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 توصيف مقرر دراسى

 بيانات المقرر -1

 المستوى : الفرقة / الإحصاء الحيوي   :اسم المقرر  الرمز الكودى :

) 

   عملى          2 نظرى         عدد الوحدات الدراسية :    :التخصص 

 

 Provide the students with theoretical and practical contents هدف المقرر: -2

on statistics to be able to handle efficiently and interpret 

different types of data relevant to their future career on 

medical records and disease registries.    

المستهدف من تدريس المقرر : -3  

 : By the end of the course, the student should be able to ا. المعلومات والمفاهيم :

- Define the basic concept of biostatistics and their relevance 

to biomedical field. 

- Define data sources, collection techniques, and 

measurement scales. 

- Describe  types of variables. 

- Identify different methods of data summarization, 

organization and presentation. 
- Define populations and samples, and random samples 

selection techniques. 
- Describe the normal distribution curve and related 

characteristics (AUC, examining data for normality). 
- Define demography, census, population pyramid, 

population growth and some vital statistics. 

 : By the end of the course, the student should be able to الذهنية : المهارات -ب

- Differentiate between methods of data presentation. 

- Calculate measures of central tendency and dispersion. 

- Construct frequency distribution table for individual and 

grouped data. 

- Apply methods of graphical presentation. 
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 : By the end of the course, the student should be able to المهارات المهنية : -ج

- Use computer tools to make relevant library search and be 

familiar with some statistical packages. 

- Handle raw data performing calculations on numerical 

summarization, designing tables and making graphs. 

- Interpret areas under normal curve (AUC). 

- Criticize population pyramids and compare between 

different shapes of them. 

- Handle different types of hospital statistics. 

 : By the end of the course, the student should be able to العامة : المهارات -د

- Develop skills needed for data presentation and making 

reports. 

- Work independently or as a part of team demonstrating 

creativity. 

- Enhancing team work sprit.  
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 : محتوى المقرر -4

Definitions and importance of statistics. 

Sources and techniques of data collection. 

Types and measurements of variables : 

- Classifications of variables. 

- Scales of measurements of variables. 

- Errors of measurements. 

Presentation of data : 

- Numerical presentation. 

- Tabular presentation. 

- Graphical presentation. 

Population and samples. 

Normal distribution curve. 

Demography and vital statistics : 

- Census 

- Population pyramid. 

- Population growth 

- Vital indices (morbidity - mortality - fertility) 

Hospital statistics : 

- Inpatient census. 

- Measures of efficiency of bed utilization. 

 
أساايب التعليم  -5

  : والتعلم

Lectures 

Practical activities including : 

- ............................................. Computer lab. 

Activities. 

- ........................................ Assignments (class and 

home).  

أساليب التعليم  -6

والتعلم للطلاب ذوى 

 :القدرات المحدودة 

• Individual guidance 

• Individual feedback 

• Remedial programs  
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 تقويم الطلاب : -7

  MCQ – Problem solving – oral – practical الأساليب المستخدمة  -أ

 weeks)        th, and 12th, 9thEvery month  (Quiz) (at 5 التوقيت  -ب

Mid-term exam       

End-term exam       

 Three  quizzes             20% رجاتتوزيع الد -ج

Mid-term exam           20% 

End-term exam           60% 

 قائمة الكتب الدراسية والمراجع : -8

 .Handouts by the nominated lecturer مذكرات -أ

 .As nominated by the MOH dedicated experts كتب ملزمة  -ب

 Text book of Biostatstic e.g Encyclopedia of Biostatistics كتب مقترحة -ج

(2010), Peter Armitage 2nd edition. 

دوريات علمية أو  -د

 نشرات .... الخ

Not recommended at this level. 

. 
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1- Overall Course Aims : 

Provide the students with theoretical and practical contents on 

statistics to make them able to handle efficiently and interpret 

different types of data relevant to their future career on medical 

records and disease registries. 

2- Intended learning outcomes (ILOs) : 

A. Knowledge and Understanding :  

By the end of the course, the student should be able to : 

a1 : Define the basic concept of biostatistics and their relevance to 

biomedical field. 

a2 : Define data sources, collection techniques, and measurement 

scales. 

a3 :  Describe types of variables. 

a4 : Identify different methods of data summarization, organization 

and presentation. 

a5 : Define populations and samples, and random samples selection 

techniques. 

a6 :  Describe the normal distribution curve and related characteristics 

(AUC, examining data for normality). 

a7 : Define demography, census, population pyramid, population 

growth and some vital statistics. 

a8 : Define hospital statistics and how to measure the efficiency of 

bed utilization.  

B. Intellectual Skills: 

By the end of the course, the student should be able to : 

b1 : Differentiate between methods of data presentation. 

b2 : Calculate measures of central tendency, dispersion and relative 

standing. 
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b3 : Construct frequency distribution table for individual and grouped 

data. 

b4 : Apply methods of graphical presentation. 

C. Professional and Practical Skills : 

  By the end of the course, the student should be able to : 

c1 : Use computer tools to make relevant library search and be 

familiar with some statistical packages. 

c2 : Handle raw data and performing calculations on numerical 

summarization, designing tables and making graphs. 

c3 :  Interpret areas under normal curve (AUC). 

c4 : Criticize population pyramids and compare between different 

shapes of them. 

c5 : Handle different types of hospital statistics. 

D. General and Transferable Skills : 

By the end of the course, the student should be able to : 

d1 : Develop skills needed for data presentation and making reports. 

d2 : Work independently or as a part of team demonstrating creativity. 

d3 : Enhancing team work sprit. 
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Chapter (1) 

Uncertainty, Research, and Statistics 

By the end of this chapter, the student should be able to : 

- Define statistics, biostatistics. 

- Be oriented with the importance of statistics in medical field. 

- Recognize the different types of statistical analysis techniques.  

- Understand the different sources of data and types of data 

collection techniques. 

How do we go to uncover the truth about things? 

We have two tools to pursue scientific inquiry : 

1- We have our senses, through which we experience the world and 

make observations. 

2- We have the ability to reason, which enables us to make logical 

inferences. 

Clearly, we need both tools ;  

- All the individual observations in the world would not in 

themselves create a theory, and ;  

- All the logic in the world is not going to create an observation. 

Background : 

Prior to the twentieth century, medical research was primarily 

based on trial and empirical evidence ;  

- Diseases and the risk factors associated with it were not well 

understood. 

- Drugs and treatments for diseases were generally untested. 
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As medicine has moved to become more evidence based, biostatistics 

has become more important and relevant to its practice. It has also 

become increasingly evident that the interpretation of much of the 

research in health sciences depends, to a large extent, on biostatistical 

principles and methods. 

What is Biostatistics ?  

Biostatistics is a branch of applied statistics that is concerned with the 

application of statistical methods to medicine and other biological 

fields. It deals with development and application of the most 

appropriate statistical methods for : 

- Collection of data. 

- Organiztion and Summarization of collected data. 

- Presentation and Analysis of the summarized data. 

- Interpretation and Decision Making on the basis of analyzed 

data. 

 

 

 

 

 

 

 

 

 

Statistics is the science of : 

Gaining information from numerical and categorical data 

 

Statistics 

Data  Information   
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Statistical Methods :   

They are objective methods by which group trends are abstracted 

from measurements or observations on many separate individuals. 

Statistical methods help us make scientific and intelligent decisions.  

Statistical methods can be used to find answers to the questions 

like : 

• What kind and how much data need to be collected? 

• How can we organize and summarize the data? 

• How can we analyse the data and draw conclusions from it? 

• How can we assess the strength of the conclusions and evaluate 

their uncertainty? 

Statistical Analysis : 

Statistical analysis is concerned specifically with making sense of 

data and permitting valid conclusions or inferences to be drawn from 

them. So that, we can obtain valid and defensible answers to the 

questions that prompted the research. Statistical analysis enables us 

making wise decisions in the face of uncertainty. 

There are two distinct phases of the statistical analysis, the 

descriptive and the inferential (analytic) phases. 

❑ The Descriptive Phase of Statistics : 

After we have run a study, we usually get masses of raw data. 

Usually, we are unable to make any sense of the data in such rough 

and crude form. A data set in its crude original form is usually very 

large, consequently, such a data set is not very helpful in drawing 

conclusions or making decisions.  
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It is easier to draw conclusions from summary tables and graphs 

than from the original version of a data set. So, we reduce data size 

by constructing tables, drawing graphs, or calculating summary 

measures. The portion of statistics that helps us do this type of 

statistical analysis is called descriptive statistics, which make up a 

small part of the field of statistics. It provides procedures for 

organizing, summarizing, and presenting the data in ways that can 

easily be communicated to others. 

❑ The Inferential (Analytic) Phase of Statistics :  

In statistics, the collection of all elements of interest is called a 

population. The selection of a subset of elements from this 

population is called a sample. A major part of statistics deals with 

making decisions, inferences and predictions about populations 

based on results obtained from samples. The area of statistics that 

deals with such decision-making procedures is referred to as 

inferential statistics. 

Because it is often impractical to survey the entire population, we 

rarely know population values. In inferential statistics, we try to 

estimate various population values on the basis of the corresponding 

sample values (i.e generalizing beyond the data).  

The population values, such as the population mean and standard 

deviation, and population range, are referred to as parameters. For  

every statistic we calculate from sample data, there is a 

corresponding parameter. We use the known (statistics derived from 

a sample) to reveal the secrets of the unknown (population 

parameters).  
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Probability, which gives a measurement of the likelihood that a 

certain outcome will occur, acts as a link between descriptive and 

inferential statistics. As inferential statistics is based on the 

probability theory, this should alert us to the fact that inferential 

statistics never really proves anything.  

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Estimating parameters from statistics is no more mysterious than 

judging the state of a person's health from a collection of vital 

signs. Both reduce uncertainty but both also have the possibility 

of error. The beauty of statistics is that, it offers procedures for 

putting known boundaries on the expected error. 

 

- A Parameter is a value or characteristic associated with a 

population. Parameters are denoted using Greek letters e.g 

the population mean (  ) and population standard 

deviation ( ). 

- A Statistic is a summary numerical value or characteristic 

associated with a sample. Statistics are denoted using 

Roman letters e.g the sample mean (
__

X ) and sample 

standard deviation (s). 

Sample statistics are estimates of the corresponding  

population parameters (e.g 
__

X  is an estimate of  ) 

Statistics cannot prove anything, it just put limits to uncertainty. 
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Collection of Data 

(Sources – Types - Techniques)  

Sources of data : 

1- Routinely kept records : Hospital medical records for 

example contain a large amount of data on patients. 

2- Surveys : If the data needed to answer a question are not 

available from routinely kept records, the logical alternative 

source may be a survey or a census. 

3- Experiments : Frequently the data needed to answer a question 

are available only as a result of an experiment or clinical trials. 

4- External sources : The data needed to answer a question may 

already exist in the form of published reports, commercially 

available data banks or the research literature. 

Types of data : 

a- Primary data : gathered by the researcher and usually through a 

survey or research experiment or clinical trial. 

b- Secondary data : the data that have been already collected and 

recorded by somebody else and readily available for others. 

Advantages and disadvantages of secondary data :  

Advantages  

- Faster.  

- Less expensive.  

- Less activities and efforts (Field trip, Survey etc.).  
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Disadvantages  

- May be not adequate.  

- May not meet the specific needs of the researcher.  

- Outdated information.  

- Variation in definitions.  

- Inaccurate or biased.  

Data collection techniques : 

Data-collection techniques allow us to systematically collect data 

about our elements of a study (people, objects, events) and about the 

settings in which they occur. We have the following data collection 

techniques : 

(1) Using available records : 

Usually there is a large amount of data that has already been 

collected by others, although it may not necessarily have been 

analyzed or published. 

(2) Observing : 

Observation is a technique that involves systematically selecting, 

watching and recording behavior of the target elements in a study. 

(3)  Interviewing (face-to-face) : 

An interview is a data-collection technique that involves oral 

questioning of respondents, either individually or as a group. 

Answers to the questions posed during an interview can be recorded 

by writing them down or by tape-recording the responses, or by a 

combination of both. Checklist or questionnaires are the usual tools. 
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(4) Administering written questionnaires : 

A written questionnaire (also referred to as self-administered 

questionnaire) is a data collection tool in which written questions 

are presented that are to be answered by the respondents in written 

form. A written questionnaire can be administered in different ways, 

such as by : 

- Hand-delivering questionnaires to respondents and collecting 

them later. 

- Sending questionnaires by mail with clear instructions on how 

to answer the questions. 

- Gathering all or part of the respondents in one place at one 

time, giving oral or written instructions, and letting the 

respondents fill out the questionnaires ; or 

(5) Focus group discussions : 

A focus group discussion allows a group of 8 – 12 participants to 

freely discuss a certain subject or task with the guidance of a 

facilitator or reporter. The interviewer creates a supportive 

environment, asking focused questions to encourage discussion and 

the expression of differing opinions and points of view. 
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Exercise [1] 

1. The science of collecting, organizing, presenting, analyzing and 

interpreting data to assist in making more effective decisions is 

called :  

(a) Statistic       

(b) Parameter     

(c) Population      

(d) Statistics 

2. Methods of organizing, summarizing, and presenting data in 

an informative way are called : 

(a) Descriptive statistics     

(b) Inferential statistics    

(c) Mathematical statistics     

(d) Analytic statistics 

3. The methods used to determine something about a population 

on the basis of a sample is called :  

(a) Inferential statistics     

(b) Descriptive statistics     

(c) Applied statistics     

(d) Theoretical statistics 

4. A specific numerical value of characteristic of a population is 

called : 

(a) Statistic       

(b) Parameter     

(c) Variable       

(d) Sample 
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5. A set of all units of interest in a study is called : 

(a) Sample       

(b) Population     

(c) Parameter      

(d) Statistic 

6. A part of the population selected for study is called a : 

(a) Variable       

(b) Data      

(c) Sample       

(d) Parameter 

7. Listings of the data in the form in which these are collected are 

known as : 

(a) Secondary data     

(b) Raw data     

(c) Quantitative data      

(d) Qualitative data 

8. Data that are collected by any body for some specific purpose 

and use are called : 

(a) Qualitative data     

(b) Primary data    

(c) Secondary data     

(d) Continuous data 

9. The data obtained by conducting a survey is called : 

(a) Primary data      

(b) Secondary data    

(c) Continuous data     

(d) Qualitative data 
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10. Routine registration is the source of : 

(a) Primary data      

(b) Secondary data    

(c) Qualitative data     

(d) Continuous data 

11. Questionnaire method is used in collecting : 

(a) Primary data      

(b) Secondary data    

(c) Published data     

(d) True data 

12. In inferential statistics, we study : 

(a) The methods to make decisions about population based on 

sample results 

(b) How to make decisions about mean, median, or mode 

(c) How a sample is obtained from a population 

(d) None of the above 

13. In descriptive statistics, we study 

(a) The description of decision making process. 

(b) The methods for organizing, displaying, and describing data. 

(c) How to describe the probability distribution. 

(d) None of the above. 

14. Data in the Population Census Report is : 

(a) Grouped data 

(b) True data 

(c) Secondary data 

(d) Primary data 

15. Statistic is a numerical quantity, which is calculated from : 

(a) Population 

(b) Sample 

(c) Data 

(d) Observations 
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16. Which branch of statistics deals with the techniques that are 

used to organize, summarize, and present the data : 

(a) Advanced statistics 

(b) Probability statistics 

(c) Inferential statistics 

(d) Descriptive statistics 

17. A parameter is a measure which is computed from : 

(a) Population data 

(b) Sample data 

(c) Test statistics 

(d) None of the above 

18. You asked five of your classmates about their height. On the 

basis of this information, you stated that the average height 

of all students in your university or college is 67 inches. This 

is an example of : 

(a) Descriptive statistics 

(b) Inferential statistics 

(c) Parameter 

(d) Population 
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Chapter (2) 

Variables and Data 

By the end of this chapter, the student should be able to : 

- Know different ways of classifications of variables. 

- Differentiate between variables and observations. 

- Construct a data matrix. 

Variable : 

A variable is any characteristic under study or investigation, related to 

different elements (subjects, objects or events), can be observed or 

measured , and is liable to variation or change (assumes different 

values for different elements or within elements at different 

occasions). For example, age, sex, weight, marital status and blood 

group are variables. 

Data :  

Are the raw materials and the basic building blocks of statistics.  

A single observation or measurement is called a datum or a data 

point. Data recorded in the sequence in which they are collected and 

before they are processed or ranked are called raw data. 

Measurement or Observation :  

The data value of a variable for an element (sampling unit) is called 

measurement or an observation. 
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Data Set (Database) :  

A data set is the collection of observations or measurements on one or 

more variables for a set of sampling units (elements) from an 

investigation or survey. 

Data Matrix : 

Sample data can be presented in a table, which is often called data 

matrix. In a data matrix, rows usually correspond to observations and 

columns to variables. 

Explain the meaning of : an element, a variable, an observation, 

data set, data matrix ? 

An example of data matrix, 32 years (for the variable age), or 

female (for the variable sex). 

 

 

 

  
 Age  Sex  Blood group  

Fatma 28 Female O 

Ali  32  Male   B  

Mohamed 36 Male   A 

Samira 25 Female AB 

 
 

 

 

The observations 

(sampling units) 

The variables 

The Data 
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Classification of Variables : 

The first step in any statistical analysis is to identify the type of data 

(variables) you have. The type of data will determine what kinds of 

statistics you will be able to use.  

Two ways of classification : 

-   Quantitative versus Qualitative. 

