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CHAPTER OBJECTIVES

In this chapter, we introduce graphs to
visualize qualitative data such as bar graph,
pie chart, band graph and line graph in
Section 2.1.

In Section 2.2, we discuss visualization of
summary data of single categorical variable
using leStatl] . Visualization of summary data
of a categorical variable by a group is also
discussed.

In Section 2.3, we discuss visualization of
raw data of a categorical variable using
FeStat] . Visualization of raw data of a
categorical variable by a group is also
discussed.
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Chapter 2 Visualization of Qualitative Data

2.1 Visualization of Qualitative Data

Data of gender for students in a classroom, which are either a male or a female,
are referred to as qualitative data. Data of marital status for employees in a
company, which are either single or married, are also qualitative data. Bar graph,
pie chart, band graph, and line graph are used to visualize the qualitative data.
These graphs are frequently used as an exploratory data analysis of the qualitative
data.

A bar chart (or bar graph) is a graph that presents the qualitative data with
rectangular bars in a way that their heights (or lengths) are proportional to
frequencies of their categories. Therefore, the frequencies of all categories in a
categorical variable can be easily compared by watching the heights (or lengths)
of the rectangular bars. We usually put some space between the rectangular bars
to emphasize that they represent the distinct categories of a variable.

The rectangular bars of the bar chart can be plotted either vertically or
horizontally. One axis of the chart shows all categories of a variable, and the
other axis represents the frequencies of each category. If the frequency of each
category is represented as a vertical height of a bar drawn up and down in the
bar graph, it is called a vertical bar graph. A bar can also be drawn left and
right whose length is proportional to the frequency of each category and it is
called a horizontal bar graph.

A bar graph can be drawn after counting frequencies of all categories of a
variable. If there is another categorical variable, frequencies of all categories of
the first categorical variable can be counted for each category of the second
categorical variable. For example, we can count the number of single and married
employees for both a male and a female category. We can draw two bar graphs
of the marital status for both the male and the female categories so that both
graphs have the same scale of Y-axis to compare the frequencies of the male
category with the frequencies of the female category easily. This graph is called a
separated bar graph of the marital status by gender variable. In this case, the
gender variable is called a group variable and the marital status is called an
analysis variable.

If a variable is analysed by using a group variable, there are many variants of bar
graphs which compare visually well all categories of the group variable. A stacked
bar graph divides a single bar, which represents the frequency of a category of
the analysis variable, into pieces with different colors which are proportional to
the frequency of each category of the group variable. A ratio bar graph draws
that all bars (rectangles) of each category of the analysis variable have the same
height and divides each bar into pieces with different colors which are
proportional to the frequencies of each category of the group variable. A side by
side bar graph is that in each category of the analysis variable rectangular bars of
all categories of the group variable are drawn side by side ways for comparison
using the same scale. If there are only two categories of the group variable, a
two-sided bar graph (or a bi-lateral bar graph) can be used which draws bars of
one category of the group variable in one side and bars of the other category of
the group variable in the opposite direction. The direction can be either the left
and right side of the Y-axis or the above and below the X-axis.

A pie chart is a graph that shows frequencies of all categories of the analysis
variable by dividing a pie (circle) into pieces with different colors depending on
angle which is proportional to the frequency of each category. We usually draw
the largest piece of category in a clockwise order starting from 12 oclock so that
the ratio can be compared well.

A doughnut chart which removes a center circle of the pie chart can also be
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A band graph is similar to the ratio bar graph that shows frequencies of all
categories of the analysis variable by dividing a rectangle into square pieces with
different colors which are proportional to frequencies of all categories. It is also
similar to the pie chart. The square pieces can be sorted in descending order by
the frequencies of each category, but TeStat; draw the square pieces in the
order of category values of a categorical variable.

A line graph shows frequencies (or values) of all categories of an analysis
variable in a two-dimensional graph. The X-axis shows names of categories and
the Y-axis represents the scale of frequencies (or values) of all categories. Each
pair of the values, the category name and its frequency, is marked as a point in
a two-dimensional coordinate plane and two adjacent points are connected with
a line. The line graph may be similar to the vertical bar graph which connects
only top centers of each bar. The line graph is usually used to visualize time
dependent data to watch its trend over time. For example, the yearly amount of
export in a country can be visualized using the line graph.

Graphs for Qualitative Data

A bar chart (or bar graph) is a graph that shows qualitative data with
rectangular bars with heights or lengths proportional to frequencies of
their categories.

A pie chart is a graph that shows frequencies of all categories of an
analysis variable by dividing a pie (circle) into pieces with different colors
depending on angle which is proportional to the frequency of each
category.

A band graph is similar to the ratio bar graph that shows frequencies of
all categories of an analysis variable by dividing a rectangle into square
pieces with different colors which are proportional to frequencies of all
categories.

A line graph shows frequencies (or values) of all categories of an
analysis variable in a two-dimensional graph.

This chapter discusses how qualitative data are visualized using TeStat; by dividing
the case of summary data (Section 2.2) and raw data (Section 2.3) and by
dividing the case of single analysis variable and the case of an analysis varible
with the group variable.

2.2 Visualization of Summary Data

In this section visualization of summary data without a group variable and
visualization of summary data with a group variable are discussed.

2.2.1 Summary Data of Categorical Variable

If you investigated a gender of students in a class and reported the result as
follows:

'male’, 'female’, 'male’, ‘female’, 'male’. 'male’, .'male', ‘female’, ‘female’, 'male'...

This data is called the raw data of the gender variable which is a categorical
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variable.
If you counted the number of ‘male’ students and ‘female’ students in the above
raw data and reported the result as shown in Table 2.2.1.

Table 2.2.1 Summary data of the gender in a class

Gender Students
Male 6
Female 4

This data is called the summary data of the gender variable.

If the number of data increases, counting the number of cases in each category
from the raw data of a categorical variable in order to make the summary data
is not an easy task. One of the important functions of a statistical package is to
organize the raw data into the summary data by counting the number of cases in
each category. Because of difficulty of generating the summary data from the raw
data, governmental institutions usually provide statistics of a census to the public
in the form of the summary data such as the number of population by gender or
the number of population by region. These summary data can be downloaded
from the governmental home page as an Excel file.

