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Section 4.1, Frequency Distributions and Their Graphs , \

Section 4.1 Part I Objectives ok @
‘ e Canyou construct and interpret reguency(dlstrlbut ionsp?

¢ (Can you calculate midpoints and frequencies?

A T o

e Can you explain in words the difference between a relative frequency and a cumulative

frequency? -
e (Canyou construct and interpret frgguenc hlstograms?
e Canyou construct and interpret frequency polygons
Frequency Distribution

oA table that shows /AS Ses or / / +€ v ﬂ/ﬂS of data with a count of the
number of entries in each class.

* “The —{rﬁyf €AcY f, of a class is then\[nber of data entrl’)m theclass. , g J
TlassWId’chﬁ—l-Zj lﬁ&p} ‘\a} resfrns
| / :#@ 30-|( ,(Zq (' s
ass- | Frequency, f ) \ i_v“ gl e
gERERE M = YRD N 5 | class width
Q 6/110 || 8
11415 | 6
uSE [ Heho s
2125 | 5
26430 | 4

,\ Upper Class Limits

Lower Clg_s_s”L_imits

Constructing a Frequency Distribution
1. Decide on the it 20 of classess

e Usually between 5 and 20; otherwise, it may be difficult to detect any

b fatterns
, ing,wb,,: 2. Find the class w 1dHA \ h fiof i
1 30 @ Determine the@of the data. WMAX = M4 th T

| 29 . ﬂmi«, the range by the number of classes.

Round up_to the next convenient number.
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3. Find the class limits. /B’E] l

4. Make a o[ mark for each data entry in the row of the appropriate class.
5. Count the tally marks to find the total */EWJL( eAly ffor each class.

Example: Constructing a Frequency Distribution

You can use the __ W41 v 11~ data entry as the lower limit of the first 7 = (|’
h’—____,___._._—-—/"

e ——

class. — +12 4/ 4. Dl

Find the remaining lower limits (__ ﬂﬂ the class width to the lower limjt of
o +12p3) - D
the next class).

|
: . ol |
Find the __ v 002 limit of the first class. Remember that classes cannot?’ 135« =[5 ;
overlap (look at the lower limit of the next class to help.) ;

Find the remaining upper class limits.
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The following sample data set lists the number of minutes 50 Internet subscribers spent on the
Internet during their most recent session. Construct a frequency distribution that has seven

classes.

50 40 41 7 11 (7)22 44 28 21 19 23 37 51 54 42(86)
/
g_é?s 56 72 56 17 7 69 30 80 56 29 33 46 31 39 20

18 29 34 59 73 77 36 39 30 62 54 67 39 31 53 44

1. Number of classes = 7
2. Find the class width Zﬂ Kang - //, 3 Round up to /2
IL);‘ Z,
3. Use _’L minimum value) as first lower limit. Add the class L°We':7"imit UPPe{'g'-imit
widthof _'Z to get the lower limit of the next class. iz ¢ 19 30
2 12 (} S 2
el 3 12
i
Find the remaining lower limits by adding 43 5 f
each time. e Class Width =/ 2 o 72:
29 40
il
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Kenge: 86-7-79
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The upper limit of the first class is ’8 (one Class Width

u o
less than the lower limit of the second class). tion‘:;ter u:ﬁfr X
Add the class width of ___[Z __ to get the upper 7 - e @
limit of the next class. A e .
3 42 5 i
43 <1 el
Find the remaining upper limits by adding < bl
(Z . ¢l /g
74 90

4. Make a tally mark for each data entry in the row of the appropriate class.
5. Count the tally marks to find the total frequency f for each class

Class Tally Frequency, f
7-18 W | b
19-30 M It 10
31-42 WW M I3
et | i g
55-66 IH <
67 -78 M L
79-90 | 1] 2 u=3

What is that symbol at the bottom of the chart?

