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Abstract

This course is the part of a series on engineering methods in Microsoft Excel; tailored to
practicing engineers. It features Microsoft Excel tools that can be used for a wide range of
engineering analyses and data management. This course covers introductory topics on
engineering data analyses. Each topic includes a review of the fundamental principles, followed
by a real-life example encountered by a practicing engineer. The real-life examples are then
formulated and implemented in Microsoft Excel and worked using the various Excel tools,
spreadsheet techniques, and built-in functions. Examples from various engineering fields are
used to demonstrate the concepts and methods learned throughout this course. Upon completion
of this course, practitioners will be able to apply the methods learned to a variety of engineering
problems, and identify situations in their fields of specialty where the innovative application of
these tools and methods will be advantageous to their output and to their work product.
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1. INTRODUCTION

1.1 Overview

In their fields of specialty, Engineers are constantly challenged with solving a wide range of
complex analytical and computational problems. These problems involve analysis methodologies
and the management of data. The application of computers enables repetitive, time-consuming
and often tedious calculations to be conducted rapidly, efficiently, and less prone to errors. The
application of computer tools also enables the results and outputs of such engineering analyses to
be readily transferred and incorporated into reports and other engineering documents. An even
greater advantage—in terms of productivity and efficiency—is realized when these calculations
and outputs are replicated across numerous projects. Competence in computer skills predisposes
engineers to pursue and develop more creative and innovative solutions to problems than
otherwise.

Microsoft Excel is an electronic spreadsheet program developed by the Microsoft company, and
part of the Microsoft Office suite of products. A spreadsheet is a grid that organizes data and
calculations into columns and rows. The intersection of a column and a row is called a cell. An
electronic spreadsheet enables users to store, organize, manipulate, and analyze data in the cells
of the spreadsheet. As of this publication, the software is into the 2016 release.

Microsoft Excel is widely and increasingly being used as a tool to assist engineers in conducting
and replicating intricate calculations and analysis, designing complex systems, and managing
large data sets. This course presents a selection of engineering analysis topics and how to
formulate, implement and solve them within Microsoft Excel.

This course presents fundamental principles and engineering applications of engineering data
analysis—and demonstrates the Excel tools, methods, and strategies that can be used to
formulate and solve them.

Upon completion of this course, participants will have gained insight into applying Excel tools,
methods, and strategies in analyzing, formulating and implementing a variety of engineering
related problems, as well as managing large sets of complex data. Participants will also be able to
identify professional situations where the application of innovative Excel techniques will be of
great benefit and advantage, as it will enable practitioners to significantly improve their
productivity, efficiency, and the quality of their work product.
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2. DATA ANALYSIS
2.1 Introduction

In this chapter, we shall cover some of the tools for statistical analysis that are part of the Excel
Data Analysis Tools Add-in. Statistical analysis involves organizing, summarizing, analyzing,
interpreting, manipulating etc., data. In this presentation, data from various fields of engineering
shall be used for illustrative purposes.

2.2 Data

Data (singular datum) are observations or results that have been gathered. For example,
measurements, experimental results, survey responses, test scores, etc. In a study, if data is
collected on every single eligible member of the subject population, such a study is called a
census. A sample is a subset of a population. The field of statistics involves using data from a
sample—collected in an appropriate manner—to make valid inferences and conclusions about a
population.

A numerical measure that describes a population is a called a parameter. A numerical measure
that describes a sample is called a statistic. For example, the average speed of all vehicles that
use a roadway over a given period would be a parameter; whereas the average speed of a
randomly selected sample of vehicles on this roadway would be a statistic.

Quantitative data consists of numerical values representing counts, measurements etc. For
example, traffic volumes, or number of units produced by an industrial process. Qualitative
data, also called categorical data or attribute data are nonnumeric in nature. For example,
gender, hair color, hobby.

Quantitative data may be discreet or continuous. Discrete data consists of countable numeric
values or integer values. For example, the number of packages processed by a mail service (e.g.
10, 15, 250, 681, etc.). Continuous data consists of integer and decimal values. For example,
the volume in liters of a chemical product manufactured per day by a chemical plant (e.g. 4.8,
4.0, 9.85, 15.655, etc.). With continuous data, for any specified range of values, there are
infinitely many possible values that may be obtained.
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Quialitative data may be described as ordinal or nominal. Ordinal data is such that the
nonnumeric values express order, ranking, or scale. For example, letter grades (A, B, C, D, E, F)
earned by students on a test; or the seniority of positions in a police department (corporal,
lieutenant, captain, major, chief etc.). Nominal data on the other hand do not express a scheme of
ordering. For example, eye color (brown, blue, green etc.) does not express a scale or order or
ranking.

2.3 Organizing and Summarizing Data

The number of times a value occurs in a data set is called the frequency of the value. For
grouped data (data arranged in groups, or intervals also known as classes), the frequency of an
interval is the number of data values that fall within the interval. A frequency distribution, also
called a frequency table, summarizes a data set by listing data values—individually or as
intervals—along with their corresponding frequencies.

Consider the following speeds (in miles per hour) of vehicles on a highway: 53, 56, 72, 59, 63,
59, 56, 67, 59, 63. The values may be tallied and the frequencies appended as follows:

Speed (mph) Tally Frequency (f)
53 / 1
56 1 2
59 1 3
63 1 2
67 1
72 / 1
>f=10

Note that the total frequency must always equal the number of observations (the sample size).
For a larger dataset, however, tallying individual values is tedious and cumbersome—therefore

the use of intervals (also called classes) is preferred. An example of a frequency table using
intervals is as follows:

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE Page 6 of 155



http://www.suncam.com/

Suam )

Engineering Methods in Excel
A SunCam online continuing education course

Speed (mph) | Frequency (f)
[20, 30) 2
[30, 40) 8
[40, 50) 30
[50, 60) 40
[60, 70) 15
[70, 80) 5
xf =100

The interval convention used in the above table, [a, b) means that the lower limit a is included in
the interval, and the upper limit b is not included in the interval, and will be included in the
subsequent interval.

Frequency Distributions

The procedure for constructing the frequency distribution (or frequency table) using intervals is

as follows:

1. Compute the range of the data—which is the difference of the high value and the low
value.

2. Select the number of intervals to be used—typically between 5 and 20 depending on the
nature of the data.

3. Compute the interval width—which is the range divided by the number of intervals, and
rounded to a convenient number to work with; typically, a multiple of 5, 10, 20, 50, 100
etc., depending on the nature of the data.

4. Select the lower limit of the first interval such that it encloses the low value of the data.
The upper limit of the interval is the lower limit plus the interval width. The upper limit is
not included in the interval per our convention, but becomes the lower limit (and
included) of the next interval. This step is repeated until the last interval encloses the high
value of the data.

5. Tally the frequency for each interval.

6. Record the frequency for each interval
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Cumulative Frequency
Another way of expressing frequency is the cumulative frequency. The cumulative frequency

of an interval (or value) is the summation of the frequencies from the beginning of the
distribution up to that interval (or value). The cumulative frequency table (or cumulative
frequency distribution) of our sample speed interval data will therefore be as follows:

Cumulative
Speed (mph) | Frequency (f) Eredueneylon

[20, 30) 2 2

[30, 40) 8 10
[40, 50) 30 40
[50, 60) 40 80
[60, 70) 15 95
[70, 80) 5 100

>f =100

Note that the cumulative frequency of the last interval will always be equal to the total
frequency.

Relative Frequency

The relative frequency of an interval (or value), is the frequency of the interval (or value),
divided by the total frequency. Just like cumulative frequency, the cumulative relative
frequency of an interval (or value) is the summation of the relative frequencies from the
beginning of the distribution up to that interval (or value).

Class Mark

The class mark, or class midpoint, is the midpoint of an interval. It is the average of the lower
limit and the upper limit of an interval (even though by our convention the upper limit value does
not belong to the interval).

We may now update our distribution to show: the relative frequency, the cumulative relative
frequency, and the class mark for each interval.
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Cumulative . Cumulative

Class Frequency Relative .
Speed (mph) Mark 0 Frequency Frequency Relative

(cf) Frequency
[20, 30) 25 2 2 0.02 0.02
[30, 40) 35 8 10 0.08 0.10
[40, 50) 45 30 40 0.30 0.40
[50, 60) 55 40 80 0.40 0.80
[60, 70) 65 15 95 0.15 0.95
[70, 80) 75 5 100 0.05 1.00

>f =100

Note that the relative frequencies will always add up to unity; and the cumulative relative
frequency of the last interval will be equal to unity.

2.4 Frequency Diagrams

A frequency diagram is a graphical representation of a frequency distribution. There are many
types of frequency diagrams in use. In this section, we shall review a selection of frequency
diagrams commonly used by engineers.
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Frequency Polygon
A frequency polygon is a plot of frequency versus the data values. For grouped data, it is the
frequency versus the class midpoint (class mark).
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This is constructed by plotting a bar graph of frequency versus each interval.
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Ogive
The ogive (“oh-jive”), or cumulative frequency curve, is a plot of cumulative relative
frequency (in %) versus the class upper limits (or alternately, the class midpoints).
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Note that an ogive based on class upper limits compared to an ogive based on class midpoints
will have the exact same shape and values on the vertical axis; however, the latter will be shifted
horizontally to the left—relative to the former.
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Dotplot

In a dotplot (also called a dot diagram), the data values (or intervals) are plotted on a number

line, and the frequency of each value (or interval) is represented by the corresponding number of
stacked markers—typically dots, in the vertical plane.

Freq 2 8 30 40 15 5

Speed (mph) | 20-29.9930-39.9940-49.99 50-59.9960 - 69.99 70 - 79.94
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Stem and Leaf Diagram

In a stem-and-leaf plot, the data values are broken up such that all digits—except the last digit of
the value—form a “stem”; and the last digit represents the data value in the “leaf”. Once a leaf is
complete, the digits in the leaf are then rearranged in ascending numerical order. For grouped
data, an alternative strategy is to have the stem formed by the intervals (classes); and each
individual value is represented on the diagram by its last digit.

Stem

Leaf

N o bk~ wN

Thus,

58
01557889
000122344445555566778888899999

0001122223334444555555555556666677888999
000112222333469
02259

in the example below, the arrows point to values 39, 66, and 75.

\ Leaf

Stem
2 58
3 0155788
4 000122344445555566778888899999
5 0001122223334444555555555556666677888999
6 00011222233346)9
7 02 9

We see that the stem-and-leaf diagram graphically depicts the entire data arranged in numerical

order.
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2.5 Excel Data Analysis Tools

The Data Analysis Tools Add-in consists of a suite of tools for probability and statistics
computations and analyses. As an Add-in, Data Analysis Tools is not readily available with a
regular Excel install and must be specifically activated from the Add-in window. Once activated,
however, Data Analysis Tools remains available for use; unless or until the user deactivates the
add-in or resets their computer to a setting that predates the Data Analysis Tools activation.

Let us perform the following steps to activate Data Analysis Tools.

Click on FILE
= Book? - Excel ?E - O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
e L= - A . .
D .X\ Calibri s A s =E=E ,p/‘ g—f General . %CondltlonalFormatﬂng l%‘“‘Imsel‘l: Z %Y H
) Eg - GFormatasTab\e' & Delete - E' Sort & Find &
aste I v - . = == &= 5= . . €0 .0 s ort in
- o4 B I U - oA sE=s==% e $ 7% 0 >0 7 Cell Styles ElFormat~ &~ Fijter - Select -
Clipboard Font [F] Alignment [F] Number ] Styles Cells Editing -
Al - I ~
A B C o} E F G H J K L M N o] -
i ]
2
3
4
5
6
7
8
g
10
12
13
14
13
-
] .. | Limits Report 1 Sheet2 | Sheetd | Sheets | Sheet6 *® 1 »
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Click on Options

Book? - Excel 7 - 080 %
Sign in
Booki
F
Protect Workbook Properties -
} Control what types of changes people can make to this workbook. Size 12.1KB
Protect X . .
Waorkbook ~ Title Add a title
Tags Add atag
Categories Add a category

@ Inspect Workbook Related Dates
N/

Before publishing this file, be aware that it contains:

Check for Document properties, printer path, author's name and absolute path Last Modified Today, 10:43 PM
[=r=r Content that people with disabilities are unable to read Created 1/2/2017 812 PM
Last Printed
Versions R
elated People
Account a p
ﬁ Today, 10:43 PM (autosave) Authar
: Manage K. Ofosu
Options Versions ~
Add an author
Last Madified By
) ) K. Ofosu
Browser View Options
-Q Pick what users can see when this workbook is viewed on the Web.
Browser View Related Documents
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Customize Ribbon

Quick Access Toolbar

Add-Ins
Trust CenterT

Excel Options
General ) . ]
e F.[}. General options for working with Excel.
Formulas “
Proofing User Interface options
Save Show Mini Toolbar on selection
Language Show Quick Analysis eptions on selection
. Enable Live Preview '
Advanced

ScreenTip style: | Show feature descriptions in ScreenTips EI

When creating new workbooks

Use this as the default font: | Body Font IZ|
Font size: 11 IZI

Default view for new sheets: | Mormal View El

Include this many sheets: 1 =

Personalize your copy of Microsoft Office

User name: Ofosu, Kwabena KB

[7] Always use these values regardless of sign in to Office.

Office Background: | Tree Rings Iz‘
Office Theme: White [ =]
Start up options

Choose the extensions you want Excel to open by default: | Default Programs...

Tell me if Microsoft Excel isn't the default progam for viewing and editing spreadsheets,

Show the Start screen when this application starts

0K

| | Cancel
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Under Manage, select Excel-Add-Ins, and hit Go

Excel Options @
General . . ) .
I:_?} View and manage Microsoft Office Add-ins.
Formulas
Proofing Add-ins
Save Mame Location Type Iind
Language Active Application Add-ins
) Bluebeam OfficefddIn mscoreedll COM Add-in
Advanced Laserfiche Excel(2010) Add-in mscoree.dll COM Add-in
Customize Ribbon Laserfiche Excel(2013) Add-in mscoreedll COM Add-in
Solver Add-in Ca\fficel S\Libran\ SOLVER\SOLVER.XLAM  Excel Add-in
Quick Access Toolbar
Inactive Application Add-ins
(E3ANE Analysis ToolPak i ficel S\Librany\ Analysis ANALYSIZXLL  Excel Add-in £
Trust Center Analysis ToolPak - VBA Ch.elSiLibran\Analysis\ATPVBAEN XLAM  Excel Add-in
Dlate (XML) Ciicrosoft Shared\Smart Tag\MOFL.DLL  Action
Euro Currency Tools Chice\Officel 5S\LibranAEUROTOOLXLAM  Excel Add-in
Inquire G ft Office\Officel MDCF\NativeShim.dil - COM Add-in
Microsoft Actions Pane 3 XML Expansion Pack
Microsoft Office PowerPivot for Excel 2013 Chodd-in\PowerPivotExcelClientAddIn.dll - COM Add-in
Power View ChLAdd-im\AdHocReportingExcelClient.dll COM Add-in 5

Document Related Add-ins

Add-in:

Publisher: <Mone>
Compatibility:

Location: mscoree.d||
Description:

BluebeamOfficefddIn

Mo compatibility information available

Bluebeam PDF Office Add-In

[WELEL I Excel Add-ins El

0K J ’ Cancel
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Under Add-Ins available:, check the Analysis ToolPack add-In to activate it.

