
Elements of Statistics and Probability

Dr. Hazar Khogeer

Department of Mathematical Sciences
Umm Al-Qura University

E-mail: hakhogeer@uqu.edu.sa

December 2, 2022

1 / 54 Dr. Hazar Khogeer Elements of Statistics and Probability



TEXTBOOK:

ELEMENTARY STATISTICS A STEP BY STEP APPROACH

By
Allan Bluman

Tenth Edition, 2018

2 / 54 Dr. Hazar Khogeer Elements of Statistics and Probability



The main purpose for this course :

Introduce basic concepts of probability and statistics.

Students are able to understand and perform simple data
analysis.

The emphasis will be on concepts and problem solving rather
than on theory.

Topics:

1 Descriptive Statistics:
Chapter 1: The Nature of Probability and Statistics.
Chapter 2: Frequency Distributions and Graphs.
Chapter 3: Data Description.
Chapter10: Correlation and Regression.

2 Introduction to Probability:
Chapter 4: Probability and Counting Rules.
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Assessment

Activity Dates weight

Class Participation
(homeworks, quizzes, attendance, etc.) 20%

Major Exam Approximately Week 7-8 30%

Final Exam (Comprehensive) As per University Schedule 50%

Reminder :

Only University issued excuses will be accepted.

Attendance on time is very important as studies have shown that student that attend
class regularly are more likely to complete their courses successfully.

Homework will be assigned at the end of each chapter.
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Chapter 1 (Introduction)
Definition and Basic concepts on the Nature of Probability and

Statistics

5 / 54 Dr. Hazar Khogeer Elements of Statistics and Probability



Chapter 1

Outline:

Introduction.

1-1 Descriptive and Inferential Statistics.

1-2 Variables and Types of Data.

1-3 Data Collection and Sampling Techniques.

1-4 Experimental Design.

1-5 Computers and Calculators.

Summery.
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Chapter 1

Objectives:

Demonstrate knowledge of statistical terms.

Differentiate between the two branches of statistics.

Identify types of data. Identify the measurement level for each
variable.

Identify the four basic sampling techniques.

Explain the difference between an observational and an
experimental study.
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Chapter 1

Introduction

You may be familiar with probability and statistics through
radio, television, newspapers, and magazines.

For example, you may have read statements that are filled
with numerical information about phenomenon like sports,
health or social activities like the following found in
newspapers.

Such as the winning number of a football team, the most
reliable cars, the daily allowance of students, the census of
Saudi Arabia, and so on.

Therefore, statistics is used in almost all fields of human
endeavor, such as sports, public health and education.
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Chapter 1

Statistics: is the science of conducting studies
to

collect,
organize,
summarize,
analyze, and
draw conclusions from data.

EXAMPLE
The 2010 Census of Saudi Arabia reveals the following:

Population is 27,136,977 persons.

Number of houses is 4,643,151.

69% of the population are Saudi citizens.
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Chapter 1

Students study statistics for several reasons:

1 Like professional people, you must be able to read and understand the
various statistical studies performed in your fields. To have this
understanding, you must be knowledgeable about the vocabulary, symbols,
concepts, and statistical procedures used in these studies.

2 You may be called on to conduct research in your field, since statistical
procedures are basic to research. To accomplish this, you must be able to
design experiments; collect, organize, analyze, and summarize data; and
possibly make reliable predictions or forecasts for future use. You must also
be able to communicate the results of the study in your own words.

3 You can also use the knowledge gained from studying statistics to become
better consumers and citizens. For example, you can make intelligent
decisions about what products to purchase based on consumer studies,
about government spending based on utilization studies, and so on.
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Chapter 1

The purpose of this chapter

It is the purpose of this chapter to introduce the goals for studying
statistics by answering questions such as the following:

What are the branches of statistics?

What are data?

How are samples selected?
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1-1 Descriptive and Inferential Statistics

A variable: is a characteristic or attribute that can assume different
values.

EXAMPLE:

temperature is a variable because it varies from day to day or
from city to city or even at different time of the day,

blood type (A,B,AB, O-,O+,.....),

weight, height, gender, nationality, color, income, ....
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 CH1-1مصطلحات 

1. variable: is a characteristic or attribute that can assume different values. 

2. Data: are the values that variables can assume to describe a phenomenon 

3. Population: consists of all elements for the phenomenon under a study 

4. Sample: is a group of elements selected randomly from a population 

(subset of the population). 