2 is the Greek letter <IgmMz __, and it means the “__SuUW s

O C
So If meansthe “  Sum 0’5' J‘L\C TTEqUeNC1¢S.” e ma}([«f’s #F or 405694

N G R e «-/U LA ontrie £ L W &&4 5
Determining the Midpoint: PUSS 7
Midpoint of a class: the point inthe _Mid4// € dﬂ}{, of a class. @
(Lower class limit) + (Upper class limit) A\/ v ;Q AoE {
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Class Midpoint Frequency, f
7-18 (+18)/2 = 2.5 6
19-30 (19130Y/2 = | 29,5 A [0 : ,
._:\,31'42 (21+Y48) /2 26,5 \ 13 el L
B e NG S AT R el et o B A o Tl ; ' _
BT . Class Width=12 / . (
Determining the Relative Frequency — / PJ f” how offer
T T it (mlsar«fd} fo
Relative Frequency of a class ( Hhe rest 2
e Portionor _perceata (I 4 of the data that falls in a particular class. ] Sy 7R
relative frequency = Cluic Freg S
Sample size  n (totel)
Class Frequency, f Relative frequency
7-18 6 &S0 =  p.lZ
19-30 10 10/50 = 9,20
31-42 13 1I3/<0 = N.20
Py AN A R L Nt e = J3een
Cumulative frequency of a class
e The s uwvl of the frequency for that class ==
and all 2 reviou s classes.
Class Frequency, f Cumulative frequency
7-18 6
19-30 +10 £ — . |
@1—42 +13 — 29 |
$Y g = o 1
Expanded Frequency Dlstrlbutlon 27| \ 4
e A e e | g ‘
TIntarved V<€ W fut o7
Class Frequency, f | Midpoint Relative Cumulative I 5 J Vi 4
N A Frequency Frequency i ol ,n/
7-18 s 125 012 6 | fogerntl
19-30 24.5 0.20 16 , v
31-42 @3)8““* 36.5 (0.26) 29
43 -54 48.5 0.16 37
55-66 5 60.5 0.10 42 !
67-178 6 72.5 0:42 48 ;
79 —90 2 84.5 0.04 50
o V
=50 *‘-7** ‘
A
Sum og l(//. } Z_:l \
el
) Qhser. et |
EERT \ I | J ~ TIE~S D ‘:(’{(" :
e Most (oﬂlma/\ +ime ”f oA oA ’:/} e Yor iAlermed” USers sul "‘/‘/"‘ : 4
LD 2 mia, e
o Mmost | -"’ (%) spert betwen [ 247 wiaules, GRATH >
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Graphs of Frequency Distributions
Frequency Histogram

e A_bar graphthat represents the frequency distribution. @

e The hoangMQ scale is quantjtative and measures the data values.
et

e The vertical scale measures the ‘9?’%11 ¢ VIC:\IQ of the classes.

e (Consecutive bars must touch
 Must touc
—=r

Class Boundaries data values

The numbers that separate classes without forming g2 A< between them
The disgance from the upper limit of the first class to thé Io’wer limit of the second classis 1918 = 1.
° &'z("' this distance is 0.5.

% -7 _ 2 N/ ) ¢ of 2
Ffrst class lower boundary =7-0.5=6.5 £} 05 ga elﬁér e f the clags
First class upper boundary = 18 + 0.5 = 18.5

Class Class Boundaries | Frequency, f

TR 6.5-18.5 6
19-30 15.5-30.< 10
31-42 | z5-02.5 13

Class Boundaries

Class Class Boundaries | Frequency, f
7-18 6.5-18.5 6
19230 [ j12-20:S 10
31-42 P =ML, 8 13
B-54"| g~ 5§ 8
55-66 | s1.5 -tbS 5
6778 | 65= ES 6
79-90 | 74< - 9.5 7
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Example: Frequency Histogram
Construct a frequency histogram for the Internet usage frequency distribution.