Add-Ins available:

Fd| Analysis ToolPak

|| &nalysis ToolPak - VBA
|:| Euro Currency Tools
[+] Solver Add-in

Automation...

Analysis ToolPak

Provides data analysis tools for statistical and
engineering analysis

Hit OK.

The Add-Ins window is dismissed.
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Return to your main Excel window and go to the DATA tab.
Notice that the Analysis palette now has the Data Analysis Tools icon.

AN

H = Book? - Excel ? B - O X%
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
E |rn [£] Connections 8] Y Clear E’E [E Flash Fill B= Consolidate &8 Group ~ ?WSOIver
= Properties Reapply E‘ERemoveDuplicates E’:)What-IfAnalysis' EZEUngroup - l”gDataAnaIysis
Get External Refresh o il Sort Filter o _, L &l
Data - All~ Edit Links Vo Advanced  ¢olumns S5 Data Validation ~ Relationships Ef subtotal
Connections Sort & Filter Data Tools Outline [F] Analysis -
Al - fe ~
A B C o} E F G H J K L M N o] -
]
2
3
4
5
6
7
8
g
10
1"
12
13
14
13
-
] Limits Report 1 Sheetz | Sheetd | Sheets | Sheeté () 1 »
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Click on Data Analysis Tools.
In the Data Analysis window review the various statistical tools available. Use the scrollbar to
review tools towards the bottom of the list.

Data Analysis 9 )
Analysis Tools
K
Descriptive Statistics -
Exponential Smoothing Cancel

F-Test Two-5ample for Variances

Fourier Analysis

Histogram A
Moving Average 35
it A B
Rank and Percentile

Regression
sampling

Help

Click on Cancel to close the Data Analysis window.

2.6 Data Analysis in Excel

In this section, we shall work through a real-life example with the Excel Data Analysis Tools—
using the speed data provided with your course packet.

Open your speed data file and review the data which consists of 100 vehicles speeds measured
on a rural highway by a municipal traffic engineer.
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H B Bookl - Excel ? EH - 0O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ELUEEEAM LASERFICHE Ofosu, Kwabena KB -
== = E—f General - E|Cor1chtior1alFormat‘l:ingv E““Inser‘t - Z - é'v I Create PDF
== - - % GFormatasTable' E" Delete ~ ' #% - 18 Change Settings
e = B 8 40 7 cell styles - [ Format~ & - & Batch PDF
Clipboard & Font [F] Alignment G MNumber R Styles Cells Editing Bluebeam -
D3 M I v
A B C D E F G H 1 ] K L M M o -
1 |Speed (mph)
2 52
3| 51 |
4 53
5 54
6 50
7 55
1 57
9 53
10 55
11 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54
20 55
21 55
22 42
23 63
24 35
25 44 hd
1 . | Limits Report 1 Sheet2 | Sheetd | Sheet5 | Sheet6 O] [ 3

H M o-——+ 100%
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Let us go through the process to set up the frequency distribution (or frequency table):

1. Compute the range of the data—which is the difference of the high value and the low value.
Select cells to compute the maximum value and the minimum value in the data.

H - = Bookl - Excel T H - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ELUEBEAM LASERFICHE Ofosu, Kwabena KB =
By X, Calibri B R == = E—f General - Eﬂond\tionalFormattingv E"Inser‘t - Z - ’é‘Y' 3 Create PDF
D By~ — === - % - % s [FFormatasTable~ ExDelete - [¥]- #%- |8 ChangeSettings

Pavste " B I U- #+. &-pA-~ == o €0 oo [ Cell Styles~ = Format~ | & - @& Batch PDF

Clipboard = Font [F] Alignment m Mumber Styles Cells Editing Eluebeam -

E3 N Jr v
A B C D E F G H 1 ] K L M M o] -

1 |Speed (mph)

2 52

3| 51 Max | 1

4 53 Min

5 54 Range

6 50

7 55

8 57

] 53

10 55

11 56

12 58

13 55

14 59

15 58

16 55

17 55

18 52

19 54

20 55

21 55

22 42

23 63

24 35

25 a4 hd

1 . | Limits Report 1 Sheet2 | Sheetd = Sheet5 | Sheet6 ® [l 3
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BEH S
HOME

b
Paste 8- B
Clipboard =&
NOW -
A
1 |Speed (mph)
2 32
3 | 51
4 53
3 34
3 50
7 55
:1 57
9 53
10 55
11 56
12 38
13 55
14 59
15 38
16 55
17 35
18 32
19 54
20 55
21 35
22 42
23 63
24 35
25 44
]

INSERT

I u

Font

X v

Limits Report 1

PAGE LAYOUT

1 A

=

FORMULAS

P

Alignment

‘)(1 =Max(

Max
Min
Range

Sheet2

DATA

General

o

o o0
e X1}

Mumber

ol
MAX (numberl, [number2], ...)

Sheetd

Sheet5

Sheetb

REVIEW

Bookl - Excel

VIEW DEVELOPER
= Conditional Formatting
Format as Table
Cell Styles

Styles

BLUEBEAM
Insert
Delete
Format

Cells
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Select the data, or type the range of cells of the data in the formula bar.

H ©- s Bookl - Excel ? 0 =BT X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabena KB -
X X Genera = Conditional Formatting Insert 2 - I Create PDF
. By ~ % Format as Table Delete i - [ Change Settings
aste B I U 5 ] Cell Styles Format ¢ - &P Batch PDF
Clipboard =& Font Alignment Mumber Styles Cells Editing Bluebeam ~
A2 - X oo fv | =Max(aza101 v
A B C D E F G H I J K L A M (o] -

1 |Speed (mph)

2 52

3 51 Max  [-Max{az:a10]

4 53 Min MAXEnu;rlberl, [number2], ...

5 54 Range

5] 50

7 55

:1 57

9 53

10 55!

11 56,

1z 58y

13 551

14 59

15 ti]

16 55

17 551

18 521

19 54
20 55,
21 55
22 42y
23 63
24 35,
23 44, -

1 ... | Limits Report 1 Sheet2 Sheetd Sheet5 Sheetb [] »

Hit Enter on your keyboard.
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The maximum value in the data is displayed.

BEH S
HOME

INSERT
“D 3{) Calibri
By ~
Pavste - B I U
Clipboard =& Font
E4 -
A B C
1 |Speed (mph)
2 32
3 51
4| 53
3 34
3 50
7 55
:1 57
9 53
10 55
11 56
12 38
13 55
14 59
15 38
16 55
17 35
18 32
19 54
20 55
21 35
22 42
23 63
24 35
25 44
1 Limits Report 1

Bookl - Excel ? EH - 0O
PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabena KB -
= =3 General - %Cond\tionalFormaﬂzing' E““Inser‘t - 2 ?r' B Create PDF
= = % - 9% s [FFormatasTable~ & Delete ~ [¥]~ - |H Change Settings
- 50 38 [7 Cell Styles~ & Format~ & - &F Batch PDF
] Alignment o Mumber Styles Cells Editing Eluebeam
Je
D E F G H I J K L A M (o]
Max 79
Min | .I
Range
Sheet? | Sheetd | Sheet5 | Sheet @) [

i
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At the cell location for the minimum value, type “=Min(*

Select the data, or type the range of cells of the data in the formula bar.

Hit Enter on your keyboard.
The minimum value in the data is displayed.

H ©- = Bookd - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER

&D 3{) Calibri oA f f f General - Eﬂond\tionalFormattingv
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Poste o BT U~ H- D-A- o5 p o [ Cell Styles -
Clipboard = Font [F] Alignment m Mumber Styles
£S5 - Je
A B C D E F G H I J

2 52
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5 54 Range | _l
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13 55
14 59
15 58
16 55
17 55
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19 54
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21 55
22 42
23 63
24 35
25 44
26 46
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The Range of the data is the maximum value minus the minimum value.

By point-and click,

H - = Bookl - Excel ? H - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabena KB ~
3{; . Genera = Conditional Formatting Insert Z - u Create PDF
; Eg - % Format as Table Delete #% - 18 Change Settings
o B Iy % 4 Cell Styles Format - @F Batch PDF
Clipboard & Font Alignment MNumber Styles Cells Editing Eluebeam -~
E4 - X v fr Em v
A B C D E F G H I J K L L% M 0] -

2 52

3 51 Max 79

4 53 Min 1 25!

5 54 Range =E3-E4

] 50

7 55

8 57

9 53
10 55
11 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54
20 55
21 55
22 42
23 63
24 35
25 44
26 46 hd

] .. | Limits Report 1 Sheet2 Sheet4 Sheets | Sheet6 (&) [] 3
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Hit Enter on your keyboard.
The range of the data is computed.

H ©- = Bookl - Excel ? H - O X
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2. Select the number of intervals to be used—typically between 5 and 20, depending on the

nature of data.

Let us pick 6 intervals to use for our data.

H - = Bookl - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ELUEEEAM
'“‘D % Calibri B R f f f General - Eﬂond\tionalFormattingv %“Inser‘t -
E@ A === - $ - % GFUrmatasTablE' " Delete -
Pavste ~ BIu- - O-A- e = - 0 48 57 cell styles - [ Format ~
Clipboard = Font [ Alignment m Mumber Styles Cells
7 - Je
A B C D E F G H 1 J K
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4 53 Min 25
5 54 Range 54
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8 57
9 53
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11 56
12 58
13 55
14 59
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22 42
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3. Compute the interval width—which is the range divided by the number of intervals—and
round to a convenient number to work with; typically, a multiple of 5, 10, 20, 50, 100 etc.,
depending on the nature of the data.

Enter the division formula by point-and-click.

H ©- = Bookl - Excel ?T EH - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabena KB +
3{) . Genera 7| Conditional Formatting Insert Z - n Create PDF
0 By - % Format as Table Delete #% - & Change Settings
h B Iy o Cell Styles Format ¢ - &F Batch PDF
Clipboard = Font Alignment Mumber Styles Cells Editing Elugeam ~
6 - X o fr | =E5/es v
A B C D E F G H I J I L M N 9] -
2 52
3 51 Max 79
4 53 Min 25
3 34 Range 34
6 50 Intervals 1 € 6!
7 55 Class width |=E5/E6
8 57
9 53
10 55
11 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54
20 55
21 55
22 42
23 63
24 35
25 44
26 46 -
1 . | Limits Report 1 Sheet2 | Sheetd = Sheet5 | Sheet6 O] [l 3
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Hit Enter
H ©- s Bookl - Excel ? 0 % ==
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabena KB -
T 4 Calibri B P == = =3 General - %Cond\tionalFormaﬂzing' E““Inser‘t - 2 ’;‘Y' B Create PDF
D B == = = % - 9% s [FFormatasTable~ & Delete ~ [¥]~ - |H Change Settings
Pavste - B T U- . & A == | e 8 o8 [ Cell Styles - & Format~ & - &F Batch PDF
Clipboard Font [ Alignment o Mumber Styles Cells Editing Eluebeam
Es - Jr
A B C ] E F G H I J K L ] ] o
2 52
3 51 Max 79
4 53 Min 25
5 54 Range 54
3 50 Intervals
7 55 Class width 9
8 57 ]
9 53
10 35
11 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 34
20 55
21 55
22 42
23 63
24 35
25 44
26 46
1 ... | Limits Report 1 Sheet2 Sheetd Sheet5 Sheetb []

So, for convenience, we shall round up and use a class width of 10. Note that this rounding may
result in a change in the number of intervals than originally selected, but that is fine; it will have
no adverse impacts on our analysis.
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4. Select the lower limit of the first interval so that it encloses the low value of the data. The
upper limit of the interval is the lower limit plus the interval width. The upper limit is not
included in the interval per our convention; but becomes the lower limit (and included) of the
next interval. This step is repeated such that the upper limit of the last interval encloses the

high value of the data.

For our data, let us pick a lower limit of 20 for the first interval. The upper limit will therefore be
30. However, based on our [a, b) convention, the first interval will be [20, 30)—where the value
30 is not included in the interval. In other words, our interval is effectively from 20 through
29.9999999... We shall use this format of the upper limit of the intervals in the Excel

manipulations.

The last interval is therefore [70, 80)—which is effectively 70 through 79.9999999... In Excel,
the intervals are referred to as bins. Our intervals (or bins) for Excel purposes are therefore:

H - s Bookl - Excel T EH - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER ELUEBEAM LASERFICHE Ofosu, Kwabena KB ~
oy M Calibri W ! General A %ConditionalFormatting' E“In:ert - X ’;‘Y' 3 Creste PDF
D B - = $-% » GFDFI’T’IEtEE Table E" Delete ~ m -~ 18 Change Settings

Pavzte - B I U- i 8 7 Cell Styles - & Format~ & - @F Batch PDF

Clipboard Font ] Alignment = Number Styles Cells Editing Bluebeam -
E20 - fr v

A B C D E F G H 1 J K L ] N a -

2 52

3 51 Max 79

4 53 Min 25

5 54 Range 54

6 50 Intervals 6

7 55 Class width 9

8 57

9 33 Bins

10 35 20 29.999

11 56 30 39.999

12 58 an 45.999

13 55 50 59.999

14 59 60 69.999

15 58 70 79.999

16 55

17 55

18 52

19 54

20 55 | -I
21 55
22 42
23 63
24 35
25 a4
26 46 -

1 ... | Limits Report 1 Sheetz | Sheet4 | Sheets | Sheet6 )] [] 3
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5. Tally the frequency for each interval.
6. Record the frequency for each interval

We shall use the Excel Data Analysis Tools to tally and record the frequency of each interval
(bin).

Click on the DATA tab.
Click on Data Analysis.

/

H - s Bookl - Excel ? B /0 X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabegh KB -
® ITAI [=] Connections 8] Y Clear E’EI [ Flash Fill f+= Consolidate B Group ~ Ty Solver
= Properties i Reapply B-A Remave Duplicates [ What-If Analysis~  @E Ungroup ~ i Data Analysis
Get External Refresh L 7] Sort  Filter o o o .
Data ~ All- Edit Links Yo Advanced  Columns So Data Validation - Relationships Eff subtotal
Connections Sort & Filter Data Tools Cutline ] Analysis ~
E20 ~ Jr v
A B C D E F G H 1 1 K L M N a -
2 52
3 3l Max 79
4 53 Min 25
5 54 Range 54
3 50 Intervals 6
7 55 Class width 9
S 57
9 53 Bins
10 35 20 29.999
11 56 30 39.999
12 58 40 49.993
13 35 30 59.999
14 59 60 69.999
15 58 70 79.999
16 35
17 55
18 52
19 34
20 55 | .I
21 55
22 42
23 63
24 35
25 44
26 46 -
1 .. | Limits Report 1 Sheet? | Sheetd | Sheet5 | Sheet6 ) [ 3
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In the Data Analysis window, select Histogram.

Exponential Smoothing
F-Test Two-5ample for Variances ‘

FnurierAnaIisis
0

Moving Average -
Random Mumber Generation
Rank and Percentile
Regression

Press OK.
Data Analysic [ B | (S|
Analysis Toals f——
K
Covariance -
Descriptive Statistics

=‘ Help

The Histogram window opens.