-   Continuous versus Discrete. 

1- Quantitative versus Qualitative  

❑ Quantitative (Numerical) Variables :  

They are variables that yield measurements for which the value has 

numerical meaning (countable or noncountable) i.e numbers represent 

counts or measurements. For example, we can count the number of 

cars owned by a family, but we cannot count the height of a family 

member.  

If we want to know someone’s weight, we can use a weighing 

machine, we don’t have to look at him and make a guess (which 

would be approximate), or ask how heavy they are (very unreliable). 

Similarly, if  we want to know the diastolic blood pressure we can use 

a sphygmomanometer.  

Examples of quantitative data include height measured in inches or 

centimeters, blood pressure (mmHg), age (years), weight (Kgm), 

heart rate (beats/min), …etc. 
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Suppose we collect information on the ages (in years) of 50 students 

selected from a university. The data values, in the order they are 

collected, are recorded in in the following table. For instance, the first 

student’s age is 21, the second student’s age is 19 (second number in 

the first row), and so forth. The data in such table are quantitative raw 

data. 

21 19 24 25 29 34 26 27 37 33 

18 20 19 22 19 19 25 22 25 23 

25 19 31 19 23 18 23 19 23 26 

22 28 21 20 22 22 21 20 19 21 

25 23 18 37 27 23 21 25 21 24 

❑ Qualitative (Categorical) Variables :  

Variables that cannot be measured numerically but can be assigned 

into different categories are called qualitative or categorical 

variables. They are variables that yield observations on which 

individuals can be categorized according to some characteristic or 

quality i.e the value indicates different groupings that are 

distinguished by some non-numeric characteristics.  

Examples include gender (male – female), educational level (illiterate 

– read and write – high education), marital status (single – married – 

divorced – widowed), religion, occupation, nationality...etc. 

Suppose we ask the same 50 students about their marital status. The 

responses of the students are recorded in a table. In this table, S, M, 

D, and W are the abbreviations for single, married, divorced, and 

widow, respectively. This is an example of qualitative (or 

categorical) raw data. 
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S S M M D W M M D M 

S S S M S S M S M S 

M S D S M S S S M D 

S M M S S M S S S S 

M S S W D M S W S M 

2- Continuous versus Discrete  

❑ Continuous Variables :  

These are variables that can assume any numerical value over a 

certain interval or intervals. A continuous variable is one with 

potentially an infinite (unlimited) number of possible values in any 

interval e.g. height (1.83, 1.74…Cm), weight (48.72, 

65.83…Kgm)…etc. Notice that all of these variables can be properly 

measured and have units of measurement attached to them. This is a 

characteristic of all continuous variables. 

Contrasted with discrete variables, there are no gaps in the real values 

that a continuous variable may assume. A value of a continuous 

variable can occur at any point along the scale of values. Weight, 

height, temperature, and time are commonly used continuous 

variables.  

Note that, if we have any two values of a continuous variable, we can 

be assured that there are other real values between these two. Values 

of continuous variables are often expressed as whole numbers, 

possibly conveying the false impression that they are discrete. We 

may say, "I am 70 inches tall and weigh 185 pounds as of 5:30 p.m. 

At this moment, the outside temperature is 28 degrees. All of these 
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variables are continuous, even though their values are stated in terms 

of integers. This use of integers is strictly for convenience. 

In contrast to ordinal values, the difference between any pair of 

adjacent values is exactly the same. The difference between birth 

weights of 4000 g and 4001 g is the same as the difference between 

4001 g and 4002 g, and so on. This property of real numbers is 

known as the interval property. Moreover, a blood cholesterol level, 

for example, of 8.4 μg/ml is exactly twice a blood cholesterol of 4.2 

μg/ml. This property is known as the ratio property. 

❑ Discrete Variables :  

These are  variables whose values are countable. In other words, a 

discrete variable can assume only certain values with no intermediate 

values. They are variables for which data have distinct categories and 

a limited (finite) number of possible values in any interval.  

Counting is the mathematical operation most often used with discrete 

variables where the data produced are real numbers. The values are 

usually whole numbers (integers) e.g. number of children in a family 

(two or three children but not 2.5) and number of beds in a hospital. 

They have the same interval and ratio properties as continuous data. 

Discrete variables can take values only at specific points along the 

scale, such variables leave gaps where no real values of the variable 

are found. Several examples of discrete variables are heart rate (the 

number of pulses per unit of time), white blood cells in a given 

sample of blood, and number of chromosomes in a given cell.  

  

 

All qualitative data are discrete.  

Quantitative data may be continuous or discrete. 
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Chapter (3) 

Scales of Measurement  

(Scales used to measure variables) 

By the end of this chapter, the student should be able to : 

- Understand the concept of measurement. 

- Be oriented with the different scales of variable measurement. 

- Understand and differentiate between the types of errors in 

data measurement. 

Measurement is a way of refining our ordinary observations so that 

we can assign numerical values to it. Measurement allows us to go 

beyond simply describing the presence or absence of an event or 

thing to specifying how much, how long, or how intense it is. With 

measurement, our observations become more accurate and more 

reliable. 

Most of us think of measurement in terms of numerical values that 

represent a quantity of some sort (such as height, weight, or 

temperature). Moreover, the numbers representing these quantities 

can be subjected to arithmetic manipulations such as adding, 

subtracting, multiplying, and dividing.  

In reality, however, much of our measuring in daily life does not 

involve the use of precise quantitative scales. Think of the ways in 

which we describe the state of a person's health ; 

- At the most primitive level, we might distinguish between being 

alive and being dead. 
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- At a more abstract level, we might say that the person is in better 

health today than yesterday and is continuing to improve. 

- At an even more abstract level, we may say that various 

indicators suggest that the person is in better health than most of 

the members of his or her cohort.  

In each of these examples, we are using words to describe an 

individual's state of health. However, words are limited in ways 

that numbers are not. They are often subjective and imprecise ; 

- If Fatma says she "often" has headaches, and Ali complains that he 

is "frequently" has headaches, in which individual do headaches 

occur with greater frequency?. 

- We cannot say, because both words (often, frequently) are 

imprecise. 

- However, if by actual count Fatma experiences 150 headaches in a 

year compared to Ali 70, we can state, unambiguously that Fatma 

has headaches more frequently than Ali. 

Measurement scales permit us to substitute numbers for words, 

to perform arithmetic operations on these numbers, and to 

calculate various statistics. These, in turn, allow us to describe 

phenomena with great objectivity and precision.  

There are four measurement scales (nominal, ordinal, interval, 

ratio). 
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(1) Nominal scale :  

The word nominal is derived from the Latin word “name”. There has 

been some disagreement among experts whether a nominal scale 

should even be described as a scale. Most would agree that it should. 

The reason is that we do name things, and this naming permits us to 

do other things as a result. 

Labeling or naming allows us to make qualitative distinctions or to 

categorize and then count the frequency of persons, objects, or things 

in each category. As you will see later, a chi-square statistic is 

appropriate for data derived from a categorical (nominal) scale. 

Nominal scale uses names, numbers or other symbols to distinguish 

one measurement from another that can not be ordered one above the 

other. Examples include : eye colour, sex, race, blood group, religion, 

nationality, residence…etc. 

With a nominal scale, numbers are assigned to objects or events 

simply for identification purposes. Performing arithmetic operations 

on these numbers, such as addition, subtraction, multiplication, or 

division, would not make any sense. The numbers do not indicate 

more or less of any quantity. A baseball player with the number 7 on 

his back does not necessarily have more of something than a player 

identified by the number 1. Other examples include your social 

security number, your driver’s license number, or your credit card 

number.  

The variable "blood group" is a nominal variable. Notice two 

things about this variable, which is typical of all nominal  

variables : 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
31 

- The data do not have any units of measurement.  

- The categories cannot be ordered in any meaningful way. 

- Counting is the only mathematical procedure used.  

Blood groups of 100 patients.  

Blood group Number of patients (Frequency) 

O 

A 

B 

AB 

65 

15 

12 

8 

This table shows how the number, or frequency, of the different blood 

groups is distributed across the four categories. So, 65 patients have a 

blood type O, 15 blood type A, and so on. We can’t say that being in 

any particular category is better, or shorter, or quicker, or longer, than 

being in any other category. 

Nominal scales are frequently used in the health sciences. A few 

examples are scales designed to classify gender, blood group, medical 

diagnosis, type of treatment (surgery, radiation, chemotherapy), and 

cause of death. 

Typically, counting is the mathematical procedure used with nominal 

scales. We count the number of patients of each sex, the number with 

each blood group, the number classified in each diagnostic category, 

and so on. Because we count or enumerate instances of people, 

objects, or events that share the characterisics that define the classes, 

nominal data are often referred to as enumerative data and attribute 

data. 
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Important points about nominal scale : 

 A variable measured on a nominal scale may have one, two or 

more subcategories depending upon the extent of variation. For 

example, the variable “gender” can have only in two values : male 

and female (Alternative, Dichotomous variable). ”blood group” 

can be classified in many sub-categories as A, B, AB, O (Non-

Alternative, Polychotomous variable). 

 Meaningful sample statistics include : frequency and relative 

frequency distribution  (how many observations in each class) ; 

mode (class with most frequent observations). 

(2) Ordinal scale :  

Has the characteristics of a nominal scale except that 

measurements can be arranged in some order.  

- Ordering is an intrinsic part of the class definition and not 

arbitrary. 

- However, the differences among the ordered categories are not 

necessarily equal (important). 

- Examples include : scores, patient status (unimproved, stable, 

improved), cancer staging, severity of a disease (mild, moderate, 

severe) .. etc. 

The Glasgow Coma Scale (GCS) measures the degree of brain injury 

following head trauma. A patient’s Glasgow Coma Scale score is 

judged by their responsiveness, as observed by a clinician, in three 

areas : eye opening response, verbal response and motor response. 
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The GCS score can vary from 3 (death or severe injury) to 15 (mild or 

no injury). In other words, there are 13 possible values or categories 

of brain injury. 

The Glasgow Coma Scale is an ordinal variable. Notice two things 

about this variable, which is typical of all ordinal variables : 

- The data do not have any units of measurement (so the same as for 

nominal variables). 

- The ordering of the categories is not arbitrary as it was with 

nominal variables. It is now possible to order the categories in a 

meaningful way. 

A frequency table showing the (hypothetical) distribution of 

90 Glasgow Coma Scale scores. 

Glasgow Coma Scale Score Number of patients 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

8 

1 

6 

5 

5 

7 

6 

8 

8 

10 

12 

9 

5 
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We can say that a patient in the category ‘15’ has less brain injury 

than a patient in category ‘14’. Similarly, a patient in the category 

‘14’ has less brain injury than a patient in category ‘13’, and so on. 

However, there is one additional and very important feature of these 

scores, (or any other set of ordinal scores). Namely, the difference 

between any pair of adjacent scores is not necessarily the same as the 

difference between any other pair of adjacent scores. 

For example, the difference in the degree of brain injury between 

Glasgow Coma Scale scores of 5 and 6, and scores of 6 and 7, is not 

necessarily the same. Nor can we say that a patient with a score of say 

6 has exactly twice the degree of brain injury as a patient with a score 

of 12.  

Because ordinal data are not real numbers, it is not appropriate to 

apply any of the rules of basic arithmetic to this sort of data. You 

should not add, subtract, multiply or divide ordinal values. 

Important points about ordinal scale : 

 It is not possible to apply any mathematical operations to 

measurements of an ordinal scale.  

 The inappropriate statistical manipulation and interpretation of 

data generated from ordinal scales can produce a great deal of 

confusion because of this limitation. 

 Meaningful sample statistics include : frequency and relative 

frequency distribution, median, mode. 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
35 

(3) Interval scale :  

Values are measured on a continuous scale with well-defined units of 

measurement but no natural origin of the scale i.e. the zero is 

arbitrary (not true), so that differences between values are meaningful 

but not ratios. 

It uses numerical units of measurement where any two successive 

points are equally spaced. This scale has no true zero point (i.e zero 

point on the scale does not represent the true or theoretical absence of 

the variable being measured). An example of this scale is temperature 

(0o is the point at which water freezes and does not represent absence 

of temperature). 

When we can specify both the order of events and the distance 

between events, we have an interval scale. The distance between any 

two intervals on this type of scale is equal throughout the scale. The 

central shortcoming of an interval scale is its lack of an absolute 

(true) zero point, a location where the user can say that there is a 

complete absence of the variable being measured.  

An example may make clear the difference between an arbitrary zero 

point and an absolute zero point. Scores on intelligence tests are 

considered to be on an interval scale. With intelligence test scores, the 

anchor point is set at a mean IQ value of 100 with a standard 

deviation (SD) of 15. A score of 115 is just as far above the mean 

(one SD) as a score of 85 is below the mean (one SD). Because we 

have a relative zero point and not an absolute one, it is meaningless to 
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say that a person with an IQ of 120 is twice as intelligent as a person 

with an IQ of 60. Some additional examples of interval scales include 

Calendar date. Is the year 2000 twice as old as the year 1000? The 

answer is no. Why? 

(4) Ratio scale :  

Has the characteristics of interval scale but measurements begin at a 

true zero point. Therefor, the differences and ratio between values on 

the scale are meaningful. For example weight (50 Kgm is twice 25 

Kgm), height, .etc.  

Measurement reaches its highest levels with interval scales and ratio 

scales because they are truly quantitative. The numbers can be 

meaningfully added, subtracted, multiplied, and divided. Moreover, 

with both ratio and interval scales we can state that equal differences 

in scale values are themselves equal.  

The only differences between interval and ratio scales is the fact that 

the interval scales have an arbitrary zero point, whereas the zero in a 

ratio scale denotes the absence of the quantity being measured. 

Indeed, people in northern climes are accustomed to hearing readings 

below zero during the winter months. However, if we are measuring 

the blood pressure or pulse rate of a person, a reading of zero means a 

complete absence of these vital signs. Clearly, a person cannot be 

below zero in blood pressure or pulse rate.  
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Because the zero point in a ratio scale is real, we can state meaningful 

ratios between and among various measurements. Indeed, the scale 

derives its name from this fact. A pulse rate of 120 is twice as great as 

a pulse rate of 60, and a white blood cell count of 16,000 is 4 times as 

great as a count of 4000. We cannot make similar statements with 

interval scales. A temperature of 98 degrees is not twice as great as a 

temperature of 49 degrees. 

Summary : 

• Nominal - categories only. 

• Ordinal - categories with some order.  

• Interval - differences but not ratios (no natural starting point). 

• Ratio - differences and ratios (a natural starting point). 
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Another way for classification of variables : 

(1) Qualititative (categorical, classificatory) 

• Binary – dichotomous           

Gender : male or female. 

Employment status : employed or not emploed. 

• Nominal  

Residency place : Center, North, South, East, West. 

Marital status : single, married, widowed, divorced. 

• Ordinal  

Socioeconomic level : high, medium, low. 

Blood glucose level (Nil, +, ++) 

(2) Quantitative (Numerical) 

• Discrete 

Number of offspring : 1, 2, 3, 4. 

• Continuous 

Glucose in blood level : 110 mg/dl, 145 mg/dl. 
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Meaning of the measurement scales. 

Examples Characteristic question  Scale  

Marital status 

Eye colour 

Gender 

Religion   

Is A different than B? Nominal 

Stage of disease 

Severity of pain 

Level of satisfaction  

Is A bigger than B? Ordinal  

Temperature 

Calender date 

IQ test 

By how many units A and B differ? Interval 

Distance 

Height  

Weight  

How many times bigger than A is B? Ratio  

 

Operations that make sense for variables of different scales. 

Operations that make sense  

Multiplication  

∕  Division 

Addition  ∕ 

Subtraction 

 

Ranking 

 

Counting 

 

 

 

+ 

 

 

+ 

+ 

 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Nominal 

Ordinal 

Interval 

Ratio  
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Errors of Measurement of Variables  

So far, we have looked at four types of measurements (nominal, 

ordinal, interval, and ratio) and at two types of quantitative variables 

(discrete and continuous). Different types of errors are commonly 

associated with the use of each of the various measurements. 

1- Classification errors :  

It is the most frequently errors made with nominal scales. This is 

because nominal scales involve placement of persons, objects, or 

events into classes or categories. 

2- Counting errors :  

Because the data for nominal scales are collected by counting, 

counting errors may also be obtained. However, in discrete 

quantitative variables (i.e interval or ratio scaled) counting errors may 

also be made. 

3- Judgmental errors  :  

The use of ordinal scales typically involves judgment, which is often 

subjective. Consequently, judgmental errors are most frequently 

associated with ordinal measurement. 

4- Measurement errors :  

The variables likely susceptible to this measurement errors are the 

continuous variables. Our measuring instrument may be inaccurate or 

out of calibration. 