An Excel file can be saved as a text file in CSV (comma separated value) format
(refer <Figure A.2.6> in Appendix A) which can be loaded by feStat; for data
processing and analysis (refer Appendix A).

This section discusses visualization of the summary data of a categorical variable
which can also be found in textbooks of an elementary, a middle school, a high
school and in governmental publications.

Example 2.2.1

(Gender Summary Data)

Enter the summary data of Table 2.2.1 to the sheet of feStat; and save it as a file in
CSV format. Using this data, draw a bar graph, a pie chart and a band graph with
FeStat; . Analyze the graphs and prepare a report using the MS Word (or any word
processor you prefer).

Answer

¢ Enter the data of Table 2.2.1 to the sheet of TeStat; as in <Figure 2.2.1> and
enter a variable name of V1 as ‘Gender’ and of V2 as ‘Number’ using [Edit Var]
button located above the sheet (refer Appedix A.2).

File ‘ EX020201_Summary_Gender.csv ||_Eﬂl\f_ar_|
Analysis Var by Group
| 1: Gender v | |2 Number v |
SelectedVar| V1 by V2, || Cancel |
Gender Mumber V3 V4 V5 v
Male 5]
Female 4

[STR S

<Figure 2.2.1> Data input in feStat;

¢ Click the first variable name 'Gender' and then the second variable name 'Number'.
Selected variables will be appeared in the box of the 'Selected Var' located above
the sheet. You can select the variable ‘l: Gender’ using the combo box of the
'Analysis Var' and the variable ‘2: Number’ using the combo box of the 'By Group'
located above the sheet as shown in <Figure 2.2.1>.
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¢ When variables are selected, a vertical bar graph which is the default graph of

2D 2 FeStat; is drawn as in <Figure 2.2.2>. The height of each bar (rectangle) is

A_nswer proportional to the frequency of each category in the gender variable and
(continued) therefore, the frequencies of both the male and the female categories can be easily
compared by watching the heights of bars. The bar graph shows that the number
of male students is larger than the number of female students.
¢ A vertical bar graph which draws bars up and down as in <Figure 2.2.2> is widely
used, but a horizontal bar graph which draws bars from left to right is often used
I I if there are many categories. By clicking on the icon =E located above the Graph
Area, a horizontal bar graph as in <Figure 2.2.3> will be appeared in the Graph
Area. By checking the ‘Frequency’ box located below the graph, the frequency of
each bar. will be displayed.
Bar Gragh Bar Gragh
Gendor Frequency
<Figure 2.2.2> Vertical bar graph of <Figure 2.2.3> Horizontal bar graph of
the number of male and female the number of male and female
students. students.
i ¢ By clicking the ‘Graph Save’ icon K located above the Graph Area, the current
H graph of the Graph Area will be saved with a file name ‘eStatGraph.png’ which is
G shown at the bottom left corner of the main screen as in <Figure 2.2.4> (Refer
Appendix A.4).
Ex B % e = HH = lU N (I ><) (o2 (1) A= 2
File EX020201_Summary_Gendercsv]_gamvar J|| s (0] IHd d S ZIEI=2 O Hea M é
{Analysis Var v‘ ‘Qbyh‘i;?l;zr ﬁ
et} Bar Graph
Gender Number V3 V4 Vs v ”
1 | Male & &
2 | Female 4 g 694
: -
8 3541
5 .
5] [ 13
4
15 e
15 Gender
20
21
22 [ Frequency
23 (Sorting) ® Raw Data O Descending O Ascending
& eStatGraph (1).png ~

<Figure 2.2.4> Graph is saved by clicking the ‘Graph Save’ icon i
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¢ The location of the saved graph file is the download folder specified in your

Example 2.2.1 computer system. If you save another graph, eStatGraph(1).png will be created in
Answer the download folder. Number in parentheses of the file name will be increased
(continued) whenever you save a new graph.

¢ You can copy this graph file from the download folder and paste to the MS Word
as in <Figure 2.2.5>. You can also write comments about the graph if necessary.

AutoSave (@ off) z) v - Document1 - Word P Search

File Home Insert Design Layout References Mailings Revi
Erlj X | Calibri (Body) «11 ~*g[Al

™| B I U-~ X, X

Paste L= = ® X Ao

- AL AvAe AN AB 4
Clipboard & Font 5] Paragraph

Bar Graph

female

*** Number of male students is larger than female students
4

) m .

‘. <Figure 2.2.5> Copied graph file of TeStat; to MS Word

¢ Click on the icon ‘M to display a pie chart as in <Figure 2.2.6> and click on the

a small middle circle is cut off. The pie chart shows frequencies of the number of
both male and female students by dividing a pie (circle) into pieces with two colors
depending on angles which are proportional to the frequencies of each category.

) icon ‘D to display a doughnut graph as in <Figure 2.2.7> which is a pie chart but
g

<Figure 2.2.6> Pie chart of the number <Figure 2.2.7> Doughnut chart of the
of male and female students. number of male and female students.
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Example 2.2.1
Answer
(continued)

¢ Click on the icon ¥ to display a band graph as in <Figure 2.2.8>. A band graph is
a variant of the pie chart by dividing a rectangle into square pieces which are
proportional to frequencies of each category. It is named after a rectangular shape
with multiple square pieces which looks like a band.

LY o sl

<Figure 2.2.8> Band graph of the
number of male and female students.

International institutions such as UN, OECD and EU release their statistics to the
public in the form of summary data and this data can be downloaded as an
Excel file or a text file in CSV format. The following example shows how to
download a file from the OECD and how to draw graphs using this file.

Example 2.2.2

(Life Expectancy at Birth : Source OECD)

From the home page of the OECD, https://www.oecd.org, download a data file of the
life expectancy at birth. Copy the columns of the country name and 2017 data located
at the last column to TeStat; system and save it as a file in CSV format. Using this
data, draw a vertical bar graph and a horizontal bar graph in descending order of the
life expectancy. Analyze the graphs.