5. Descriptive Statistic: consists of the collection, 

organization,summarization, and presentation of data. 

6. Inferential Statistic: consists of generalizing from samples to populations 

by; performing estimations and hypothesis testing, determining 

relationships among variables, and making predictions. 

 

 

 لمتغير: هو خاصية أو سمة يمكن أن تتخذ قيما مختلفة.ا .1

 البيانات: هي القيم التي يمكن أن تتحملها المتغيرات لوصف الظاهرة .2

 السكان: يتكون من جميع عناصر الظاهرة محل الدراسة .3

العينة: هي مجموعة من العناصر يتم اختيارها عشوائيا من مجتمع ما )مجموعة فرعية من  .4

 السكان(.

 الوصفية: وتتكون من جمع البيانات وتنظيمها وتلخيصها وعرضها. ءالإحصا .5

الإحصاء الاستدلالي: يتكون من التعميم من العينات إلى السكان عن طريق؛ إجراء التقديرات  .6

 واختبار الفرضيات، وتحديد العلاقات بين المتغيرات، ووضع التنبؤات.



1-1 Descriptive and Inferential Statistics

Data: are the values that variables can assume to describe a
phenomenon.
EXAMPLE:
The values that the variable weight can take when measuring the
weights of students who are studying Statistics in UQU.

Population: consists of all elements for the phenomenon under a
study.
EXAMPLE:

The 2010 census of Saudi Arabia reveals the following; there
are 27,136,977 persons.
Population: is 27,136,977 persons.
Determine the leading cause of death in Saudi Arabia in 2020.
The population: is the entire people who died in Saudia
Arabia in 2020.
The size of the population usually represented by the letter N.
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1-1 Descriptive and Inferential Statistics

Sample: is a group of elements selected randomly from a
population (subset of the population).

EXAMPLE:

Some records of the persons that died in a hospital around
Saudi Arabia in 2020.
A group of students is selected randomly from all students
studying in Umm AL-Qura University for a research study.

The size of the sample usually represented by the letter n.
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1-1 Descriptive and Inferential Statistics

Population and Sample

In most cases measuring the whole population is too costly,
unnecessary or impossible.

There are many possible samples when sample is a subset of
the whole population.

When the sample is selected it should be representative of the
entire population.

The sample could be the whole population.
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1-1 Descriptive and Inferential Statistics

Depending on how data are used, the subject of statistics is
divided into two main branches descriptive statistics and inferential
statistics.

1 Descriptive Statistic: consists of the collection, organization,
summarization, and presentation of data.

2 Inferential Statistic: consists of generalizing from samples to
populations by; performing estimations and hypothesis
testing, determining relationships among variables, and
making predictions.

Note: in any statistical study, you should start with the descriptive
statistics and then the inferential statistics which is usually the goal
of any study.
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1-1 Descriptive and Inferential Statistics

EXAMPLE (Descriptive)

The 2010 Census of Saudi Arabia reveals the following:

Population is 27,136,977 persons.

Number of houses is 4,643,151.

EXAMPLE (Inferential)

The estimated average height of UQU students is 1.72m.

There is a relationship between the performance of students
in mathematics classes and their class attendance.

The population of Saudi Arabia is estimated to be around 37
million persons by the year 2030.
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1-1 Descriptive and Inferential Statistics

Descriptive Statistics

Collect data (Sampling)

Present data

Summarize data
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1-1 Descriptive and Inferential Statistics

Six Step For Inference Process:

Step1: What is the QUESTION of interest?

Step 2: What POPULATION is associated with the
QUESTION?

Step 3: Take a SAMPLE from the POPULATION.

Step 4: Measure one or more VARIABLES on each unit in the
sample.

Step 5: Make a SUMMARY of all samples data on the
VARIABLES.