' =)

Fistogrem =
Input
— -Dk{
Input Range: Ez -
— Cancel
Bin Range: s
Hel
Qutput options
o [ ==
() Qutput Range: 5.5
@ Mew Warksheet Ply:
(71 Mew Workbook

|:| Pareto (sorted histogram)
|:| Cumulative Percentage
[7] chart output
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With the cursor flashing in the Input Range: textbox, go to the spreadsheet and select your data.
(Alternately, type in the range of cells holding the data directly into the Input Range: textbox).

@Ho o -

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM LASERFICHE Ofosu, Kwabena KB ~

Connections Clear Flash Fill Consolidate Group ?g Solver
E
Properties Reappl Remove Duplicates Nhat-If Analysis Ungroup 5 Data Analysis
Get External Refresh ‘_JI . Sort Filter PR Text to N . l_ ) o grouf - V"
Data ~ All Edit Links Advanced | rglumns Data Validation Relationships Subtotal
Connections Sort & Filter Data Tools Cutline Analysis ~
A2 - I
A B C D E F G H I J K L M N Q -
2 52
3 511 Max 79
4 53 Min 25
5 54 Range 54 Histogram (=7 [l
[ 50 Intervals 6 Input
= oK
7 55 Class width 9 Input Range: $A52:5A5101]
= G |
9 53 Bins
[] Labels
10 55 20 29.999
11 56 30 39.999 CQutput options
12 58 40  49.999 ) Dutput Range: 5
13 55 50  59.399 @ New Worksheet Ply:
14 59 60 69.999 (71 New Workbook
15 58 70 79.999 i
D Pareto (sorted histogram]
16 55 [ Cumulative Percentage
17 35 [7] Chart Qutput
18 52!
19 54,

(%)
=
w
0]

D

=]
[y
w
n

a
3
EY
a
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Click in the Bin Range: textbox.
Go to the spreadsheet and select the bins. The upper limits only are needed.

©- :

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BELUEBEAM LASERFICHE Ofosu, Kwabena KB ~

E: Connections Clear Flash Fill Consolidate Group ?ﬁ Salver
Properties Reappl Remove Duplicates What-If Analysis Ungroup 5 Data Analysis
Get Bxternal Refresh o Sort Filter P Text to N I ’ e = v
Data - Al Edit Links Columns Data Validation Relationships Subtotal
Connections Sort & Filter Data Tools Outline Analysis
E10 - I
A B C o} E F G H 1 J K L M N o}
2 52
3 51 Max 79
4 53 Min 25
5 54 Range 54 Histogram (-5 |3l
[5] 50 Intervals 6 Input
7 55 Class width 9 Input Range: SAS2:SAS101
G I
8 57 Ein Range: $ES10:3E515|
9 33 Bins
“““ | [7] Labels

10 55 20 29.599;

1
11 56 30 39.999: Cutput options
12 58 40] 49.9991 ) Dutput Range: e
13 55 50; 59.999] @ Mew Worksheet Ply:

1
14 59 60 65.555: (71 New Workbook
15 58 70 79.999; :
e e S Y Ml | D Pareto (sorted histogram)

Cumulative Percentage

16 55 m g
7 35 Chart Output
18 52
19 54
20 55 | |

]
21 55
272 A7
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For the Output options, we would like to place all outputs on a range of cells on the current

works

Select the option button for the Output Range:.

heet.

Click in the Output Range textbox.
Select a range of cells on the current worksheet where you want your results to be posted.

Data Tools

?_3 Solver

_':| Data Analysis

Qutline Analysis

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE

E Histogram @
et Exte| Input
Data Input Range: SAS2:5A5101
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~Output options
5 @ Output Range: 5GS4:5N525
3 () New Waorksheet Ply:
4 () New Workbook
3 |:| Pareto (sorted histogram)
(3] Cumulative Percentage
7 [¥] chart Output
8
9 53 Bins
10 55 20 29.999
11 56 30 39.999
12 58 40 49,999
13 55 50 59.999
14 59 60 69.999
15 58 70 79.999
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We want a Chart Output and a Cumulative Frequency (in percentage) to be recorded and
displayed on the chart.

i

-

Histogram [ [
iy ok |
— 0K
Input Range: SA52:545101 55 -
Cancel
Ein Range: SES10:5E515
Hel
£ Labers

Output options

@ Qutput Range: 5G54:5M525] iz
() New Warksheet Ply:

i) New Workbook

| paratn featad hictoaramd

Cumulative Percentage
[¥] chart Qutput
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Hit OK.

The frequency table and the histogram, with an ogive superimposed on it, are displayed.
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Use Copy and Paste on the HOME tab to make a copy of the chart.
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On the copied chart click and hold down the cursor on the bottom right corner.
Drag the cursor to resize the chart.

H ©- B Bookl - Excel CHART TOOLS 7 E S X
HOME | INSERT = PAGELAYOUT  FORMULAS DATA  REVIEW  VIEW  DEVELOPER  BLUEBEAM  LASERFICHE DESIGM FORMAT Ofasu, K. =
) ) o I 'F? - =~ - Line [ Slicer -';:i? 4 Q
* : )f'){’( Y h - Column 5 Timeline o
PivotTable Recommended Table Ilustrations o My Apps - [ Recommended . PivotChart . Hyperlink ~ Text Symbols
PivotTables - : Charts L AR Win/Loss - -
Tables Add-ins Charts F} Sparklines Filters Links ~
Chart2 =~ Fi v
E F G H 1 J K L ¥ M (o] P Q R 5 -
15 79.999
16 . +
17 Histogram
]
18 45 - 120.00% &
19
20 40 1 T
21 100.00%
35 1
22
23 30 BO0.00%
24
g s
25 g
3 60.00%
26 g 20 N Frequency
27 w .
—8—Cumulative %
28 15 4 40.00%
29
a0 10 +
20.00%
31 5
32
33 o - | 0.00%
34 29953 359335 459%9 599%% §9.593 75999 More
35 Bin
36
37
38
39 -
1 .. | Sheet? | Sheetd | Sheet5 | Sheet6 [©) 1 3

We shall perform some manipulations on the chart to “clean it up”. These manipulations apply to
all types of charts in Excel and not specifically to charts created via the Data Analysis Tools.
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On the copied chart, we would like to focus on the histogram only.
Click anywhere on the ogive to select it.
Hit Delete on your keyboard.
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Notice the ogive and its associated vertical axis are deleted.
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Select the legend to the right.
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Hit Delete on your keyboard.
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Click on the “Bin” label on the horizontal axis to select it.
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Type “Speed (mph)”
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Notice that the text update appears in the formula bar.
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Hit Enter on the keyboard.
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Right click over any of the bars of the histogram.
Click on Format Data Series.
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This opens the Format Data Series in a pane to the right.
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Manipulate the Gap Width value until the histogram bars are barely touching, to obtain a more
professionally looking histogram.
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Close the Format Data Series pane.
Click on any cell to take the cursor off the data series.
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Now, click on the border of the chart to select it.
Notice the CHART TOOLS tab becomes available.
Under the CHART TOOLS tab, click on the DESIGN tab.
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Click on Add Chart Elements, and review the available options.
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To keep it simple, we shall not add any new elements to the histogram; but review the available
elements under the various options by hovering over them.
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For example, let us look at the options for adding gridlines to the chart.
Notice that any option hovered over provides a preview of what the chart will look like if that
chart element is added.
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Click on the Add Chart Elements to close it.
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Let’s go to the frequency table. Note that the table has an interval named “More”. Since there are
no data values beyond the bins we defined the “More” interval has a frequency of zero.
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We may therefore remove it from the table—which will also remove it from the histogram, and
any charts on the worksheet that pull their data from this frequency table.
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Select all elements on the “More” row on the frequency table.
Hit Delete on your keyboard.
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Notice that the “More” interval is removed from the histogram and any chart that is connected to
the frequency table.
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We have completed our work with the histogram.
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We shall now focus on the ogive.

Resize and reposition the original chart accordingly.
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Click on any of the bars of the histogram to select it.
Hit Delete on your keyboard.

Click on the legend to select it.

Hit Delete on your keyboard.
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Change the label on the horizontal axis to “Speed (mph)”.
Change the Chart title from “Histogram” to “Ogive” or “Cumulative Frequency Curve” in the
same way as the horizontal axis label was changed.
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Make sure the chart is selected (by clicking in its border).
Go to CHART TOOLS.

Click on DESIGN.

Click on Add Chart Elements.
Hover over Gridlines.

Click on Primary Major Horizontal.

FILE HOME
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| H_ ilii
Add Chart Quick
Element = Layout -
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Chart Title
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The gridlines are added to the chart.

H ©- - = Bookl - Excel CHART TOOLS ? E - X
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Repeat the process to add Primary Minor Vertical gridlines.

H ©- = Boakl - Excel CHARTTOOLS 7 B - NE X
HOME INSERT PAGELAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER BLUEBEAM  LASERFICHE =~ DESIGN ~ FORMAT  Ofosu, K. -
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Chart 1 - Jr v

M o] P Q R 5 T u W W X Y z AA AR -
14
15
16 . +
17 Cumulative Frequency Curve

18 120.00% &
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20 Y
2 100.00%
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24 /

25

2% 60.00%

27 /

28 40.00%
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33 0.00%
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35 Speed (mph)

36
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1 ... | Sheet? | Sheetd | Sheet5 | Sheet6 @) [ 3

i) M -———+ 100%

The scale on the vertical axis shows: the values with tick marks in steps of 20 and ending at
120%. We would like to change that to show: steps of 10 labeled, with intermediary marks for
every 5 units—but not labelled—and ending at 100% (as any percentage on an ogive in excess of
100%, is meaningless). We shall also change the number format on the vertical axis to have no
decimal places.
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Click on any of the values on the vertical axis to select the vertical axis.

=] B Book1 - Excel 7?7 B - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF DESIGN FORMAT Signin |4
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aste - - === oL .0 0o e Sort & Fin
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Right click.
Select Format Axis.

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF DESIGN FORMAT Sign in
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The Format Axis pane opens to the right.

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF DESIGN FORMAT Sign in

o Conditi matti sett -
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24
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28 40.00%
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Under Units — Major, change the value to 0.1

Under Units — Minor, change the value to 0.05.

Observe the axis values and the graph shifting accordingly.
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Click on TICK MARKS to expand it to view the available options. (You may have to scroll
down the Format Axis pane to see the TICK MARKS option).

Change the Major type to Cross.
Change the Minor type to Inside.

Observe how the tick marks on the vertical axis have changed accordingly.

Chart1 - I
P Q R 5 T u v W X Y Z - .
14 Format Axis X
12 AXIS OPTIONS ¥  TEXT OPTIONS
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17 quency SO @ ol

18 100.00% -
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Click on NUMBER to expand it to view the available options.
Change the Decimal places value to zero.

Observe how the number formatting on the vertical axis has changed accordingly.
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Close the Format Axis pane.
Click away from the chart.
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Cumulative frequency curve complete!
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Alternate Method for Histograms (Excel 2016 and beyond users only)

This sub-section can be performed only if you have the 2016 version and above, of Excel,
otherwise move on the next section. *There is no penalty for not completing this section if you
do not have the software upgrades and/or updates for it.*

Starting with the 2016 release, Excel provides a built-in functionality for plotting histograms
directly from the general tools for creating charts.

Select the data.

Click on the Insert tab.
Click on See All Charts.

Book1.xlsx - Excel A KBEOfosu B = O

Draw Page Layout Formulas Data Reviev View Developer Power Pivot Q Tellme '!;:';_ Share
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8 S5
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12 58
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14 59
15 58
16 55
17 55
-
1 » .| Sheetz | Sheet4 | Sheet5 | Sheet6 | Sheet7 | Sheets .. (B ] 3
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The Insert Chart window opens.

Click on the tab All Charts.
Click on Histogram.

Insert Chart ? *

Recommended Charts All Charts

K™ Recent
Templates H:H:I:h Im
Column
Line Histogram
Pie Fhart ik

Bar
Area

XY (Scatter) . lII
Map . -- N

Stock
Surface
Radar
Treemap
Sunburst

Histogram 4_—’
Box & Whisker

Waterfall

Funnel

FIEEFGAMEBEEREMNe R E

Combo

ok | cancel

Click OK.
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A histogram is inserted on the spreadsheet.

H - [ Booklaxlsx - Excel A\ KB Ofosu [Ea — O
File Home Insert Draw Pagelayout Formulas Data Review View Developer Power Pivot Format Q Tell me
L]
g
i S 5 : fm W
Add Chart  Quick  Change | —mEES=_ ... (| | Switch Row/ Select Change Mave
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Chart1 ~ F
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Notice that we did not have the opportunity to set the intervals (bins). The program inspected the
data and chose appropriate bins for us. Let us change the bins.
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Double click anywhere on the horizontal axis.
The Format Axis pane opens to the right.
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Click on the Bin width option button, change the value to 10.
Hit Enter on your keyboard.

Notice that the Number of Bins adjusts automatically.
The histogram is reconfigured automatically.

Alternately, you may change the Number of Bins, and see the Bin width adjust automatically.
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15— ] Owerflow bin 82.0
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We shall see how to adjust other general features of charts as we proceed through this section.

This is the end of the Alternate Method for Histograms (Excel 2016 and beyond users only).
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The frequency polygon can be plotted using the general chart tools available in Excel. It is
simply the frequency versus the class mark (interval midpoint).

Update your frequency table or bins table to include the class mark for each interval.
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In the Charts palette, hover over the chart types and settle over the Scatter or Bubble Chart

type.
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% E e & p wEf oy EEe T @ 4
— i) e -
: - ® f: P - Al T Column EF Timeline o
PivotTable Recommended Table [lllustrations Appsfor Recommended - PivotChart ~ Power ) Hyperlink ~ Text Symbaols
PivotTables - Office = Chats D L - View = Win/Loss - -
Tables Apps Charts u Reports Sparklines Filters Links
1 . £ Class mark Insert Scatter (X, Y) or Bubble Chart
Use this chart type to show the
B c D E 13 G  relationship between sets of values, K L M N o p
1 ph) Click the arrow to see the different
2 types of scatter and bubble charts
3 Max 79 available and pause the pointer on
the icons to see a preview in your
4 Min 25 Bin | Frequ document.
5 Range 54 29.999 e —
6 Intervals 6 39.999 8 10.00% 35
7 Class width 9 49.999 30 40.00% 45
8 59.999 40 280.00% 55
9 Bins 69.999 15 95.00% 65
10 20 29.999 79.939 5 100.00% 75
11 30 39.999
12 40 49.999
13 50 59.999
14 60 69.999
13 70 79.99%
16 .
17 Histogram
18 a5
19
20 40
21
35

22
= 30 —

] .. | Sheet2 | Sheetd4 | Sheet5 | Sheeté () ]

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE

Page 78 of 155


http://www.suncam.com/

St

Engineering Methods in Excel
A SunCam online continuing education course

Click on the Scatter or Bubble Charts drop down to view available options.
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Select the option Scatter with Smooth Lines and Markers.