Answer

¢ The main screen of the OECD website as of June 2020, https://www.oecd.org, looks
like as in <Figure 2.2.9>.

@) OECD.org - OECD x  + - B8 X

<« G ® Notsecure | oecdorg *x 2aom O :

OECD.org Data Publications More sites v News v Job vacancies

@) OECD — 1

Countries v Topics ~ > Francais

y Theaworld economy on a tightrope

[

_ 'dECD/eganomic QOutlook, June 2020
| e
/,

N
i b i

<Figure 2.2.9> OECD home page
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Example 2.2.2
Answer
(continued)

*

*

*

Select the menu Topics > Health, then the screen as in <Figure 2.2.10> will be
appeared.

@) Health - OECD x  +

< C @ Notsecure | oecd.org/health/ * 2o0m @ :

Tackling coronavirus (COVID-19) - Browse OECD contributions

OECD.org Data Publications More sites v News v Job vacancies

@) OECD om

BETTER POLICIES FOR BETTER LIVES

OECD Home About Countries - Topics Coronavirus (COVID-19) Frangais

OECD Home  Health

Health

We help countries achieve high-performing health systems by measuring health outcomes & the use of health
system resources as well as by analysing policies that improve access, efficiency & quality of health care.

MHDkS5 « €

SS—
COVID-19 crisis: Latest

Tackling the coronavirus (CO analysis
Contnhutmg o a global effm—t ;gTrea!ments and a vaccine for COVID-

» Health System Response Tracker "

<Figure 2.2.10> OECD ‘Topic’ > ‘Health’ menu

If you click on ‘Explore all our data on health’, the screen as in <Figure 2.2.11> will
be appeared.

OECD Health Statistics 2020

The main OECD Health database includes more than 1200 indicators covering all aspects of health systq
key partners. Access lime series in 12 datasets, and the full list of indicators in various languages. The fi

also available in one single user-friendly document.
< > OECD Health Statistics 2020: Frequently Requested Data (June version availabte§ >

Read more

Health Care Quality and Outcomes

The HCQO project compares the quality of health services in different countries. Access data on the follg
Care, Acute Care, Mental Health Care, Patient Safety, Cancer Care and Patient Experiences.

Read more

<Figure 2.2.11> OECD Health Statistics

If you click on ‘> OECD Health Statistics 2020: Frequently Requested Data’, an Excel
file of OECD-Health-Statistics-2019-Frequently-Requested-Data.xls is downloaded. If you
open the Excel file, the menu as in <Figure 2.2.12> is appeared.

T
OECD Health Statistics 2020 - Frequently Requested Data @‘)’ OECD

JUNE 2020

OECD Health Statistics 2020: website
Statistiques de I'OCDE sur la santé 2020 : site internet

Access the full information on iti sources and hods from one single user-friendly document:
5 hy h/health-systems/Table-of-Content-Metadata-OECD-Health-Statistics-2020.pdf

Health expenditure Updated

- Current expenditure on health, % of gross domestic product

- Current expenditure on health, per capita, US$ purchasing power parities

- Annual growth rate of current expenditure on health, per capita, in real terms
- Government and compulsory health insurance schemes, % of current expenditure on health

<Figure 2.2.12> OECD Statistics for life expectancy at birth

If you click on ‘Life expectancy at birth, total population’ in Health status
(Mortality), an Excel file as in <Figure 2.2.13> will be appeared on the screen.
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Example 2.2.2
Answer

(continued)
] e daa| = e v |8 | [ene I B OB B E 24y O
pase B o | Gondtionst Formatss: get | TR Y | B L LA
ste S~ B A = - L%y | s 5
T | Bru-jE-|a-A B 8% B e e syi | ElFomsts | © Fias Soct~
Clpbostd 5 ot 5 5 Number = Stytes cetis ting ldeas | Sensiity
843 - A
| A B . C | D | AV | AW | A | Av | Az | BA | ®e [ Bc | ® | B | B | B | B | & a
1 |HEALTH STATUS (MORTALITY)
2 Life expectancy, Total population at birth, Years
3
h 1960 1961 1962 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 3017 (or nearest vear)
s Australia 19 712 7 it ots o6 sts e & e 824 @s 26 826
& Austria @7 ee7 64 s es es ebe o7 6l 81 etz 816 sta  eir 67 817
7 elaium s 706 w3 79s| 1 198 su1 sna 607 s sh7 g e11 @15 sis 815
& (Canada 73 s3 w4 e e oi1 813 eus 87 sis s @ e 820
s (chile 8 ms w12 18 1er 7er  ms 1 ms  mz 80z
10 Coech Republic w7 w7 s wr | ms me mi w182 13 1s  7erl  7e1] a1 791
11 Denmark 74 7ee 784 78e 1 7ea  7es w1 soe as e es iz s1z
12 Estonia @s > w4 T m2 2 B2 9 T4 765 ma 72 a1 s T2 782
13 Filand @ 785 7es 798 e01 so2  sos a7 si1 e13  sis  eis  eir 817
12 France Wa 7 s el ez ee eis  ets 23 61 23 Gs w24 66 w26 825
15 Germany Go1 @7 s 798 @01 ®2 o3 s 605 6  obs iz 607 11 811 811
16 Greece T2 717 19 197 @32 G4 807 808 87 S84 815 51 815 sie 814
17 Hungary. 681 69 679 735 736 742 744 747 75 753 757 759 757, 762 759, 759
16 Tceland 76 a8 sz eis a7 e &2 @4 & @i w@s  @s w3 &1 627
19 Ireland 0 793 o7 2 03 Goa s @s el els  sis  els @z 22
20 Israel 806/ 808 s 815 817 817 818 &1 @02 &4 825 806 826
21 sty o5 ous ous eus eu7 s21 623 a3 s sz w6 @3 @ 830
22 2apan 78 eae 67 w4 w6 w7 6 29 627 iz o4 7 e ekl 82 842
22 Korea 788l 1e2 136 s a0z 806 oo e e1s @i  e2e 1 827
24 Latvia we s 12 s 73 rar mas a1l 1e3  mas  1er a8 748
25 Lthuania 71 70s| e 7as| 7aa  tar  7a et 7er s 148 156 756
S i U T a2z
27 Mexi 575 582 588 741 742 741 74741 742 744 746 748, 75| 753] 754, 72 754
28 Netherlands 735 7 14 7es] 03 s ms o1 o3 612 ste  eis o6 sie  sig s18
25 INew. Zealand T I T | st
30 Norway T8 ms tar  me a6 s o ez #l4  6us  els @2 s e e 827
31 Poland 678 €18 675 753 754 157 758 765 168 769 74| 717 176 7 718 778
32 portugsl @9 627 es1| 79 12 195 197 e s0s s @ 8z etz @2 eis 81z
33 Slovak Republic M3 T0s 04 7e a5 15 73 7se 161 te2  es  wes 61 ma 7173 773
34 Slovenia 783 783 784 793 798 801 802 804 812 809 813 811 811
35 Spain £ ei1 ez els  els e 626  ms @2 83 @ e 64 834
36 Sweden 1 TS 7 s e s eis el6  els  eis g2 @3 w3 w24 es 025
37 |Switzerland T4 718 713 817 82 822 823 826 828 828 829 833 8 837 86 836
38 Turkey 483 49 497 734 737 738 741 743 746 746 78 78| 78, 78 781 781
39 United Kingdomn 18 707 795 7o7 7os 804 806 8| i B4 B4 8 B2 813 812
40 United States @s T4 W3 Ts 7 74 785 7es  7er 7as  7es  ras| 7e7 a1 7@s 756
41 OECD AVERAGE 807
b3

