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The Second Lecture

Graphs and Displays

WHAT YOU SHOULD LEARN?

» How to construct frequency histograms, frequency polygons,
relative frequency histogram , and cumulative frequency Graph
(og1ve)

» How to graph and interpret quantitative data sets using stem-and-
leaf plots.

» How to graph and interpret qualitative data sets using: pie charts
and pareto charts.
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Pareto chart

cumulative
frequency Graph

relative frequency

histogram
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Representation of Frequency

A oAt
At

0 » Frequency Histogram
@# Frequency Polygon ~

@> Relative frequency histogram. -

@> Cumulative frequency Graph (ogive)
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A Frequency Histogram




Definition (p. 42)

z S :
7y A G IS AR v g
A frequency histogram 1s a bar graph oghat represepts thg frequency

distribution of a data set. A histogram has the foll()‘\ﬁuir?é p”l%b’ﬁérties.

Z’/')J

PARENY CUle) o
1. The horizo1pta1 scale 1s quantitative and_measures the data values.
N R %4 o /1,\,3 \ AN

o
</

2. The vertical scale measures the frequéncies of the classes.
3. Consecutive bars must touch. ;g2 4€)> -« 728

Mathematical Sciences Department



Histogram of Weights

I AT 2 At

No gaps between
bars

Frequency

136.5 138.5 140.5 142.5

Weights

Mathematical Sciences Department

132.5 134.5

1445 146.5 148.5




Larson, R., Farber, B, page 42

O ZAages) TNy 15T s

Because,consegutwejgs of a histogram must touch, bars must begin and end at class

VY

boundaries (True Class Interval) instead of class limits. , ,
C ) el P (L’/ ) LA 3¢’ 2’

Class boundaries are the numbers that separate classes without forming gaps

between them. ' e
g R/ Y VM 4.»”) ‘

[f data entries are integers, subtract 0.5 from each, lower limit to 6ﬁ d \tlf‘z&)wer class
boundaries. To find the upper class boundanes)'g"(ri’d 0.5 to each upper limit. The

upper boundary of a class will equal the lower boundary of the next higher class.
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Example | pg. 39 Larson and Farber :
The following sample data set lists the prices (in dollars) of

30 portable global positioning system (GPS) navigators.
Construct a frequency distribution that has seven classes.
Draw a frequency histogram distribution for this data.
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SLASS CLASS » To start with, compute the class boundaries
BOUNDARY FREQUENCY
as follows: ISR
- - . \
114 28371145 > -First class lower boundary = 59 - 0.5 = 58.5
115-170  114.5-170.5 8 -First class upper boundary = 114 + 0.5 =
114.5 i
171-226  170.5-226.5 6 55 5\
“The boundaries of the remaining classes are
227-282 22652823 : computed as shown 1n the table. D55 LS
283-338  282.5-338.5 2 . 5
5l | -
339-394 338.5-394.5 1 Note: To construct the hlstOgram, ChOOSC
possible frequency values for the vertical
995430 59454505 > scale. You can mark the horizontal scale either
Total 30 at the midpoints or at the class boundaries.
Both histograms are shown. -
(/}/‘)/CV)‘C LN c/‘/’L’-*’cr’l"'”/ L2
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Prices of GPS Navigators Prices of GPS Navigators

(labeled with class midpoints) (labeled with class boundaries)
A A

s 107 z

S P 8 S 7
O = g — O =
= S = S
=g 6 =
EX 6+ 5 5 8 .8
e C'>3 > c%
2 o 4+ 2 &
= é 2 3 .55
= 2T 1 e

— —

9 2 5 O &b NS 2 O D 0 AL O O
Broken axis Price (1n dollars) Price (1n dollars)
P AT )

Interpretation From either histogram, you can see that more than half of the GPS
navigators are priced below $226.50.
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A Frequency Polygon




ote $T ote E3 <20 I3 <2
A Frequency Polygon

&3
Larson, R., Farber, B, page 43
/oy P ‘4 ) ;}l\
VR agp s A e
Another way to graph a frequency distribution is to use a frequency
polygon.
P 2p e P s

A frequency polygon i1s a line graph that emphasizes the continuous
change in frequencies.

(N i) OV
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Example 1 pg. 39 Larson and Farber :

The following sample data set lists the prices (1in dollars) of
30 portable global positioning system (GPS) navigators.
Construct a frequency distribution that has seven classes.