FILE HOME IMNSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF
B 0o 8 WK e B G
o . ¢ : .:‘f’{' [\ h' EColumn EF Timeline o)
PivotTable Recommended Table lllustrations Appsfor Recommended - i Hyperlink  Text
PivatTables - Office~  Chans @~ k2w I Win/Loss -
Tables Apps Cha| Scatter Sparklines Filters Links
Chart 3 - I b .'3 \ .|
e«0e * Ol N
B C D E F G H " ' M N
1 bh) 1 o . Scatter with Smooth Lines and Markers |
rA .
LA Use this chart type to:
o /| yp
2 Q '— =« Compare at least two sets of values or
3 Max 79 Bubble pairs of data.
4 Min 25 Bin  Frequ
- Use it when:
5 Range S 23.933 (%! !« There are few data points
5] Intervals ) LY« The data represents a set of xy pairs
7 Class width . based on a formula.
g 20 I_ More 5ci
9 Bins 70
10 20 29.95 o
1 30 39.95
50
12 40 49.95
13 50 59.95 40
14 60 69.9€ 3p
[~ C
15 70 79.95 0
16
17 10
18 o
19 o] 1 2 3 4 5 & 7
an =
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If any data was selected at the time the Scatter chart was created, that data will automatically be
grabbed and plotted on the chart. We shall edit the chart to get it to show our correct data.

HS o -
HOME INSERT PAGE LAYOUT

[ ]

IR @ e |
Add Chart  Quick  Change | "
Element - Layout~ Calors~

Chart Layouts

Chart 3 - fe
B C D E

1 oh)
2
3 Max
4 Min
5 Range
6 Intervals
7 Class width
8
g Bins
10 20 29.9¢
11 30 39.9¢
12 A0 49,95
13 50 59.9¢
14 60 69.95
15 70 79.95
16
17
18
15
20
21
22
23

4 v | Sheet2 Sheetd Sheets

263

BO

70

40

30

20

10

Sheeté

Book1 - Excel

FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF

DESIGN

?

EH - 0O

FORMAT Sign in

Change
Chart Type

Type

Move
Chart

Location

Switch Row/ Select
Column Data
Chart Styles Data
G H J K L M
Bin  Frequency Cumulative % |Zlass markl
29.999 2 200% 25 |
Class mark +
&
1 2 3 4 5 6 7
“Su
35
30 —
® ‘

AVERAGE: 50 COUNT:7  SUM: 300
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Make sure the chart is selected, by clicking on it.
Go to CHART TOOLS.

Click on DESIGN

Click on Select Data.

/

H ©- B Book1 - Fxcel ?2 B - M %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF SIGN FORMAT Sign in 3
L] - e — E— —
B - —I: = - = e .
M (B oee b o e 4o Byl
Add Chart Quick  Change || ~ =S = 352 —| Switch Row/ Select Change Move
Element = Layout~ Colors= Column Data  Chart Type Chart
Chart Layouts Chart Styles Data Type Location -
Chart 3 N F v
B C o] E F G H J K L M N o P |~
1 oh)
2
3 Max 79
4 Min 25 Bin  Frequency Cumulative % |-lass markl
5 Range 54 29.999 2 200%l 25 |
B Int: I
ntervals Class mark +
7 Class width
g B0 ﬁ“
9 Bins 70
10 0 2995 T
1" 30 39.9¢
50
12 40 49.9¢
13 50 59.9¢ %0
14 60 69.95 30
15 70 79.9% 20
16
17 10
18 0
19 0 1 2 3 4 5 6 7
20 “Gu
21
35
22
23 30 —— -
] .. | Sheet? | Sheetd | Sheets | Sheeté )] [l 3

AVERAGE: 50 COUNT:7 SUM: 300 izi]
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The Select Data Source window opens.

Chart data range: | =Sheet6!5154:5J510

Legend Entries [Series)

—

Switch Row/Column | l—@

Harizontal [Category] Axis Labels

7 Add

EF Edit

K Remove

B Edit

Class mark

Hidden and Empty Cells

Delete the entry in the Chart data range: textbox.
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This clears the window. We shall now add our new data,

Chart data range: |

[ i @Sv_&-itch Row/Column i ]

Legend Entries [Series) Harizontal [Category] Axis Labels
1 Add 7 Edit X Remove || a || w E Edit

Hidden and Empty Cells
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Click on Add.

Horizontal (Category) Axis Labels
E# Edit

Hidden and Empty Cells
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FOXIT READER PDF

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER
I n e e
Add Chart Quick | Change |-
Element - Layout~ | Colors Series name:
Chart Layouts ‘ Select Range

Series X values:

14 | fe || Class mark ‘ Select Range
Series ¥ values:

. D E F G H ‘ - =

2 ok || cancl

3 |Max 79

4 |Min 25 Bin  Frequency Cumulative % [Clossmarkl 1,

5 |Range 54 29.999 2 2.00% 25!

6 |Intervals 6 39.999 8 10.00% 35 1

7 |Class width 9 49.999 30 40.00% 45

8 59.999 40 80.00%| 55 08

9 Bins 69.999 15 95.00% 63

10 20 29.999 79.999 5 100.00% 75 06

1 30 39.999

12 40 49.399 04

13 50 59.999

14 60  69.999 02

15 70 79.999

16 0

17 I- 0 0.2 04

18 e
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Column Data | Chart Type | Chart
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M o] P Q R
L
0.6 0.8 1 1z
(| [T Ta—
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Click in the Series X values: textbox.
Go to the spreadsheet and select your X values; in our case, the class mark values.

HOME  INSERT ~ PAGELAYOUT ~ FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  FOXITREADERPDF  DESIGN
I | 7
Add Chart Quick | Change witch Row,/ Select
Element ~ Layout~ | Colars = — L [ Column  Data
Chart Layouts | Select Range Data
Series X values:
5 M J || Class mark | =sheetaisissisisto = 25, 35, 45, 55..,
Series ¥ values:
1 D E F G H | o - M Q
2 ok || cancel
3 Max 79
4 [Min 25 Bin  Frequency Cumulative % |Class mark| 19
5 [Range 54 29.999 2 2.00%f 25
6 [Intervals 6 39.999 8 10.00% 35 1
7 |Class width 9 49,999 30 40.00% 45
8 | 59.999 40 80.00% 55 0E
9 | Bins 69.999 15 95.00% 65
10] 20 29.999 79.999 3 100.00% =AY
1 30 35.999
12 40 49,999 04
13 50  59.999
14 60  69.999 02
15 70 79.999
16 o
17 I- 4] 5 10 15 20
18 g
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Click in the Series Y values: textbox.

Go to the spreadsheet and select your Y values; in our case, the frequency values.

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF DESIGM FORMAT Sign in
L E
Add Chart Quick = Change witch Row/ Select Change Move
Element - Layout Calors - - Series name: Column Data  Chart Type | Chart
Chart Layouts | Select Range Data Type Location
Series X values:
H5 - Je || Class mark |=sheeteisiss:sisio = 25, 35, 45, 55...

Series ¥ values:

1 & £ F © H |=Sheet6!SH55:SHS1O =2,830,40, .. © F e R

2 ok || cancel

3 Max 79

4 |Min 25 Bin | Frequency Cumulative % |Class mark| a5

5 |Range 54 29.999 2! 2.00%| 25

6 [Intervals 6 39.999 8l 10.00% 35 0

7 |class width 9 49.999 201 ac00%| as | =

8 59.999 40} 80.00%| 55 30

9 Bins 69.399 15} 95.00%| 65

10 20 29.999 79.9991 5 100.00%| 75 ®

1 30 39.999 20

12 40 49.999 15

13 50 59.999

14 60 69.999 1o

15 70 79.999 3

16 0

17 I- o 10 20 30 50 70 80

18 as - 100% —
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Hit OK to exit out of the Edit Series window.
Hit OK to exit out of the Select Data Source window.

View your frequency polygon.

45
40

: /

30 1

25
20 \

N \
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On your own, use the Add Chart Elements tools to add labels on the vertical and horizontal
axes.

e i F— -
lEE o @ | —=: T 1= - o e = =
1 -'I- L e d=S==c ES=== g : - i1y
Add Chart Quick Change | E ! = ! ; f ! —|  Switch Row/ Select

Element = Layout~ Colors~ Column Data
ifh  Ases 3 Chart Styles Data

Idh  Asxis Titles 3

_ [ﬂ][ﬂ Primary Horizontal

gh  Chart Title

K L [ N QO P Q R

i Datalabels ' l[[lﬂ] Primary Vertical

i Error Bars » More Axis Title Options...

Hif Gridlines by Cumulative % Class mark | a5 o+
42 Legend y |2 2.00% 25 o

8 10.00% 35 e

! Trendi 0 40.00% 45 33

3

= Trendline o 80.00% 55 “ T

15 95.00% 65 .

10| 79.999 5 100.00% 75 B

1 20
12 15
13
. 10

4
15 5
16 0
17 I- 0 10 20 30 40 30 60 70 80
18 45 100% —
o ] I [

On your own, if desired, you may change the axes formats, and gridlines. You may also add a
title and a legend to the chart.

Reposition (and resize) your chart elsewhere on the spreadsheet.

Frequency polygon complete!
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Dotplot

A dotplot is usually drawn vertically. In this exercise, we shall draw one horizontally—Dbut set it
up such that it can be rotated to the vertical upon pasting in reports etc. In Excel, the dot plot can
be drawn directly on the spreadsheet with the innovative use of built-in functions—without using

any graphing or chart functionality.

Set up the frequency table for the speed data we have been working on as shown:

H ©- = Book] - Excel
HOME  INSERT ~ PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  FOXIT READER PDF

E‘“Inser‘t - - A
E"Delate - ' ZY H

X% Calibri dn cla s == —| =] General . %CondltlonalFormatﬂng'
; Emy - GFormatasTab\e' Sort & Find &
*aste - | B . - === E e - - €0 00 .y ort n
~ B Iy = P-A- =s==€x B $ % 0 S [57 cell styles~ EdFormat & v Eibere Select
Clipboard Font [r] Alignment [r] Number ] Styles Cells Editing -
D1 - Fe
A B C D E F G H J K
w
b
m
m -
o 2
‘§" o
T
1 =
=1
8 a
2 2
=]
% L]
3 8
5]
g B
4 2
3
3 5]
5 2
2
o ]
6 2
=]
3 n
7 2
1 o | Sheet2 Sheet4 | Sheets Sheeté | Sheet7 ® 4

7 BB - O X
Sign in
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We shall use the built-in REPT function to repeat the dots the requisite number of times. The
REPT function repeats a text string a specified number of times. The dot (*.”) is Excel character
number 149. We can specify this using the built-in CHAR function. So we shall repeat
CHAR(149) a certain number of times based on the frequency.

For the first interval of the speed distribution type in the formula as follows:

H ©- B Book1 - Fxcel ?2 B - M %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
X — Conditional Formatting Insert > - H
E@ - Format as Table Delete
Paste Sort & Find &
Cell Styles Farmat € " Filter - Select-
Clipboard Font Alignment Number Styles Cells Editing -
c2 - X [ = =REPT(CHAR(149),B2) v
A B C o} E F G H J K L M N o] -
w
T
@
® -
o ©
T o
=
1 =
=]
M L)
2 B =REPT{CHAR(143],82)
=1
% L]
3 2
5]
g B
4 8
3
a 5]
5 2
2
o ]
6 8
=]
3 wn
7 2 -
1 o | Sheet2 Sheet4 | Sheets Sheet6 | Sheet7 ® 4 3
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Hit Enter.

Two (2) dots are plotted representing the frequency of 2 for the interval.

H - s Book! - Excel ? B - 0O
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
e — iti ing * . -

D a{, Calibri Jn A s == = ;,/_ E—F’ General - %CondltlonalFormatﬂng %"Inser‘t Z %Y H
Past Em ~ GFormatasTab\e' " Delete - m' Sort & Find &
aste - | PE . - . == = = 5= - - €0 .00 et 0 in
- ~ B Il - & L ===== $ % ool GCE” Styles~ (= Format = ¥ ~ Filter  Select~
Clipboard Font [F] Alignment [F] Number ] Styles Cells Editing
c3 - fe

A B C D E F G H J K L M N Q

L

-

@

m m

e B

T o

b=l
1 =

=]

éﬂ L)
2 8

=1

ég o
3 2

=]

& u
4 8

=

g &
5 B

3

2 &
6 2

E]

:Ig wu
7 8

4 v | Sheet2 Sheetd Sheets Sheete Sheet? 4
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Click on the HOME tab.
Select the cell holding the dots.
Increase font size to 18.

Align the contents vertically to the center.
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H ©- =
HOME = INSERT  PAGLAYOUT  FORMULAS  DATA

ol —
D‘x’ Calibri g A = R B
Emy -
Paste . B I U- - D-A- =S==&= BH-
Clipboard Font [r] Alignment [r]
c2 hd fe | =REPT(CHAR(149),B2)
A B C D E F G
w
T
m
1] -
o ©
‘§" E-1
-
1 =
=}
ég LS}
2 B
=
;H o
3 2
=
& ]
4 3
=
a 2
5 3
2
2 ®
6 3
=
IIH wn
7 3
4 v | Sheet2 Sheetd Sheets Sheett Sheet7

REVIEW

Book1 - Excel

General

$-%

Number

@

VIEW

«0 00
I}

[F}

DEVELOPER

% Conditional Formatting =
G Format as Table -
[7 Cell Styles -

Styles
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Fill handle for the rest of the intervals of the frequency distribution.

H ©- s Book! - Excel ? ® - 0O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOX/T READER PDF Signin
LI 4 I L e = = E“Insert' >- A
- Calibri 11 N A === %+ EfWapTet General - | =4 g ad H
P?EE' Py E C dIF ‘)t C‘:\ E"Delats' m' Szrt&Fd&
aste B I U~ i« . L E=E= Eas Merge & Center ~ $ » % 3 <0 08 onditional Format as el et o in
- o 4 ? e Formatting - Table~ Styles~ ElFormat~ &~ Fiter - Select -
Clipboard Font ) Alignment ) MNumber ] Styles Cells Editing -
El - 5 v
A B C D E F [€] H J K L M N o] P Q -
w
o
m
] -
= o
3 E-1
-
1 =
=]
lB N
2 2
=]
o ® | = = = = = = = =
3 8
5]
& @ | = = = = = = = = = % ® ® = = = = = = = = = = = = = = = = = =
4 2
=
o 2 | = = = = = = = = % = ®= = = = = = = = = % ®= = = ® = = = = = = = = = = = = = = = =
5 2
=
@ F | = = = = = = &= = = = = = = = &
6 2
=]
3 [
7 2 [z =
4 ... | Sheet? | Sheetd | Sheet5 | Sheetd | Sheet? O] 1 3

If necessary, increase the width of the column containing the dots. The reason we drew our
dotplot with a horizontal orientation is because widening a column has more flexibility than
increasing the height of a row—which has an upper limit of 409 units. For small datasets, this
may not be relevant; however, for larger datasets, the horizontal orientation is advantageous.

We shall now copy the dotplot into a report.
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Select all cells of the dotplot.
Click on the HOME tab.
Click on Copy.