<Figure 2.2.13> OECD Statistics

o
)

life expectancy at birth

¢ The easiest way to make a file in CSV format is to copy the country name to the
first column of the sheet of feStat; and the column of 2017 data located at the
last column of this Excel file to the second column of the sheet of TeStat; as in
<Figure 2.2.14>. After you provide variable names ‘Country’ and ‘Years’ by using
[Edit Var] of feStat; , save the data as a file, for example,
‘EX020202_OECD_LifeExpectancy.csv’ in CSV format,.

File [Ex020202_OEGD_LifeExpectanc)[ Editvar |
Analysis Var by Group
[1: Country v | |2 LifeExp
( 44 nary Data Summary D
Selectedvar| V1 by V2
Country LifeExp V3 V4
1 Australiz 26 |
2 | Austria &1.7 i
3 Belgium 316
4 Canada 820
Chile 80.2
6  Czach Republic 791
7 Denmark 812
8  Estonia 78.2
Fintand 817
10 | France 26
11 | Germmany 811
12 814
13 759
14 827
i5  lreland 822
16 | lsrael 826
17 | Italy 230
18 | Japan 842
12 | Korea 827
20 | Latvia 748
21  Lithuania 756
22 | Luxembourg 82.2
23  Mexico 754
24 Netherlands 818
25 | New Zealand 819 -
14

<Figure 2.2.14> OECD life
expectancy at birth in 2017
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Example 2.2.2
Answer
(continued)

Another way is to edit the Excel file in <Figure 2.2.13> with only two columns, the
country name and 2017 data similar to <Figure 2.2.14>, and save it as a file in CSV
format. In this case, the first row should have variable names such as ‘Country’ and
‘Number’ (refer Appendix A.2).. In order to save this file in CSV format, select the
Excel menu ‘File’ > ‘Save As’, then a dialogue box as in <Figure 2.2.15> will be
appeared. Select the option ‘CSV Utf-8’, then the file will be saved in CSV format
in the download folder of your computer. Note that, if you are using an European

version of Excel, you have to change the delimiter of semicolon ‘;’ with comma
before you save the file (refer Excel option).

" & D: > eDataScience > & 21 T English > GraphCh0203
OECD-Health-Statistics-Life Expectancy st Birth 2017
Exce] 97-2003 Warkbook (*xlz)

Excel Workboaok (*aclsx)

Excel Macro-Enabled Workbook (*xlsm)
Excel Binary Workbook ["xlsh)
Excel kbook I<)

XML xml]

e Weh Page (*.mht. .mhtml]
Page (".htm, ".html]

Excel Template (*xltx)

<Figure 2.2.15> OECD

Click the variable names ‘Country’ and ‘Number on the sheet of feStat; , then a
vertical bar graph of the life expectancy will be appeared as in <Figure 2.2.16>. If
the characters of the country name are too small to see, you can enlarge the
screen by holding the [Ctrl] key and rolling up the wheel mouse. You can click on

the icon =E located above the Graph Area to draw a horizontal bar graph as in
<Figure 2.2.17>.

It is sometimes convenient to compare data using a horizontal bar graph after
sorting. If you check a sorting option ‘Descending’ located below the graph, a
horizontal bar graph sorted by descending order of the life expectancy at the birth
will be appeared as in <Figure 2.2.17>. It is easy to check that Japan is the longest
life expectancy, Switzerland is the second and Latvia is the shortest.

Bar Graph

<Figure 2.2.16> Vertical bar graph of OECD life expectancy at
birth in 2017
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Example 2.2.2
Answer
(continued)

<Figure 2.2.17> Horizontal bar graph of OECD life expectancy at birth, 2017

[Practice 2.2.1]

(Alcohol Expenditure: OECD)

Draw a bar graph using the following data in "eStat; system and analyze the graph.

= eBook => PR020201_OECD_AlcoholExpenditure_2013.csv

(Obesity Ratio: World)

Draw a bar graph using the following data in TeStat; system and analyze the graph.

=> eBook = PR020202_WORLD_ObesityRatio_Age15over__2017

2.2.2 Summary Data of Categorical Variable with Group

e The summary data as in Table 2.2.1 can be easily extended if you survey the
gender of two classes in a school as in Table 2.2.2. It is the summary data of
the gender variable for two classes (groups), classes of 5-1 and 5-2. In this case,
we usually want to compare the summary data between two classes (groups)
using graphs as the following example.
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Table 2.2.2 Summary data of two classes

Gender 5-1 5-2
Male 16 12
Female 14 18

Example 2.2.3

(Gender Summary Data of Two Classes)

A file of the summary data in Table 2.2.2 is saved at the following location of feSta
ty system.

