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What does frequency mean?

What does distribution mean?

\ Objectives

% Construct a frequency distribution

| * Know the charactenstics of a frequency distribution

Aug 28-2:04 PM



Stats 3a.notebook September 10, 2016

Frequency Distributions

Statistics exists because of variation. The statistician's job is to
comprehend variation by looking for structure. Frequency
distributions are one method of examining a data set's structure. To
examine structural characteristics, ask questions such as,

Where are most of the observations located?

Do the data cluster around one central point or are there several
points that data seem to cluster around?

Do the data seem to be uniformly spread out over some interval or
bunched in some range?

These questions all relate to the concept of "distribution."
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‘ Definition

A frequency distribution sununanzes data into classes and provides w tabular forn a list of the classes
along with the munber of observations i each class,
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The process of refining information is interesting.
‘ The analyst begins with raw data, then organizes that data by counting the number of observations in each
‘ classification.
In Table 3.1, the raw data consist of population counts in each state for the years 2000 and 2008.

\ By comparing the populations in 2008 with the populations in 2000, a population growth percentage can be

‘ computed for each state over the 8-year period. . . : — :
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Table 3.1 - Popistion Courds of individual Stales in 2000 and 2008
{Roundetic (he nearest 1000)

~ The process of refining information is interesting. The analyst begins with raw data, then
organizes that data by counting the number of observations in each classification. In
Table 3.1, the raw data consist of population counts in each state for the years 2000 and
2008. By comparing the populations in 2008 with the populations in 2000, a population
growth percentage can be computed for each state over the 8-year period.
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With the frequency
distribution, we are able to
see the broader structure of
the data. It is now easy to
see that most state
population
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 There are only two steps in the construction of a frequency distribution

Step 1: Choose the classifications.

Step 2. Count the number in each class.

For simple data, such as the results from tossing a coin, the choice of classifications is
easy. Heads is one category and tails the other. However, for continuous data, such as
weights, heights, and volumes, the choice of classification scheme becomes less obvious,
since there are an enormous number of possibilities. There are two requirements that
should be met when setting up the categories for classification: the categories must be
both mutually exclusive and exhaustive. Essentially, this means categories should not
overlap and should cover all possible values.

Since choosing the classification depends on whether the data are qualitative (nominal or
ordinal) or quantitative (interval or ratio), the discussion of frequency distributions will
be presented on the basis of these data types.
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Constructing Frequency Distributions for Qualitative Data

To construct a frequency distribution for qualitative data, choose the categories to
classify the data. In many instances, the problem at hand will suggest the classification
scheme. For instance, in the coin-tossing example, there are only two classes: heads and
tails. If we are classifying students by gender, again there are only two classes: male and
female. If we are classifying animals found on land, we could have six classes: mammal,
reptile, avian, insect, arachnid, and amphibian. For qualitative data, it would be unusual if
a reasonable set of categories is not relatively obvious.

After the categories have been chosen, count the items belonging to each class in order
to construct the frequency distribution.
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| Example 3.1: Constructing a Fregquency Disinbution

Apple Inc. mtroduced its turd generation 1Pad m March of 2012, After months of anticipation. ovwners were thrilled with
thew new Pads. Two of the main feanwres that separated the 3™ generation iPad from its predecessars were an improved
camera and n higher resolution display. In epite of the excitement of the launch. there were still thungs that ovners did nor
like about the new device, The followang 1able contains the responses from a survey of g0 new 1Pad owners when asked
what they dislike about the Pad
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Cosl of Device

Table 3.3 — Survey Responses

Sive Weight

Fxeessive Heat from Device

Battery L:fe Too Shont

Size Werght

Cost of Device

Cost of Device

Banery Lifc Too Shon

Excessive Heat froan Device

Cost of Wireless Thata Plan

L Ao of Flash Menory Storage

SizeWeieht

Cost of Device

Battery Life Too Shont

Cost of Device

Cost of Davics

Integration with Other Devices

Amount of Flash Memory Stomge

Ammmt of Flash Memory Storage

Banery Lafe Too Short

Tntegration with Othier Dievicss

o031 of Wireless Dara Plan

Cost of Device

Excessive Heat from Device

Amount of Flash Memory Storage

Cost of Wircless Data Tlan

Cost of Device

Cost of Device

Banery Life Ton Shon

Cos1 of Wireless Data Plan
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Table 33 — Survey Responses

Casat al 1evics

Srer Weighi

lixemsseos | el Bronn Devece

Examining the table of responses, one can see

Fattery Lite Too Shont

SizeWeight

st of Device

that there are seven responses (or categories)
that were given by the 30 new iPad owners.