Class Class Boundaries | Midpoint | Frequency, f
7-18 6.5-18.5 125 6
19-30 18.5-30.5 24.5 10
31-42 30.5-42.5 36.5 13
43 - 54 42.5-54.5 48.5 8
55-66 54.5-66.5 60.5 5
67-178 66.5-178.5 72:5 6
79 -90 78.5-90.5 84.5 2

Tufernet Usage
Solution: Frequency Histogram (using Midpoints)
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Solution: Frequency Histogram (using class boundaries)
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Example: Interpreting frequency histograms

July Sales for Employees

™
(1)
=
L
&
&

3549.5 4569.5
Sales (in dollars)

101 7
1. How many classes?/ 2. What is the class width? <529,9 ={S04.5 = 1020
3. Whatis the frequency pf the class with the greatest frequency? [ ijF

4. Find Xf. (Sum o Sch) 5. Describe any patterns
Y

= |2+ 2 72 4L+ [+ ;:’Z:Z‘ /‘U 17M7, /)1{(65 t\ddl) %k()u'* f) Zf[‘z)

Graphs of Frequency Distributions " des YD 2 J“’()\‘j e
Frequency Polygon 2
o Aline graph that emphasizes the continuous _ € (Aa,ml 43 in frequencies.
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Example: Frequency Polygon

Construct a frequency polygon for the Internet usage frequency distribution. Plot the
axis and the frequency on the verti (,gg

midpoint onthe hvriz?

Class Midpoint | Frequency, f
7-18 1275 6
19 - 30 24.5 10
31-42 36.5 13
43 - 54 48.5 8
E 55-66 60.5 S
| 67— 178 72.5 6
79 - 90 84.5 2 -
>
Solution: Frequency Polygon 3
The graph should begin and end / A"L : 2
on the horizontal axis, Sijwtg_pg : Lot ————-
R

the I_gft side to one class width

dth after the last class
midpoint.

L
4.1 Part II Notes

More Frequencies Graphs

Section 4.1 Part Il Objectives

before the first class midpoint and
xtend the right side to one class |
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e Can you construct and interpret relative frequency histograms?
e Can you explain the difference between relative frequencies and cumulative

frequencies?

e Can you construct and interpret ogives? b )
m—
Can you use technology to create displays
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You can see that the frequency of subscribers increases up to 36.5 minutes and then decreases
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Graphs of Frequency Distributions

Relative ngm;yﬂi@gram e
e Hasthe same shapeyand the(same hori@s t
ey A

histogram.

he corresponding frequency @

e The vertical scale measures the raoaﬁ/f’/ frequencies, not frequencies.

OO

relative
. frequency

From this graph you can see that 70 % of Internet subscribers spent between

18.5 minutes and 30.5 minutes online.
m

A, D s i i
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Example: Relative Frequency Histogram data values
Construct a relative frequency histogram for the Internet usage frequencyjj;t_ri_l;ugm
n=35
Class Class Boundaries | Frequency, f | Relative Frequency T
718 6.5-18.5 6 0.12 e« “sp _—
19 -30 18.5-30.5 10 0.20 & 95s et
¢ [31-42 30.5—42.5 13 0.26 D
'\
+ | 43-54 42.5-54.5 8 0.16
E 55-66 54.5-66.5 5 0.10
& [ 67-78 66.5 —78.5 6 0.12
o 79 - 90 78.5-90.5 2 0.04
Q - . ] {
5 Solution: Relative Frequency Histogram (UMX clas< baun/f/anes>
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fos, 19 \

\ ' ., V / :
, " Graphs of Frequency Distributions Comalative L add § g éu,“(m Aj o Ja
Cu.mulq_ti.v‘e Frequency Graph or Ogive

@ * Aline graph that displays the Cym ulﬂi Ve frequency of each class at its upper class
boundary.

o The(pa P e boundaries are marked on the horizontal axis.

e The cumulative frequencies are marked on the \/eH i aL,Q axis.
/

cumulative
frequency

“data values

Constructing an Ogive

1. Construct a frequency distribution that includes cumulative frequencies as one of the
columns.

& 2. Specify the horizontal and vertical scales.
e The horizontal scale consists of the upper class boundaries.