= eBook => EX020203_Summary_StudentByGender

Using this data, draw a bar graph, a pie chart and a band graph. Use TeStat; .

Answer

*

*

If you load the data file from FeStat; , it looks like as in <Figure 2.2.18>.

File |EX020203_5ummary_StudemByC|| Editviar |
Analysis Var by Group
[1: Gender v | [3:52

| Selected data. Summary Data Summary Data. Multiple Selaction

Selectedvar| V1 by V2V,

Gender 5-1 5-2 V4 V5 V-
1 Male 16 ‘12| I
]
2 Female 14 18
3

<Figure 2.2.18> Load file of summary data

Click the variable names 'Gender', ‘5-1’ and ‘5-2’ sequentially, then the selected
variables will be appeared at the box of 'Selected Var' located above the sheet.
You can select the variable ‘1: Gender’ using the combo box of the 'Analysis Var'
and the variable ‘2: 5-1" and ‘3: 5-2’ using the combo box of the 'By Group'
located above the sheet.

When the variables are selected, a vertical bar graph which is the default graph of
FeStaty is drawn using the number of male and female students in both classes as
in <Figure 2.2.19>. A bar graph is drawn for each class and the heights of bars are
the frequencies of male and female students. Two bar graphs has the same scale
of Y-axis and therefore, the frequencies of each class can be easily compared. This
bar graph is called a separated vertical bar graph for each class. By clicking the
icon =5, a separated horizontal bar graph can be drawn as in <Figure 2.2.20>

Bar Gragh Bar Graph

m 5

<Figure 2.2.19> Separated vertical bar <Figure 2.2.20> Separated horizontal
graph of the gender distribution by  bar graph of the gender distribution by
class. class.
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Example 2.2.3
Answer
(continued)

1=

For the summary data of two groups, there are many variants of showing bar
graphs in order to compare two groups visually well. If you click on the icon 1l or

the icon =, a stacked bar graph is drawn that divides a single bar into pieces
with different colors which are proportional to the frequencies of male and female
students (<Figure 2.2.21> and <Figure 2.2.22>).

Bar Graph Bar Graph

gy mgy
L3 L3

Frequency
Gender

Gender Fraquency

<Figure 2.2.21> Stacked vertical bar  <Figure 2.2.22> Stacked horizontal bar
graph of the gender by class graph of the gender by class

If you click on the icon [! or the icon =, a ratio bar graph is drawn in which
bars with the same height are divided into pieces with different colors which are
proportional to the frequencies of male and female students (<Figure 2.2.23> and
<Figure 2.2.24>). If you click on the icon ¥ or the icon&, a side-by-side bar
graph is drawn which draws the bars of each group category sideways for
comparison (<Figure 2.2.25> and <Figure 2.2.26>).

Bar Graph Bar Graph

LR gy

-5 i sl
&
e

Ratle

Gender Ratio

<Figure 2.2.23> Ratio vertical bar <Figure 2.2.24> Ratio horizontal bar

graph of the gender by class. graph of the gender by class.
Bar Graph Bar Graph
g m § ' m
i e

<Figure 2.2.25> Side-by-side vertical <Figure 2.2.26> Side-by-side horizontal
bar graph of the gender by class. bar graph of the gender by class.
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Example 2.2.3
Answer
(continued)

1]
-

S
110

*

If there are only two categories of the group variable like this example, then by
clicking on the icont* or the icon =, a two-sided (or bi-lateral) bar graph is
drawn which draws the bars in the opposite direction either the above and below
of X-axis (<Figure 2.2.27>), or the left and right of Y-axis (<Figure 2.2.28>).

Bar Graph Bar Graph

51 52

Fraguency

Gander Fraquancy

<Figure 2.2.27> Two-sided vertical bar <Figure 2.2.28> Bi-lateral horizontal bar
graph of the gender by class. graph of the gender by class.

By clicking on the icon ¥, a pie chart is drawn as in <Figure 2.2.29> which has
two pie charts for classes of ‘5-1’ and ‘5-2’. Each pie chart shows the frequencies
of the number of male and female students by dividing a pie (circle) into pieces
with two colors depending on angles which are proportional to the frequencies of
each category.

By clicking on the icon ¥¥, a band graph is drawn as in <Figure 2.2.30> which has
two band graphs for classes of ‘5-1' and ‘5-2’. Each band graph shows the
frequencies of the number of male and female students by dividing a rectangle into
squares with two colors which are proportional to the frequencies of each category.

Pie Thart Band Graph

&1

52

<Figure 2.2.29> Pie charts for gender <Figure 2.2.30> Band graphs for
distribution in two classes. gender distribution in two classes.
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Example 2.2.4

(Male and Female Population by Age Groups)

In 2015, the male and female populations by age groups in Korea are shown in Table
2.2.3. Using this data, draw a vertical bar graph by age groups and then find
appropriate graphs to analyze the characteristics of this data easily.

Table 2.2.3 male and female populations by age groups in
Korea (KOSTAT Census 2015, unit 10,000 persons)

Age Interval 2015 Male 2015 Female
00 - 04 115 109
05 - 09 116 109
10 - 14 126 116
15 - 19 166 151
20 - 24 181 158
25 - 29 158 145
30 - 34 185 176
35 - 39 193 186
40 - 44 214 207
45 - 49 215 212
50 - 54 209 205
55 - 59 192 194
60 - 64 134 141
65 - 69 102 110
70 - 74 79 97
75 -79 55 80
80 - 84 28 54
over 85 13 39

Answer

¢ The data of Table 2.2.3 can be loaded from feStat; using the following address.
[] = eBook => EX020204_Summary_PopulationByGender.csv.

¢ Click on the variable name of the first variable, 'Agelnterval' followed by the second
variable ‘2015_Male’ and the third variable ‘2015_Female'. As shown in <Figure
2.2.31>, you may select the ’Agelnterval’ variable from the 'Analysis Var' box and
‘2015_Male' and '2015_Female’ variables sequentially from the 'By Group box. When
these variables are selected, a separated vertical bar graph as shown in <Figure
2.2.32> which separates the male and female populations with the same scale of
Y-axis will be appeared in the Graph Area.