Cost of Devies

Bartery Lifs Toe Short

Excossove Heat from Deviee

Summarizing the responses in a table (by
counting the number of times that each reason

Cost ol Wirekesy Diske Plan

Manonal of Plasb Mensay Stnsae

Sise Wenathl

was given), we can create a frequency
distribution

o at Dievies

Rattery 1.ite Tna Shart

Cnsl of Devizce

Arount of Flash Measory Storasc

Coet of Dovies

Intepration with COthcr Deviess

Table 34 — Freguency Disinbution of Survey Responzes

Azt of Flsh Meoway Stonge

Liatieny Ll Dow Shont

Lulegzation weil Otk Deoses

Crar ol Wireless Thatr Plan

ot af Thevice

Taeewive Heat rrom Device

Araout of Flazh Memeory Storage

Coer 0f Wircless Dats Dlan

Costof Devies

Coat of Device

Battery Lefe Loe Shot

Cost of Wireless Daty Plist

Response Fregquency’
Cusl of Deyace g
Banery Lite Ton Short 7
Cost o Wirelsss Dara Plan 4
Ament of Flasl: Metory Stesage 4
Size Weieh: 3
Fecsssive e from Tevice 4
Tangmtiaen with (1 ker Devices @
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Table 3.4 - Frequency Distnbution of Survey Responses

Response Fregquency

Cost of Device a9

Rattery Lafc [oao Shont 5

Cost af Wirzlesz Dats Plan 4
Amaount of Flash Mamony Storge 4
SireWeight 3

Excosstve Beat from Dosvice 3
Intepration with (her evices 2

|
The frequency distribution makes it easy to see the greatest concern for iPad owners. From the
table, it is evident that in spite of the anticipation and the rush for many consumers to purchase
the new iPad, the cost of the device was the number one reason that new owners disliked it. We
can also see that iPad integration with other devices is not much of a concern for new customers.
These conclusions would have been much more difficult to make if we considered the raw data
alone without consolidating the responses into a frequency distribution

Sep 8-9:22 PM
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\
" am aware that there are measures "i am aware that there are measures
that | can take to help protect my personal that | can take to help protect my personal
information on my personal computer.” information on my personal computer.”

Suongly Agres 419 Swongly Agree 3h%

Shelhtly Agres 327 Shgltly Agee 7%

Neutral . 250 Neutral 21%,

Shightly Disagree | 124 ﬁugmt_\- Di;a_w.- 10%

Stronely Disagtee 5 Strongly Disagree T
|
|
Sep 8-9:24 PM
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Of course, looking at the raw numbers is not very revealing. Given the

number of observations, it is difficult to get a good idea of the measurements.
Instead of trying to examine or analyze all 100 values, a frequency
distribution is given in Table 3.10. Examining the frequency distribution, an
analyst can look at a table divided into ten categories and ten frequencies,
thus reducing its complexity.
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There are only two steps in the construction of a frequency distribution

Step 1. Choose the number of classifications.

Step 2:  Count the number 1n each class.

Selecting the Number of Classes

| Choosing the number of classes is arbitrary and should depend on the amount of data available. In general, the more observations one has in a data
set, the more classes or intervals that can be used in the frequency table or histogram. Consequently, only very general guidelines exist. Generally,
fewer than four classes would be too much compression of the data and greater than 20 classes provides too little summary information. To start, a
good rule of thumb for the number of classes to create is to round , 7 ~ {251 20 the rzares whele mumber

Sep 8-9:32 PM
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Determining Class Width

However, a good starting point for determining class width is to divide the difference
between the largest and the smallest observations by the number of classes.

Largest Value— Smallest Value

| 7
| Class Width=
| Number of Classes
} Suppose we wanted to create a frequency distribution from the revenue data in Example 3.3, If there arc to be 10 classes.
determme a class wadth.
Largest Value— Smallest Value 408 1 407

Class Width= T e o e A
Numher of Classes 10 10

Sep 8-9:35 PM
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Finding Class Limits

After determining the class width, the class limits for all the classes in the frequency
distribution must be specified. The lower class limit is the smallest number that can
belong to a particular class, and the upper class limit is the largest number that can belong
to a class.

Definition

The class width 1= the difference betwesn the lower lunits or upper limits of two consecutive classes ol a
frequency distribution

The lower class Yimil is the smallest pumber that can belone to a partionlar class,

‘the upper class imit is the largest number that can belong to a parhenlar class.
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Cpesile = frerpuentey destrbnizo wang fve classes D the Toboaanz fest ol 3001 pricses

Table 391 — 3-D TV Pricea (inDollars)

RLTETE I Nt S N 15 LU B . LU O B L1 =
- 19991595
IARG | 169 | 188 | 17094 | 1685 -

=80.8~81

| KRR | 1TRT | 144 1694 | 17U .

iRDD 1 LRRS | 1994 | 1S95 | 1757

Table 3.12 - 3-00 TV Prices

Class Frequency :

-

£1500-81599

| 5160051699

1

| SIR00 - §1800

| $1900- $1999

T

\
|
‘ I $1700-$1790
|
\
\
|
|
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| Calculating Class Boundaries

There are other charactenistics of a frequency disimbution that can be caleulated once the basic frequency table has been

constructed. [et's fook at them.