Draw a frequency polygon distribution for this data.




sy

To construct the frequency pclygcn

(<> ‘.ﬁJ V) | 2
- Use thc same horizontal and Yﬂﬁml scales that were used in the |
h1st0gram labclcd with,¢lass midpoints in ExamElc 1, o s ovb

Ith pcmts tl}gt rcPré)sgnt the mldpcﬁ and frcqucncy of each class
finect the points 1n order ffom feft to ioht. o

Note: Because the graph should begin and end on the horizontal axis,
extend the left side to onée class width before the first-class midpoint and
extend the right side to one class width after the last class midpoint.

S s c y ¢’ < .
C/%/ai}/’v’)u’é‘/\? Gnps gpo 5

I b ) 0\
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Prices of GPS Navigators

A

" 10
o
e~
L w ] ——
£ £ :
.‘:-‘IE'BJ ‘ C)'Q)/
s .2 6+ N/ A
=~ 2
= = 4

oA 4
S A
o O
£ 27

| = | | | | | >
30.5  86.5 198.5 2545 3105 366.5 422.5 478.5

Price (1n dollars)

TR pd 0 \ J,w\ SB )
Interpretation You can see that the frequency of GPS navigators increases up to (€
$142.50 and then decreases.
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Relative Frequency Histogram 8 B 8

Larson, R., Farber, B, page 44 &

T R e e P R

A relative frequency histogram has the same shape and the same
horizontal scale as the corresponding frequency histogram. v-A JQ 7 A\

LAV D) u“"/)‘/ﬂ"u Q’“‘QS
The difference is that the vertical scale measures the relative

frequencies, not frequenmes

d"‘“) \AA 0/3) \jv.}
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Example | pg. 39 Larson and Farber :

Constructing a Relative Frequency Histogram Draw a
relative frequency histogram for the frequency distribution

in Example 1.




Prices of GPS Navigators

0.30 i
17:

0.25

0.20

Relative frequency
(portion of GPS navigators)

=

ja

kS
R

58.5 1145 1705 226.5 2825 338.5 3945 450.5

. ~ Pn doll
P b g, PgEen dottars &
Interpretation From thls graph, you can quickly see that 0.27 or 27% ot the GPS navigators
are priced between $114.50 and $170.50, Wthh 1S not as 1mmed1ately obvious from the

frequency hlStOgram > wematlcal Sciences Department



an
cumulative frequency Graph (ogive) @atie

Larson, R., Farber, B, page 44

If you want to describe the number of data entries that are equal to or
below a certain value, you can easily do so by constructing a
cumulative frequency graph.

S i e eb
A cumulative frequency graph, or ogive 1s a line graph that dlsp ays

the cumulative frequency of each class at its upper class boundary.
The upper boundaries are marked on the horizontal axis, and the
cumulative frequencies are m/arked on the vertical axis.

1/"1\) AV o2 \//;LJS
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Example 1 pg. 39 Larson and Farber :

-Draw an ogive for the frequency distribution in Example 1.
-Estimate how many GPS navigators cost $300 or less.
Also, use the graph to estimate when the greatest increase 1n

price occurs.




1.

GUIDELINES
Constructing an Ogive (Cumulative Frequency Graph)

Construct a frequency distribution that includes cumulative frequencies

\
as one of the columns. d2.5) 2 §ASS
Qummu(&‘\'ﬂ‘

. Specify the horizontal and vertical scales. The horizontal scale consists
of upper class boundaries, and the vertical scale measures cumulative 1,_4
frequencies. v~ A=) 22 ¢

. . . “Ype”

. Plot points that represent the upper class boundaries and their QesS

corresponding cumulative frequencies. > ipes Bowndr¥
L . Lo '
. Connect the points in order from left to right. < e Cawm
. The graph should start at the lower boundary of the first class M - O

(cumulative frequency 1s zero) and should end at the upper boundary
of the last class (cumulative frequency is equal to the sample size).



Upper class Cumulative

Frequency

frequency * Notice that the graph starts
at 58.5,where the cumulative
frequency is 0, and the graph
170.5 8 13 ends at 450.5,where the
cumulative frequency is 30.

boundary

114.5 S S

226.5 6 19
282.5 S 24
338.5 2 26
394.5 1 27
450.5 3 30

Total 30
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Prices of GPS Navigators

Cumulative frequency
(number of GPS navigators)
— — [ I\ oy
c W O o O
— T

|

| i I I 1 ; { >
58.5 114.5 170.5 226.5 2825 338.5 3945 450.5

Price (1n dollars)

Interpretation From the ogive, you can see that about 25 GPS navigators cost $300 or less. It
1s evident that the greatest increase occurs between $114.50 and $170.50, because the line
segment 1s steepest between these two class boundaries.
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Section 2.2: More graphs and displays (page:53)

Stem and leaf plot
O\ o0, S ¢ b (e f

-In a stem-and-leaf plot, each number 1s separated into a stem (for instance, the

entry’s leftmost digits) and a leaf (for instance, the rightmost digit).