Step 6: Make an INFERENCE about the POPULATION from
the sample summary.
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1-1 Descriptive and Inferential Statistics
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1-1 Descriptive and Inferential Statistics

EXAMPLE 1-1 Descriptive or Inferential Statistics

Determine whether descriptive or inferential statistics were used

a) The average price of a 30-second ad for the Academy Awards
show in a recent year was 1.90 million dollars.

b) The Department of Economic and Social Affairs predicts that the
population of Mexico City, Mexico, in 2030 will be 238,647,000
people.

c) A medical report stated that taking statins is proven to lower
heart attacks, but some people are at a slightly higher risk of
developing diabetes when taking statins.

d) A survey of 2234 people conducted by the Harris Poll found that
55% of the respondents said that excessive complaining by adults
was the most annoying social media habit.
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1-1 Descriptive and Inferential Statistics

SOLUTION EXAMPLE 1-1

a) Descriptive statistic (average) was used since this statement
was based on data obtained in a recent year.

b) Inferential statistics were used since this is a prediction for a
future year.

c) Inferential statistics were used since this conclusion was
drawn from data obtained from samples and used to conclude that
the results apply to a population.

d) Descriptive statistics were used since this is a result obtained
from a sample of 2234 survey respondents.
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 1-1مثال 

 ليأو الاستدلا الوصفي ءما إذا تم استخدام الإحصا حدد

a مليون دولار 1.90ثانية لحفل توزيع جوائز الأوسكار في العام الأخير  30( بلغ متوسط سعر إعلان مدته. 

b إلى 2030( تتوقع إدارة الشؤون الاقتصادية والاجتماعية أن يصل عدد سكان مدينة مكسيكو، المكسيك، في عام 

 .نسمة 238,647,000

c يخفض النوبات القلبية، ولكن بعض الأشخاص يكونون أكثر عرضة قليلاً ( ذكر تقرير طبي أن تناول الستاتينات

 .للإصابة بمرض السكري عند تناول الستاتينات

d شخصًا بواسطة 2234( وجدت دراسة استقصائية أجريت على Harris Poll  قالوا إن الشكوى  ٪ من المشاركين55أن

 .المفرطة من قبل البالغين كانت العادة الأكثر إزعاجًا على وسائل التواصل الاجتماعي

 

 1-1الحل 

aالإحصائية الوصفية ) 

 .تم استخدام )متوسط( نظرًا لأن هذا البيان يستند إلى بيانات تم الحصول عليها في العام الأخير

bالإحصائيات الاستدلالية ) 

 .هذا توقع لسنة مقبلة  

cالإحصائيات الاستدلالية ) 

تم استخلاص هذا الاستنتاج من البيانات التي تم الحصول عليها من العينات واستخدامها لاستنتاج أن النتائج تنطبق على   

 .السكان

dالإحصائيات الوصفية ) 

 ركًا في الاستطلاعمشا 2234هذه هي النتيجة التي تم الحصول عليها من عينة مكونة من   



1-2 Variables and Types of Data

The variable is classified into two main categories:
Quantitative and Qualitative variables.

Quantitative variables are numerical in nature and can be
counted or measured or ranked, e.g., number of passengers,
weight, age, .

Quantitative or scale variables can classified in to two groups:

Discrete variables assume values that can be counted, e.g.,
number of rooms in buildings, number of students in Stat 110,
number of children in families, number of hospital beds...etc.

Continuous variables can assume all values between any two
specific values. In other word, takes infinite number of
possible values (a decimal fraction can be presented), e.g.,
heights, weights, temperature,...etc.
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1-2 Variables and Types of Data

Qualitative variable: can be placed into distinct categories
according to some characteristic or attribute, as gender,(male/
female), blood type (A, B, AB, O-, O+,..) , grade (A+, A, B+, B, C+,
C, D+, D, F)...etc.

Qualitative variables can be classified into two groups:

Nominal classifies data into categories that can not be ordered
or ranked, e.g., gender, color, names, departments · · ·

Ordinal classifies data into categories that can be ranked,
e.g., flight classes, grade letters,· · ·

For more information see pages 6 and 7 of Bluman’s Book
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1-2 Variables and Types of Data

The classification of variables can be summarized as follows:

Variables

Quantitative

Continuous Discrete

Qualitative

Nominal Ordinal
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1-2 Discrete and Continuous Data

Exercise:
classify each variable as a discrete variable or a continuous
variable.
a. The highest wind speed of a hurricane.
b. The weights of luggage on an airplane.
c. The number of pages in a statistics book.
d. The amount of money a person spends per year on online
purchases.
solution:
a. Continuous variable c. Discrete variable
b.Continuous variable. d.Discrete variable.
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1-2 Discrete and Continuous Data