PSPE—

e The vertical scale measures cumulative frequencies.
3. Plot points that represent the upper class boundaries and their corresponding
cumulative frequencies.
4. Connect the points in order from left to right.
5. The graph should start at the _[puy0r~  boundary of the first class (cumulative
frequency is _Z€I© ) and should end at the upper boundary of the last class
' (cumulative frequency is equal to the sample size n.).
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Example: Ogive

Construct an ogive for the Internet usage frequency distribution.

Class | Class Boundaries | Frequency, f | Cumulative Frequency
7-18 6.5-18.5 6 6
19 -30 18.5 -30.5 10 16
31-42 30.5-42.5 13 29
43 — 54 42.5-54.5 8 37
55-66 54.5-66.5 3 42
67-178 66.5-78.5 6 48
79-90 78.5-90.5 2 50

Solution: Ogive

S‘m:(flh% /30/75‘»,« = a,OSo /) 1e
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e f + f —t 4
WS 19 25 g < @S 165 907

P ST A Cdo  [ecof NEE
i O e TR R, o ( fow 0 J‘

f',h S —— 4,-__4_'}_/_3':,_,*‘*____________ : ) / 5 l Ag"_—‘
s PRSIy AN ol e

From the ogive, you can see that about __ () _ subscribers spent 60 minutes or

e ———eee

79’?\\

e

less online during their last session. The greatest increase in usage occurs between

20,4 minutes and Y2 < minutes
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Technology Directions: Graphing Calculator directions (entering a list)
, Button ; Comments
@ STAT

| EDIT (or just hit ENTER)

e

("ArrowuptoL1 ﬁ} Mso /Vf*f C];;:

L CLEAR to erase previous entries |
ENTER : }

‘Type in 1 entry iy
&, ENTER

Enter all other items in the same fashion.

Don't forget to erase L1 if a list has already been entered.
There could be “hidden” entries that will impact your calculations.

Technology Directions: Graphing Calculator directions (plotting a list)

Comments

Note: you must haveentered L1~ /4
(and possibly L2) before you can
display any data.

tov ch_oose Plot 1

(Use arrow and ENTER to turn
the plot on, if it already isn’t on.)

’ choose appropriate graph. Some displays require L1 and L2.

ENTER R
ZOOM 9 This chooses the window to fit
your data automatically.

= \
-~ Nt el
-

v) ‘ Mow f0(§ ./‘} C[\wgg &‘&'p’.x’\ﬁd"}ff_f




Section 4.2 Part1

More Graphs and Displays

Section 4.2 Part I

Objectives

e Canyou graph quantitative data using stem-and-leaf plots and dot plots?

e Canyou graph qualitative data using pie charts and Pareto charts?

Graphing Quantitative Data Sets

Stem-and-leaf plot
e Each number is 5€Aard
° Similartoa;h‘.gl,ol;;m " . (f,lw‘flf‘j ’ac*'

e Still contains originagdata values.

e No horiz axis !

Data: 21, 25,
30, 36,

Example: Constructing a Stem-and-Leaf Plot

25,.26,27, 28,
36, 45

CJ into a stem and a leaf.

Sl 016 6

4N

The following are the numbers of text messages sent last month by the cellular phone users on

one floor of a college dormitory. Display the data in a stem-and-leaf plot.

155 (159 144 129 105 145 126 116)130414)122112112) 142 126

e e S

=

/1181118108 122 121(109) 140 1267119113)117) 118 }409/108/119 0's V'
138 139 122 [78]133 126 123 145 121 134 124733 132 133 124 ol
9 1224 it 05X
129 112126 148 147 100-01— L
Solution: Constructing a Stem-and-Leaf Plot I(O'”‘{ i */3#‘5
= , § 23 % Y j
e Start by ordering the data! MM 77{ M@( /57 é ¢ 1 ‘5: Teag j 5
o The smallest stem should be the 10s digit from the smallest number in the list. 73 1 -
e Include a key. ‘ﬂ__,/"/ﬁ o SO+
0 » A8 &
!
1 3
T ER A i{ Include G@Edentify the values of the data. o
(22234 ¢ 7 88999 e /5/{5/5(@
{Z }|222:qq(ﬂ/9é®f7 -
Mio2455 518
| G
19159
——— T T e T S < e