Bar Graph
. =
* = W 2015, Mals
File ‘EXOZOZ04Summary7PopulationB\_“ EditVar | .
-2 L
Analysis Var by Group
| 1: Agelnterval ~| [3:2015_Female v
Selectad data; Summary Data ) {Summary Data: Multiple Selection]
Se\e(tsd\/arlv1 by V2,V3, ‘ Cancel ‘ B L
Ageicterval
<Figure 2.2.31> Variable selection for - -
analysis <Figure 2.2.32> Separated vertical bar

graph of population by age group and
by gender
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Example 2.2.4
Answer
(continued)

bl

*

*

Among ten possible bar graphs such as — == =, a side-by-side bar
graph as <Figure 2.2.33> would be useful, because it shows the comparison of the
number of male and female populations in each age interval. A ratio bar graph as
<Figure 2.2.34> which shows directly the proportions of male and female
populations in each age interval can also be useful. In each of the graphs, you can
easily see that the female population is getting larger than the male population
after the age interval of 50s and more. A line graph as in <Figure 2.2.35> can also
be used to see this kind of patterns.

An overall distribution of the male and female populations by age group can be
observed by using a two-sided (bi-lateral) horizontal bar graph as in <Figure 2.2.36>
which is usually called a population pyramid. Currently, Korea has an age-specific
population structure which looks like a jar. In other words, the population in age
intervals of 40 to 50 is higher than the population in age intervals of 30 or less
which is gradually decreasing. It would cause many problems in the future society
such as the population decrease, the medicare budget increase etc.

TR CT LA

Bar Graph

- 2015, Mele
u 2015, Femed

Fraguency

Ageletenal

Bar Graph

B 2015 Male
2015 Femai

<Figure 2.2.33> Side-by-side vertical
bar graph of population by age and by

<Figure 2.2.34> Proportional horizontal
bar graph of population by age and by

gender gender
Line Graph Bar Graph
20‘!5.]“: %S“Fw\itt
® 2015 Mate :
o ® 25 Fematn| | = =
ya i - -
4 3 [ R
A M - D
[/ \ fuonmenenegy [T
e \ R - T
7 H o e
)/ Y ey
=i bY - S
Son [ —
N [ro——— ]
»
\\ —— guEmm——
\.\\, —— . ]
N —— .
. w—— [
oo R
Agelnterval Eraquancy

<Figure 2.2.35> Line graph of
population by age and by gender

<Figure 2.2.36> Bi-lateral horizontal bar
graph of population by age and by
gender
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[Practice 2.2.3] | (Death Rates of Virginia)

For each of five age groups (50-54, 55-59, 60-64, 65-69, 70-74), death rates are
measured per 1000 population per vyear in Virginia. They are cross-classified by
population group such as Rural/Male, Rural/Female, Urban/Male and Urban/Female. This
data are saved at the following location of FeStat; system.

[:] = eBook = PR020203_Rdatasets_VADeaths.csv

Draw appropriate graphs to analyze characteristics of the data.

* In general, if there are many groups (columns) on the summary data, you can
compare the difference between groups for each category of the analysis variable
using different kinds of graphs. If there are many groups, it is recommended that
you draw several kinds of graphs, because each graph can show you different
characteristics of data.

e |If data are observed over time, it is called a time series and a line graph is
usually used to observe a trend over time. The X-axis includes values of a time
variable which are spaced equally and Y-axis represents a scale of all time series
data. Each pair of data, time and value is marked as a point in a
two-dimensional coordinate plane and two adjacent points are connected with a
line.

Example 2.2.5 | (OECD Export — Import by Country)

In 2017, import and export data of OECD countries are stored at the following location
of TeStat; system.

[x] = eBook = EX020205_OECD_Exportimport_2017.csv.

Draw a line graph to find out characteristics of export and import by country.

¢ Retrieve the file from TeStat; which will show the data as in <Figure 2.2.37>.

Answer
File |oECD Exportimport_2017.csv [ Eivar |
Analysis Var by Group
[1: Country v | [3: Import ~]
SelectedVar| V1 by V2V3 | cancel|
Country Export | Import | V4
1 Arab Emirate 233 264 |

<Figure 2.2.37>
Export-Import data of
OECD countries
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Example 2.2.5 | * Click on the line graph icon ~<, then click the variable names of 'Country', ‘Export’,
Answer ‘Import' to draw a line graph as in <Figure 2.2.38>.

(continued) ¢ Looking in the Graph, we can see that China and Germany have lots of surplus in
trade and USA has lots of loss.

Line Graph

® Bxport
§ & ieamort
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<Figure 2.2.38> Line graph of Export-Import of OECD countries

[Practice 2.2.4] | (Income of OECD Countries)

National incomes of OECD countries in 2000, 2005, 2010 and 2015 are saved at the
following location of feStat; system.

[x] & OECD => PR020204_OECD_Nationallncome_2017.csv.

Draw a line graph of the national incomes for each country.

[Practice 2.2.5] | (Average Temperatures by Season in Korea)

Average temperatures of each season were observed from 1973 to 2016 in Korea and
data are saved at the following location of TeStat; system.

[] = eBook =» PR020205_Summary_TemperatureBySeason.csv

Draw a line graph of the temperatures by season and observe their characteristics.
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2.3 Visualization of Raw Data

* Section 2.2 describes how to visualize the summary data of a categorical variable.
This section describes how to visualize qualitative data in the form of raw data.
In general, the raw data are processed by counting the number of data in each
category of a categorical variable using a statistical package and the resulted
summary data are visualized as in Section 2.2. TeStat; system enables this kind of
work easily.

* This section describes how to visualize the raw data in the case of qualitative
data without groups and with groups.

2.3.1 Raw Data of Categorical Variable

Example 2.3.1 | (Survey on Gender — Raw Data)

There are 10 students in a class and gender (male or female) data are collected as
follows. This kind of data are called as raw data.

male, female, male, female, male, male, male, female, male, female

In order to use a statistical package, the raw data are usually arranged as a column as
in Table 2.3.1 with numeric coding (1: male, 2: female). Coding is not compulsory
depending on packages, but TeStat; system allows the raw data of both with coding
and without coding (character data).