5- Rounding errors :  

Recall that, with continuous  variables, there are no gaps between real 

values of the variable. At some point, we must round the value that 

we obtain. The last digit in the number reflects this rounding error. 
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Exercise [2] 

1. When the characteristic being studied is non-numeric, it is 

called a : 

(a) Quantitative variable    

(b) Qualitative variable    

(c) Discrete variable     

(d) Continuous variable 

2. When the variable being studied can be reported numerically, 

the variable is called a : 

(a) Quantitative variable    

(b) Qualitative variable    

(c) Independent variable    

(d) Dependent variable 

3. The weights of students (Kgm) in a college/school is a : 

(a) Discrete Variable 

(b) Continuous Variable 

(c) Qualitative Variable 

(d) None of the above 

4. The number of accidents in a city during 2017 is : 

(a) Discrete variable 

(b) Continuous variable 

(c) Qualitative variable 

(d) Constant 

5. The first hand and unorganized form of data is called : 

(a) Secondary data 

(b) Organized data 

(c) Primary data 

(d) None of the above 
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6. Questionnaire survey method is used to collect : 

(a) Secondary data 

(b) Qualitative data 

(c) Primary data 

(d) None of the above 

7. A variable that assumes only limited values in a range is called : 

(a) Continuous variable     

(b) Quantitative variable    

(c) Discrete variable     

(d) Qualitative variable 

8. A variable that assumes any value within a range is called : 

(a) Discrete variable     

(b) Continuous variable   

(c) Independent variable     

(d) Dependent variable 

9. Colours of flowers are an example of : 

(a) Quantitative variable     

(b) Qualitative variable    

(c) Skewed variable     

(d) Symmetric variable 

10. Number of family members in different families in a town is 

an example of a : 

(a) Discrete variable     

(b) Continuous variable    

(c) Dependent variable     

(d) Qualitative variable 
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11. Which of the following is an example of nominal data?  

(a) Number of people on a course 

(c) List of different species of bird visiting a garden over the past 

week 

(d) Popularity rating of UK top ten television programs 

(e) Heart rate 

12. Which of the following are examples of ratio data?  

(a) Number of people on a course 

(b) Cancer staging scale 

(c) List of different species of bird visiting a garden over the past 

week 

(d) Popularity rating of UK top ten television programs 

13. Which of the following are examples of Ordinal data?  

(a) Number of people on a course 

(b) List of different species of bird visiting a garden over the past 

week 

(c) Popularity rating of UK top ten television programs 

(d) Heart rate 

14. Select from the following, an example of the categorical 

variables : 

(a) Number of episodes of disease in a patient over a year. 

(b) Serum bilirubin level (mg/dL). 

(c) Severity of haemophilia (mild /moderate /severe). 

(d) Reduction in blood pressure following antihypertensive 

treatment (mmHg). 

15. Select from the following, the variable which can be 

measured on a nominal scale : 

(a) Height in cm. 

(b) Ethnic group. 

(c) Age categorized as young, middle-aged or old. 

(d) Age in years. 
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16. Select from the following, the statement which you believe to 

be true : 

(a) A nominal variable has categories that can be ordered in some 

way. 

(b) Quantitative variable takes true numerical values. 

(c) A binary categorical variable can be either nominal or 

ordinal. 

(d) Nominal data are usually measurements of some type. 

17. For which type of data is the mode the most appropriate 

descriptive statistic? : 

(a) Ordinal 

(b) Interval/ Ratio 

(c) Nominal 

(d) Quantitative 

18. A sample of 400 Regina households is selected and several 

variables are recorded. Which of the following statements is 

correct? : 

(a) Total household income (in $) is interval level data. 

(b) Socioeconomic status (recorded as “low income”, “middle 

income”, or “high income” is nominal level data. 

(c) The number of people living in a household is a discrete 

variable. 

(d) The primary language spoken in the household is ordinal 

level data. 

19. A _______ is a numerical characteristic of a sample and a 

______ is a numerical characteristic of a population : 

(a) Sample, population 

(b) Population, sample 

(c) Statistic, parameter 

(d) Parameter, statistic 
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Chapter (4) 

Organization and Presentation of Data 

By the end of this chapter, the student should be able to : 

- Be oriented with the different general ways of organization and 

presentation of data. 

- Calcule manually the different measures of numerical data 

presentation. 

- Construct different types of tables using raw data sets. 

- Be orientated with uses of different types of graphs according to 

the type of data. 

- Draw different types of graphs. 

Useful information is not immediately evident from a set of raw data. 

Collected data need to be organized, reduced and presented in such a 

way so that real information may be extracted from them. 

There are three general ways of organizing and 

presenting data : 

1-  Numerical (Summary statistics). 

- Measures of Central Tendency (Location). 

- Measures of Variability (Dispersion). 

- Measures of Relative Standing (Quantiles and Outliers). 

- Measures of Shape (Skewness and Kurtosis). 

2-  Tabular (Tables). 

- Reference tables. 

- Frequency tables. 
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- Relative frequency tables. 

- Cummulative frequency tables. 

- Contingency tables. 

3- Graphical (Graphs or Charts). 

- Pie chart. 

- Bar chart. 

- Histogram. 

- Frequency polygon. 

- Scatter diagram. 

I- Numerical Methods  

(Summary Statistics) 
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(a) Measures of Central Tendency  

These are values around which the measurements of a set of data tend 

to concentrate. They are used as summary measures for the data 

series. They include :  

- Mean 

- Median 

- Mode 

- Midrange 

The Mean (
___

X ) (Arithmetic Mean - Average) : 

The mean is the center of gravity (rather than the physical center) 

of a distribution. It is computed by dividing the sum of all 

observations in the series (  X) by their number (n). The mean of 

a whole population is usually denoted by μ, while the mean of a 

sample is usually denoted by 
___

 .  

                                         
___

  = 
n


 

___

  Is pronounced "x-bar" and denotes the mean of a set of sample 

values. 

  Which is the capital Greek letter "sigma". It is the sign of 

summation frequently used in statistics. 

x  Is the the individual data values of the variable represented by 

the data set.  

n  Represents the number of values in a sample. 
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µ  Is pronounced "mu" and denotes the mean of all values in a 

population. 

µ  = 
N


 

N Represents the number of values in a population. 

Characteristics of the Mean : 

- The mean is the most commonly used measure of central 

tendency. 

- It is not necessarily equal to one of the sample values. 

- The sum of deviations of the values from the mean is equal to 

0. 

                               i.e  (X - 
___

 ) = 0 

- As calculation of the mean uses every value in the data, the 

mean is sensitive to extreme values where it is pulled to the 

direction of the extreme values. The median and mode are not 

so affected? i.e the mean may become very misleading and 

worrisome as a measure of centrality in a series having 

extreme values?. 

The Median (Md ) : 

The median is a measure of central-ness (the physical center rather 

than the center of gravity) of a distribution. It is the value that 

divides the series into two equal groups after all values have been 

ordered so that half of the values are greater than and half are 

less than the median. 
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Calculation : 

- Arrange the values. 

- When the number of values (N) is odd, the value of the 

median is easily determined because there will always be a 

middle value. The median is the number located in the exact 

middle of the list. 

The order of the value of the median in this case = 
2

1+N
 

- When the number of values (N) is even, there will be two 

middle values. In this case, the mean of these two values is the 

median. 

The order of the first middle value = 
2

N
 

The order of the second middle value = 
2

N
 +  1 

NB :  

1- You should differentiate between the order of the value and 

the value itself because the median is the value itself and not 

its order. 

2- The mean and median will have the same value when a 

distribution is symmetrical. When a distribution has some 

extremely high scores (positive skew), the mean will have 

greater numerical value than the median. If the a distribution 

has some extremely low scores (negative skew), the mean will 

be lower in value than the median. 
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The Mode (Mo ) : 

The mode is that value or category in the data that has the highest 

frequency (most frequently occurring i.e. the peak of a 

distribution). In this sense, the mode is a measure of typical-ness 

or common-ness. The mode is completely unaffected by extreme 

data values. The data series may have no mode or it may have 

several modes.  

The mode is useful in practical epidemiology such as determining 

the peak of disease occurrence in the investigation of a disease 

outbreak. 

NB :  

1. If two or more measures appear the same number of times, and the 

frequency they appear is greater than any other measures, then 

each of these values is a mode ; 

2. If every measure appears the same number of times, then the set of 

data has no mode. 

Midrange : 

Is a rough estimate of the midpoint for the data set irrespective of 

the number of values in each half (compared to the median??). It 

is calculated by adding the lowest and highest data values and 

dividing by 2. It is affected by extremely high or low data values. 

MR = highest value + lowest value / 2 

 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
51 

Example (1) : 

Suppose that the length of stay for a sample of 10 inpatients 

were as follows : 

1 – 2 – 5 – 5 – 7 – 10 – 14 – 14 – 20 – 30 

- We can see that two observations (5 and 14) occurred twice and no 

other observation occurred more than once. So, this distribution 

has two modes, 5 and 14. 

- Because the number of cases is even, the median will be the 

average of the two middle cases after all cases have been ranked in 

order. With 10 cases, the first middle case will be the (N/2) or 

(10/2) or fifth case. The second middle case is the (N/2) + 1 or 

sixth case. The median will be the value halfway between the fifth 

and sixth cases. The value of the fifth case is 7 and the value of the 

sixth case is 10. The median for these data is (7 + 10) / 2 = 8.5 

- The mean is found by first adding up all the observations and then 

dividing by their number. The sum of the scores is 108, so the 

mean is 108 / 10 = 10.8 

Note that : The mean is a higher value than the median. This 

indicates a positive skew in the distribution (a few extremely high 

scores). By inspection we can see that the positive skew is caused by 

the two patients who stayed more days (20 and 30) in the hospital 

than the other 8 patients. 
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Example (2) : 

It has been suggested that the body's natural analgesics - the 

endorphins - might be implicated in the infant apnea syndrome 

or "near-miss SIDS (sudden infant death syndrome)". In one 

aspect of this study, B-endorphin levels were obtained from the 

cerebrospinal fluid of 8 infants who had stopped breathing for 

a period of at least 20 seconds. 

The endorphin levels are shown below in an array, which is a 

display of a data set arranged in order of magnitude, from low 

to high.  

47   50   52   52   54   66   66   90 

The mean is calculated as follows :      477/8   =  59.62  

To find the median, count down to the (n + 1) / 2 th case. In the 

present example, we count down 9/2 = 4.5. The 4.5th case is halfway 

between the 4th and the 5th values. The median is therefore 53.  

In the present example, there are two modes ; a value of 52 and a 

value of 66. Both occur with a frequency of 2. 

N:B  

If a data set more than one number occuring more frequent than one, 

the numbers with equal frequencies are the modes. However, in case 

of unequal frequencies, the most frequent one is the mode of the data 

set. 
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Comparison of Mean, Median, Mode, and Midrange. 

Measure 

of Center  
Definition 

How 

Common? 
Existence 

Takes 

Every 

Value 

into 

Account? 

Affected 

by 

Extreme 

Values? 

Advantages 

and 

Disadvantages 

Mean  
___

  =
n


 

Most 

familiar 

“average” 

Always 

exists 
Yes  Yes  

Works well with 

many statistical 

methods  

Median  
Middle 

value 

Commonly 

used 

Always 

exists 
No  No  

Often a good 

choice if there 

are some extreme 

values 

Mode  
Most 

frequent 

value 

Sometimes 

used 

Might not 

exist, may 

be more 

than one 

mode 

No No 

Appropriate for 

data at the 

nominal level  

Midrange  

 

2

lowhigh+
 

Rarely used 
Always 

exists 
No Yes 

Very sensitive to 

extreme values 

 

Important considerations in numerical presentation of 

data :  

- When the variable is quantitative with symmetric distribution, then 

the mean is proper measure of center. 

- In a case of quantitative variable with skewed distribution, the 

median is good choice for the measure of center. 

- The mode should be used when calculating measure of center for 

the qualitative variable. 
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(b) Measures of Dispersion  

Measures of central tendency alone are incomplete summaries of 

data. Therefore, for full and meaningful description of a distribution, 

measures of central tendency should be paired with measures of 

dispersion. 

Measures of dispersion are characteristics that are used to describe the 

spread, variation and scatter of a series of values. 

- A more formal way of thinking about dispersion is that measures 

of dispersion complement measures of central tendency by telling 

you something about  how well  a measure of central tendency 

represents all the scores in a distribution. 

- When the dispersion or variability in a set of scores is low, the 

mean of a set of scores does a great job of describing most of the 

scores in the sample.  

- When the dispersion or the variability in a set of scores is high, 

however, the mean of a set of scores does not do such a great job 

of describing most of the scores in the sample.  

The commonly used measures of dispersion include : 

- Range. 

- Variance (V). 

- Standard deviation (SD). 

- Coefficient of variation (COV). 

- Interquartile range (IQR). 
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Range (R) : 

It is the distance (difference) between the highest and lowest values in 

a series. It can be calculated by subtracting the lowest value in the 

series from the highest one. 

The range is a simple and quick measure of variability. However, the 

range may be misleading. Because it is based on only two 

observations in the distribution, the highest and the lowest, it provides 

no information concerning the scatter within the series. Occasionally 

one or both of these measures is so deviant from the rest of the values 

in a data set that they provide little insight into the overall variability 

of the values within that set. 

Variance (V) : 

As dispersion can be considered as the differences between the data 

values and their average (mean), an appropriate measure of dispersion 

might be the mean of these differences i.e how far, on the average, 

each value is from the overall mean. However, this mean difference is 

not very useful since positive differences cancel out negative 

differences. 

The mean difference = The sum of differences between 

the data values and their mean / number of 

observations. 

The mean difference  =   
n

)X(X
___

−
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One way to overcome the problem of canceling of positive and 

negative values is use the absolute deviation from the mean |-----| i.e 

ignore the sign of the difference and treat all negative differences as if 

they are positive. The resulting measure of dispersion is called the 

mean deviation. 

Mean deviation = The sum of absolute deviations of 

the data values from the mean / number of 

observations 

The mean deviation  = 
n

|XX|
___

−
 

Another way to overcome the problem of canceling of positive and 

negative values is to square all the differences. The average of theses 

squared differences is called the variance. 

The variance = The sum of squared deviations of the data values 

from the mean / number of observations – 1. 

The variance (V) = 
1n

X) (X
__

2

−

−
     = 

1n

n

X)(
X

2
2

−


−

 

Unfortunately, the process of squaring the data also squares the units 

of measurement, and therefore, the variance is measured in square 

units. To bring the units of measurement back to those of the original 

data, the square root is taken and the result is called the standard 

deviation  i.e the variance is used mainly in the calculation of 

standard deviation.  
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Standard deviation (SD) : 

It is the positive square root of the variance i.e 

SD = + V  

Standard deviation is the most useful measure of dispersion. When 

the SD of any sample is small, the sample mean is close to each 

individual value. The SD decreases when the sample size increases. 

Loosely speaking, it’s the average (“standard”) amount by which all 

the scores in a distribution differ (deviate) from the mean of that 

same set of scores. 

 

                  SD  =         
1n

n

X)(
X

2
2

−


−

 

SD can be considered as a kind of average of the absolute deviations 

of observed values from the mean of the variable in question. 

However, the standard deviation have its drawbacks, as its values can 

be strongly affected by a few extreme observations. 

Coefficient of Variation (COV) : 

The coefficient of variation (COV) or relative standard deviation 

(RSD) is the sample standard deviation expressed as a percentage of 

the mean. It is the ratio of the SD of a series to its mean. It is unitless 

and is expressed as percentage. 

    COV  = 
___

X

SD
  x  100 
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COV is useful when comparing the relative variation or spread of the 

distribution of different sets of data specially when the unit of 

measurement used in one set differs from that used in the other. 

COV is most useful in comparing the variability of several different 

samples, each with different means as it relates the mean and standard 

deviation together for each sample. For example, a standard deviation 

of 10 would reflect something different conceptually if the arithmetic 

mean were 10 than if it were 1000 !? 

Caution must be exercised when using standard deviation as a 

comparative index of dispersion. 

Weights of newborn 

elephants (Kg) 

 Weights of newborn  

mice (Kg) 

929 853 0.72 0.42 

878 939 0.63 0.31 

895 972 0.59 0.38 

937 841 0.79 0.96 

801 826 1.06 0.89 

    

 

Incorrect to say that elephants show greater variation for birth-

weights than mice because of higher standard deviation. 

Elephants COV =  0.0637  Mice COV = 0.375  

Mice show greater birthweight variation. 

 

n = 10, 
___

  = 887.1, sd = 56.50 n = 10, 
___

  = 0.68, sd = 0.255 
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The interquartile range (IQR) :  

Four commonly used percentiles are the quartiles. Quartiles divide a 

data set into 4 approximately equal numbers of observations. The 

sample values have to be ordered from the smallest to the largest. 

Then 25% of the cases fall below the first quartile (Q1), 50% fall 

below the median (Q2), and 75% fall below the third quartile (Q3). 

The interquartile range is a frequently used measure based on 

quartiles.  It is the difference between the value at the third quartile 

(Q3) and the value at the first quartile (Q1). Hence 50% of the 

observations in a data set fall within the interquartile range. 

Min. Max.

25th Percentile 50th Percentile 75th Percentile

1st Quartile 2nd Quartile 3rd Quartile

Median

Range

 

Q1 = (n + 1) / 4 ranked values. 

Q2 = (n + 1) / 2 ranked values. 

Q3 = 3(n + 1) /4 ranked values.  

Calculation :  

- To find the first quartile, compute the value 0.25 (n + 1). 

- The second quartile found by computing the value 0.5 (n + 1). 

- The third quartile found by computing the value 0.75 (n + 1). 
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Example :   

Find the first and third quartiles of the data. 

30    75    79    80    80   105    126    138                        

149   179   179    191    223   232    236    240                      

242   245  247   254   274   384    470    495 

 

n = 24 

To find the first quartile, compute (n + 1) 0.25 = 6.25 

(105 + 126) / 2 = 115.5 

To find the third quartile, compute (n+1) 0.75 = 18.75 

(245 + 247) / 2 = 246 

NB : 

Of the measures of center and variation, the sample mean and the 

sample standard deviation are the most commonly reported. Since 

their values depend on the sample selected, they vary in value from 

sample to sample. In this sense, they are called random variables to 

emphasize that their values vary according to the sample selected. 