B T Ty R B P S P T Y S Py

D S NI TrN=,

P Solution: Constructing a Dot Plot

155 159 144 129@ 145 12651160130 ‘”i15->122'ifi}'112/'142 126 )

139 139 122 @133 126 123 145 121 134 1240019132 133 124
oo
b o K
129/112)126 148 147 v g*&//f s

¥ A BT ,ll | ) { | 0..0013?& | , ; 2 R L
e e e e e e

B0 85 90 4S 00 (08 10 S tzo 125 30 |35 190 HS I5D 1S5 160
From the dot plot, you can see that most values cluster between 105 and 148 and the value

that occurs the most is {Zb . You can also see that Ins is an unusual data value (an
outlie 3

s __\‘_/\‘_/\_/4—*——"‘\»,_/——\'\'

Graphing Qualitative Data Sets
Pie Chart

e Acircleis divided into sectors that represent categories.
e The__ area of each sector is proportional to the frequency of each category.

Example: Constructing a Pie Chart &5
The numbers of motor vehicle occupants killed in crashes in Z(ﬁ)s_a_re shown in the table. Use a
pie chart to organize the data. (Source: U.S. Department of Transportation, National H:ghway Traffic Safety

Administration) L e
— <
57 \ fi )
7~ n \ ((

Vehicle Type Killed: A\ éﬂ'if{/ 7
Cars 18,440 / ] o (
Trucks 13,778 gue V-t o\
Motorcycles 4,553 5 / N ﬂj : 5
Other 823 e




Solution: Constructing a Pie Chart
Find the relative frequency (percent) of each category

Vehicle Type Frequency, f | Relative Frequency jy/\ i Jme€
Cars 18,440 ] <+ ,'é'f;, s )
Trucks IBNS o Vil L T
Motorcycles 4,553 2 y / |
Gilte.. Laew | o2 Zi
/l;/(gl’\ﬂif= 37)57"{ = fsampf( 5'126)

e Construct the pie chart using the central angle that corresponds to each category.
e To find the central angle, multiply 5&0 o by the category's relative frequency.
e For example, the central angle for cars is

360(0.49)~_ /7L °
=41% of 3bO =116.9
@/ehicle Type | Frequency, f | Relative Frequency Central Angle

ars 18,440 0.49 7
Trucks 13,778 0.37 (3 %
Motorcycles 4,553 0.12 Uz
Other 823 0.02 =

Vehicle Relative = Central £
type frequency angle
Cars 0.49 17,62
Trucks 037 1338
Motorcycles 0.12 43° Motore cles
2 7a

Other 0.02 7

From the pie chart, you can see that most fatalities in motor vehicle crashes were
. ose involving _car S

16
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Graphing Qualitative Data Sets

Pareto Chart

* Avertical bar graph in which the [’10 iqht  of each bar represents frequency or

relative frequency.

* The vertical axis should start at 0 :

Freq
uenc

»——} * The bars are positioned in order of decreasing height, with the tallest bar positioned at

the _[ef+ . e

l l -

Categories

Example: Constructing a Pareto Chart

In a recent year, the retail industry lost $41.0 million in inventory shrinkage. Inventory
shrinkage is the loss of inventory through breakage, pilferage, shoplifting, and so on. The
causes of the inventory shrinkage are administrative error (57.8 milliol), employee theft
($15.6 million), shoplifting ($14.7 million), and vendor fraud (52.9 million). Use a Pareto chart

to organize this data.

(Source: National Retail Federation and Center for Retailing Education, University of Florida)

Solution: Constructing a Pareto Chart

From the graph,

Cause $ (million) | Y 21
. ~ M i
Admin. error ’757 = o B
05| Bmployeetheft | /5. o | o -
Shoplifting (1.7 © 7 e R
Vendor fraud 24 e ——
7 S s
wallest =% = n - Y
: ,émf Shop- Adwtia” Npudor
! H«ﬂfr SR Y

it is easy to see that the causes of inventory/loss that should be addressed

first are QW")Q‘D\’I{‘( ‘JLAP“H’ and ('h@)ﬁ |"Y+j

e

0
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Section 4.2 Part I1 and Section 4.2 Part 1l Objectives

’!Iore Graphs and Displays
- Can you graph paired data sets using scatter plots and time series charts?