- You should have as many leaves as there are entries in the original data set and

the leaves should be single digits.

o ST
-A stem-and-leaf plot 1s similar to a histogram but has the advantage that the
AT OB\ (e (<
graph still contains the original data values. o . »
U2\ e oo \ (> Losy WO{JM C:V‘{JJ

- Another advantage of a stem-and-leaf plot is that it provides an easy way to sort

data. ;CVJ\ ( ) ;)\ L"P“‘ WA f‘J\. < \D ’d?.‘"p\ & U;’>
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Example:

Use a stem-and-leaf plot to display the data.
The following data represent students’ marks 1n Statistics course.

j,\..:.QS\‘; &50_?\‘,;&’0\_)7)‘(}’ 0J (;9)3-»

28 46 49 42 58 59 53
o0 JS1 66 62 64 67 69
63 638 6/ 69 /5 /0 /8
/o /4 84 35 33 93 99
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59
67
70
73

53
69
78
99

ndleat o, | B W G @
dNd-Lead O J(‘ e
- 63 68 67 69 75
75 74 84 85 88
2 3
3
Key 2|8=28
4 6 9 2
5 8 9 3 0 1
6 6 2 4 7 9 3 8 7 9
/ 5 0 8 5 4
3 4 5 8
9 3 9
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Orderw -

and-Leaf Plot -~ 2~/
Key 2|8=28

2 3

3

4 2 6 9

5 0 1 3 8 9
6 1 6 7 7 8 9 9

7 0 4 5 5 8

3 4 5 8

9 | 3 9

Y P P

«.ﬁ'ﬂ Yo? _2@}) \ oS |
Interpretation: From the display, you can conclude that most of the scores are 1n the@
«ffathematical Sciences Department
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Representation of Qualitative Data $ Wl o
o
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AN

> Pie chart
> Pareto chart cu... s
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Pie Chart " tﬁgtﬂ .
Aao
Animals A pie chart 1s a c1rcle ;
M

& Chickens that 1S lelded lntO

@ Caits
® e D% ectors that represent &+

@ cCowe «—categories, T he ‘afea

@ Donkeys Of 6\55“31,1 g CtOr iS
/ \“ proportional to 5 the
f)\ frequency of each

category.

-
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Definition and Formula

(P-56)

* In order to dra ple art:
—Calculate the 519156 for each category.

or VD
{’ LDraw ajcn'cle, mark the centre and draw a radius.

—Measure and draw the angle for the first category. ((;‘
-Measure and draw the angle for each further category and add data labels.

i " F Rk » _i'_: e i - « \l . ’ -~
.."'lﬂ_:t}.lr{? — Category Valwe w 260 " 0‘;9/-\ (V'\’P/VQKS

{otal ralue s
PAVARVA N\ >

“The total value of the pie is always 100%"

Mote: It 1s not mandatory to convert the given data into percentages until it is

specified. We can directly calculate the degrees for given data values and draw
the pie chart accordingly.

Mathematical Sciences Department




Example ( p. 56): The numbers of earned degrees conferred

(in thousands) in 2007 are shown in the table. Use a pie
chart to organize the data. What can you conclude?

Earned Degrees Conferred in 2007

Number
Type of degree (thousands)

Associate’s 728
Bachelor’s 1525
Master’s 604
First professional 90

Doctoral 60

Mathematical Sciences Department
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o T ogr Hs o0 T o
B Vel &
&3
Associate 728 0.24 X 360 = 86
708 3007 = 0.24
Bachelor 1525 0.51 x 360 = 184
1525 3007 — 021
Master ﬂ — 0.20 0.20 x 360 =72
604 3007
F. Professional 90 0.03 x360=11
90 3007 = (0.03
Doctoral 60 0.02x360=7
60 3007 = 0.02

SuIm 3007 1 560



Relative

Type of degree fr Angl
YP 5 J SR S| Farned Degrees Conferred in 2007

Assoclate’s 728 0.24 86°
Doctoral 2%

Bachelor’s 1525 0.51 184° B

Irst Associate’s
Master’s 604 0.20 12° professional 249,
First professional 90 0.03 11° A\
Doctoral 60 0.02 7° 20%

Bachelor’s
51%

~ (6\ \ ~E }: { oo W“\
Interpretation From the pie chart, you can see that over one half of the degrees conferred

in 2007 were bachelor’s degrees.
e—— —  ——— .
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o zg ote ¢ o:n o‘o tg oo
Definition (p.57) % B - B &