The first calculation we will consider is that of class boundaries, 10+-11
‘ which are similar to the class limits. The class boundaries split the e =2 1OL B
1 difference in the gap between the upper limit of one class and the

lower limit of the next class

Definition

A class boundary is the value that lies halfway between the upper ot of one class and the Jower Innn of the
et cluss. Afier finding one class boundary, add (or subtract) the chiss wadth 1o find the next elnss bowndan

The boundanies of s elass are typically given w imterval form: lower boundary -upper boundary,

Sep 8-9:40 PM
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|

Caleulare the class Botpbaries for each class inthe freqrency distibutaon from Fxamplde 3.2

Schition

Look a1 the first and second clasies. The upper wmit of class one 18 (500, The lower bunet of class two & 1600, Thus, the
class howvmdiry hetween the Bist 1wo classes is calondated ac follows

IR TR B
i S

Recall g 1he closs skt as B0 Addinae 100 oo DAt S gaven thie st Class bhowndars. You con cepent tus step to fing the

remmaing class houndnries

Table 314 ~ 3-D TV Pnces with Class Boundaries
Clasy Freguency | Class Boundaries
810 $1000 2 1486, 5 - 1ho .
SI6H 8 1 5 1hteh Pt
BT R1To0 4 VLR PR ke st
BIRM - F1800 ] 17860 ER .
S0 g1 4 IR (B LELETRA
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Calculating Class Midpoints

The midpolnt, or class mark, of a class is the sum of the lower and upper Liits of the class divided by 2. The nudpotnts are
often vsad for estunatne the averags value w eack class.

Formula: Ciass Midpoint

Lower Lant+ Upper Limit
2

Clase Midpoint =

Sep 8-9:43 PM
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Caleulate thy endpoia of each class w the frequaney distebution from Exemple 3.1,
Solution
Lkes sdpott o5 the sutn of the class bants divaded by twe. Lon te Lt cliss, the audpoint i calsulaied us follows

| HON—1504%
| 150 S 15405

Wi wirn vese s e cofonlition o Sind the imdynists of e restiveng Clses. Atwtbier peetliod 8t aedd pop (e chies

width} to the tirst nudpoint, as wo dec wieh class botndnrics,

| Table 3.15 - 3-D TV Prices with Class Midpoinis

Class Freguency Mhdpoint
FLou0 1509 2 15105
FP600G-% 1000 ) 10440
' $1700-91709 4 1405 |
l L1500 $1R09 5 1840.5
i £1900 81900 4 19495
.
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Relative Frequency Distribution

| Relative frequency represents the proportion of the total observations in a given class, The retative frequency disoribution

| .

i enables the reader to view the number i eack category 1 relation to the total woanbet of observations. Relative fisquency 1s
a stalurcizing techigue. Conventing the frenency moanch elass 1o s proportion inasch class enabies o to compare data

sots wirth different pumbers of ohservations

Formule: Relative Freguency

The relative freqnency of any ¢lass 15 the number of observanons in the class divided by the rotal number of
ebservations,

Number i Clasgs

|
Relative Frequency =
Total Nunber of Obsery alions
|
|
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A relatres freguenct deinbonoc of the reveone dats Srom Exampls 3

freguascees are oblised by Gvidmyg the Heguencies sa Tavde 3.10 by e wilal seaubee of chuervumias.

fable 316 — Relabro Frequoncy DeslidaSion of Havenre Usta

Howenue [Milons of Dollars) Retative Frequency
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Cumulative Frequency Distnibution

&

The cumulatr e frequency distnbuton zres the reader 20 oppartuntty o look at any category and determine smmediated

tie nmbes of obsesvations that beloug to & paticules category aud all categeraes below it

Oiefinition

The comularive frequency & the sum of the Fequener of 4 parmcnlar class aed all mreceding elasse

fable 3 17 - Cumudative Frequency Distribution of Hevenue Data

Hevenue (Millions of Dollars) | Frequency | Cumulative Frequency |
it 40 50 5 '
4110 Bl 2 al)

8210 122 14 L}
12312 163 3 o7
164 12 204 1 Gx
205 1w 246 0 95
2461 250 1 o3
/7 10 AW 0 o9
J28 1= 368 0 %9
0L 1o 1 1

T

i fus example, the reader cac eastly see m Table 2 17 thar 97 out of 100 revennes are less than or eguad to $163 mallion
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Cumuiative Relative Fraquency

To chtaus the comulstive selane fregmency, add the relative Frequencies of all preceding classes o the relative fregnenct

of the craren: class

Definition

September 10, 2016

Tie ramolatn e relative fregeency = the proposhion of ohasrvations e & partculs class sud a7 preceding
chnvies

Revanue [Willions of Dollars)

Table 3.18 ~ Cumulative Relative Frequency Distribigion of Revenue Dala

Freguency | Helative Frequency Cur.;mlaﬁv Rial'rve Frequency

0 1o 40 ) 050 : 050

41 Bk a0 030 .80
B2te 122 18 014 [IRE}
123 1o 163 3 (R} 087
164 1 204 | (X131 DA%
0 e 245 i R 0.0
247 1o 2RA 1 [ER 095
2T e 327 t] o.ao [IRLY
327 1o I6R €] 0a0 .99
k-CIR R 1 0.0 100
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