Gr aphmg Paired Data Sets
dfa‘lred Data Sets )

* Eachentryinone dataset o[z S/ MJ—S to one entry in a second data set.

* Graph using ascatter rplot. f
* The ordered pairs are graphed as y 'y
J0int< inacoordinate plane. ... .,
* Used to show the relationship : '., >
between two quantitative variables. ’.
LA e R e e S

e e

A marketmg manager conducts a study to see if there is a relationship between a person’s age
and the number of magazines to which that person subscribes. The results are shown below.
Solution: Create a scatter plot.

‘#';;-z?s& 35 4o :/55 35 4o 45 0 Ag e X

Is there a pattern?

18




widths form the second data set. =

Example: Interpreting a Scatter Plot
As the petal length increases, whatﬁgfn\ds to happen to the petal width?

’ : -
Fisher’s Iris Data Set Each point in the scatter plot (z)
i e ST represents the petal length and
& ed ot W petal width of one flower.
R = ——e gy ——— oo
:"—: ® Mwe emed o
T I s 2 T
é L ...“=.~ LA R J
‘E ° oo o
o 10 —- OB —B °
3
= e
) ey 7Y g
o cteven ©
e o
; ; : ! —
10 20 30 40 0 60 70

Petal length (in millimeters)

The British statistician Ronald Fisher introduced a famous data set called Fisher's Iris data set.
This data set describes various physical characteristics, such as petal length and petal width (in
millimeters), for three species of iris. The petal lengths form the first data set and the petal

e Data set is composed of quantitative entries taken at regular

Graphing Paired Data Sets : o 5
4
4
intervals over a period of _7)~¢ : &
o e.g.)The amount of precipitation measured each day)
- \.,\d_/

Time Series
= 3
3 ‘/\r/‘
ca DN 3
—

for one month. 2
e Use a time series chart to graph.

Quantitative

time

~/re,,\£ : )/\CF' Jt’"d‘.;
11ch SA?\"‘Hj

Example: Constructing a Time Series Chart

The table on the following page lists the number of cellular telephone subscribers

(in millions) for the years 1995 through 2005. Construct a time series chart for the
number of cellular subscribers. (Source: Cellular Telecommunication & Internet Association)

=)

19




Solution: Constructing a Time Series Chart

* Let the horizontal axis represent the “h/V\ﬂ (in _yedrs ).
» o Letthe vertical axis represent the number /

of _ 2 nbserlo ets(in mill
pk})*.acruloé’ﬁ(ln millions). Year | (i millons) 4
* Plotthe paired dataand __ (.onn¢ct  them with line segments. [ jog5 [ 338
. e 1996 440
B L T 1997 553
145 : 1998 69.2
2 1999 86.0
S 2000 | 1095
W
V) _ 2001 1284
- 2002 | 1408
S R e T e e s 2003 158.7
e . 0Tt
Y4 ({6 M7 ({11 1499 2000 201 2002 203 a0 oS 1EAC | 2005 | 2079

L Subsceibers |

The graph shows that the number of subscribers has been
\ \
§ JNCreasy g since 1995, with greater increases recently
Using the graphing calculator to create a scatter plot

33

"f:Subs'EH‘ti'é%;:-'_

~ Button L Comments
— , g :
EDIT (or just hit ENTER)

Clear L1 and L2
Input data for L1 and L2 Scatterplots are used with 2 quantitative variables

STATPLOT 2md Y=

ENTER to choose Plot 1

Use arrow and ENTER to turn on the
“plot, if it isn’t already on.

Use arrow to choose the scatterplot. L1 and L2 are automatically chosen. If you want
two different lists, use 2ND and the appropriate
lists, separated by a common (above 7)

ZOOM

9

('S S —
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