EXAMPLE 1-2: classify each variable as a discrete variable or a
continuous variable.
a) The number of hours during a week that children ages 12 to 15
reported that they watched television.
b) The number of touchdowns a quarterback scored each year in
his college football career.
c) The amount of money a person earns per week working at a
fast-food restaurant.
d) The weights of the football players on the teams that play in the
NFL this year.
solution:
a) Continuous, since the variable time is measured.
b) Discrete, since the number of touchdowns is counted.
c) Discrete, since the smallest value that money can assume is in
cents.
d) Continuous, since the variable weight is measured.
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1-2 Discrete and Continuous Data

Class Boundaries

When continuous data is measured, answers must be rounded.
Usually, answers are rounded to the nearest given unit.
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1-2 Discrete and Continuous Data

EXAMPLE 1-3: Class Boundaries.
Find the boundaries for each measurement.
a) 17.6 inches.
b) 23 Fahrenheit.
c) 154.62 mg/dl.

solution:
a) 17.55-17.65 inches.
b) 22.5-23.5 Fahrenheit.
c) 154.615-154.625 mg/dl
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1-2 Variables and Types of Data

In addition to classify the variables as qualitative or quantitative,
variables can be classified by how they are categorized, counted,
or measured.

Next we will describe the different (measurement of scale of the
data)
Why do we need to Know the Level of Measurement of a Data?

The level of measurement of the data dictates the
calculations that can be done to summarize and present the
data.

To determine the statistical tests that should be performed
on the data.
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1-2 Variables and Types of Data

Four Levels of Measurement scale

1 Nominal : the variable is classified into categories in which no order or
ranking can be imposed on the data. Example, race, gender, eye color.

2 Ordinal: the variable is classifies into categories hows values are order or
scaled. Example age group(classified into, for example: less than 21 years,
22-40 years and greater than 40 years), and educational level (classified
into, for example: high school, bachelor, master, and PhD).

3 Interval the variable is measured numerically but has no true zero, with
meaningful amounts of order between data. For example temperature, IQ
’intelligence quotient’ tests do not measure people who have no
intelligence.

4 Ratio The variable is measured numerically with true and meaningful zero.
Differences and ratios are meaningful for this level of measurement.
Example, monthly income, distance traveled, wight, and height.

32 / 54 Dr. Hazar Khogeer Elements of Statistics and Probability



1-2 Variables and Types of Data

Characteristics of Levels of Measurement
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1-2 Variables and Types of Data

EXAMPLE 1-4: Measurement Levels.
What level of measurement would be used to measure each
variable (Nominal,Ordinal,Interval,Ratio)?

a) The ages of authors who wrote the hardback versions of the top
25 fiction books sold during a specific week.
b) The colors of baseball hats sold in a store for a specific year.
c) The highest temperature for each day of a specific month.
d)The ratings of bands that played in the homecoming parade at a
college.

solution:
a) Ratio.
b) Nominal.
c) Interval
d) Ordinal
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Exercise: Chose the correct answer
Number of siblings in a family is an example of:

a. Discrete variable b. Continuous variable
c. Qualitative variable d. Nominal scale

House number is an example of:
a. Discrete variable b. Continuous variable
c. Ordinal variable d. Nominal variable

The time it takes a student to solve the exam is an example of:
a. Ordinal variable b. Continuous variable
c. Discrete variable d. Nominal variable

Temperature is measured on:
a. Nominal scale b. Ratio scale
c. Interval scale d. Ordinal scale
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HOMEWORK:Chapter 1

Exercises 1 -1: page 5 (4, 9-17).

Exercises 1-2: page 10-11 (5-10, 11-16, 23-30)
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1-3 Data Collection and Sampling Techniques

Data can be collected in a variety of ways. One of the most
common ways is the use of surveys that can be done by using a
variety of methods.

Three of the most common methods are:

Telephone surveys

Mailed questionnaire surveys

Personal interview surveys
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1-3 Data Collection and Sampling Techniques

Some Sampling Techniques

Simple random sampling where every particular sample of a
specific sample size has the same chance of being selected, thus
the member of the sample are chosen independently of each other.

How to Choose a Random Sample:

each subject or object in the population is assigned a number from 1 to N.

to select (n) objects/subjects from the population a random number
generator is used.

the random number generator could be a table, a calculator, or a computer.
Reject any numbers that do not correspond to any population member.
(Ignore any repeated occurrence of the same number.)

select a total of (n) items from the numbers from 1 to N.