Book! - Excel

2 H - B %
INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
A P E ey
Eg ~ &7 Delete ~ -
Paste T U - i+ &y .= = & 3= EMEf e & Center ~ $ - 05 9 %0 00 Conditional Formatas Cell e Sort & Find &
- ¥ Wz 4 = K 7 Formatting < Table~ Styles- 5 Formate &< gpor gejet -
Clipboard = Font [F] Alignment ] Number ] Styles Cells Editing -~
[a1 “| s [ % v & | speed{mpn) v

[+]

Sheet? | Sheet4 | SheetS | Sheeté | Sheet? ]
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Open a Word document.
Click on the HOME tab.
Click on the Paste drop down.
Click on Paste Picture.

mE S -
FILE HOM IMSERT DESIGM PAGE LAYOUT REFEREM
ulln o PR
B - TimesNewRo ~[12 ~| A" A7 Aa- Ao &
Coj
Paste - =M, Ak -
S ¥ Fgfmat Painter B I U-~aex.x A-%¥-L4-§
Paste Optjbns: Font
e = LI
=
] WWwW. S
Paste Special... T

Set Default Paste...
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The dot plot is pasted over.
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In the Word document, click on the dotplot to select it.
Got to PICTURE TOOLS.

Click on FORMAT.

Click on the Rotate drop down.

Click on Rotate Left 90°.

PICTURE TOOLS ? EH - 1
:ADER PDF FORMAT Sigr
L# pi - L, ing Forware = Alian - 1 e -
L& Picture Border Bring Forward .{_.Allgn -F| ED 257 .
- | &F Picture Effects - — Send Backward - IF1Group~ T
- Position Wrap - . Crop =|g e -
7| BL Picture Layout - - Text - DOl Selection Pane k Rotate ~ g h

r Arrange “h Rotate Right 93/
A7 Rotate Left 90°
= Flip Vertical

d  Flip Horizental

T More Rotation Options...

The diagram is rotated accordingly.
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Successful completion of the dotplot!

Stem-and-Leaf Diagram

We shall apply the innovative use of built-in spreadsheet functions to construct the stem-and-leaf
diagram for our speed data on the spreadsheet—without using any chart or graphing
functionality.

The COUNTIF function counts the number of cells that meet a given condition. The function is
of the form:

COUNTIF(range of cells, condition)
We shall use the REPT function to repeat a given string a specified number of times. The string
to be repeated will be the digit representing a data value in the leaf, and the number of times it

will be repeated will be obtained from the COUNTIF function.

Based on our speed data we shall adopt the following stem structure for our stem-and-leaf
diagram:
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H ©- : Book1 - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
S M |Calibri M~ == _F |General ~
. D - BT U- A 0 === - § -0 GFormatasTable"
E.Ste ¥ - - A SR 8 (27 Cell Styles -
Clipboard Font ra Alignment ra Number ra Styles
E7 Fe
A B C D E F G H
1 |Speed (mph)
2 52 min 25
3 51 max 79
4 53
3 54
6 50 Stem Leaf
7 55 2 |
8 57 3
9 23 4
10 25 3
1 26 5]
12 58 7
13 55
14 59
15 58
1z ce
i Cocoa Speed_Data Speed_Charts Dotplot 4
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DEVELOPER FOXIT READER PDF
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Let us use the stem values (and their cell references) to define (or identify) a data value. For
example, the value 25 can be represented as:

(stem value)*10 + 5, or in our spreadsheet:

D7*10 +5

For our speed data, the number of times this value occurs in the data is given by:
COUNTIF(A2:A101, D7*10 + 5)

We then use this number of occurrences to drive the number of times the digit “5” (representing
25 in the leaf) will be repeated in the leaf. Therefore:

REPT(“5”, COUNTIF(A2:A101, D7*10 + 5))

For the value 26, we would have:

REPT(“6”, COUNTIF(A2:A101, D7*10 + 6)),

and so on.

To set up any row of the stem-and-leaf diagram we will therefore “weld” together the (REPT)
strings for each value in that range. The text function “&” (ampersand) can do this “welding”
called concatenation of strings, for us.

So, the output string for the bracket 20 through 29 on the stem-and-leaf diagram will be:
REPT(“0”, COUNTIF(A2:A101, D7*10 + 0)) & REPT(“1”, COUNTIF(A2:A101, D7*10 + 1))

& REPT(“2”, COUNTIF(A2:A101, D7*10 + 2)) & ....... & REPT(“9”, COUNTIF(A2:A101,
D7*10 + 9))
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To implement this on the spreadsheet, we may use point-and-click -or- type in the cell

references. Be sure to apply absolute referencing (F4) to the speed data range of cells, so if we

use fill handle later—the range of cells holding the original data stays fixed.

The value 20 is implemented as follows:

H ©- E Book? - Excel ? B - O X
HOME IMSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF 5»
é{) 11 Genera Conditional Formatting Insert Z -
Egy - Format as Table Delete ik -
Paste
Cell Styles Farmat v -

Clipboard Font Alignment Number Styles Cells Editing -
PERCENTI... ~ X v & =REPT("0D ",COUNTIF(A2:5A5101,D7*10+0]) -

A B C D E F G H J K L -
1 ISEeed {mph)
2 52 min 25
3 51 max 79
4 53
5 54
6 50 Stem Leaf
7 35 | 2 =REPT({"0 ",COUNTIF({A2:545101,D7*10+0))
8 57 3 REPT(text, number_times)
9 33 4
10 55 5
1 56 6
12 58 7
13 55
14 59
15 58

+ v .. | Cocoa | Speed_Data | Speed_Charts Dotplot ... () 1

Note that when typing the “0”, and a space or two before the closing parenthesis (“0 “). This
spaces out the digits and will improve the visual appearance of the digits in the leaf on the output
diagram.
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Continuing with the other values in the range 20 through 29, we may continue typing -or- we
may copy and paste, and then modify as we move through the range of values. Thus, we obtain:

d
HOME
a6
Emy ~
Paste B
Clipboard m
PERCEMTI... ™
A
1 ISEeedlm_j}h]
2 52
3 51
4 53|
5 54
5] 50
7 55
8 57
g 53
10 55
11 56
12 58
13 55
14 39
15 58
4 3

H Bookl - Excel ?T EH - O %
INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER. PDF Signin |+
General =] Conditional Formatting Insert E -
% Farmat as Table Delete i -
J
It 5 o Cell Styles Format & -
Font Alignment Number Styles Cells Editing -~
x v & =REPT("0 ",COUNTIF(A2:5A5101,D7*10+0)) &REPT({"1 ",COUNTIF(5A52:5A5101,D7*10+1) ) & ~
REPT("2",COUNTIF(SA52:5A5101,D7*10+2) ) &REPT("3 ", COUNTIF(5A52:5A5101,D7*10+3) ) & =
REPT("4 ",COUNTIF(SA52:5A5101,D7*10+4) ) &REPT("5 ", COUNTIF(5A52:5A5101,D7*10+5) ) & -
B C D E F G H | ] K L M|~
min 25
max 79
Stem Leaf
|. 2 I}:REPT{"O ", COUNTIF[A2:5A5101,07*10+0) ) &REPT("1 ", COUNTIF(SAS2:5A5101,07%10+1) ) &
3 REPT("2 ", COUNTIF(SAS2:5A5101, 07%10+2) ) &REPT("3 ",COUNTIF( SAS2:SAS101,D7*10+3) ) &
4 REPT("4 ",COUNTIF($A52:5A5101,07%10+4) ) &REPT("5 ",COUNTIF( SAS2:5A5101,D7*10+5) ) &
5 REPT("6 ",COUNTIF(SAS2:5A5101,07*10+6) ) &REPT("7 ",COUNTIF(SASZ:SAS101,07*10+7) ) &
6 REPT("8 ",COUNTIF(SASZ2:SA5101,D7*10+8) ) &REPT("9 ",COUNTIF| SAS2:SAS101,D7*1049))
7|
Cocoa Speed_Data Speed_Charts Dotplot . [] »
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Hit Enter.

We obtain the first leaf for the values 20 through 29 that are present in the data.

H ©- = Book? - Excel T EH - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF ir

LT Calibri M - T == =3 General - %ConditionalFormatting' E‘“Insert - 2 ’;Y'

. D Bz~ B I U- A AN ===HEH- $-9% * [FromatasTable- X Delete - [¥]- #h -

a‘ste ~ - - A e = - o 8 [2% Cell Styles - [ Format~ & -

Clipboard & Fant Pl Alignment o Mumber Styles Cells Editing -

EEB - I -
A B C D E F G H ] K L -

1 |Speed (mph)

2 52 min 25

3 51 max 79

4 53

5 54

& 50 Stem Leaf

7 55 2 58

8 57 3 .I

9 53 4

10 55 5

1 56 ]

12 58 7

13 55

14 59

15 58

“ Cocoa | Speed_Data | Speed_Charts Dotplot ... (#) 1 3
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Fill handle the first leaf to obtain the remaining leafs.

H ©- = Baok] - Excel T 5 - 0O
HOME = INSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  DEVELOPER  FOXIT READER PDF

T S Calibri -l - == — % General - %ConditionalFormatting' E‘“Insert - Z - ’é‘rv
D g~ B I U~ A pa === - § -9 > GFormatasTable' E"Dele’ce - ' i -

Pavste ~ - A == B~ et [Z7 Cell Styles ~ [ Format- & -

Clipboard Font P Alignment P Number P Styles Cells Editing

E7 - f =REPT("0 ",COUNTIF{A2:5A5101,D7*10+0) ) &REPT("1 ", COUNTIF(5A52:5A5101,D7*10+1) )
&REPT("2",COUNTIF(5A52:5A5101,D7%10+2) | &REPT("3 ", COUNTIF(5A52:5A5101,D7* 10+
3))&REPT("4 ", COUNTIF(SAS2:5A5101,D7*10+4) ) &REPT("S ", COUNTIF(SAS2:5A5101,D7*

A B C D E F G H I ] K L

1 |Speed (mph)

2 52 min 25

3 51 max 79

4 53

5 54

& 50 Stem Leaf

7 55 2 58

8 57 3 0155789

9 53 4 000122p44445555566778888899999

10 35 3 000112p223334444555555555550666677888999

1 56 6 000112pP22333469

12 58 7 02259

13 55 =l

14 39

15 58

4+ » .. | Cocoa | Speed_Data | Speed Charts Dotplot ... (¥ 1

COUNT: 6 FH m -——F—+
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Click away from the diagram.

Now we see that the stem-and-leaf diagram is essentially a depiction of the data sorted in
numerical order. This is advantageous, and enables the stem-and-leaf diagram to assist us in
conducting other statistical analyses we shall discuss later in this course. However, we must keep
in mind that the stem-and-leaf diagram may become complicated and tedious to construct when
the data involves decimal values.

H ©- s Book - Excel 7 B - 0O %X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF i
LT 8 Calibri -1 - == = % General - E|C0nditior‘|alFormat‘l:ingv E‘“Insert - Z - ’éT'
b D - B I U- A AN === - % - 9% » [[FFormatasTable- X Delete - [8]- -
W ¥ m. B A - == B 0 g [ Cell Styles - & Format- & -
Clipboard & Font [Pl Alignment . MNumber & Styles Cells Editing S
G5 - I ~
A B C D E F G H J K L -
Speed (mph)
2 52 min 25
3 51 max 79
< 53
3 [
6 50 Stem Leaf
7 33 2 58
8 57 3 01557889
9 53 4 000122344445555566778888899999
10 55 5 0001122223334444555555555556666677888999
11 36 5] 000112222333469
2 58 7 02259
13 55 =
4 59
15 58
4 v .| Cocoa Speed_Data Speed_Charts Dotplot ... -:'_{-) [] 3

Stem-and-leaf diagram complete!

In later sections of this course, we shall see some of the uses of some of the frequency diagrams
and how engineers use them to make decisions.
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2.7 Descriptive Statistics

In the previous section, we saw how the frequency distribution (table) and the frequency
diagrams provide a tabular summary and graphical summary of a dataset respectively. Another
way of summarizing data is by using numerical measures called descriptive statistics. One
group of such measures, represents the center or middle of the data (or distribution). These are
called measures of central tendency or measures of center.

Mode
The first measure of center we shall look at is called the mode. The mode is the data value with
the highest frequency.

Using our speed data as an example, we can determine the mode directly by looking at the stem-
and-leaf diagram.

Stem Leaf

58

01557889

000122344445555566778888899999
0001122223334444|55555555555|]6666677888999
000112222333469

02259

N o b, wN

The mode of this data is 55 mph, with the high frequency of 11.

In some cases, a dataset may have more than one value with the high frequency. If there is a two-
way-tie, the data has two modes, and the distribution is described as being bimodal. If there are
multiple values tied for the high frequency, then the data is said to be multimodal. However, if
all values in the data have equal frequency, then the data has no mode.

Median

The median is the value at the middlemost position when the data are arranged in order from
smallest to largest. In other words, the median value has an equal number of data values above it
and below it.
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In general, if n is the number of observations (sample size),

e . : . . +1
Then if n is an odd number, then the median (X ) is the observation at position nT

If n is an even number, then the median is the average of the observations at positions %
n+2

and —
2

For our speed data, we have n = 100, which is even.

. 100
Position = = — = 50
2 2

. +2
Position nT =—=0>51

Recall that the stem-and-leaf diagram shows the entire data arranged in increasing numerical
order. We can therefore find the values at the relevant positions for determining the median by
inspecting the stem-and-leaf diagram.

Stem Leaf
2 58
3 01557889
4 000122344445555566778888899999
5 0001122223@3)34444555555555556666677888999
6 0001122233%469
7 02259
Position 51
Position 50
J?=53+53=53mph

Mean
The mean or arithmetic mean is defined as the summation of the data values in the dataset,
divided by the number of values in the dataset.
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Let x; denote a data value in our dataset, then the mean (i ) is:

n
e (2.2)
Thus, for our speed data, the mean speed:
_ *1x;i 52+51+53+54+:-
X = 2=t = 51.87mph

n 100

Median versus Mean

In many applications, the question arises as to which measure of center is the better one to use.
Unfortunately there is no simple answer to this question. It depends on your data and what you
are doing with it. In many cases the values will coincide for a dataset. The median is more of a
descriptive measure and is considerably less computationally intensive. The median is also less
impacted by the presence of anomalous data, data errors etc. (commonly called outliers), than the
mean.

Measures of Dispersion

Another group of descriptive statistics are called measures of dispersion, or measures of
variability (or variation). Measures of dispersion measure the amount of variability (or
variation) of the values in the data.

For a data value x; , let us define the difference of the data value and the mean of the data as the
deviation of the value x; from the mean. So:

Deviation = (x; - x) R V)|
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Let us define the sample variance (s?) as:

) > )

S =
n—-1

.(2.3)

If we take the square root of the sample variance, we obtain the sample standard deviation (s):

S—\/Zl 1 (xi— x)2

.(2.4)

In other words, the sample standard deviation is the “average” of the deviations of all of the
values in the data. The sample variance and the sample standard deviation involve some
computational effort, even for small samples, and they cannot be pulled from any chart or graph
as we saw with measures of center and frequency diagrams.

It is pertinent to note that the formula for the sample variance has a denominator of (n — 1). This
is used when the variance of a sample is being computed. If the data is for a population then the
denominator used is n, resulting in a population variance being computed, and hence a
population standard deviation.