RV s o3 A A
Another way to graph qualrtatlve data 1S to use a Pareto chart.
A (/ (:/‘f i
A Pareto char}; 1S a Verﬁeal bar graph_in Wthh thethelght of _each bar
A Y SR O X5
represents freqﬁeney or relative frequeney The bars are positioned 1n

2P W W\ (s S L.‘,J.\
order of decreﬁgng height, with the taﬁést bar positioned at the left. Such

positioning helps highlight important data and 1s used frequently 1n

business. ‘ D

Mathematical Sciences Department
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Example ( p. 57): Constructing a Pareto Chart
In a recent year, the retail industry lost $36.5 billion in inventory shrinkage.
Inventory shrinkage is the loss of inventory through breakage, pilferage,
shoplifting, and so on.The main causes of inventory shrinkage are
administrative error ($5.4 billion), employee theft ($15.9 billion),
shoplifting ($12.7 billion),

and vendor fraud ($1.4 billion). If you were a retailer, which causes of
inventory shrinkage would you address first?

Mathematical Sciences Department



e Solution

Using frequencies for the vertical axis, you can construct the Pareto

chart as shown.
Main Causes of Inventory Shrinkage

e S

~ 14 \2~?’

S 12

S 10

k=

é 2 5

= ‘2‘ |
]

Employee Shoplifting Administrative Vendor
theft error fraud

Cause

Interpretation From the graph, it 1s easy to see that the causes of inventory
shrinkage that should be addressed first are employee theft and shoplifting.

Mathematical Sciences Department
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20

15

10

Bar Chart vs. Histogram

Bar Chart

Shows comparison of 2+ categories

'd
A &

Equal spaced
gaps between bars

1

X-axis: categories
Y-axis: numerical values

Histogram

Shows frequency distribution of data

Vo B o Y

No gaps between
bars

l

5\_>

20

15

10

X-axis: intervals of continuous number
Y-axis: numerical values

Mathematical Sckences Department



Practical Application
By ixcel .
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Example 1 pg. 39 Larson and Farber :
The following sample data set lists the prices (in dollars) of

30 portable global positioning system (GPS) navigators.
Construct a frequency distribution that has seven classes.
Draw a frequency histogram distribution for this data.
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Frequency (number of GPS

navigators)

O R, N W PH OO Jd 0 O

Prices of GPS Navigators
(Iabeled with class boundaries)

a%n
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e §8 e o 3 e
B3 Bey 8

99-114

115-170

171-226 227-282 283-338

Price (in dollars)
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Example 1 pg. 39 Larson and Farber :
The following sample data set lists the prices (in dollars) of

30 portable global positioning system (GPS) navigators.
Construct a frequency distribution that has seven classes.
Draw a frequency polygon distribution for this data.
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Example 1 pg. 39 Larson and Farber :

Constructing a Relative Frequency Histogram Draw a
relative frequency histogram for the frequency distribution

in Example 1.
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Example 1 pg. 39 Larson and Farber :

-Draw an ogive for the frequency distribution in Example 1.
-Estimate how many GPS navigators cost $300 or less.
Also, use the graph to estimate when the greatest increase 1n

price occurs.
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Example:

Use a stem-and-leaf plot to display the data.
The following data represent students’ marks 1n Statistics course.

28 46 49 42 58 59 53
o0 JS1 66 62 64 67 69
63 638 6/ 69 /5 /0 /8
/o /4 84 35 33 93 99
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Example ( p. 56): The numbers of earned degrees conferred m
(in thousands) in 2007 are shown in the table. Use a pie

chart to organize the data. What can you conclude?

Earned Degrees Conferred in 2007

Number
Type of degree (thousands)

Associate’s 728
Bachelor’s 1525
Master’s 604
First professional 90

Doctoral 60

Mathematical Sciences Department
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Example ( p. 57). Constructing a Pareto Chart
In a recent year, the retail industry lost $36.5 billion in inventory shrinkage.
Inventory shrinkage is the loss of inventory through breakage, pilferage,

shoplifting, and so on.The main causes of inventory shrinkage are
administrative error ($5.4 billion), employee theft ($15.9 billion),

and ver _ If you were a retailer, which causes of
inventory shrinkage would you address first?

Mathematical Sciences Department
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‘ m 0‘0 0:%:0 0:0 % 0:0
Homework m MHi R0

Use the Excel program and manual calculations to solve the m
numerical exercises:

» Ex 2.1, P 47: 19,20, 24, 25,26 ,31, 39

» Ex 2.2, P60: 6,10, 13, 14, 18, 23, 25.
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