Their values are unknown before the sample is chosen. Once the 

sample is selected and they are computed, they become known 

sample statistics. 
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(c) Measures of Relative Standing : 

Quantiles : 

Are a set of cut off points that divide ranked data values into groups 

containing, as far as possible, equal numbers of observations.  

Examples of quantiles are the following : 

• Percentile divides the distribution into one hundred equal groups. 

• Deciles divide data into 10 equal groups, and are the 10th, 20th, 

30th, 40th, 50th, 60th, 70th, 80th, and 90th percentiles. 

• Quintiles divide data into 5 equal groups, and are the 20th, 40th, 

60th, and 80th percentiles. 

• Quartiles divide data into 4 equal groups, and are the 25th, 50th, 

and 75th percentiles. 

• The median is the 50th percentile. 

Percentiles :  

Because the range is often “victim” of the most extreme values, 

percentiles are frequently used to express variability in range. 

Percentiles are the values which divide an ordered set of data into 100 

equal-sized groups, so that as nearly as possible n% of the 

observations fall at or below it. 

The 10th percentile and the 90th percentile are more likely to provide a 

stable measure of variability, because they are not based on the two 

most extreme values. When we have identified the values of the 

variable at the 5th and 95th percentiles, we can state that 90% of the 

cases fall between theses two values. 
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Definition : In general the pth percentile of a data set is the value that 

p% of the observations fall at or below it, and the rest of observations 

fall at or above it. It essentially splits a data set into two parts : lower 

p% of the data values and the upper (1 – p)% of the data values. 

Calculating a percentile value : 

- Order the sample values from smallest to largest. 

- Then compute the quantity (p/100) (n + 1), where n is the sample 

size. 

- If this quantity is an integer, the sample value in this position is the 

pth percentile. Otherwise, average the two sample values on either 

side. 

As an illustration, suppose you have birthweights for 1200 infants, 

which you’ve put in ascending order. If you identify the birth weight 

that has 1 per cent (i.e. 12) of the birth weight values below it, and 99 

per cent (1188) above it, then this value is the 1st percentile. 

Similarly, the birth weight which has 2 per cent of the birth weight 

values below it, and 98 per cent above it is the 2nd percentile. You 

could repeat this process until you reached the 99th percentile, which 

would have 99 per cent (1188) of birth weight values below it and 

only 1 per cent above. Notice that this makes the median the 50th 

percentile, since it divides the data values into two equal halves, 50 

per cent above the median and 50 per cent below. 

Note, the first quartile is the 25th percentile, the median is the 50th 

percentile, and the third quartile is the 75th percentile. 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
63 

Example :  

Take the example of the 30 birthweights : 

 

The pth percentile is the value in the p/100(n+1)th position. For 

example, the 20th percentile is the 20/100(n + 1)th value. With the 30 

birth weight values, the 20th percentile is therefore the 20/100(30 + 

1)th value = 0.2 × 31st value = 6.2th value. The 6th value is 3303 g 

and the 7th value is 3388g, a difference of 85g, so the 20th percentile 

is 3303g plus 0.2 of 85g, which is 3303g + 0.2 × 85g = 3303g + 17g = 

3320g. 

Calculation of IQR :  

- The value which cuts off the bottom 25 per cent of values ; this is 

known as the first quartile and denoted Q1. Compute the value 

0.25(n+1). 

- The value which cuts off the top 25 per cent of values, known as 

the third quartile and denoted Q3. compute the value 0.75(n+1) 

The interquartile range is then written as (Q1 to Q3). With the birth 

weight data : Q1 = 3396.25 g, and Q3 = 3923.50 g. Therefore : 

interquartile range  = (3396.25 to 3923.50) g. This result tells you that 

the middle 50 per cent of infants (by weight) weighed between 

3396.25 g and 3923.50 g. 
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Outliers : 

- Sometimes a data set may contain a few points that are much 

larger or smaller than the rest. Such points are called outliers. An 

outlier is an observation which does not appear to be a part of or 

belong to the population of interest.  

- Outliers can arise because of a measurement or recording error or 

because of equipment failure during an experiment, etc. 

- An outlier might be indicative of a sub-population e.g. an 

abnormally low or high value in a medical test could indicate 

presence of an illness in the subject. 

(d) Measures of Shape : 

1- Measures of Symmetry (Skewness)  

Skewness refers to the degree of asymmetry of the distribution of the 

variable. The skewness statistic measures the lack of symmetry in a 

curve. Skewness of 0 implies that the distribution is symmetric. 

- When the median and the mean are different, the distribution is 

skewed.  The greater the difference, the greater the skewness. 

- Distributions that trail away to the left are negatively skewed and 

those that trail away to the right are positively skewed. 

- If the skewness is extreme, the researcher should either transform 

the data to make them better resemble a normal curve or else use a 

different set of statistics, non-parametric statistics, to carry out the 

analysis. 
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Coefficint of skewness : 

Karl Pearson developed the coefficient of skewness to measure the 

amount and direction of skewness. Computer programs calculate the 

skewness coefficient for you. This can vary between –1 (strong 

negative skew), and +1 (strong positive skew). Values of zero or 

close to it, indicate lower levels of skewness, but do not necessarily 

mean that the distribution is symmetric. 
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Coefficient of skewness =  
SD

medianmean )(3 −
 

 
Mean, median, and mode for a symetric  

histogram and frequency distribution curve. 

 
Mean, median, and mode for a histogram and  

frequency distribution curve skewed to the right. 

 
Mean, median, and mode for a histogram and  

frequency distribution curve skewed to the right. 
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2- Measures of Peakness/Flatness (Kurtosis) : 

Kurtosis refers to the ‘peakedness’ of the distribution. It is the 

extent to which scores, are concentrated close to the mean (a 

“peaked” distribution) or are present in the tails (a “flat” 

distribution). The standard normal distribution has a kurtosis of 3.  

The three curves in the figure below illustrate kurtosis. The curve 

with the solid line is a normal curve (Mesokurtotic). The curve 

with the short dashed lines illustrates a peaked distribution known in 

statistics as a leptokurtotic distribution. A leptokurtotic distribution 

has relative more scores close to the mean and relatively fewer 

scores in the tails of the distribution. The curve with the longer 

dashed lines is a platykurtotic curve, meaning broad or flat. Here, 

there are relatively more scores in the tail and relatively few scores 

close to the mean of the distribution.  

 

Kurtosis - amount of peakedness or flatness of the distribution : 

Mesokurtic : normal. 

Leptokurtic : peaked, many scores around middle. 

Platykurtic : flat, many scores dispersed from middle. 
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Exercises [3]  

1. If a series of numbers consists of 21 ordered values, the 

median is : 

(a) The 11th value in the ordered series. 

(b) The mean between the 10th and 11th values.  

(c) The mean between the 11th and 12th values.  

(d) The 10th value in the ordered series. 

2. The median of a series of numerical values is : 

(a)  Value for which half of the values are higher and half of the 

values are lower.  

(b) The value located exactly midway between the minimum and 

maximum of the series.  

(c) The most commonly encountered value among the series.  

(d) A measure of the eccentricity of the series. 

3. The interquartile range includes the following scores? (one 

correct choice) 

(a) 50% of the un-ranked scores 

(b) 25% of the ranked scores 

(c) 75% of the ranked scores 

(d) 50% of the ranked scores 

4. Which of the following Greek letters represents the mean of a 

population? (one correct choice) 

a. β 

b. α 

c. μ 

d. σ 
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5. Sigma squared represents? (one correct choice) 

(a) Population variance 

(b) Sample standard deviation 

(c) Population standard deviation 

(d) Sample variance 

6. The mean of a distribution is 14 and the standard deviation is 

5. What is the value of the coefficient of variation? : 

(a) 60.4% 

(b) 48.3% 

(c) 35.7% 

(d) 27.8% 

7. The mean of a distribution is 23, the median is 24, and the 

mode is 25.5. It is most likely that this distribution is : 

(a) Positively Skewed 

(b) Symmetrical 

(c) Positively skewed 

(d) Negatively skewed 

8. The middle value of an ordered array of numbers is the : 

(a) Mode 

(b) Mean 

(c) Median 

(d) Mid Point 

9. Which of the following divides a group of data into four 

subgroups?: 

(a) Percentiles 

(b) Deciles 

(c) Median 

(d) Quartiles 
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10. If a distribution is abnormally tall and peaked, then is can be 

said that the distribution is : 

(a) Leptokurtic 

(b) Pyrokurtic 

(c) Platykurtic 

(d) Mesokurtic 

11. The measure of location which is the most likely to be 

influenced by extreme values in the data set is the : 

(a) Range 

(b) Median 

(c) Mode 

(d) Mean 

12. Which one of the following measurements does not divide a set 

of observations into equal parts? 

(a) Quartiles 

(b) Standard Deviations 

(c) Percentiles 

(d) Deciles 

13. Which one is the not measure of dispersion : 

(a) The Range 

(b) 50th Percentile 

(c) Inter-Quartile Range 

(d) Variance 

14. What is the main difference between the median and mean? 

(a) The median uses the ranked values whereas the mean uses the 

frequencies 

(b)  The median uses the ranked values whereas the mean uses the 

actual values 

(c)  The mean uses the ranked values whereas the median uses the 

actual values 

(d)  There is no difference 
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15. When calculating the median for a dataset consisting of an 

even number of scores, which of the following is correct? : 

(a) Calculate the average value of the three middle ranked scores 

(b) Calculate the average value of the two middle ranked scores  

(c) Calculate the mode and use instead 

(d) Choose either the upper or lower value of the two 

16. Which of the following statements concerning the mean is  

incorrect ? : 

(a) The mean is not suitable for nominal data 

(b) The mean should always be used as the preferred measure to 

indicate a typical score 

(c) The mean is a more complex descriptive statistic than either 

the mode or median 

(d) The mean provides the most sensible result when the 

interval/ratio dataset has a symmetrical set of scores. 

17. The mean can be interpreted as : 

(a) The centre of gravity of a dataset. 

(b) The average of the mode and median values of a dataset. 

(c) The weight of all the positive deviations. 

(d) The relative frequency with the highest value. 
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II- Tabular Presentation  

The purpose of tabulation is to arrange observations that are similar 

so that their frequency of occurrence in the whole group is made 

clear. A table, if properly constructed, can show at a glance many of 

the properties of the data. 

The necessary parts of a table : 

1- The Title : Which usually appears above the table and give a clear 

and accurate description of the data. It should be concise but 

informative with a clearly worded statement declaring what the 

table shows. The table is usually preceded by an identifying 

number if two or more tables are presented. It is better to avoid 

using verbs in the text of the title. 

2- Headings : 

a- Heading of columns (general heading) : which includes all of 

the column heading and subheadings except the heading of 

rows and row totals. 

b- Heading of rows (heading of stub) : Which is the box at the top 

of the column at the extreme left of the table (in English 

system). The heading gives a brief description of the variable 

which changes in the value from row to row. 

3- The Body : It is all the rest of the table proper i.e the part which 

contains the numbers (values). 

4- Totals : Table may have one or more boxes for totals (row, column 

and grand totals).  
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Table (…) : The title …….. 

Heading  
General heading 

 

of stub 
Subheading Subheading* Total 

s
tu

b
 

Body 

Row total 

Row total 

Row total 

Total Column total Column total Grand total 

* (Notes) 

Important considerations in the design of tables : 

- Column and row headings and subheadings should be clear and 

comprehensive i.e descriptions of the values or categories taken by 

the variable concerned. 

- The units of measurements should be given for all entries in the 

table, either in the title or in the row / column headings. 

- Notes should be used, where appropriate, to give the source of 

data, detailed specifications and definitions of terms.  

Types of tables : 

- Reference tables (data matrix) 

- Frequency tables (simple frequency, realtive frequency, 

cumulative frequency, relative cumulative frequency). 
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❑ Reference Tables [Data Matrix] : 

Table (1) : Data from a Health Center Survey.  

Patient *Sex Marital 

status 

Satisfaction  
**with services 

Age 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 

R 

S 

T 

M 

M 

F 

F 

M 

M 

F 

F 

M 

F 

F 

M 

F 

F 

M 

M 

F 

M 

F 

M 

Single 

Married 

Single 

Single 

Married 

Single 

Married 

Single 

Single 

Divorced 

Single 

Married 

Single 

Married 

Single 

Married 

Married 

Divorced 

Divorced 

Single 

4 

2 

4 

2 

1 

3 

4 

3 

3 

3 

3 

3 

1 

3 

3 

4 

2 

1 

3 

2 

18 

19 

18 

19 

20 

20 

18 

21 

19 

23 

24 

18 

22 

26 

18 

19 

19 

19 

21 

20 

*   (M = Male, F = Female). 

** (1) Very dissatisfied    (2) Dissatisfied   (3) Satisfied   (4) Very satisfied.  



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
75 

❑ Frequency tables : 

Frequency tables are the most commonly used and most convenient 

way of summarizing data. In a frequency table, the sample values are 

distributed or classified into groups according to certain properties. 

Frequency tables allow us to get an overall view of where 

measurements or observations are concentrated and how spread out 

they are. A frequency distribution is a tabular summary of data 

showing the frequency of observations in each of several non-

overlapping categories or classes. 

Frequency Distributions : 

A sample of 100 students enrolled at a university were asked what 

they intended to do after graduation. Forty-four said they wanted to 

work for private companies/businesses, 16 said they wanted to work 

for the federal government, 23 wanted to work for state or local 

governments, and 17 intended to start their own businesses. Table 2.3 

lists the types of employment and the number of students who intend 

to engage in each type of employment. In this table, the variable is the 

type of employment, which is a qualitative variable. The categories 

(representing the type of employment) listed in the first column are 

mutually exclusive. In other words, each of the 100 students belongs 

to one and only one of these categories. The number of students who 

belong to a certain category is called the frequency of that category. 

A frequency distribution exhibits how the frequencies are distributed 

over various categories. Table 2.3 is called a frequency distribution 

table or simply a frequency table. 
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An example of a simple frequency table (nominal variable) : 

Category (hair color) Frequency (number of  children)  

(n = 95) 

Brown 49 

Dark 27 

Blonde 15 

Red 4 

As you know, the ordering of nominal categories is arbitrary, and in 

this example they are shown by the number of children in each - 

largest first. 
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An example of a simple frequency table (ordinal variable) : 

Satisfaction with  

nursing care 

Frequency (number of  patients)  

(n = 475) 

Very satisfied 121 

Satisfied 161 

Neutral 90 

Dissatisfied 51 

Very dissatisfied 52 

 

The frequency distributions for the ordinal variable ‘level of 

satisfaction’, with nursing care by 475 psychiatric in-patients. 

When the variable in question is ordinal, we can allocate the data into 

ordered categories. ‘Level of satisfaction’ is clearly an ordinal 

variable. ‘Satisfaction’ cannot be properly measured, and has no 

units. But the categories can be meaningfully ordered, as they have 

been here. The frequency values indicate that more than half of the 

patients were happy with their psychiatric nursing care, 282 patients 

(121+161), out of 475. Much smaller numbers expressed 

dissatisfaction. 
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❑ Relative frequency tables : 

Often of more use than the actual number of subjects in each category 

are the percentages. Tables with this information are called relative or 

percentage frequency tables. A relative frequency table can be 

constructed as follows : 

- Divide each class frequency by its total and multiply the result by 

100. 

- Check the arithmetic by ensuring that the addition of the 

percentages of all of all frequencies of class intervals equals 100.  

An example of a relative frequency table : 

Category  

(hair color) 

Frequency  

(number of children)  

(n = 95) 

Relative frequency  

(% of children in 

each category) 

Brown 49 51.6 

Dark 27 28.4 

Blonde 15 15.8 

Red 4 4.2 

 

 

 

 

 

 

(49/95) x 100 

= 51.6 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
79 

An example of a relative frequency table (categorized 

quantitative variable) : 

SBP (mm Hg) Frequency Relative frequency 

100 - 

120 - 

140 - 

160 - 

180 – 199  

5 

11 

12 

1 

1 

16.7 

36.7 

40.0 

3.3 

3.3 

Total 30 100.0 

 

Percentages are easier to read and comprehend than frequencies.  This 

advantage is particularly obvious in comparing groups of different 

sizes as shown in table (2). 

Table (2) : Relative frequency distribution of patient’s 

satisfaction in two hospitals. 

Satisfaction 
Hospital A Hospital B 

No. % No. % 

Very satisfied  

Satisfied  

Dissatisfied  

Very dissatisfied 

103 

82 

137 

93 

24.82 

19.76 

33.01 

22.41 

312 

279 

188 

217 

31.33 

28.01 

18.88 

21.78 

Total 415 100.00 996 100.00 
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Q– Based on the data presented in table (2), which hospital has the 

higher relative number of dissatisfied patients?. 

A : Because the total numbers are so different, such comparison is 

difficult from the cell frequencies. To make comparisons easier, 

cell frequencies are transformed into percentages for both 

distributions.  

It is clear from table (2) : Inspite of the fact that Hospital B has an 

absolute number of dissatisfied patients (188) which is greater than 

that of Hospital A (137), yet Hospital A has a much higher percentage 

of dissatisfied patients (33.01%) than that of Hospital B (18.88%) and 

about the same percentage of very dissatisfied patients. 
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Dimensions of frequency tables : 

(I) Single variable (one dimension) frequency table : 

It describes the distribution of a single characteristic or variable and 

can be constructed as follows :  

A- For Qualitative Variables (nominal and ordinal) :  

For each category of the variable being displayed, the 

frequencies or occurrences are counted.  

