliminate the
outlier and recreate the table and graphs.

Summing It Up

Hopefully the point of this article wasn’t lost in the extensive instructions on how to create tables and
graphs in Excel. The intent was to show you just how much a single, unrepresentative, measurement
can skew your results, and then show you how to eliminate that outlier, rather than having to re-execute
the test repeatedly until you get lucky enough to execute a test with no outliers what-so-ever.
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