2.8 Quartiles and Percentiles

Quartiles are data values that split the distribution into four quarters—when the data values are
arranged in increasing order. The 15t quartile (also called the lower quartile) (Q1) has one-
fourth or 25% of the data below it, and three quarters or 75% of the data above it—when the data
is arranged in ascending order. The 2" quartile (also called the middle quartile) (Qz) has two-
fourths or 50% of the data below it, and two-fourths or 50% of the data above it—when the
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data is arranged in ascending order. It therefore follows that that the 2" quartile is the median of
the data. The 3" quartile (also called the upper quartile) (Qs) corresponds to 75% of the data
below it and 25% of the data above it—when the data is arranged in ascending order.

As the name suggests, percentiles divide the data into hundredths. The 90" percentile (Pgo) has
90% of the distribution below it and 10% above it—when the data is arranged in increasing
order, and so on and so forth. Therefore the 75" percentile is the same as the upper quartile, the
50" percentile is the same as the second quartile which is the same as the median, and so on.

The procedure for determining quartiles and percentiles is the same.

Stepl: Arrange data from smallest to largest

Step 2: Determine the product np where n is sample size of the data and p the p™"
percentile (or p™" quartile) expressed as a decimal.

Step 3: Round off the np value to the next integer if it is not an integer, and find the data
value at that position.

Step 4: If np is an integer, say k, calculate the mean of the values at the k™ and the (k+1)™"
positions.

Example: Let us use our speed data to illustrate the calculation of quartiles and percentiles.

Stepl: We know that the stem-and-leaf diagram depicts the distribution arranged in increasing
order. We shall use the stem-and-leaf diagram to assist us in the computations.

Step 2:
Lower quartile (which is also the 25" percentile): np = 100*0.25 = 25, which is an integer, so we

go to Step 4.

Step 4: We need the average of the values at the 25" and 26™ positions.
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Stem Leaf , 25"
2 58
3 01557889
4 000122344445555566778888899999
5 0001122223334444%55555555556666677888999
6 000112222333469
7 022509 26
45 + 45
1= 5= 45 mph

Upper quartile (which is also the 75" percentile): 100*0.75 = 75, so we average the values in the
75" and 76™ positions.

Stem Leaf
2 58 76
3 01557889
4 000122344445555566778888899999
5 000112222333444455555555555666667 7888999
6 000112222333469
7 02259
75"

58 + 58
= —— = 58 mph
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85" percentile: 100*0.85 = 85, so we average the values in the 85" and 86™ positions.

Stem Leaf
58
01557889
0001223444
0001122
0001
02259

86th

555566778888899999
3334444555555555556666677888999
2223334609

N ook~ wN

85th

61+ 62
Pgs = — = 61.5 mph

In the field of traffic engineering, the 85" percentile speed is of importance. The 85" percentile
speed is the baseline used to set the posted speed limit on a roadway. For example, in Florida, the
85" percentile must be obtained for a sample of at least 100 vehicles on the roadway. Vehicle
speeds recorded during traffic congestion, inclement weather, traffic incidents, and nighttime
conditions must not be included in the data. The 85" percentile value obtained is rounded up or
down to the nearest 5 mph based on engineering judgment and knowledge of local conditions.
For example, the nature of the abutting land use — schools, hospitals etc., or for example, heavy
pedestrian traffic, may warrant rounding down versus rounding up. The posted speed limit,
however, cannot exceed the geometric design speed of the roadway.

The quartiles and percentiles may be estimated from the ogive, if the vertical axis (cumulative
frequency) is expressed in percent. A horizontal line is drawn from the 85% point on the vertical
axis to cut the ogive. The speed value at the point the horizontal line cuts the ogive is the 85"
percentile speed.

For our speed data example:
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Cumulative Frequency Curve
100% /./l
90%
85% — — —— —|— — — — — — —
80%

70% -

60% - /
50% - /
40% -
30% -

o | /

10%

Frequency

-1l _1_ [ 1_IN

0% T T T
29.999 39.999 49.999 59.999
Speed (mph)

Pes  69.999 79.999

Comparing the estimation of the percentile from the ogive with the 4-step process for
determining quartiles and percentiles, we notice that estimating the percentile from the ogive is
equivalent to completing Step 1 and Step 2 of the 4-step procedure. In other words, it is the np
position that is being used to determine the value of the quartile or percentile—without
interpolating as required in Step 3 or Step 4. Therefore, using the ogive is an approximate
method. However, for many engineering purposes, particularly with larger samples, any
discrepancies introduced by this approximation are generally negligible for all intents and
purposes.

Outliers

An outlier is a data value that is distant from other data points. An outlier may be due to
variability in the measurement process or it may be due to some experimental error or anomaly.
Outliers have the potential to bias the results, and should be identified and removed from the data
before moving on to conduct any further statistical analysis with the data.
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By convention, an outlier is any data value x such that:
X>Qs3+ 1.5*%IR, or
X< Q1-15*IR (2.3)

where

Q1 is the lower quartile

Qs is the upper quartile

IR is the interquartile range, which is defined as

IR=Qs-Q1 (2.4)
Example: Let us conduct the outlier test on our data.
We previously determined Q1 = 45 mph, and Qs = 58 mph.
From Equation (2.4), IR =58 — 45 = 13 mph
From Equation (2.3)
Q3+ 15*IR=58+15*13=775

And
Q1-15*IR=45-15*13=25.5

Thus, for any value in the data (x), if x > 77.5 mph, or if x < 25.5 mph, then x is an outlier.

Therefore, the speed data contains two outliers, 25 mph, and 79 mph.

The outliers should be removed from the data. The outlier test is then conducted again on the
new data set. If there are new outliers, they shall be removed, and the test repeated as many times

as necessary until there are no outliers.
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2.9 Descriptive Statistics in Excel

Copy your speed data over to a new spreadsheet,

H ©- = Book] - Excel ? H - 0O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER. PDF Signin |»
fx > AutoSum ~ Logical = I - =] o Trace Precedents 7 m
Recently Used ~ Text = @ - ) E'CE Trace Dependents Yy - &o )
Insert ) . ) Defined — Watch  Calculation R
Function E Financial ~ lg Date & Time ~ m T Mames~ Ic;\ Remove Arrows + (&) Window  Options &
Function Library Formula Auditing Calculation -
F2 v Je v
A B C D E F G H J K L M|~
1 |Speed (mph)
2 52 Made | _I
3 51 Median
4 53 Mean
5 54 Std dev
5] 50
7 55 1st Quartile
8 57 3rd Quartile
g 53
10 55 85th Percentile
11 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 34 hd
“ . | Sheets | Sheeté | Sheet7 | Sheet? | Sheetd &) 1 »

Let us calculate some of the descriptive statistics in Excel.
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Click on the FORMULAS tab.
Click on More Functions.
Click on Statistical.

/

H ©- = N/ Book] - Excel
HOME  INSERT  PAGELAYOUT = FORMULAS = DATA  REVIEW  VIEW

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE

2 AutoSum ~ Logical = E Lookup 8 Reference ~ = Define Name -
—
| Recently Used - Text~ M Math & Trig = N “fx Use in Formula
nsert ame
Function E Financial = @ Date & Time - u Mare Functions - Manager [ Create from Selection
Function Library | [P, Statistical 3 AVEDEV -
2 - I3 IR Engineering  » AVERAGE
IR, Cube » AVERAGEA
5 g ¢ ? 0 Informati 4 VERAGEIF
1 Information Al A
1 |speed (mph) o o
2 | 52 Mode B Compatibility » AVERAGEIFS
3 51 Median B Web > BETADIST
4 53 Mean BETA.INV
3 54 std dev BINOM.DIST
6 50
. BINOM.DIST.RAMGE
7 55 1st Quartile
8 57 3rd Quartile BINOM.INY
9 53 CHISQ.DIST
10 55 85th Percentile CHISQ.DIST.RT
" 56 CHISQLINY
12 58
CHISQ.INV.RT
13 55
14 50 CHISQ.TEST
15 58 CONFIDENCE.NORM
16 55 CONFIDENCE.T
7 35 CORREL
18 52
COUNT -
19 54
4 .. | Sheets | sheets | Sheet7 | Sheets | Shee fx Insert Eunction..

a% Trace Dependents

F; Remove Arrows -~

FOXIT READER PDF

=
#.0 Trace Precedents @
i

Formula Auditing

H -

Signin

Calculation ]
Options =

Calculation
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Scroll down the alphabetical list of statistical functions.
Click on MODE.SINGL

Z AutaSum - Laogical = lﬂ Lookup & Reference = Define Name Trace Precedents %
Recently Used ~ Teut - lg Math & Trig - T Use in Formula Trace Dependents
Insert Name Watch | Cal
Function E Financial ~ @ Date & Time ~ l! Mare Functions ~ Manager Create from Selection Remove Arrows ;3 Window | O
Function Library [ﬁ, Statistical 3 o . Formula Auditing (
o LARGE
SUM - x o k - Il Engineering ¢
LINEST
L’, Cube »
A B C D : LOGEST J K L M
- @ Information ¥ H
1 Speed (mph) P c -~ LOGNORM.DIST
,  Compatibility »
2| 52 Mode y ’ LOGNORNMLINY
3 51 Median [ Web ' i
MAX - o .
4 53 Mean equently occurring, or repetitive, value in an array or rangs
5 MAKA
5 54 Std dev
6 50 MEDIAN
7 55 1st Quartile MIN
8 57 3rd Quartile MINA
° 3 MODEMULT
10 55 85th Percentile
1 565 MODE.SNGL
MEGEINOM
12 58 MODESNGL(number1,number2,)
13 55 NORM.DIST
14 59 Returns the most frequently
MORM.INV | occurring, or repetitive, value in an
15 58 .
MORM.S D 2MTaY or range of data
16 55 e Tell
i ell me more
17 55 NORM.S.IN
18 52 PEARSON
19 54 DERCENTILE FY( hd |
‘ w | Sheets | Sheets | Sheet7 | Sheets | Shee fx InsertFunction.. 1

ENTER
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The Function Arguments window opens.

Click in the Number1l textbox.

Point-and-click to select the speed data on the spreadsheet.
Note that a preview of the formula result is displayed.

= H B
HH

Watch | Calculation E‘E
Window = Options -
Calculation

Signin A

H - - = Book1 - Excel
HOME IMSER]
EAthSum -
f-‘.' MODE.SNGL

I Recently Used
Insert o Numbert |A2:4101 = {52;51;53;54;50;55;57;53;55;56;58;55;...
Function Finencel Mumber2 | = array
A2 - x

A B
86 40 = 55
a7 54 Returns the most frequently occurring, or repetitive, value in an array or range of data.
a8 55 Number: numberl,number2,... are 1to 255 numbers, or names, arrays, or
29 54 references that contain numbers for which you want the mode.
90 55
£l 73 Formula result = 55
92 46
a3 63 Help on this function
94 37
95 41
96 62
97 49
93 60
99 61
100 38}
01 63]
102
103
104

4 wo | Sheets Sheetd Sheet? Sheetd Sheet? [«]

Click OK to dismiss the window.
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The mode of the data is displayed on the spreadsheet at the selected cell location.

H - = Book] - Excel 7 @m - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
. > AutoSum - @ Logical = E Lookup 8 Reference - I—ﬂ?' Define Mame - E‘:“Trace Precedents % h
Recently Used - Text~ @ Math & Trig ~ = “fr Use in Farmula “:E Trace Dependents ¥1 ~ &S .
FJ:SC::F;H E Financial = @ Date & Time - @ Mare Functions = Mf::l;ﬂgeer 5 Create from Selection I;:\ Remove Arrows  ~ -J}- \:r'\:’:;(:lv C;:tLiI;a:lstn e
Fundtion Library Defined Names Formula Auditing Calculation ~
F2 v I =MODE.SNGL{A2:A101) v
A B C D E F G H J K L M M Q |«
1 |Speed (mph)
2| 52 Mode | s3]
3 51 Median
4 53 Mean
5 54 Std dev
6 50
7 55 1st Quartile
8 57 ard Quartile
9 53
10 55 85th Percentile
1 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54 hd
1 ... | Sheets Sheets Sheet? Sheets Sheetd [l »

Incidentally, the function MODE.MULT function will produce an array of the multiple modes
for multimodal data,
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Repeat the procedure to look up the function call for the Median.
Or, as with any other function begin typing “=" followed by the first few letters of the name of
the function in the destination cell on the spreadsheet to pull up a shortlist of candidate functions.

H ©- = Book] - Excel 7 B - O x
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
. > AutoSum - @ Logical = E Lookup 8 Reference - Define Name Trace Precedents %
Recently Used - Text = @ Math & Trig = “fx Use in Formula Trace Dependents . .
Insert ) . ) ) Narme ) ) - . - Natch | Calculation ER
Function E Financial = @ Date & Time ~ @ Meore Functions = Manager Create from Selection Remove Arrows Nindow = Options |
Fundtion Library Defined Names Formula Auditing Calculation ~
MODE.SNGL ~ X Vv  JF || =me v
A B C D E F G H J K L M N O |«
1 |Speed (mph)
2 52 Made 55
3 | 51 Median =me
4 53 Mean MEDIAN Returns the median, or the number in the middle of the set of given numbers
5 54 Std dev
G 50
7 55 1st Quartile
8 57 3rd Quartile
9 53
10 55 85th Percentile
1 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 34 -
4 .. | Sheet5 | Sheets | Sheet7 | Sheets | Sheet9 () [ 3

ENTER %3
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Double click on MEDIAN.
Point-and-click to select the data.

H - = Book! - Excel ? @B - 0O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx Z AutoSum - Logical = E Lookup 8 Reference - Define Mame Trace Precedents %

Recently Used - Text~ @ Math & Trig ~ “fr Use in Farmula Trace Dependents o P

Fl:sci:tn E Financial @ Date & Time ~ @ Mare Functions ~ [.r:zl;:a. Create from Selection Remove Arrows 3 ..u::IL: LS::tLilcl::m g

Fundtion Library Defined Names Formula Auditing Calculation ~

A2 - x v =MEDIAN(A2:A101 v
A B C D E F G H J K L M M o |~

1 |Speed (mph)

2 52 Made 55

3 51 Median |:MEDIAN{_A2:A;E;

4 53 Mean MEDIAN(number1, [number2], ...}

5 54 Std dev

4] 504

7 551 1st Quartile

2 57 ard Quartile

9 53

10 55 85th Percentile

1 56y

12 581

13 55!

14 59,

15 58y

16 554

17 55!

18 52

19 54 -

] . | Sheet5 Sheetd Sheet7 Sheets Sheetd 14 »

POINT 83
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Hit Enter on the keyboard.

The result is displayed.