Table (3) displays a frequency distribution for the variable “sex” from 

the health center survey. For purposes of illustration, a column for 

tallies has been included in this table which would not be included in 

the final form of the table. 

Table (3) : Frequency distribution of patients according to 

sex. 

Sex  Tallies Frequency  

Male 

Female  
 

10 

10  

Total   20 

The meaning of the table is clear. There are 10 males and 10 females 

in the sample. 

For some nominal variables, the researcher might have to make some 

choices about the number of categories included in the table. For 

example, the distribution of the variable “marital status” could be 

reported using the categories listed in table (4). 
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Table (4) : Frequency distribution of patients according to 

marital status. 

Marital status Frequency  

Single  

Married 

Divorced   

10 

7 

3  

Total 20 

 

It might be wanted to compare between “married” and “non married”, 

where the researcher may not be concerned with the difference 

between single and divorced and treat both as simply “non married”. 

In that case, these categories could be collapsed and treated as a 

single entity. However, by collapsing information details have been 

lost, as in table (5). 

Table (5) : Frequency distribution of patients according to 

marital status. 

Marital status Frequency  

Married 

Non married   

7 

13  

Total 20 

 

Frequency distributions for ordinal variables are constructed 

following the same steps used for nominal variables. Table (6) reports 

the frequency distribution of the “Satisfaction” variable from the 

health center survey. 
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Table (6) : Frequency distribution of patients according to 

their  satisfaction. 

Satisfaction   Frequency  

Very satisfied  

Satisfied  

Dissatisfied  

Very dissatisfied    

4 

9 

4 

3  

Total 20 
 

Again, the price paid for collapsing information details is that some 

information is lost as in table (7). 

Table (7) : Frequency distribution of patients according 

to their satisfaction. 

Satisfaction   Frequency  

Satisfied  

Dissatisfied    

13 

7  

Total 20 
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B- For Quantitative Variables (interval and ratio variables) : 

Quantitative variables usually have a large number of possible 

values which require some collapsing or grouping of categories to 

produce reasonably compact frequency distributions. 

For construction of a frequency distribution table for a 

quantitative variable you must : 

- Group a set of observations into a set of non overlapping 

intervals so that each value in a set of observations can only be 

placed in one of the intervals. These intervals are usually 

referred to as class intervals. 

- Too few class intervals are undesirable because many 

frequencies will be crowded in each class and so much 

information would be lost. On the other hand, too many intervals 

will contain a few or no frequencies and the objective of 

summarization would not be achieved. 

- Determine how many categories (class intervals) to use and how 

wide these categories should be. A commonly followed rule of 

thumb states that there should be no fewer than 4 intervals and 

no more than 12. 

- Class intervals should be of the same width to help in 

comparison between the frequencies of any two intervals. The 

width (W) of the class interval may be determined by dividing 

the range (R) of the data set by the desired number of class 

intervals (K).  
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W  =  K

R
 

- Class interval widths of 5 units or multiplies of 5 tend to make 

summarization more comprehensive.  

- It is preferred to order class intervals from smallest to largest 

measurements. The lower limit of the first class interval should 

be equal to or smaller than the smallest observation in the data 

set, and the upper limit of the last class interval should be greater 

than the largest observation. 

Important considerations :  

- Constructing frequency tables for discrete data is often less 

problematic than with continuous data, because the number of 

possible values (categories) which the discrete variable can take is 

often limited. 

- Organizing raw continuous data into a frequency table is usually 

impractical, because there are theoretical an infinite number of 

possible values (observations). The corresponding frequency table 

is likely to have a large, and thus unhelpful, number of rows. 

- The most useful approach with continuous data is to group them 

first, and then construct a frequency distribution of the grouped 

data. 
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Example [Reference Table] : 

Infant 

ID  

(n = 30) 

Birthweight 

(g) 

Apgar 

score  
Sex  

Mother smoked 

during 

pregnancy 

Mother’s 

parity 

1 3710 8 M No 1 

2 3650 7 F No 1 

3 4490 8 M No 0 

4 3421 6 F Yes 1 

5 3399 6 F No 2 

6 4094 9 M No 3 

7 4006 8 M No 0 

8 3267 5 F Yes  5 

9 3594 7 F No 2 

10 4206 9 M No 4 

11 3508 7 F No 0 

12 4010 8 M No 2 

13 3896 8 M No 0 

14 3800 8 F No 0 

15 2860 4 M No 6 

16 3798 8 F No 2 

17 3666 7 F No 0 

18 4200 9 M Yes 2 

19 3615 7 M No 1 

20 3193 4 F Yes 1 

21 2994 5 F Yes 1 

22 3266 5 M Yes 1 

23 3400 6 F No 0 

24 4090 8 M No 3 

25 3303 6 F Yes 0 

26 3447 6 M Yes 1 

27 3388 6 F Yes 1 

28 3613 7 M No 1 

29 3541 7 M No 1 

30 3886 8 M Yes  1 
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Among the 30 infants in the table above, there are none with the same 

birth weight, and a frequency table with 30 rows and a frequency of 1 

in every row would add very little to what you already know from the 

raw data (apart from telling you what the minimum and maximum 

birth weights are).  

One solution is to group the data into groups of equal width, to 

produce a grouped frequency distribution which would be certainly 

worthwhile if there is enough data values.  

Grouped frequency distribution table for birthweight of 30 

infants. 

Birthweight (gm) Birthweight (g) 

2700 - 2999 2 

3000 – 3299  3 

3300 - 3599 9 

3600 - 3899 9 

3900 - 4199 4 

4200 - 4499 3 

 

Open-ended groups : 

One problem arises when one or two values are too away from the 

general mass of the data, either much lower or much higher. These 

values are called outliers. Their presence can mean having lots of 

empty or near-empty rows at one or both ends of the frequency table.  

For example, one infant with a birthweight of 6050 g would mean 

having five empty cells before this value appears. One favoured 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
88 

solution is to use open-ended groups. If you define a new last group 

as ≥ 5000 g, you can record a frequency of 1 in this row, and thus 

incorporate all of the intervening empty groups into one. 

Frequency diatribution table for discrete quantitative variable : 

Number of times inhaler 

used in the past 24 hours 

(Frequency) Number of  children  

(n = 53) 

0 

1 

2 

3 

4 

≥ 5 

6 

16 

12 

8 

5 

6 

 

Constructing frequency tables for quantitative discrete data is often 

less problematic than with continuous metric data, because the 

number of possible values which the variable can take is often 

limited. The above table is a frequency table showing the number of 

times in the past 24 hours that 53 asthmatic children used their 

inhaler. We can easily see that most used their inhaler once or twice. 

Notice the open-ended row showing that six children had used their 

inhaler five or more times. 
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Example : 

The systolic and diastolic blood pressure as recorded in a sample of 

30 patients are presented in table (8) [Reference Table] : 

Table (8) : Systolic and Diastolic Blood Pressures of 30 patients. 

Patient No. SBP (mmHg)* DBP (mmHg)** 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

125 

104 

133 

153 

117 

142 

194 

134 

119 

120 

144 

128 

135 

118 

137 

151 

148 

121 

134 

151 

146 

141 

169 

152 

138 

140 

156 

152 

124 

114 

78 

72 

82 

84 

70 

85 

116 

87 

69 

75 

81 

87 

76 

78 

82 

85 

84 

74 

77 

85 

76 

94 

101 

88 

87 

89 

98 

99 

77 

81 

* Systolic blood pressure.     ** Diastolic blood pressure. 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
90 

The frequency table that describes the distribution of systolic 

blood pressures is constructed as follows : 

1- The range is (194 – 104) + 2 = 92.  

2- A table of 5 or 6 intervals seems reasonable. 

3- Determine the width of each class interval as follows :  

92 / 5 = 18.4 , Therefore, a class interval size of 20 is suitable. 

 

Table (9) : Frequency distribution of systolic blood pressure. 

SBP (mm Hg) Tallies Frequency 

100 -  5 

120 - 
           

11 

140 -  12 

160 -  1 

180 – 199  1 

Total   30 

 

Q : Could you construct a frequency distribution table for diastolic blood 

pressure in the same way as systolic blood pressure in the previous 

example? 
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Important considerations in construction of tables for 

continuous variables : 

- A frequency distribution is a distribution of the total number of 

observations over an arbitrarily defined classes.  

- That is, we divide the overall range of values into a number of 

classes and count the number of observations that fall into each 

of these classes or intervals.  

- The number of observations falling under a class is called class 

frequency.  

- There should not be too few or too many classes. 

- As possible, equal class intervals are preferred. But the first and 

last classes can be open-ended to enclose extreme values. 

- Each class should have a class mark to represent the classes. It is 

also named as the class midpoint. It can be found by taking 

simple average of the class boundaries or the class limits of the 

same class. 

- In practice, the number of classes and the appropriate class width 

are determined by trial and error. 

- Once a possible number of classes is chosen, the appropriate 

class width is found. 

- The process can be repeated for a different number of classes. 

- Ultimately, the analyst uses judgment to determine the 

combination of the number of classes and class width that 

provides the best frequency distribution for summarizing data. 
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(II) Two  dimensional  frequency  tables  (contingency 

tables) : 

Contingency tables are designed to study the relationship between 

two variables such as height and weight. The rows correspond to one 

variable and the columns to the other variable. 

For construction of a contingency table proceeds as follows : 

- Determine the suitable number of class intervals and the width of 

each for both variables. The two variables need not have the 

same number of intervals. 

- Enter a tally stroke for each case into the box that corresponds to 

its value and this step is repeated for each variable separately.  

- Add up the number of tally strokes in each box for rows and 

columns where the sum of all the row totals must equal the sum 

of all the column totals because each of these should equal the 

grand total of cases in the contingency table. 

Example : 

The above simple process can be illustrated by an example using the 

previously given 30 cases. The relationship between diastolic and 

systolic blood pressure can be obtained as follows : 

- Compute the range for DBP (69 to 116) and SBP (105 to 195). 

- For such a small sample, 5 or 6 classes for each variable seems 

suitable. 

- Compute the class interval for each variable by dividing the 

corresponding range by the proposed number of classes (5 or 6). 

- Construct the rows and columns corresponding to the class 

intervals computed in the previous step. 
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- Transfer the data to the contingency table using tally strokes (as 

seen in table 9). 

Table (10) : Frequency distribution of Systolic and Diastolic 

blood pressures using the previously given 30 patients. 

SBP DBP (mm Hg) Total 

(mm Hg) 65- 75- 85- 95- 105- 115-  

100 -        5 

120 -       11 

140 -        12 

160 -       1 

180 – 199        1 

Total 4 13 9 3 0 1 30 

Interpreting Contingency Tables : 

- If there is a strong association or relationship between the two 

variables, then the association can be seen from the cell 

frequencies. Where both variables tend to have values in the same 

direction (one of them is large and the other tends to be large also). 

- When the association is in the opposite direction (one variable has 

a large value and the other variable tend to have a small value) 

then the concentration of frequencies will be in the diagonal boxes 

but in the opposite direction than before. 

- If there is no association, or only weak association, between the 

variables then the cell frequencies are distributed more widely 

throughout most of the cells with little or no concentration along 

the diagonal cells. 
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❑ Cumulative Frequency Distribution : 

To do this, we successively add, or cumulate, the frequency values 

one by one, starting at the top of the column. The cumulative 

frequency for each category tells us how many subjects there are in 

that category, and in all the lesser-valued categories in the table. For 

example, 35 of the total of 154 patients had a GCS score of 7 or less. 

The Glasgow Coma Scale scores of 154 road traffic accident 

patients 

GCS score Frequency (number of patients)  

(n = 154) 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

5 

6 

2 

12 

15 

18 

14 

15 

21 

13 

17 

6 

A cumulative frequency table provides us with a somewhat different 

view of the data. Note that although you can legitimately calculate 

cumulative frequencies for both metric and ordinal data, it makes no 

sense to do so for nominal data, because of the arbitrary category 

order. 
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The Glasgow Coma Scale scores showing the cumulative frequency 

values. 

GCS 

score 

Frequency  

(number of 

patients) 

n = 154 

Cumulatative frequency 

(cumulative number of 

patients) 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

5 

6 

2 

12 

15 

18 

14 

15 

21 

13 

17 

6 

10 

15 

21 

23 

35 

50 

68 

82 

97 

118 

131 

148 

154 

 

Cumulative and relative cumulative frequency for the categorized 

birthweight. 

 

Cumulative frequency 

is found by adding 

successive frequencies 

i.e  

10 +5 = 15  

15 + 6 = 21  

and so on, .. 
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III- Graphical Presentation  

A graph or chart provides an easily understood picture of the data and 

gives the user a nice and impressive overview of its essential 

features. However, the various graphical techniques should be 

regarded as aids to thinking about data rather than as substitutes for 

the statistical analysis of that data. 

There are five main types of diagrams that are commonly used and 

particularly useful for data presentation (pie chart, bar chart, 

histogram, frequency polygon, and scatter diagram).  

1- Pie chart : 

It is suitable for summarizing data arranged in categories and on 

percentage basis. It is specially useful in presenting data that consist 

of a small number of categories. 

Pie chart is a circle divided into wedges (segments or slices) that 

correspond to the percentages or frequencies of the distribution i.e 

the size of the slice is proportional to the frequency or percentage of 

cases belonging to the category it represents. 

Because there is 3600 in the circle, each 1% of the distribution can be 

represented by a sector of the circle with a central angle of 3.60. 

A disadvantage of a pie chart is that it can only represent one 

variable. You will therefore need a separate pie chart for each 

variable you want to chart. Moreover a pie chart can lose clarity if it 

is used to represent more than four or five categories. 
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Example : 

The method of drawing a pie chart can be demonstrated using the 

following data. 

Table (11) : Distribution of 72 males according to blood group. 

Blood group Frequency Percentage 

A 

B 

AB 

O 

20 

30 

10 

12 

27.8 

41.7 

13.9 

16.7 

Total 72 100.0 

- Draw a circle of a suitable size. 

- Show the radius at any position (although the 12 o’clock position 

is commonly used). 

- The angle that belong to each segment is calculated as follows : 

corresponding percentage x 360 / 100 

Thus, the angle corresponding to each segment for blood group 

data is as follows : 

Blood group A  = 360 x 27.8 / 100 = 100 

Blood group B  = 360 x 41.7 / 100 = 150 

Blood group AB = 360 x 13.9 / 100 = 50 

Blood group O = 360 x 16.6 / 100 = 60 

NB : The sum of all angles must add to 3600. 
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O 16.7

A 27.8

B 41.7

AB 13.9

A

B

AB

O

 

 
Figure (1) : Pie chart of blood group among males. 

 

 

 

O (16.7) 

B (41.7) 

AB (13.9) 

A (27.8) 

 A 

 B 

 AB 

 O 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
99 

2- Bar chart : 

It is a tool for presentation of categorical variables where the various 

categories are represented on one axis (usually the horizontal) and 

frequencies or percentages of each category along the other axis 

(usually the vertical). 

A vertical bar represents each category, and the height of each bar 

represents the frequency (or relative frequency) corresponding to each 

one.  The bars should be separate and of equal width so the total area 

of all the bars is equal to the sample size, or n.  

Bar chart may be simple when it represents one variable or it may be 

multiple (clustered or stacked) when it represents the comparison of 

more than one variable in the different comparison groups. 

• The simple bar chart 

The simple bar chart is appropriate if only one variable is to be 

shown. Note that the bars should all be the same width, and there 

should be (equal) spaces between bars. These spaces emphasise 

the categorical nature of the data. 
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Example : 

- Figure (2) (a simple bar chart) represents the previous example of 

distribution of blood groups among males (table 11). 

 

 

 

 

 

 

 

 

 

• The clustered bar chart 

If you have more than one group you can use the clustered bar 

chart. There are two ways of presenting a clustered bar chart. This 

arrangement is helpful if you want to compare the relative sizes of 

the groups within each category (e.g. redheaded boys versus 

redheaded girls). 

 

 Figure (2) : Bar chart for blood groups among males. 
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Clustered bar chart of hair color by sex 

Alternatively, the chart could have been drawn with the categories 

boys and girls, on the horizontal axis. This format would be more 

useful if you wanted to compare category sizes within each group. 

For example, red haired girls compared to dark haired girls. Which 

chart is more appropriate depends on what aspect of the data you 

want to examine. 
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Example : 

- Figure (3) (a multiple bar chart) represents the distribution of 

blood groups and sex as shown in table (12).  

Table (12) : Distribution according to blood group and sex. 

 Sex  

Blood group  Male Female  

 No. % No. % 

A 

B 

AB 

O 

20 

30 

10 

12 

27.8 

41.7 

13.9 

16.7 

15 

18 

12 

13 

25.9 

31.0 

20.7 

22.4 

Total 
72 100.0 58 100.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) : clustered bar chart for  

blood group and sex. 
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• The stacked bar chart 

The figure shows a stacked bar chart for the same hair color and 

sex data. Instead of appearing side by side, as in the clustered bar 

chart, the bars are now stacked on top of each other. Stacked bar 

charts are appropriate if you want to compare the total number of 

subjects in each group (total number of boys and girls for 

example), but not so good if you want to compare category sizes 

between groups, e.g. redheaded girls with redheaded boys. 