38 / 54 Dr. Hazar Khogeer Elements of Statistics and Probability



1-3 Data Collection and Sampling Techniques

Example
A group of 10 students is selected using random numbers from 30
students to check the performance of a class.
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1-3 Data Collection and Sampling Techniques

Systematic every kth subject.
Example
Suppose there were 30 subjects in the population and a sample of
6 subjects were needed. Since 30/6 = 5, then k = 5, the first
subject (numbered between 1 and 5) would be selected at random
then every 5 subject is selected. Suppose subject 3 were the first
selected; then the sample would be
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1-3 Data Collection and Sampling Techniques

2.Systemetic
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1-3 Data Collection and Sampling Techniques

Stratified samples are selected by dividing the population into
groups (strata ), then subjects are randomly selected from each
group or strata.

Example
Suppose we want to get a sample form a high school but we need
to be sure that the sample contains subjects from each level in the
school.
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1-3 Data Collection and Sampling Techniques

3.Stratified
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1-3 Data Collection and Sampling Techniques

Cluster samples are selected by using intact groups called
clusters and then selecting one or more clusters and using all
members in the cluster(s) as the members of the sample.
4.Cluster
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1-3 Data Collection and Sampling Techniques

EXAMPLE 1-5: Measurement Levels.
State which sampling method was used?

a) Out of 10 hospitals in a municipality, a researcher selects one
and collects records for a 24-hour period on the types of
emergencies that were treated there.
b) A researcher divides a group of students according to gender,
major field, and low, average, and high grade point average. Then
she randomly selects six students from each group to answer
questions in a survey.
c) The subscribers to a magazine are numbered. Then a sample
of these people is selected using random numbers.
d) Every 10th bottle of Energized Soda is selected, and the
amount of liquid in the bottle is measured. The purpose is to see if
the machines that fill the bottles are working properly.
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1-3 Data Collection and Sampling Techniques

solution:
a) Cluster
b) Stratified
c) Random
d) Systematic
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1-4 Observational and Experimental Studies

There are two types of studies:

Observational study: the researchers collects data from subjects
by only observing and has no control on the conditions of the
experiments and tries to draw conclusions based on the
observations.
Example, the experimenter observed that number of babies on the
airplane that receive fluid during take off and landing that do not
cry.
Experimental study: the researcher manipulates one of the
variables and tries to determine how that influences other
variables.
Example, randomly select babies on the airplane to receive fluid
during take off and landing, to see if this going to prevent them
from crying.

For more information see pages 18-20 of Bluman’s Book
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1-4 Observational and Experimental Studies

EXAMPLE (Observational Study)

”Motorcycle owners are getting older and richer”.

Data were collected on the ages and incomes of motorcycle
owners for the years 1980 and 1998 and then compared. The
findings showed considerable differences in the ages and incomes
of motorcycle owners for the two years. In this study, the
researcher observed what had happened to the motorcycle owners
over a period of time.
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1-4 Observational and Experimental Studies

EXAMPLE (Experimental Study)

Students are divided into two groups and had the students perform
as many sit-ups as possible in 90 sec. The first group was told only
to ”Do your best,” while the second group was told to try to
increase the actual number of sit-ups done each day by 10%. After
four days, the subjects in the group who were given the vague
instructions to ”Do your best” averaged 43 sit-ups, while the group
that was given the more specific instructions to increase the
number of sit-ups by 10% averaged 56 sit-ups by the last days
session. The conclusion then was that athletes who were given
specific goals performed better than those who were not given
specific goals.
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1-4Independent variable Vs Dependent variable

solution:
a) This is an experimental study since the variables (types of
essays written) were manipulated.

b) The independent variable was the type of essay the participants
wrote.

c) The dependent variable was the score on the life outlook
questionnaire.

d) Other factors, such as age, upbringing, and income, can affect
the results; however, the random assignment of subjects is helpful
in eliminating these factors.

e) In this study, the sample uses 30 participants total.
f) Answers will vary.
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1-5 Computers and Calculators

Statistical Packages

Excel, SPSS, MINITAB, SAS and the TI-83 graphing
calculator can be used to perform statistical computations.

Students should realize that the computer and calculator
merely give numerical answers and save time and effort of
doing calculations by hand.
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HOMEWORK:Chapter 1

Exercises 1 -3: page 17 (5-10, 11-16).

Exercises 1-4: page 24 (15-18, 19-22)
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