Table 2.3.1 Gender Survey
(1:Male, 2:Female)

Gender

N=2N==2aN=N =

Data of Table 2.3.1 are saved at the following address in TeStat; system.

[:] = eBook = EX020301_Raw_Gender.csv

Use TeStat; to draw a bar graph, a pie chart, and a band graph to find out
characteristics of the raw data.

Example 2.3.1 ¢ Enter the gender data of Table 2.3.1 on the sheet of feStat; system or load the
Answer file from [:] = eBook = EX020301_Raw_Gender.csv.

+ |If you enter the data, give a variable name 'Gender' using [Edit Var] button as
shown in <Figure 2.3.1> and provide value labels to values 1 and 2 (1 for Male
and 2 for Female). If the data are edited using the value labels, it must be saved
with JSON format file (click on the icon i) to ensure that the edited information
is not lost. If you want to load a file in JSON format to feStat; system, you must
also use the icon %« which is the icon of JSON file open.
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Example 2.3.1
Answer
(continued)

S
110

*

*

|
V1 v| Variable Name Gender
# VariableValue  Velue Label
11 Male
2 2 Femaie|
. 2
4
5
5
7
3
9
* Less than nine value labels allowed.
| Save | | Exit |

<Figure 2.3.1> Value
label using [Edit Var]

Click on the variable name 'Gender' to draw a vertical bar graph as shown in
<Figure 2.3.2>. A bar graph was drawn after counting frequencies of each gender
category, i.e. six males and four females. A basic function of statistical packages
such as feStaty is to examine a frequency distribution of the raw data and draw a
graph using this frequency distribution.

The vertical bar graph such as <Figure 2.3.2> is frequently used. If there are a
large number of categories, a horizontal bar graph as in <Figure 2.3.3> can also be

used (click on the icon =E in TeStaty ).

Gender Bar Graph Gender Bar Graph

Fragquency

Gender Fraquancy

<Figure 2.3.2> Vertical bar graph of <Figure 2.3.3> Horizontal bar graph of
gender gender

Click on the icon ' in TeStat; to draw a pie chart (<Figure 2.3.4>) and click on

the icon I to draw a band graph (<Figure 2.3.5>). Click on the icon ) to draw
a doughnut graph.

Gender Ple Chart Gender Band Sraph

<Figure 2.3.4> Pie chart of gender <Figure 2.3.5> Band graph of gender
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[Practice 2.3.1]

(Preference of Mathematics)

In an elementary school, gender (1: male, 2: female) and math preference (1: good, 2:
ordinary, 3: no) of students were surveyed and saved at the following location of
FeStat; system.

[5x] > eBook = PR020301_Raw_MathPreferenceByGender.csv.

Draw a bar graph, a pie chart, a band graph of the math preference.

2.3.2 Raw Data

of Categorical Variable with Group

Example 2.3.2

(Survey on Gender and Marital Status — Raw Data with Group)

In addition to the gender data of Example 2.3.1, marital status (1: Single 2: Married, 3:
Other) was also surveyed as in Table 2.3.2. Compare characteristics of marital status by
gender (male and female) using a bar graph, a pie chart, a band graph, and a line
graph. Data are saved at the following location of feStat .

D = eBook = EX020302_Raw_MaritalByGender.csv

Table 2.3.2 Survey of gender and Marital status

Marital Status
(1:Single, 2:Married,
3:0Other)

Gender
(1:Male, 2:Female)

NN 22NN~
=SWOINN =N =N —-

Example 2.3.2
Answer

¢ Enter the gender and marital status data of Table 2.3.2 on the sheet of feStat;
system. Use [Edit Var] button to enter a variable name as 'Gender' and its value
labels as 'Male' for value 1 and 'Female' for value 2. Similarly, enter a variable
name as ‘Marital’ and its value labels as ‘Single’ for 1, ‘Married’ for 2 and ‘Other’
for 3.

¢ The data edited for their variable names and value labels must be saved in JSON
format file (click on the icon 1) to ensure that the information is not lost. When

recalling again, you must also click on the JSON Open icon e .
¢ If you click on the ‘marital’ and ‘gender’ variable names sequentially, a separated
vertical bar graph of marital status by gender is drawn as in <Figure 2.3.6>.
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Example 2.3.2
Answer
(continued)

Wl

1
1!

*

(Group Gender) Maritat Bar Graph

Fraqueney

= ramale

<Figure 2.3.6> Vertical bar graph of
marital status by gender

This separated bar graph by gender can be modified in a different form using the
icons (Earmwunz====]) below the main icons which are a vertical stacked
(<Figure 2.3.7>), a ratio (<Figure 2.3.8>), a side-by-side (<Figure 2.3.9>), a bi-lateral
(Figure 2.3.10) and a horizontal separated (<Figure 2.3.11>), a stacked (<Figure
2.3.12>), a ratio (<Figure 2.3.13>), a side-by-side (<Figure 2.3.14>), a bi-lateral
(Figure 2.3.15).
({Group Gender) Marital Bar Graph (Group Gender) Marital Bar Graph
. - - e
% - LR g W somale
e “ e
<Figure 2.3.7> Vertical stacked bar <Figure 2.3.8> Vertical proportional bar
graph of marital status by gender graph of marital status by gender
(Group Gender) Marital Bar Graph (Group Gender) Marital Bar Graph
r  F = famale g ‘:
H i

ha.