 

A stacked bar chart of hair color by sex 

3- Histogram : 

A continuous metric variable can take a very large number of values, 

so it is usually impractical to plot them without first grouping the 

values. The grouped data is plotted using a frequency histogram. It is 

a special form of  a bar chart that presents categories (intervals) of a 

grouped quantitative variable. The bars are not separated by any 

space on the X axis. The frequency or percentage of data in each 

category is depicted on the Y axis. 
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A histogram looks like a bar chart used with discrete data except that 

each bar in a histogram represents an interval (category or class) of 

possible values rather than a single value but without any gaps 

between adjacent bars. This emphasizes the continuous nature of the 

underlying variable. 

The width of the bar represents the interval of each category and the 

total area of each bar is proportional to the corresponding frequency 

or percentage of each category.  

The steps for drawing the histogram can be illustrated using the 

following example :  

Table (13) : Distribution according to age. 

Age (years) Frequency Relative frequency (percentage) 

25 – 

30 – 

35 – 

40 – 

45 – 49 

3 

5 

7 

4 

2 

14.3 

23.8 

33.3 

19.1 

9.5 

Total 21 100.00 
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Important points about histogram : 

- A continuous metric variable can take a very large number of 

values, so it is usually impractical to plot them without first 

grouping (categorizing) the values. The grouped data is plotted 

using a frequency histogram, which has frequency plotted on the 

vertical axis and group size on the horizontal axis. 

- A histogram looks like a bar chart but without any gaps between 

adjacent bars which emphasizes the continuous nature of the 

underlying variable. If the groups in the frequency table are all of 

the same width, then the bars in the histogram will also all be of 

the same width. 

- One limitation of the histogram is that it can represent only one 

variable at a time (like the pie chart), and this can make 

comparisons between two histograms difficult, because, if you try 
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to plot more than one histogram on the same axes, invariably parts 

of one chart will overlap the other. 

- Histogram is mostly used in the explorative step of data analysis. 

The histogram depicts the frequencies of a categorized scale 

variable, similarly to a bar chart, but it is not allowed to 

interchange bars.  

One limitation of the histogram is that it can represent only one 

variable at a time (like the pie chart), and this can make comparisons 

between two histograms difficult, because, if you try to plot more 

than one histogram on the same axes, invariably parts of one chart 

will overlap the other. 

4- Frequency Polygon 

As in histograms, frequency polygons are used for displaying 

quantitative variables. It uses the same axes as the histogram, 

however, it is a special type of line graph. Frequency polygons are 

particularly more useful than histograms because several frequency 

distributions can be plotted easily and compared on one graph. 

The frequency polygon is particularly useful when we want to 

compare two or more distributions with comparable n's. When sample 

n's are not comparable, relative frequency polygons should be used to 

compare two or more distributions. Otherwise, the differences in n's 

may distort the visual comparisons. For example, if two distributions 

are identical in form, but one is based on twice as many observations 

as the other, the frequencies of the group with the larger n will appear 
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twice as high as those of the group with the smaller n. By converting 

to proportions or percentages, we can show all the frequencies 

relative to 1.00 or 100% 

A frequency polygon is a closed geometric figure used to graphically 

display frequency distributions. To prepare a frequency polygon, you 

must first add two classes to each end of the distribution. Because the 

frequency is 0 for these added classes, the curve is brought down to 

the horizontal axis at the midpoint of the two classes that are added. 

(Hence the polygon is a "closed" figure). Each of the remaining 

points in the frequency polygon is positioned over the midpoint of its 

corresponding class. 

To draw a frequency polygon, the following is done : 

- Determine (marking) the mid-point of each class interval 

represented on the horizontal axis of the graph. 

- These points are then connected by straight lines. 

- At the ends, the points are connected to the mid-points of the 

previous and succeeding intervals of zero frequency. 

NB : The height of a given dot above the horizontal axis corresponds 

to the frequency or percentage of the relevant class interval. 

Examples : 

- The frequency polygon for data in table (13) is displayed in Fig. 

(5). 

- The frequency polygon for data in table (14) is displayed in Fig. 

(6). 
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Table (14) : Distribution of age according to sex. 

 
Sex 

Age in years Male Female  

 
No. % No. % 

25 – 

30 – 

35 – 

40 – 

45 – 49   

8 

12 

15 

9 

6 

16.0 

24.0 

30.0 

18.0 

12.0 

10 

15 

20 

13 

12 

14.3 

21.4 

28.6 

18.6 

17.1 

Total 50 100.0 70 100.0 
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5- Scatter Diagrams  

The relationship between two variables can be shown graphically in a 

scatter diagram, as shown in Fig. (7). A scatter diagram is a graph in 

which each individual or unit measured is entered as a point, the 

position of each point being determined by the values for the two 

characteristics measured.  

 

 

 

 

 

Fig. (7) : Scatter diagram for the relation  

between X and Y variables 
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Chapter (5) 

Population and Samples 

By the end of this chapter, the student should be able to : 

- Define sample and population. 

- Recognize the importance and reasons of sampling. 

- Understand Technique of sampling. 

- Know types of random samples. 

A population is the term statisticians use to describe a large set of 

items (subjects, objects, events) that have common observable 

characteristics. It is the group to which you want to generalize your 

findings. 

A sample is a group or a subset of the population, that you observe or 

collect data from, selected in such a way that it is representative of 

the larger population.  

NB : A sample that represents the characteristics of the population as 

closely as possible is called a representative sample. You can not 

generalize your research findings based upon non-representative 

(biased) samples. 

Parameter and Statistic : 

- A number that describes a population is called a parameter. 

- A number that describes a sample is called a statistic. 

If we take a sample and calculate a statistic, we often use that statistic 

to infer something about the population from which the sample was 

drawn. 
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What is Sampling? 

- Measuring a small portion of something and then making a general 

statement about the whole thing. 

- Process of selecting a number of units for a study in such a way 

that the units represent the larger group from which they are 

selected. 

 

Reasons for sampling : 

1- A study of an entire population is impossible in most situations. 

2- Samples can be studied more quickly than populations. Speed can 

be an important factor in certain situations. 

3- A study of a sample is less expensive (cost-effective) than a study 

of an entire population. 

4- Sample results are often more accurate than results based on a 

population. 

However, certain occasions necessitate the study of the whole 

population e.g in tuberculosis survey to treat the diseased and during 

surveillance to control an epidemic of a communicable disease. 
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Methods of Sampling (Sampling procedures) :  

1- Methods which do not follow probability theory i.e non 

probability samples : 

- Purposive samples. 

- Convenience samples. 

- Quota samples. 

- Snow ball samples. 

Characters of non-probability sampling : 

• In non-probability sampling, the chance of a member being 

included in the sample is not known.  

• Results of non-probability samples can not be generalized from 

the sample to the population.  

• This procedure also does not allow the researcher to calculate 

sampling statistics that provide information about the precision 

of the results.  

• Non-probability samples tend to be cheaper, less complicated 

and less time consuming than probability samples. 

2- Methods which follow probability theory i.e probability 

(random) samples : 

- Simple random samples. 

- Systematic random samples. 

- Stratified random samples. 

- Cluster random samples. 

- Multisatge random samples. 
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Characters of probability sampling : 

• The researcher knows the exact possibility of selecting each 

member of the population. 

• Probability samples are the only type of samples where the 

results can be generalized from the sample to the population.  

• In addition, probability samples allow the researcher to 

calculate the precision of the estimates obtained from the 

sample and to specify the sampling error.  

• A probability sample tends to be more difficult and costly to 

conduct. 
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(I) Non probability sampling 

• Purposive (judgment) samples : 

These are samples chosen according to the researcher own 

judgment about who to include in the sample i.e not chosen in a 

random way and thus results can not be generalized to the whole 

population. They are easier in selection than probability samples. 

Members are chosen for the sample based on known factors so 

they can only be used in pilot studies, or in pre-testing. Prior 

knowledge and research skills are used in selecting the 

respondents or elements to be sampled. 

The researcher may lack the information regarding the population 

from which he has to collect the sample. 

As with all non-probability sampling methods, the degree and 

direction of error introduced by the researcher cannot be 

measured, and statistics that measure the precision of the estimates 

cannot be calculated. 

• Convenience samples : 

This type of non-probability sampling involves the sample being 

drawn from that part of the population which is close to hand. That 

is, readily available and convenient (i.e easily accessible 

participants with no randomization). This method saves money, 

time and effort ; but at the expense of information and credibility. 
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• Quota samples : 

Selecting participants in number proportionate to their numbers in 

the larger population, no randomization. It raises analytic 

confidence and representativeness. 

Quota sampling is often confused with two probability sampling 

methodologies,  stratified and cluster sampling. The primary 

differences between the methodologies is that with stratified and 

cluster sampling the classes are mutually exclusive and are 

isolated prior to sampling. In quota sampling, the classes cannot be 

isolated prior to sampling and respondents are categorized into the 

classes as the survey proceeds. As each class fills or reaches its 

quota, additional respondents that would have fallen into these 

classes are rejected or excluded from the results. 

It is used in sampling of public opinions. Each enumerator is asked 

to obtain the required information from a specified number of 

individuals (classified in different groups). The enumerator choose 

these individuals in a way which enable him to get the information 

easily and quickly.  It is of no use in public health or clinical 

practice. 

An example of a quota sample would be a survey in which the 

researcher desires to obtain a certain number of respondents from 

various income categories. Generally, researchers do not know the 

incomes of the persons they are sampling until they ask about 

income. Therefore, the researcher is unable to subdivide the 
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population from which the sample is drawn into mutually 

exclusive income categories prior to drawing the sample. Bias 

can be introduced into this type of sample when the respondents 

who are rejected, because the class to which they belong has 

reached its quota, differ from those who are used. 

• Snow ball samples : 

It refers to identifying someone who meets the criteria for 

inclusion in the study. Selection of additional respondents is based 

on referrals from the initial respondents. It is also called chain 

referral as group members identify additional information-rich 

members to be included in the sample. 
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(II) Probability (random) Sampling 

The most important consideration is that any sample should be 

representative of the population from which it is taken. For example, 

if your population has equal numbers of male and female babies, but 

your sample consists of twice as many male babies as female, then 

any conclusions you draw are likely to be misleading. 

The key to building representative samples is randomization. 

“Randomization” is the process of randomly selecting population 

members for a given sample, or randomly assigning subjects to one of 

several experimental groups, or randomly assigning experimental 

treatments to groups. For a sample to be truly random, the basic 

characteristic of sampling is that all members of the population have 

an equal and independent chance of being included in the sample. 

Random sampling means that only chance determines whether or not 

a particular unit in the population will be part of the sample. Though 

the word random implies that a pattern does not exist ; a specific plan 

or strategy is necessary to insure that a pattern does not exist. A 

random sample is a sample that has been selected using a definite 

plan. 

Unfortunately, this is rarely possible in practice, since this would 

require a complete and up-to-date list (name and contact details) of 

the target population. Such a list is called a sampling frame. In 

practice, compiling an accurate sampling frame for any population is 

hardly feasible. This problem applies to two close relatives of simple 

random sampling – systematic random sampling, and stratified 

random sampling. 
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Types of random samples 

(1) Simple random samples : 

This method assures that each member of the population has an 

equal probability (chance) of being chosen for the sample. The 

population from which a simple random sample is drawn should 

be uniform or homogenous and every unit must have an 

identification number (ID), and an exhaustive list of all members 

of the population of interest, called a sampling frame, must be 

available. The recommended way to select such a sample without 

introducing researcher bias is to use a table of random numbers or 

a computer-generated list of random numbers.  

Samples may be drawn with or without replacement. In practice, 

however, most simple random sampling for survey research is 

done without replacement ; that is, a person or item selected for 

sampling is removed from the population for all subsequent 

selections. 

An example of a simple random sample would be a survey of 

County employees. An exhaustive list of all County employees as 

of a certain date could be obtained from the Department of Human 

Resources. If 100 names were selected from this list using a 

random number table or a computerized sampling program, then a 

simple random sample would be created.  
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(2) Systematic random samples : 

It is one in which every kth item is selected ; k is determined by 

dividing the number of items in the sampling frame by the desired 

sample size. It is easy to draw and spreads more evenly over the 

population from which the sample is drawn. A random starting 

point at the beginning of an ordered population is chosen, and then 

the remainder of the sample is chosen according to a 

predetermined schedule. 

For example, suppose we have a population where N = 100 and it 

is desired to have a sample n = 10 : so 100 / 10 = 10. We select a 

random number between 1 and 10, say 2 and consequently we 

chose the number, 2, 12, 22,….92. 

A researcher may choose to conduct a systematic sample instead 

of a simple random sample for several reasons : 

- Systematic samples tend to be easier to draw and execute. 

- The researcher does not have to jump backward and forward 

through the sampling frame to draw the sample. 

- A systematic sample may spread the members selected for 

measurement more evenly across the entire population.  
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- Systematic sampling may be more representative of the 

population and more precise. 

One of the most attractive aspects of systematic sampling is that 

this method can allow the researcher to draw a probability sample 

without complete prior knowledge of the sampling frame. For 

example, a survey of visitors to the County's publications desk 

could be conducted by sampling every 10th visitor after randomly 

selecting the first through 10th visitor as the starting point. By 

conducting the sample in this manner, it would not be necessary 

for the researcher to obtain a comprehensive list of visitors prior to 

drawing the sample.  

 

(3) Stratified random samples : 

It is the most suitable procedure for ensuring representativeness 

of samples. The value of stratification is that if a heterogeneous 

population is divided into homogeneous strata (subgroups), the 

accuracy of the sample can be increased as different groups are 

properly represented. The sample is drawn through : 
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- Stratifying the population i.e dividing the population into 

different homogeneous strata according to certain 

characteristics that may substantially invalidate the results. 

The sampling frame is first broken down into strata 

relevant to the study, for example men and women ; or 

nonsmokers, ex-smokers and smokers.  

- Selecting simple or systematic random samples from 

each stratum the size of which is proportionate to the size 

of the corresponding stratum.  

- Sum up the total of the samples drawn from the different 

strata to get the final sample. 

 

(4) Cluster sampling : 

Here, the population is divided into sampling units, or groups and 

a random sample of groups is chosen i.e the sample is made up of 

groups (clusters), not individuals. For example, in a city, all the 

residents who live in randomly selected blocks are chosen. 

Cluster sampling is similar to stratified sampling because the 

population to be sampled is subdivided into mutually exclusive 
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groups. After the clusters are defined, a simple random sample of 

the clusters is drawn and the members of the chosen clusters are 

sampled. If all of the elements (members) of the clusters selected 

are sampled, then the sampling procedure is defined as one-stage 

cluster sampling. If a random sample of the elements of each 

selected cluster is drawn, then the sampling procedure is defined 

as two-stage cluster sampling. 

Cluster sampling involves randomly selecting groups, not 

individuals. Any intact group with similar characteristics is a 

cluster. Examples of clusters include classrooms, schools and 

hospitals.  

There are drawbacks to cluster sampling. First, a sample made up 

of clusters may be less representative than one selected through 

random sampling. A second drawback is that commonly used 

inferential statistics are not appropriate for analyzing data from a 

study using cluster sampling. 
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(5) Multisatge random samples :   

In this type, we draw one sample in two or more stages. It is 

resorted to if the distribution of the population is over a large area 

and we have no enough funds, or when it is impossible to carry 

other types of sampling. 
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Chapter (6) 

The Normal Distribution 

 (The Gaussian distribution) 

By the end of this chapter, the student should be able to : 

- Understand the concept of data normalness. 

- Know the properties of Normal curve. 

- Be oriented with and calculate areas under the Normal curve 

(AUC) using z-table. 

- Understand the standardized Normal curve and z-score. 

    

There is one particular symmetric bell-shaped distribution, known as 

the Normal distribution, which has a special place in the heart of 

statisticians. The Normal, or Gaussian distribution (named in honour 

of the German mathematician C.F.Gauss, 1777 – 1855) is the most 

important probability distribution in statistics.  

Normal-ness 

It is important to stress that, in this context, the word “Normal" is a 

statistical term and is not used in the dictionary or clinical sense. 

Thus, in order to distinguish between the two, statistical and 

dictionary “normal", it is conventional to use a capital letter when 

referring to the Normal distribution. 
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In many circumstances, the normal distribution, adequately describes 

the distribution of natural phenomena. For example, the IQ score of a 

group of children selected at random are normally distributed. The 

distribution of heights, weights, blood sugar, heart rate, and 

cholesterol levels are a few variables for which the normal 

distribution can be used to describe their biologic variation. 

The normal distribution is the most widely known and used of all 

distributions. It is the cornerstone distribution of statistical inference, 

represnting the distribution of the possible estimates of a population 

parameter that may arise from different samples. Parametric statistics 

are based on the assumption that the variables are normally 

distributed. 
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Properties of the Normal distribution curve : 

1- It is bell shaped. 

2- Symmetrical around the mean (either side is mirror image of the 

other side). 

3- The mean, median and mode are equal (all coincide). 

4- The total area under the normal curve above the X- axis is equal 

to 1. 

5- Normal distributions are uniquely defined by two parameters, the 

mean (μ) and the standard deviation (σ). There is a limitless 

number of normal distributions because there is an infinite 

number of possible pairs of means and standard deviations. 

6- It has inflection points at μ – σ  and μ + σ. 