Book1 - Excel

H ©- s
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF
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fx > AutoSum - Logical = E Lookup 8 Reference -
| Recently Used - Text = @ Math & Trig =
Fu:sc:;n E Financial @ Date & Time ~ @ Mare Functions ~

Fundtion Library
F4 - Je
A B C D E F
1 |Speed (mph)
2 52 Made 55
3 51 Median 53
4 | 53 Mean | _l
5 54 Std dev
] 50
7 55 1st Quartile
8 57 3rd Quartile
9 53
10 55 85th Percentile
1 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 34
] . | Sheet5 Sheetd Sheet7 Sheets Sheetd

T =] Define Mame -
— - i
“fx Use in Formula
Name
Manager E’ Create from Selection

Defined Names

a
#.0 Trace Precedents %
v

D:E Trace Dependents
% Remove Arrows ~ (&)
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—
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Window
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Sign in
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Options =
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The Excel function for the mean is AVERAGE.
Apply the AVERAGE function to the data.

H ©- = Book] - Excel
HOME  INSERT  PAGELAYOUT  FORMULAS = DATA  REVIEW  VIEW  DEVELOPER  FOXIT READER PDF

fx Z AutoSum - Logical = E Lookup 8 Reference - Define Name Trace Precedents  [7&
Recently Used - Text~ @ Math & Trig ~ “fr Use in Farmula Trace Dependents
Fl:sci:tn |E Financial - |E pate & Time~ |B More Functions - I'f::;:er Create from Selection Remove Arrows )
Fundtion Library Defined Names Formula Auditing
A2 - X v Kk =AVERAGE(A2:A101
A B C D E F G H J K L
1 |Speed (mph)
2 52 Mode 55
3 51 Median 53
4 53 Mean |:AVERAGE{!J\2:ALCL
5 54 Std dev AVERAGE(number1, [number2], ...)
6 50
7 55 1st Quartile
8 57, ard Quartile
g 53
10 55! 85th Percentile
1 56
12 58
13 55
14 59
15 581
16 55
17 S5
18 52
19 54
4 .. | Sheet5 | Sheets | Sheet7 | Sheets | Sheetd ()] [

POINT 23

?T B - O
Sign in
Watch | Calculation ER
Window = Options
Calculation
M N o}
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Hit OK.
The average is computed and displayed.

H - s Book - Excel ? ®H - O %X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx > AutoSum - Logical = E Lookup 8 Reference - I—ﬂ?‘ Define Mame - E‘:“Trace Precedents % h

Recently Used - Text~ @ Math & Trig ~ = “fr Use in Farmula “:E Trace Dependents Y - &o .

Fl:sci:tn |E Financial - |E pate & Time~ |B More Functions - Mr::;ﬂgee, £ Create from Selection ~ [% Remove Arrows ~ (&) \..t'r‘:r:;:l\, Cg::il::so.n g

Fundtion Library Defined Names Formula Auditing Calculation ~

F5 - I v
A B C D E ; G H J K L M N o |«

1 |Speed (mph)

2 52 Mode 55

3 51 Median 53

4 53 Mean 51.87

5 | 54 std dev 1

6 50

7 55 1st Quartile

8 57 ard Quartile

g 53

10 55 85th Percentile

1 56

12 58

13 55

14 59

15 58

16 55

17 35

18 52

19 54 -

1 .. | Sheet3 Sheets | Sheet?7 | Sheetd | Sheetd 1 3

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE Page 127 of 155


http://www.suncam.com/

Engineering Methods in Excel
A SunCam online continuing education course

The Excel function for the sample standard deviation is STDEV.S.
Apply the STDEV.S function to the data.

H ©- = Book] - Excel
HOME  INSERT  PAGELAYOUT  FORMULAS = DATA  REVIEW  VIEW  DEVELOPER  FOXIT READER PDF

fx Z AutoSum - Logical = E Lookup 8 Reference - Define Name Trace Precedents  [7&
Recently Used - Text~ @ Math & Trig ~ “fr Use in Farmula Trace Dependents
Fl:sci:tn |E Financial - |E pate & Time~ |B More Functions - I'f::;:er Create from Selection Remove Arrows )
Fundtion Library Defined Names Formula Auditing
A2 - X v Kk =STDEV.5(A2:A101
A B C D E F G H J K L
1 |Speed (mph)
2 52 Mode 55
3 51 Median 53
4 53 Mean 51.87
5 54 Std dev |=STDEV.S{_!1\2::1‘«;CL|
6 50 STDEV.5(number1, [numberZ], ...
7 55 1st Quartile
8 57 ard Quartile
g 53
10 55! 85th Percentile
1 56
12 58
13 55
14 59
15 587
16 55
17 55§
18 52
19 54
4 .. | Sheet5 | Sheets | Sheet7 | Sheets | Sheetd ()] [

POINT 23
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Sign in
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Hit OK.
The sample standard deviation is computed, which yields:

H - s Book - Excel ? ®H - O %X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx > AutoSum - Logical = E Lookup 8 Reference - I—ﬂ?‘ =] Define Name ~ E‘:“Trace Precedents @ h

Recently Used - Text~ @ Math & Trig ~ = “fr Use in Farmula “:E Trace Dependents Y - &o .

Fl:sci:tn |E Financial - |E pate & Time~ |B More Functions - Mf::;ngeer £5 Create from Selection IS Remove Arrows - (&) \..t'r‘:r:;:l\, Cg::il::so.n g

Fundtion Library Defined Names Formula Auditing Calculation ~

F6 - I v
A B C D E ; G H J K L M N o |«

1 |Speed (mph)

2 52 Mode 55

3 51 Median 53

4 53 Mean 51.87

5 54 Std dev 9.959164

6 50 1

7 55 1st Quartile

8 57 ard Quartile

g 53

10 55 85th Percentile

1 56

12 58

13 55

14 59

15 58

16 55

17 35

18 52

19 54 -

1 . | Sheet5 Sheets | Sheet?7 | Sheetd | Sheetd 1 3
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We shall now work on quartiles and percentiles.

To find the quartiles, look up “Quartiles” in the statistical functions list, or type “=quartile”.

H ©- < Book1 - Excel ? B - 0O %
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx Z AutoSum - Logical = E Lookup 8 Reference - Define Name Trace Precedents %%

Recently Used - Text~ @ Math & Trig = “fx Use in Formula Trace Dependents o P

FL‘I:SC:;I’T E Financial = @ Date & Time ~ @ Meore Functions = [.r]r_,::;:ﬂ. Create from Selection Remove Arrows x ..u::IL: LS:;L;!::;C” g

Fundtion Library Defined Names Formula Auditing Calculation ~

MODE.SNGL ~ X & k|| =guartile v
A B C D E F G H J K L M N O |«

1 |Speed (mph)

2 52 Made 55

3 51 Median 53

4 53 Mean 51.87

3 54 Std dev 9.959164

G 50

7 55 1st Quartile

g 57 3rd Quartile 73] quaARTILE.EXC Returns the quartile of a data set, based on percentile values from 0.1, exclusive

3 53 ¢

10 55 85th Percentile

1 56

12 58

13 55

14 59

15 58

16 55

17 55

18 52

19 54 -

4 .. | Sheet5 | Sheets | Sheet7 | Sheets | Sheet9 () [ 3

ENTER 23
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Double click on the option QUARTILE.EXC.

BEH S
HOME

Insert

MODE.SNGL ™
A

1 |Speed (mph)
2 52
3 51
4 53
5 54
6 50
7 55
8 57
9 53
10 55
1 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54

ENTER
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Recently Used ~
Function | Financial -

s Book - Excel
INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW
Logical = E Lookup 8 Reference - Define Mame

Text~

|l Math & Trig~

“fx Use in Formula

Name
@ Date & Time - @ Mare Functions = Manager Create from Selection
Fundtion Library Defined Names
> & Je | =QUARTILE.EXC(
B C D E F G H
Mode 55
Median 53
Mean 51.87
Std dev 9.959164
1st Quartile |=QUARTILE.EXC{|
3rd Quartile UARTILE.EXC(array, quart)

85th Percentile

Sheets Sheets Sheet?

Sheets

Sheetd

DEVELOPER

7T EBH - 0O
FOXIT READER PDF

Trace Precedents  [7&
Trace Dependents )

i - Watch | Calculation R
Remove Arrows Window = Options
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Click on the function (fx) button to review further details of this function.

H ©- = Book] - Excel 7 B - O x
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx Z AutoSum - Logical = Lookup 8 Reference - Define Mame Trace Precedents %
Recently Used - Text~ Math & Trig = “fx Use in Formula Trace Dependents o P
FL‘I:SC:;I’T E Financial @ Date & Time @ Mare Functions ~ [.r]r_,::;:ﬂ. Create from Selection Remove Arrows £:5 ..u::IL: LS:;L;!::;C” g
Fundtion Libra Defined Names Formula Auditing Calculation ~
MODE.SNGL ™ X v =QUARTILE.EXC( v
A B C D E ; G H J K L M N O |«
1 |Speed (mph)
2 52 Made 55
3 51 Median 53
4 53 Mean 51.87
5 54 Std dev 9.959164
G 50
7 55 1st Quartile |=QUARTILE.EXC{|
8 57 3rd Quartile QUARTILE.EXC(array, quart)
9 53
10 55 85th Percentile
1 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54 -
4 . | Sheet5 Sheetd Sheet7 Sheets Sheetd [

ENTER 23
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The Function Arguments window opens.
Click in the Array textbox
Point-and-click to select your data on the spreadsheet.

For Quart, enter “1” to compute the 1% quartile (“3” to compute the 3" quartile, and so on and

so forth).

Sign in H

H - &= Book - Excel
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF
f_\.‘ > AutoSum - = B
) IQ Recently Used ) twj )

In:e!t . . .'.'.‘..'atch Cach.llatlon EE

Function nancia QUARTILE.EXC Window | Options
Array |A2:A1B1 = {52:51;53;54:50:55;57:53;55;56:58;55;5¢ Calculation
7 . Quart |1| =1
= 45
Returns the quartile of a data set, based on percentile values from 0..1, exclusive, M N
0 40 Quart is a number: minimum value = 0; 1st quartile = 1; median value = 2; 3rd
a7 54 quartile = 3; maximum value = 4,
a8 55
a9 54 Formula result = 45
90 55
91 79 Help on this function
92 46
93 63
94 37
95 41
96 62
97 49
93 60
99 61
100 38
101 63
102
103
104
4 oo | Sheets Sheetd Sheet? Sheets Sheet? [«] ]

Review the result preview.
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Hit OK to complete the computation.

H - = Book] - Excel 7 @m - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx > AutoSum - Logical = E Lookup 8 Reference - I—ﬂ?' Define Mame - E‘:“Trace Precedents % h

Recently Used - Text~ @ Math & Trig ~ = “fr Use in Farmula “:E Trace Dependents o - &S .

FJ:SC::F;H E Financial = @ Date & Time - @ Mare Functions = Mf::l;ﬂgeer 5 Create from Selection 3\ Remove Arrows = \,:‘:r:;(:lv C;:tLiI;a:lstn e

Function Library Defined Names Formula Auditing Calculation ~

F7 T I =QUARTILE.EXC(A2:A101,1) v
A B C D E F G H J K L M M Q |«

1 |Speed (mph)

2 52 Mode 55

3 51 Median 53

4 53 Mean 51.87

5 54 Std dev 9.959164

6 50

7 55 1st Quartile | 45_'

8 57 ard Quartile

9 53

10 55 85th Percentile

1 56

12 58

13 55

14 59

15 58

16 55

17 55

18 52

19 54 hd

1 Sheets Sheets Sheet? Sheets Sheetd [l »
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Repeat the process to compute the 3 quartile, or simply fill handle the 1% quartile formula and
then update it to ensure the correct Array is selected (use of absolute reference for the 1%
quartile computation would eliminate the need for this update step), and update the Quart
argument to “3”.

H - = Book1 - Excel ? ® - 0O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
fx > AutoSum - @ Logical = E Lookup 8 Reference - Define Name Trace Precedents %

Recently Used - Tent = @ Math & Trig = “fx Use in Formula Trace Dependents o R

FL‘I:SC:;I’T E Financial @ Date & Time ~ @ Mare Functions ~ [.r]r_,::;:ﬂ. Create from Selection Remove Arrows (Fx ..u::IL: LS:;L;!::;C” g

Fundtion Library Defined Names Formula Auditing Calculation ~

MODE.SNGL X v & =QUARTILE.E}(C{;’A2:;’J\LE;,3b v
A B C D | QUARTILE.EXC(array, quart) | G H | J K L M M Q0 |~

1 .SEEEd !m“}h] First quartile (25th percentile) CQUARTILE.EXC returns the first quartile (25th percentile)

2 52 Mode 55 Median value [50th percentile]

3 51 Median 53 [&3] 3 - Third quartile [75th percentile]

4 53 Mean 51.87

5 54 Std dev 9.959164

6 50|

7 55 1st Quartile 45

8 57| 3rd Quartile |:A101,3} ‘l

9 53

10 55 85th Percentile

1 56/

12 58|

13 55

14 59

15 58|

16 55

17 55

18 52

19 54/ hd

4 .. | Sheet5 | Sheets | Sheet7 | Sheets | Sheet9 () [ 3
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Hit the Enter key to complete the calculation.

H - = Book] - Excel 7 @m - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
. > AutoSum - @Logicalv ELookup&Reference' ,r_:\.“' =] Define Name ~ E‘:“Traceprecedents % h

Recently Used - Text ~ |ﬂ Math & Trig - = Use in Formula “:E Trace Dependents ¥1 ~ &S .
e 1B Financial - I8 pate & Time - |B More Functions - ome £ Create from Selection % R A C® ek Caledlation g
Function = inancial ate me 1] ore runctions Manager reate rrom selection M REMOvE Arrows X, Window OptanS'

Fundtion Library Defined Names Formula Auditing Calculation ~

F9 - I v

A B C D E F G H J K L M N o |«
1 |Speed (mph)
2 52 Mode 55
3 51 Median 53
4 53 Mean 51.87
5 54 Std dev 9.959164
6 50
7 55 1st Quartile 45
8 57 3rd Quartile 58
9 53 | .l
10 55 85th Percentile
11 56
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54 -

1 ... | Sheets Sheets Sheet? Sheets Sheetd [l »

Note that in the quartile computations we saw three available functions in the Excel statistical
functions library, namely: QUARTILE.EXC, QUARTILE.INC, AND QUARTILE.

QUARTILE is the function call for pre-2010 versions of the Excel program and has been
maintained to enable backwards compatibility. QUARTILE.INC uses a zero-based position
numbering system to perform the calculations, e.g. the lowest value in the data is position zero,
the next highest value is position 1 and so on and so forth. QUARTILE.EXC uses a one-based
position numbering system to perform the calculations, e.g. the lowest value in the data is
position 1, the next highest value is position 2 and so on and so forth.
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QUARTILE.INC and QUARTILE.EXC also differ in the way interpolations are conducted.
Participants in this course who are interested in these computational nuances are referred to the
Microsoft website for further information on this discussion.

The computation of percentiles follows that of quartiles.

Select the PERCENTILE.EXC function from the statistical functions library, or simply type it
in the destination cell (with the “=:" prefix).

Point-and-click to select the data.

For the K value, enter the percentile you are seeking, as a decimal.