® Famale

Merital

<Figure 2.3.9> Vertical side by side
bar graph of marital status by gender

<Figure 2.3.10> Vertical bi-lateral bar
graph of marital status by gender
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Example 2.3.2
Answer
(continued)

WY

(Group Gender) Marital Bar Graph (Group Genden) Marital Bar Graph

I 3 = forale
3 5 ewe
pas " Male
Feequancy

= Female

<Figure 2.3.11> Horizontal bar graph <Figure 2.3.12> Horizontal stacked bar
of marital status by gender graph of marital status by gender

*

(Group Gender) Marital Bar Gragh (Group Gender) Marital Bar Gragh

B ke " sl
u Fomsle 3  Farvsle
3 onge
Fraquancy

Ratio

<Figure 2.3.13> Horizontal proportional  <Figure 2.3.14> Horizontal side by side
bar graph of marital status by gender bar graph of marital status by gender

({Group Gender) Maritat Bar Graph
[ Fanmoie

arital

<Figure 2.3.15> Horizontal bi-lateral
bar graph of marital status by gender

Click on the icons & and m| in TeStat; to draw a pie chart as in <Figure 2.3.16>

and a band graph as in <Figure 2.3.17>. It is easy to observe which categories in
each group account for a large percentage of the total data.
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Example 2.3.2
Answer
(continued)

D
110

{Group Gender) Marital Pie Chart (Group Gender) Matitsl Band Graph

wals

W Single. W Married W Othey

<Figure 2.3.16> Pie chart of marital <Figure 2.3.17> Band graph of marital
status by gender status by gender

[Practice 2.3.2]

(Preference of Mathematics by Gender)

In an elementary school, gender (1: male, 2: female) and math preference (1: good, 2:
ordinary, 3: no) of students were surveyed and saved at the following location of
FeStat; system.

= eBook = PR020302_Raw_MathPreferenceByGender.csv.

Draw a bar graph, a pie chart and a band graph of the math preference by gender.

2.4 Word Cloud

A word cloud is a visual representation of text data. It is a visualization of word
frequency in a given text as a weighted list. The importance of each word is
shown with font size or color in the word cloud. Bigger term means greater
weight.

The word cloud is useful for quickly perceiving the most prominent words to
determine its relative prominence. It has been recently used to visualize the
topical content of political speeches. It can be used as website navigation aids to
determine hyperlink to items associated with the word in social software. The
keyword in the cloud is sometimes used as a search engine marketing term that
are relevant to a specific website.

There are many algorithms to generate a word cloud. eStat adopted the algorithm
of d3 open software. There are some evolving approaches to construct a word
cloud by applying word co-occurrences in documents.
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Example 2.4.1 Generate a word cloud on the following description on data science and analyze
important words.

The development of these technologies has created massive data, simply called ‘Big
Data’, that were unimaginable in the past. Typical examples of the big data include
data from Google's search records, social media messages by mobile phones, web
logs by internet connections, and telephone records of global telecom companies.
The big data are expected to grow and increase exponentially in the future and
the hyper-forecasting is also expected to be possible. The success or failure of each
individual, group, company and even country would depend on how to utilize the
big data efficiently.

The analysis of the big data that emerged this century is so enormous and diverse
in the amount of data that can not be fully utilized just by traditional statistical
approaches. For the analysis and utilization of the big data, theories of statistics,
computer science, mathematics, management or related disciplines must also be
applied simultaneously. Data Science is a new area of study in which statistics,
mathematics, computer science and other disciplines are fused to analyze and
utilize the big data that emerged this century.

¢ Click eStaU icon and click ‘Word Cloud’ in the menu or you can use the QR code

at the left.

Copy the sample text to [Data Input] text area and click [Execute] button. Then, a

word cloud on data science is drawn as in <Figure 2.4.1>.

¢ ‘Data’ is the highest frequency word in this word cloud, ‘big’ is the next in this
word cloud.

Example 2.4.1
Answer | ,

Word Cloud Menu

[Data Input] **¥ Copy any English text here ***

The development of these technologies has created massive data, simply called ‘Big
Data’, that were unimaginable in the past. Typical examples of the big data include
data from Google's search records, social media messages by mobile phones, web logs by
internet connections, and telephone records of global telecom companies. The big data
are expected to grow and increase exponentially in the future and the hyper-
forecasting is also expected to be possible. The success or failure of each
individual, group, company and even country would depend on how to utilize the big
data efficiently.

=
The analysis of the big data that emerged this century is so enormous and diverse in &
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<Figure 2.4.1> Word cloud on the description of data science




26 |/ Chapter 2 Visualization of Qualitative Data

[Practice 2.3.2] | (Inaugural Address of US President: Jonh F. Kennedy)

Generate a word cloud on the following part of inaugural address by US president John
F. Kennedy and analyze important words.

In the long history of the world, only a few generations have been granted the
role of defending freedom in its hour of maximum danger. | do not shrink from
this responsibility-- welcome it. | do not believe that any of us would exchange
places with any other people or any other generation. The energy, the faith, the
devotion which we bring to this endeavor will light our country and all who serve
it--and the glow from that fire can truly light the world.

And so, my fellow Americans: ask not what your country can do for you--ask what
you can do for your country.

My fellow citizens of the world: ask not what America will do for you, but what
together we can do for the freedom of man.
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Exercise

2.1 Describe qualitative data and give examples.
2.2 Describe summary data and raw data using examples.

2.3 From the home page of the OECD, download any interesting data for you in Excel format and do
the following:

1) Save data as an Excel file in CSV format.

2) Retrieve the file in 1) to "eStat; system.

3) Draw appropriate graphs using "eStat; and save results as graph files.
4)

Prepare a report using the MS Word.
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Multiple Choice Exercise

2.1 How do you call the following form of organized data?

Gender Number of Student

male 6

female 4
(@ Discrete Data @ Summary Data
® Raw Data @ Continuous Data

2.2 How do you call the following type of data?

Gender Marital Status

(1:Male, 2:Female) (1:Single, 2:Married, 3:Other)

1 1

2 2

1 1

2 1

1 2

1 1

1 1

2 2

1 3

2 1

(@ Discrete Data @ Summary Data
® Raw Data @ Continuous Data

2.3 Which of the following graphs is used for visualizing qualitative data?

@ bar graph @ histogram
® stem and leaf plot @ scatter plot

2.4 Which of the following graphs is NOT used for visualizing qualitative data?

® bar graph @ histogram
® pie chart @ band graph

2.5 Which graph is useful for data observed over time, such as annual exports?

@ bar graph @ histogram
® pie chart @ line graph
(Answers)

21 ®, 22 3,23 D, 24 @, 25 @