7- About 2/3 (68.26%) of the area of a normal distribution is within 

one standard deviation of the mean.  P (µ - σ ≤ X ≤  μ + σ) = 

0.6826 

8- Approximately 95% of the area of a normal distribution is within 

two standard deviations of the mean. P (µ - 2σ ≤ X ≤  μ + 2σ) = 

0.9544 
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9- Approximately 99% of the area of a normal distribution is within 

three standard deviations of the mean. P (µ - 3σ ≤ X ≤  μ + 3σ) = 

0.9974 

As mentioned earlier, the Normal distribution is described completely 

by two parameters, the mean (μ) and the standard deviation (σ). This 

means that for any Normally distributed variable, once the mean and 

variance (σ2) are known (or estimated), it is possible to calculate the 

probability distribution for that population. 

This distribution is the most important one in statistics. It is important 

partly because it approximates well the distributions of many 

variables. The main reason for its prominence, however, is that most 

inferential statistical methods make use of properties of the normal 

distribution even when the sample data are not bell-shaped. 
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Normal distribution with a mean of 50 

and standard deviation of 10. 68% of 

the area is within one standard 

deviation (10) of the mean (50). 

 

Normal distribution with a mean of 

100 and standard deviation of 20. 68% 

of the area is within one standard 

deviation (20) of the mean (100). 

 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
130 

Minitab calculates these birthweights to have a mean of 3644 g, and a 

standard deviation of 377 g. In words, the area properties are as 

follows : 

• About 68 per cent of the birthweights will lie within one standard 

deviation either side of the mean. That is, from 3644 g − 377 g to 

3644 g + 377 g, or from 3267 g to 4021 g. 

• About 95 per cent of the birthweights will lie within two standard 

deviations either side of the mean. That is, from 3644 g − 754 g to 

3644 g + 754 g, or from 2890 g to 4398 g. 

• About 99 per cent of the birthweights will lie within three standard 

deviations either side of the mean. That is, from 3644 g − 1131 g 

to 3644 g + 1131 g, or from 2513 g to 4775 g. 

So, if you have some data that you know is Normally distributed, and 

you also know the values of the mean and standard deviation, then 

you can make statements such as, ‘I know that 95 per cent of the 

values must lie between so-and-so and so-and-so.’ 
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Example (1) :  

Normal curves for two populations with different means : 

Population #1         Population #2 

μ1 = 50    μ2 = 70 

σ 1  = 4    σ 2 = 4 

Draw the normal curves for both populations. 

Summary : The two curves are exactly the same, except one curve is 

to the right of the other curve. 

Example (2) :  

Normal curves for two populations with different standard deviations. 

Population #1       Population #2 

μ1 = 50    μ2 = 50 

σ 1 = 4    σ 2 = 7 

Draw the normal curves for both populations. 

Summary : Increasing the standard deviation causes the curve for 

population #2 to become flatter and more spread out.  

 

 

Same standard deviations and different means. 
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Same mean and different standard deviations. 

 
    

Meaning of the Standard Deviation :  

Standard deviation is a measure of the dispersion or spread of the 

data. If we are estimating from a sample and if there are a large 

number of observations, the standard deviation can be estimated from 

the range of the data, that is, the difference between the smallest and 

the highest value. Dividing the range by 6 provides a rough estimate 

of the standard deviation if the distribution is normal, because 6 

standard deviations (3 on either side of the mean) encompass 99%, or 

virtually all, of the data.  

On an individual clinical level, knowledge of the standard deviation is 

very useful in deciding whether a laboratory finding is normal, in the 

sense of "healthy." Generally a value that is more than 2 standard 

deviations away from the mean is suspect, and perhaps further tests 

need to be carried out.  

For instance, suppose as a physician you are faced with an adult male 

who has a hematocrit reading of 39. Hematocrit is a measure of the 
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amount of packed red cells in a measured amount of blood. A low 

hematocrit may imply anemia, which in turn may imply a more 

serious condition. You also know that the average hematocrit reading 

for adult males is 47. Do you know whether the patient with a reading 

of 39 is normal (in the sense of healthy) or abnormal?. You need to 

know the standard deviation of the distribution of hematocrits in 

people before you can determine whether 39 is a normal value. In 

point of fact, the standard deviation is approximately 3.5 ; thus, plus 

or minus 2 standard deviations around the mean results in the range of 

from 40 to 54 so that 39 would be slightly low. For adult females, the 

mean hematocrit is 42 with a standard deviation of 2.5, so that the 

range of plus or minus 2 standard deviations away from the mean is 

from 37 to 47. Thus, if an adult female came to you with a hernatocrit 

reading of 39, she would be considered in the "normal" range.  

Determining the Area Under the Normal Curve : 

(Determining probabilities using the Normal distribution) 

If the total area under the curve is 1.00 (or 100 percent), then it is 

possible to use the curve in a probabilistic manner. For example, we 

can obtain the probability that an individual's heart rate will be 

between 68 and 72.  

To obtain the probability, the actual measurements (heart rate) must 

be converted to a standard scale for which all the areas under the 

curve have already been calculated. The corresponding table in the 

appendix gives the tabulated values for area under the standard 

normal curve.  
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The standard normal distribution, commonly denoted by Z, has a 

mean equal to 0 and standard deviation equal to 1. Table in the 

appendix is constructed so that for each value on the standard normal 

scale, Z, the area under the curve from minus infinity to z and the area 

from z to plus infinity are given. These areas are referred to as left-

hand and right-hand areas. 

To calculate an area under the normal distribution, the points on the 

x-variable scale (heart rate) are converted to the z-scale and then Z-

table ( A2) is used. If the variable (heart rate) has mean 


 and 

standard deviation  , then to convert a point x (a specific heart rate 

measurement) to the corresponding point z on the z-scale. 

 

 

The standardized normal distribution is one whose mean = 0, standard 

deviation = 1, and the total area under the curve = 1. 

Standardized Variable :  

A variable is said to be standardized if it has been adjusted (or 

transformed) so that its mean equals 0 and its standard deviation 

equals 1. 
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Standardization can be accomplished using the formula for a z-score : 

Z = 

−x
 

The z-score represents the number of standard deviations that a data 

value is away from the mean. 

❑ Finding area under the standard normal curve 

(AUC) : 

1. Find the area under the standard normal curve to the left of Z = - 

1.40. 

2. Find the area under the standard normal curve to the right of Z = 

1.85. 

3. Find the area under the standard normal curve between Z = 0.50 

and Z = 2.25. 

Notation for the probability of a standard normal random 

variable : 

• P (Z < a) represents the probability a standard normal random 

variable is less than a. 

• P (Z > a) represents the probability a standard normal random 

variable is greater than a. 

• P (a < Z < b) represents the probability a standard normal random 

variable is between a and b 

Examples written using probability notation : 

1. Find P (Z < -1.40). 

2. Find P (Z  > 1.85). 

3. Find P (0.50 < Z < 2.25). 
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❑ Finding Z-Scores for given areas : 

1. Find the 85th percentile for the Z distribution, i.e. find z0 

such that P (Z < z0) = 0.85. 

2. Find z0 such that P (Z > z0) = 0.25. 

3. Find the two values of Z (z1 and z2) that include the middle 

95% of Z values. 

Technique : 

Finding the area under any normal curve : 

Step 1 : Draw the normal curve with the desired area shaded. 

Step 2 : Convert the values of X to Z-values using : 

Z = 

−x
 

Step 3 : Draw a Z-axis under the X-axis on the normal curve in Step 

1, and place the Z-values under the corresponding X-values. 

Step 4 : Find the area under the normal curve using the Z-values and 

the standard normal curve in Appendix. 
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Examples : 

(1) The random variable X is normally distributed with μ = 500 and σ 

= 100. Find P (X < 400). Use a graph with labels to illustrate your 

answer.  

(2) The random variable X is normally distributed with μ = 500 and σ 

= 100. Find P (X > 620). Use a graph with labels to illustrate your 

answer. 

(3) Scores on the SAT test are normally distributed with μ = 500 and 

σ = 100. What score must a student make on the test to be at the 

90th percentile? Use a graph with labels to illustrate your answer. 

(4) Scores on the SAT test are normally distributed with μ = 500 and 

σ = 100. What range in SAT scores (x1 and x2) includes the 

middle 50% of scores? Use a graph with labels to illustrate your 

answer. 

N:B 

• The normal curve is not a single curve but a family of curves, each 

of which is determined by its mean and standard deviation.  

• In order to work with a variety of normal curves, we cannot have a 

table for every possible combination of means and standard 

deviations. 

• What we need is a standardized normal curve which can be used 

for any normally distributed variable. Such a curve is called the 

Standard Normal Curve. 
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• The Standard Normal Curve (Z-distribution) is the distribution of 

normally distributed standard scores with mean equal to zero and a 

standard deviation of one. 

• A z score is nothing more than a figure, which represents how 

many standard deviation units a raw score is away from the mean. 

• For scores above the mean, the z score has a positive sign.  

Example   

+ 1.5z. Below the mean, the z score has a minus sign.  Example  - 

0.5z.  

• Calculate Z score for blood pressure of 140 if the sample mean is 

110 and the standard deviation is 10 

• Z = 140 – 110 / 10 = 3 

Comparing Scores from Different Distributions : 

(1) When the population mean and standard deviation is 

known :  

Z is derived from X  by the following :  

Z  = 


−x
 

Thus, the Z-score really tells you how many standard deviations from 

the mean a particular x-score is. The whole process is very much like 

dividing feet by yards in order to express distance or height in terms 

of yards. 
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Fig. (12) 

Thus, an I.Q. score of 131 is equivalent to a Z score of 1.96 (i.e., it is 

1.96, or nearly 2, standard deviations above the mean I.Q.).  

Z  = 
16

100131−
 = 1.96 

One of the nice things about the Z distribution is that the probability 

of a value being anywhere between two points is equal to the area 

under the curve between those two points. It happens that the area to 

the right of 1.96 corresponds to a probability of 0.025, or 2.5% of the 

total curve. Since the curve is symmetrical, the probability of Z being 

to the left of -1.96 is also 0.025. Invoking the additive law of 

probability, the probability of a Z being either to the left of -1.96 or to 

the right of +1.96 is 0.025 + 0.025 = 0.05.  
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Transforming back up to X, we can say that the probability of 

someone having an I.Q. outside of 1.96 standard deviations away 

from the mean (i.e., above 131 or below 69) is 0.05, or only 5% of the 

population have values that extreme. (Commonly, the Z value of 1.96 

is rounded off to ± 2 standard deviations from the mean as 

corresponding to the cutoff points beyond which, lies 5% of the 

curve, but the accurate value is 1.96.). 

(2) When the population mean and the standard deviation are 

not known :  

Z is derived from X using the sample estimates of  and   as 

follows :  

Z = 
s

XX
__

−
 

All we need know is the sample mean and its standard deviation to 

transform any distribution into z-scores. 

A very important use of Z derives from the fact that we can also 

convert a sample mean (rather than just a single individual value) 

to a Z score.  

The numerator now is the distance of the sample mean from the 

population mean and the denominator is the standard deviation of the 

distribution of means, which is the standard error of the mean. This is 

illustrated in Figure 6, where we are considering means based on 25 

cases each.    

Z  = 
es x

X

.
__

__

−
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The s.e. is 16/ 25 = 16/5 = 3.2.  

 

Fig. (13) 

Now we can see that a sample mean of 106.3 corresponds to a Z 

score of 1.96.  

Z  = 
2.3

1003.106 −
 = 1.96 

We can now say that the probability that the mean I Q. of a group of 

25 people greater than 106.3 is 0.025. The probability that such a 

mean is less than 93.7 is also 0.025.  

Examples : 

(1) 250 medical students were enrolled in an examination marked out of 100. 

The mean mark obtained was 61, standard deviation 10. Since the pass 

mark was 50, how many students failed? 
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A : 

Z = 1.1
10

11

10

6150
−=

−
=

−
 

From table A2 in the appendix we find that (0.1357) 13.57% of 

students will have gained marks of less than 50. Since 250 

students sat the exam, 34 will have failed. 

(2) It was felt to be appropriate to pass 75% of candidates in a final 

examination. From previous years the average mark obtained in this exam 

was known to be 68% with standard deviation of 14. What must the pass 

mark be set at? 

A : 

If 75% of candidates pass, 25% will fail. In the appendix (table 

A2), it is shown that z must be – 0.674 for this to happen. 

674.0
14

68?
−=

−
 

? – 68 =  14   - 0.674   

? = 68 + (14   -0.674) = 58.6% 

The pass mark should therefore be set at 59% 

 

 

 

 

 

 

 

 

When the population mean and standard deviation is known : 

Z = 


−x
 

When the population mean and the standard deviation are not known : 

Z = 
s

XX
__

−
 

We can also convert a sample mean (rather than just a single 

individual value) to a Z score : 

Z = 
es x

X

.
__

__

−
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Exercise [5] 

1. Marks on a Chemistry test follow a normal distribution with a 

mean of 65 and a standard deviation of 12. Approximately 

what percentage of the students have scores below 50? 
  

(a) 11%  

(b) 89%  

(c) 15%  

(d) 18%  

(e) 39% 

2. Refer to the preceding question. What is the approximate 90th 

percentile of the mark distribution? 
  

(a) 80  

(b) 90  

(c) 85  

(d) 75  

(e) 95 

3. The marks on a statistics test are normally distributed with a 

mean of 62 and a variance of 225. If the instructor wishes to 

assign B's or higher to the top 30% of the students in the class, 

what mark is required to get a B or higher? 
  

(a) 68.7  

(b) 71.5  

(c) 73.2  

(d) 74.6  

(e) 69.9  
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4. The grade point averages of students at the University of Cairo 

are approximately normally distributed with mean equal to 

2.4 and standard deviation equal to 0.8. What fraction of the 

students will possess a grade point average in excess of 3.0 ? 
  

(a) 0.7500  

(b) 0.6000  

(c) 0.2734  

(d) 0.2500  

(e) 0.2266  

5. The diameters of steel disks produced in a plant are normally 

distributed with a mean of 2.5 cm and standard deviation of 

.02 cm. The probability that a disk picked at random has a 

diameter greater than 2.54 cm is about : 
  

(a) 0.5080  

(b) 0.2000  

(c) 0.1587  

(d) 0.0228  

(e) 0.4920  

6. Suppose the test scores of 600 students are normally 

distributed with a mean of 76 and standard deviation of 8. The 

number of students scoring between 70 and 82 is : 
  

(a) 272  

(b) 164  

(c) 260  

(d) 136  

(e) 328  
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7. The cost of treatment per patient for a certain medical 

problem was modeled by one insurance company as a normal 

random variable with mean $775 and standard deviation $150. 

What is the probability that the treatment cost of a patient is 

less than $1,000, based on this model? 
  

(a) 0.5000  

(b) 0.6826  

(c) 0.8531  

(d) 0.9332  

(e) Cannot be computed without knowledge of additional parameters  

8. The time that a skier takes on a downhill course has a normal 

distribution with a mean of 12.3 minutes and standard 

deviation of 0.4 minutes. The probability that on a random run 

the skier takes between 12.1 and 12.5 minutes is : 
  

(a) 0.1915  

(b) 0.3830  

(c) 0.3085  

(d) 0.6170  

(e) 0.6826 

9. The time required to assemble an electronic component is 

normally distributed with a mean of 12 minutes and a 

standard deviation of 1.5 min. Find the probability that a 

particular assembly takes more than 14.25 minutes. 
  

(a) 0.9332  

(b) 0.0668  

(c) 0.3413  

(d) 0.4332  

(e) 0.1587 
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10. Heights of males are approximately normally distributed 

with a mean of 170 cm and a standard deviation of 8 cm. 

What fraction of males are taller than 176 cm? 

(a) 0.7500  

(b) 0.6000  

(c) 0.2734  

(d) 0.2500  

(e) 0.2266  

11. The height of an adult male is known to be normally 

distributed with mean of 175 cm and standard deviation 6 

cm. The 20th percentile of the distribution of heights is : 

(a) 175  

(b) 179  

(c) 170  

(d) 172  

(e) 174 

12. The heights of students at a college are normally distributed 

with a mean of 175 cm and a standard deviation of 6 cm. One 

might expect in a sample of 1000 students that the number 

with heights less than 163 cm is : 

(a) 997  

(b) 23  

(c) 477  

(d) 228  

(e) 456  

13. The distribution of weights in a large group is approximately 

normally distributed. The mean is 80 kg. and approximately 

68% of the weights are between 70 and 90 kg. The standard 

deviation of the distribution of weights is equal to : 

(a) 20  

(b) 5  

(c) 40  

(d) 50  

(e) 10 
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14. The daily milk production of Guernsey cows is 

approximately normally distributed with a mean of 35 

kg/day and a std. deviation of 6 kg/day. The probability that 

a days production for a single animal will be less than 28 kg. 

is approximately : 
  

(a) 0.41  

(b) 0.09  

(c) 0.38  

(d) 0.12  

(e) 0.62  

15. Refer to the previous question. The producer is concerned 

when the milk production of a cow falls below the 5th 

percentile since the animal may be ill. The 5th percentile (in 

kg) of the daily milk production is approximately : 
  

(a) 1.645  

(b) -1.645  

(c) 33.36  

(d) 25.13  

(e) 44.87  

16. Which of the following is NOT CORRECT about a standard 

normal distribution? 
  

(a) P ( 0 < Z < 1.50) = .4332  

(b) P ( Z < -1.0 ) = .1587  

(c) P ( Z > 2.0 ) = .0228  

(d) P ( Z < 1.5 ) = .9332  

(e) P ( Z > -2.5) = .4938 
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17. Which value is closest to the 90th percentile for the standard 

normal distribution? 
 