Z AutoSum -

Function Arguments ? “
PERCENTILE.EXC ’
F Array | AZA101 F%:| = {52:51:53:54:50;55:57:53:55:56;58:55:5¢ | |la Auditing Calculation
£10 . x K |0.25 B = 085
= 61.85
A B Returns the k-th percentile of values in a range, where k is in the range 0..1, exclusive, L M N o]
a7 54 K is the percentile value that is between 0 through 1, inclusive,
a3 55
89 54
=0 33 Formula result = 61.85
9 79
92 a6 Help on this function Cancel
93 63
94 37
95 41
96 62
97 49
98 60
99 61
100 38
101 63
102
103
104
105
1 ... | Sheets | Sheetd Sheet7 | Sheetd | Sheetd )] [l 3
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Hit OK to complete the computations.

H - = Book] - Excel 7 @m - O X
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
. > AutoSum - @Logicalv ELookup&Reference' ,r_:\.“' =] Define Name ~ E‘:“Traceprecedents % h

Recently Used - Text ~ |ﬂ Math & Trig - = Use in Formula “:E Trace Dependents ¥1 ~ &S .
e 1B Financial - I8 pate & Time - |B More Functions - ome £ Create from Selection % R A C® ek Caledlation g
Function = inancial ate me 1] ore runctions Manager reate rrom selection M REMOvE Arrows X, Window OptanS'

Function Library Defined Names Formula Auditing Calculation ~

F11 - fe v

A B C D E F G H J K L M N o |«
1 |Speed (mph)
2 52 Mode 55
3 51 Median 53
4 53 Mean 51.87
5 54 Std dev 9.959164
6 50
7 55 1st Quartile 45
8 57 3rd Quartile 58
g 53
10 55 85th Percentile 61.85
1 56 1
12 58
13 55
14 59
15 58
16 55
17 55
18 52
19 54 -

‘4 Sheet5 | Sheets | Sheet7 | Sheet8 | Sheetd ® < 3

We notice that we get a slightly different value from what we calculated manually earlier in this
course. Also (and you may test this on your own), the PERCENTILE.INC function yields yet
another slightly different result. As we discussed under quartiles, these discrepancies are due to
the position numbering systems and/ or the different interpolation algorithms applied for each
function in Excel. However, from fundamental principles, recall that any percentile (or quartile)
must have a certain number of the data values below it and above it. So long as this is satisfied,
the numerical discrepancies in the percentile (or quartile) value—due to these different
interpolation strategies built into these Excel functions—may be considered negligible.
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Descriptive Statistics from the Data Analysis Tools
The Excel Data Analysis Tools Add-in presents a one-button-click function that produces a
summary of some descriptive statistics in a tabular output.

Click on the DATA tab.
Go to the Analysis palette.
Click on Data Analysis.

\

H - = \ Book1 - Excel 208 - O x
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
B Irﬂ [=] Connections 8] Y Clear E’E [ Flash Fill fem &8 Group - ?ﬁSDI\rer
&~ Praoperties . Reapply H‘HRemoveDupli(ates E’:)' IZ‘:EUngrour.:l - llﬁDataAnal}rsis
Get Bxternal Refresh o z| Sort Filter Tetto o .
Data - Al Edit Links Y,‘Ad\ranced Columns o Data Validation - E@Subtotal
Connections Sort & Filter Data Tools Outline [} Analysis ~
F11 - I v
A B C D E F G H J K L M N o |«
1 |Speed (mph)
2 52 Mode 55
3 51 Median 53
4 53 Mean 51.87
5 54 Std dev 9.959164
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In the Data Analysis window, select Descriptive Statistics.
Hit OK.

Analysis Tools

Anova: Two-Facor Without Replication
Correlation

Covariance

Descriptive Statistics

Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis

Histogram

hoving Average

Random Number Generation

The Descriptive Statistics window opens.

Under Input, select the data,
This data is grouped Columns.
The selection of the data that we made does not include any labels.
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For the Output options: select the Output Range option.
Click in the Output Range textbox.
Select a range of cells on the current spreadsheet.

E° [=] Connections A ? Y Clear E’?_ Flash Fill fom &8 Group = % Solver
et Exvemal| ket Properties ;l ;m: . V- Reapply T:xt-t-o BB Remove Duplicates % - | @8 Ungroup -~ ==  EqData Analysis
Data - All |:]>Eclit Links - Y_;‘Acl‘,-'ancecl Columns =& Data Validation UE El:l Subtotal
Connections Sort & Filter Data Tools Cutline Analysis ~
13
Input
A Input Range: 4 K L M M o [
2 Grouped By: @golumns
3 () Rows
4 I:‘I_.abels in first row
5
6 CQutput options
7 (®) Qutput Range:
8 () Mew Waorksheet Ply:
g () Mew Workbook
:‘:] [] summary statistics
12 [] confidence Level for Mean: 95 kL
3 [ kth Largest: 1
2 [] Kth Smallest: 1
13
16
17
18
19
20 :
1 ... | Sheet5 | Sheeté | Sheet7 | Sheet3 | Sheetd | [
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Check Summary statistics.

Check kth Smallest, and enter 85, to display the value at the 85" position when the data is
arranged in increasing order.

In other words, a rounded estimate of the 85" percentile value. (Note that 85 was obtained from
n*p = 100*0.85, for other sample sizes, the np value shall be computed accordingly).

Input
Input Range: |$A$g;$g$m1
Grouped By: @ Columns

O o

|:| Labels in first row

Cutput options

(® Output Range: SIS35ME1D
() Mew Worksheet Ply: | |
ID MNew Workbook

Summary statistics

[ | Confidence Level for Mean: |Ei'5 |'3=E»
[ ] Kth Largest: 1
Kth Smallest: ag|

Hit OK.
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The result is displayed on the spreadsheet at the designated range of cells location(s).

H ©- s Bok1 - Excel ? ®E - O
HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW DEVELOPER FOXIT READER PDF Sign in
B @ [=] Connections 8] Y Clear E’E Flash Fill fem &8 Group - ?ﬁSDI\rer
= Properties ALZ ) Reapply B+ Remove Duplicates B~ 28 Ungroup ~ d%DataAnal}rsis
Get Bxternal Refresh L z| Sort Filter Tetto o .
Data - All+ Edit Links Y,’Advanced Columns = Data Validation - E@ Subtotal
Connections Sort & Filter Data Tools Outline ] Analysis
13 A fe || Columni
A B C D E F G H 1 J K L M N o]
2 52 Mode 355
3 51 Median 53 Columnl
4 53 Mean 51.87
5 54 Std dev 9.959164 Mean 51.87
6 50 Standard t 0.995916
7 55 1st Quartile 45 Median 53
8 57 3rd Quartile 58 Mode 55
9 53 Standard [ 9.959164
10 55 85th Percentile 61.85 Sample Vi 99.18495
1 56 Kurtosis = 0.452502
12 58 Skewness -0.08357
13 55 Range 54
14 59 Minimum 25
15 58 Maximum 79
16 55 Sum 5187
17 55 Count 100
18 52 Smallest(¢ 61
19 54
20 33
] Sheets | Sheets | Sheet7 | Sheetd | Sheetd ® [

AVERAGE: 4125984971

COUNT: 29

SUM: 5776.3789
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Review the results and compare to those obtained by previous methods.

Columnli
Mean 51.87
Standard Error 0.995916
Median 53
Mode 55

Standard Deviation 9.959164
Sample Variance 99.18495

Kurtosis 0.452502
Skewness -0.08357
Range 54
Minimum 25
Maximum 79
Sum 5187
Count 100
Smallest(85) 61
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Box and Whisker Plot (Excel 2016 and beyond users only)
A Box and Whisker Plot also called simply a box plot provides a graphical summary of a
distribution in terms of its quartiles.

In Excel, a box plot can be created by the innovative use of spreadsheet functions. However,
starting with the 2016 release, Excel provides a built-in functionality for plotting box plots
directly from the general tools for creating charts.

Select your speed data.
Click on the Insert tab.
Go the Charts palette.
Click on See All Charts.

Book1.xlsx - Excel A KBEOfosu B = O

Draw Page Layout Formulas Data Reviev View Developer Power Pivot Q Tellme '!;:';_ Share

Tables lllustrations  Add- Recgmm-ended W i~ Fi- Maps PivotChart Sparklines Filters Hyperlink Text Symbols
- b ins~ Charts - -k, - - - - -
Charts Links -~
See All Charts
Al 2 fe Speed (mph) v
A B C D E F G H j| K L M -
1 |Speed (mph)
2 52
3 51
4 53
5 54
6 50
T 55
8 S5
g 53
10 55
11 56
12 58
13 55
14 59
15 58
16 55
17 55
-
1 » .| Sheetz | Sheet4 | Sheet5 | Sheet6 | Sheet7 | Sheets .. (B ] 3

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE Page 145 of 155



http://www.suncam.com/

Engineering Methods in Excel
A SunCam online continuing education course

The Insert Chart window opens.

Click on the tab All Charts.
Click on Box and Whisker.

Insert Chart
Recommended Charts Al Charts

™ Recent -
Templates & ;' @

Column

Line Box and Whisker

Pie Ehart T
Bar . r
Area » I
K'Y (Scatter) »

Map

Stock

Surface

Radar

Treemap

Sunburst

Histogram

Box & Whisker | 4=

Waterfall

Funnel

FIEEFOEXBESESNORE

Combo

Cancel

Click OK.
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The box plot is inserted on the spreadsheet.

H - Book1 xlsx - Excel A\ KB Ofosu [Eal = O
File Home Draw Page Layout Formulas Data Review View Developer Power Pivat Farmat Q Tell me
L] arrans e -
B : - L :
5 T AL e L — L — T
Add Chart Quick  Change | E k = F ’ N Switch Row/ Select Change Mave
Element = Layout~ Colors = Column Data | Chart Type Chart
Chart Layouts Chart Styles Data Type Location
Chart 2 = fe
A B | T | D | E | F | G | H | | ] -
19 54 Format Chart Area ~ %
20 55 Chart Opti had
T o o °TH ptions
— Chart Title =
22 CION -
. 50 p
23 | &
24_ 80 - I Rl
25 | 7 ¢ I Border
26 60 .
27 © whiskers
| J L=
28 | 40 4
29 | 30
30 -
| 20
31
32_ 10
2| .
34| .
35 Oy O o
36 | 44/
37| 48] -
« > .| sheetz | ffieets | Sheets | sheets .. @ 1 v
Ready 9 Average: 51.87  Count: 100 Sum: 5187 Jeiz| m- 1 +  100%

/

box
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Hover over the line features and the point features of the chart to identify,

1. the lower quartile

H - Book1.xlsx - Excel A\ KB Ofosu = = O

File Home Draw Page Layout Formulas Data [ Power Pivot Format Q Tell me

L] =
(2]
B e = : A
Add Chart Quick  Change | : E = - —| | Switch Row/ Select Change Move
Elernent ~ Layout~ Colors~ Column Data  Chart Type  Chart
Chart Layouts Chart Styles Data Type Location -
Chart2 i I
A B | C | D | E | F | G | H | | 1 -

19 54 Format Chart Area ~ %
20 55 Chart Opti v
o o o g ptions

5 Chart Title =
22 O O I

. 50 P
23 | &
24_ B0 L) ]
25| 7 b Border
26 60
28| ) " o]
29_ 30 Series 1 Point "1"
30 . Value: 45

u 20
31
32_ 10
33| 0
34| :
335 Cragy O o
36 | 44
37| 43 -

¢ » .| Sheet2 | Sheetd | Sheets | Sheets .. (&) 1 v
Ready 9 Average: 51.87  Count: 100 Sum: 5187 Jeiz| m- 1 +  100%
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2. the median

H ©- Book1xlsx - Excel A\ KB Ofosu il = O

File Home Draw Page Layout Formulas Data Review View Developer Power Pivat Farmat Q Tell me

L]
| e d][tl

I H- il L] D — - || I I !
Add Chart Quick  Change | —| | Switch Row/ Select Change Mave
Element = Layout~ Colors = Column Data | Chart Type Chart

Chart Layouts Data Type Location
Chart 2 = fe

A B | € | D | E | F | G | H | | J -~

19 54 Format Chart Area ~
20 55 Chart Opti had
T o o °TH ptions

— Chart Title =
22 CION -

. 50 ]
23 | &
24_ 80 - I Rl
=) 7 b Border
26 | 60
27 | 50
28| J " Q
29 | 30
30

| 20
3|
32_ 10
33| a
34| B
35 Oy O o
36 | 44
37| 43 -

4 > .| sheetz | Sheets | Sheets | Sheets .. (& 1 v
Ready 5 Average: 51.87  Count: 100 Sum: 5187 ik o = 1 +
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3. the upper quartile

H ©- Book1xlsx - Excel A\ KB Ofosu il = O

File Home Draw Page Layout Formulas Data Review View Developer Power Pivat Farmat Q Tell me

L] arrans e
. ; = =

I H- '[I]Jh .‘. D — ' — - I| I I
Add Chart Quick  Change | E k = N —| | Switch Row/ Select Change Mave
Element = Layout~ Colors = Column Data | Chart Type Chart

Chart Layouts Chart Styles Data Type Location
Chart 2 = fe

A B | € | D | E | F | G | H | | J -~

19 54 Format Chart Area ~
20 55 Chart Opti had
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— Chart Title =
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. 50 ]
23 | &
24 | &0 b Fill
=) 7 b Border
26 | 60
27 | 50
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3|
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33| a
34| .
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Ready 5 Average: 51.87  Count: 100 Sum: 5187 ik o = 1 +

x

=
2

www.SunCam.com Copyright® 2017 Kwabena Ofosu, Ph.D., P.E., PTOE Page 150 of 155



http://www.suncam.com/

Engineering Methods in Excel
A SunCam online continuing education course

4. the mean (an “X” marker)

H ©- Book1xlsx - Excel A\ KB Ofosu il = O

File Home Draw Page Layout Formulas Data Review View Developer Power Pivat Farmat Q Tell me
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5. the threshold values for outliers

H ©- Book1xlsx - Excel A\ KB Ofosu il = O

File Home Draw Page Layout Formulas Data Review View Developer Power Pivat Farmat Q Tell me
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6. The outliers in the data (if any) (circular point markers).

H - Book1 xlsx - Excel A\ KB Ofosu [Eal = O
File Home Draw Page Layout Formulas Data Review View Developer Power Pivat Farmat Q Tell me
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The box plot enables us to see the spread of the data in terms of the quartiles. It enables us to
visually see the difference between the mean and median, hence the skew of the distribution. We
are also able to immediately see any outliers.

Descriptive Statistics complete! Congratulations.
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3. CONCLUSION

This course is part of a series on engineering methods in Excel. This course presented a broad
overview of fundamental principles and engineering applications of engineering data analysis,
and how to use Excel tools to analyze and solve these types of problems.

In this course, we looked at statistical methods used to organize and summarize data sets—such
as frequency distributions, frequency diagrams and descriptive statistics. We learned how to use
the built-in functions of Excel to implement these methods, strategies and computations.

This course has enabled participants to identify professional situations where the innovative
application of techniques learned in this course are relevant and of benefit to the productivity,
efficiency, and quality of the work output of a practitioner.

Practitioners are strongly encouraged to look out for situations in their domains of expertise
where engineering methods in Excel are applicable and will be of benefit to their work and their
organization.

A successful application of engineering methods in Excel requires a careful and meticulous
approach; and can only be mastered and retained by practice and repetition.

It has been my utmost pleasure presenting this topic to you. Thank you.
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