(a) -1.3 

(b) -0.7 

(c) 0.7 

(d) 1.3 

(e) 1.4 

18. For a set of data that follow a normal distribution how many 

scores can one expect to find within one standard deviation 

on each side of the mean, that is two standard deviations in 

total ? (one correct choice) 
 

(a) 54% 

(b) 99% 

(c) 50% 

(d) 88% 

(e) 68%. 

19. We wish to estimate the cholesterol content in duck eggs. How 

large a sample should be selected if we can assume that F=15 

mg also holds for duck eggs, and we wish our estimate to be 

correct within 5 mg with 99% confidence? 

(a) 8 

(b) 99 

(c) 35 

(d) 75 

(e) 60 

20. If P(-2<Z<k) = 0.6 , where Z is a standard normal random 

variable, then k is .. 

(a) 0.5773 

(b) 0.195 

(c) 0.73 

(d) 0.55 

(e) -0.40 
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21. The Vitamin C content of a particular brand of vitamin 

supplement pills is normally distributed with mean 490 mg and 

standard deviation 12 mg. What is the probability that a 

randomly selected pill contains at least 500 mg of Vitamin C? 

(a) 0.7967 

(b) 0.8333 

(c) 0.0525 

(d) 0.1123 

(e) 0.2033 

22. A wholesale distributor has found that the amount of a 

customer's order is a normal random variable with a mean of 

$200 and a standard deviation of $50. What is the probability 

that the total amount in a random sample of 20 orders is 

greater than $4500 ? 

(a) 0.1915  

(b) 0.0125  

(c) 0.3085  

(d) 0.0228  

(e) 0.4875  

23. The time required to assemble an electronic component is 

normally distributed with a mean of 12 minutes and a standard 

deviation of 1.5 min. Find the probability that the time 

required to assemble all nine components (i.e. the total 

assembly time) is greater than 117 minutes ? 

(a) 0.2514  

(b) 0.2486  

(c) 0.4772  

(d) 0.0228  

(e) 0.0013 
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Chapter (7) 

Demography 

By the end of this chapter, the student should be able to : 

- Understand census and methods of estimation of the population. 

- Understand and interpret different patterns of population 

pyramid. 

- Calcule growth rate and know factors affecting this rate. 

- Know factors affecting fertility rates. 

- Be oriented with overpopulation prolem in Egypt, hazards and 

management.  

Demography is the scientific study of human population dynamics. It 

includes the study of the size, structure and distribution of 

populations, and how populations change over time due to births, 

deaths, migration and ageing.  

Within this science, the following main subjects will be 

discussed : 

- Census. 

- Fertility. 

- Population growth. 

Population  : 

Group of individuals of same species living in the same geographic 

area at the same time. 

 

http://en.wikipedia.org/wiki/Population_dynamics
http://en.wikipedia.org/wiki/Migration_%28human%29
http://en.wikipedia.org/wiki/Ageing
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Population Density : 

The number of individuals per unit area at a given time. 

 

Same population with different densities 

I- Census 

Census is the process concerned with : 

1. Enumeration of individuals all over the country at certain time. 

2. Collection of demographic and socio-economic data of the 

population, which include age, sex, nationality, religion, 

education, occupation, income, marital status, family composition 

and other data. This data is collected by filling in a special form 

"census sheet" by head or a member of the family or trained 

persons. Census information is collected repeatedly at periods 

usually every 10 years. 

Uses  of census : 

- To give characteristic features of the population. 

- To provide data needed to calculate statistical rates and planning 

of different community programs (educational, health, socio-

economic and others). 
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Census population and estimated population : 

- Census population : It means the number of the population 

during the year in which the census was conducted. 

- Estimated population : It means the number of the population 

calculated in any of the years between two censuses. It is obtained 

by application of different methods of estimation based on census 

data to estimate the number of population. 

Whether census or estimated, the number of population is usually 

referred to as midyear population which means the number of the 

population in the middle of a given year (the first of July). 

Methods of estimation of population : 

1- Natural increase method : 

Natural increase of population is the difference between number of 

live births and deaths in the years, which follow the census year. 

This natural increase value is added to the census population to get 

estimated population of a given inter-census year. This method can 

be used for rough estimation of the inter-census population of a 

given area having no or limited migration. 

2- Arithmetic method : 

Two consecutive census populations of a given area are taken, e.g. 

200,000 in 1970 and 250,000 in 1980. To calculate the estimated 

population of 1984 the following should be calculated : 

- Mean annual increase = (250,000 - 200,000) / (1980 - 1970) = 

50,000 /10 = 5000. 
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- This means that the number of population increased in this area 

by an average of 5000 persons per year. 

- So, the estimated population of 1984 = (250,000) + (5000 X 4) 

= 270,000. 

This method, however, is rough, not accurate, since increase of 

population is geometric, not simple. 

3- Geometric method :  

It is the most accurate method of estimation. Special formula is 

used to find out the annual rate of population growth, to be applied 

to the last census population to get the estimated population of a 

given year. 

4- Graphic method : 

A number of successive census populations are plotted on a graph 

and joined together by straight line which is then extended over 

future years. Obtained graph can be used to find out : 

- Inter-census population of a given year within the inter-census 

period. 

- Expected populations of the future years, on assumption that 

growth rate of the population will not change. 
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Population Pyramid 

It is graphical presentation of age and sex composition of the 

population of any country.  

- A population pyramid is a special type of bar chart. 

- Number (or proportion) of males and females in each age group 

are plotted on the opposite sides. 

- Number (or proportion) of males and females in each age group 

is directly proportional to the length of the horizontal bar.  

- Younger ages (< 15 years) form the base. 

- The elderly, of 65 years and over, form the apex. 

- In-between, those of 15 – 64 years, form the body of the 

pyramid. 

Shape of population pyramids varies in different countries according 

to age and sex distribution of the population (percent proportion of 

each age of both sexes to total population) : 

- Young population : larger proportion of people in the younger 

age groups (<15 years) - in most less developed countries. 

- Old or aging population : relatively large proportion of people in 

the older age groups (> 64 years) - in the more developed 

countries. 
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Characteristics of Population Pyramid of Egypt : 

 

Population pyramid of Egypt ; October 2003 

1- Base layers : Representing age groups below 15 years are broad 

due to high birth rate. They form around 42% of the population 

compared to narrower base layers of developed countries, which 

form 23% only of the population, 

2- Top of pyramid is narrow due to smaller proportion of the elderly 

aged 65 years and over (nearly 7% at present). In developed 

countries, top of pyramid is flat due to higher proportion of the 

elderly. 

3- Body of the pyramid made of strata in-between the base and top, 

which are smaller than those of developed countries due to less 

mean life expectancy. 

4- Sex distribution : Male / female ratio of the population shows 

insignificant differences with slightly more percent of females. 
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N:B 

- Each year a new cohort is born and added to the bottom of the 

pyramid, while the older cohorts move up as they age. The 

pyramid keeps narrowing with loss of members due to death 

(assuming no migration in or out). 

- Rapidly increasing death rates after age 45 result in a narrowing 

peak in all population pyramids.  

 

Life Expectancy : 

It is the average number of years an individual is expected to live at a 

given age e.g. life expectancy at birth is the average number of years 

the newborn is expected to live. In Egypt, it is progressively 

increasing. It was 41.4 years for males compared to 47.0 years for 

females in 1947 and increased in 1998 to be 62 years for males and 

67 years for females. 

Median age : Age at which exactly half the population is older and 

half is younger. In 1999, the median age of Uganda (world’s youngest 

population) was 17.5 years, while that in Italy (world’s oldest 

population) was 39.9 years. 
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Age Dependency Ratio : 

Age Dependency Ratio =  Ratio of persons in the ‘dependent ages’ 

(under 15 and over 65) to those in the ‘economically productive’ 

ages. 

 

- Child dependency ratio : ratio of population under 15 to 

population 15 to 64. 

- Elderly dependency ratio : ratio of population 65 and older to 

population 15 to 64.  

 

Sex Ratio : 

Sex ratio is affected by : 

- Sex ratio at birth.  

- Differential patterns of mortality for males and females. 

- Differential patterns of migration for males and females in 

population. 
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II- Fertility 

Fertility, in demography, refers to the ability of females to produce 

healthy offspring. Fertility of a given population is measured by the 

birth rate, and other fertility indices (will be discussed later). Fertility 

is determined by fertility motives, fertility attitude and fertility 

behaviors which may be low or high.  

High fertility motives : 

1. High infant and child mortality : especially in rural and less 

developed urban areas of developing countries. Mothers like to 

have many births so as to ensure that some will continue to live to 

older ages. 

2. Economic motive : with unsatisfactory socioeconomic level, 

children are employed to support family income.  

3. Motives related to traditional concept of family and community 

welfare, where traditional societies believe that : 

- Marriage is happier and more stable with the many children of 

big family. 

- Sons continue the family name. 

4. The many children of family are God's will. 

5. Husbands find demonstration of vitality and manliness in high 

fertility and having many children. 

6. People dislike using contraception as they believe that 

contraception interferes with sex, and they fear side effects. 
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Low Fertility Motives : 

1. To preserve health of mother and children. 

2. For better rearing of children who get more chance of survival, 

and better lifestyle. 

3. For family welfare, to help having better standard of living, with 

less tension, overwork of parents, and avoid worsening poor 

economic conditions. 

4. To avoid the overpopulation problem and support community 

development. Also, to help meeting the needs of the population, 

specially housing, food, education and public services. 

Definitions : 

- Parity = Number of children born alive to a woman. 

- Gravidity = Number of pregnancies a woman has had whether or 

not they produce a live birth. 

- Fecundity = Physiological capacity to conceive (reproductive 

potential), probability that a woman will conceive during a 

menstrual cycle. 
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III- Population Growth 

Two factors influence growth of the population : 

1- Natural increase : (The basic factor) :  

It is the difference between live births and deaths. 

2- Migration : (Minor factor, if any) :  

It is the difference between immigration and emigration. It may 

increase or decrease the population, according to the extent of 

each. 

Rate of natural increase of population (RNI) : 

It is the rate of the difference between births and deaths. 

1000
)(..

X
yearandlocalitysameofpopulationMidyear

yearandlocalitycertainindeathsofNobirthsliveofNo −
 

Rate of natural increase of the population is high in developing 

countries, and eventually causes overpopulation problem (population 

crisis). 

Overpopulation problem in Egypt 

Overpopulation has become a prominent problem in Egypt and other 

developing countries, due to high RNI which arises from: 

- High birth rate (though declined in Egypt at present, yet is still 

high 23.32 births/1000  population). 

- Progressively declining death rate : It is the main factor for RNI 

becoming so high in Egypt (1.81%) and other countries, to give 

overpopulation. 
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Hazards of overpopulation : 

The overpopulation problem threatens prosperity of mankind in 

developing countries which expend most of national income for needs 

of public services, especially food, thus interferes with socioeconomic 

development of the country. Hazards of overpopulation involve 

individuals, family and the nation. 

1- Hazards for individuals : 

- Infant and young children are exposed to risk of high morbidity 

and mortality (serious communicable diseases in dense 

populations). 

- Mothers are exposed to hazards of repeated unspaced 

pregnancies, and also stress, worry and burden of big family 

size. 

- Fathers suffer continues worry of big family, and face financial 

problems. 

2- Hazards for family : 

They arise from big family and low percapita income. 

- Poor housing and unsanitary living conditions. 

- Inadequate feeding and nutrition, especially of vulnerable 

groups. 

- Employment of children who become deprived of school 

education and joyful social life. 

- Some families may neglect care and culture of children who 

become exposed to maladjustment and delinquency. 

- Deficient medical care. 
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3- National hazards : 

Overpopulation is an obstacle to community development, being 

associated with socioeconomic problems and unsatisfactory 

standard of living, due to : 

- Increase in national income cannot parallel the progressive 

geometric growth of population, and so the gap between the 

two lines gets continually wider. 

- High proportion of dependent nonproductive group below 15 

years (around 42% of total population). 

- National hazards are repercussions of family hazards, giving 

rise to the following problems:  

• Housing : Problem of housing (with increased crowdness 

index) and slum areas are progressively increasing. 

• Food supply : Food imports are progressively increasing 

and prices rising, especially of animal protein foods. 

• School education : Available school buildings are 

cumulatively short of the increasing numbers of children, 

thus associated with crowdness of schools, and 

unsatisfactory educational process. 

• Public services : Are increasingly burdened to become 

inconvenient and not satisfying needs of the public. 

• Employment : Job vacancies and work opportunities cannot 

cope with the continually increasing young generation. 

Problem is still accentuated with development of 

mechanization and automation. 
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Management of overpopulation problem : 

Long term and short term policies are needed. They interact and 

support each other, and must thus go together side by side. 

1- Long-term policy :  

National socioeconomic development is needed, to promote 

national, family and percapita income, and also manage the majority 

of high fertility motives :  

- Better chance of child survival, and lowered infant and child 

mortality. 

- Better standard of living: the family is not in need of 

employing children for economic support, and feels responsible 

for child welfare, and so prefers small family size. 

- Better chance of education and culture and social change, with 

ambition for better living conditions. 

2- Short-term solution : 

- Family planning program, for fertility regulation and birth 

control. 

- Promoting national productivity and investment, to meet needs 

of the public and verify more exports and less import. 
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Chapter (8) 

Vital Statistics 

By the end of this chapter, the student should be able to : 

- Know different types of morbidity, mortality and fertility 

indices. 

- Calculate and interpret different vital indices. 

- Be oriented with raw and standardized rates. 

Vital statistics is concerned with vital events of human life (births, 

deaths and morbidity). Registered data are used for calculation and 

presentation of vital rates which are indices (indicators) of : 

- Health status of the population, especially vulnerable groups. 

- Community development including socioeconomic features, which 

influences health (e.g., education, culture, nutritional status, and 

environment). 

- Effectiveness (efficiency and utilization) of health services. 

I- Birth (fertility) statistics : 

They are presented as "Birth Rates" and "Fertility Rates". 

1- Birth Rate : 

Definition : Birth rate is the number of live births per 1000 

population of a certain locality (or country) and year. 

                 No. of live births in a certain locality and year 

      Birth rate   =                                                                                         X  1000  

                          Midyear population of the same locality and year 
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Birth rate is usually high in developing countries, due to : 

- High fertility motives and behaviors, giving repeated un-spaced 

pregnancies throughout childbearing period, and no practice of birth 

control. 

- Marriage of girls of traditional communities at young age, where 

fertility is higher through a long childbearing period. 

- Birth rate in Egypt : Used to be high (40 - 45) then declined to 

become 37.5 in 1988, reached 29/1000 in 1996 and 26 / 1000 in 

1999, and further lowering is expected (the rate is 15  or less in 

developed countries). What is the current birth rate in egypt? 

2- Fertility Rates : 

A woman is considered fertile when she has ever born a baby. A 

number of fertility rates (indices) are calculated each having 

particular significance. 

a) General fertility rate (GFR) : 

Definition : it is the number of live births per 1000 females of childbearing 

period in a certain locality (or country) and year. Childbearing period is 15 – 

44, or 15 – 49 years old. 

No. of live births in certain locality and year 

    GRF =                                                                                                        X 1000  

     No. of females in childbearing period of same locality and year 

    It is about 3.6/1000 in Egypt in 1996. What is current fertility rate in Egypt? 

b) Age-specific Fertility Rate : (Age-specific Birth Rate) 

Definition : it is "total fertility of a particular age group" (of the 

seven 5-year groups) to get the average number of live births born 

to 1000 females in each of the 5 years of the age groups in a given 

locality and year.  
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Childbearing period (15 – 49) includes seven 5-year age groups. 

The total fertility of the such seven age groups is the number of live 

births born to1000 females of this group in a given locality and 

year. Total fertility of all females in childbearing period = sum of 

total fertility of the seven 5-year age groups. 

Advantage : Age-specific fertility rate is a better index of fertility 

than the GFR as it considers differences in age distribution of 

females in populations of different countries.  

c) Fecundity Rate : 

Definition : It is the number of live births per 1000 married women 

of childbearing age in a certain locality and year. It is a valuable 

index of fertility being calculated for married not all females in 

childbearing period. 

II-  Morbidity Measures : 

Calculation of disease frequency is based on the calculation of 

prevalence and incidence. Before calculation we should know the 

meanings of population at risk ratio, proportion and rate. 

Population at risk : 

An important factor in calculating disease frequency is the correct 

estimate of the numbers of people under study (population at risk). 

Ideally these numbers should only include people who are potentially 

susceptible to the diseases being studied; e.g., men should not be 

included when calculating the frequency of cervical cancer. 
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Ratio : 

The simplest relation between numbers is a ratio and is expressed as 

X:Y (part : part) e.g. there is 20 male students and 10 female students 

in a classrooms, the ratio of male to female in this classroom is 20:10 

or 2:1 

Proportion : (part / total) 

The relation between 2 numbers where one of them (the numerator) is 

always included in the other (the denominator). It is expressed as x / 

(x + y) x k (k is a constant value usually = 100) and in this case the 

proportion is called percent. In the above example the proportion of 

males is 20 / 30  x 100 = 66.7% 

Rate :  

It is a measure of the change of a quantity per unit time. For example 

if there is 1000 infants  are vaccinated with BCG vaccine during 2011  

and 200 failed to form scar, the proportion  of failure of vaccination 

will be 200/1000 and when we express this proportion per time it 

becomes a rate ; the failure rate will be 200 / 1000/ year. 

Measuring disease in a population : 

1- Prevalence rate : 

Prevalence is the frequency of existing cases in a defined population 

at a given point in time. Prevalence rate (P) of a disease is calculated 

as follows : 

               Number of people with the disease or condition at a specified time × 10n 

      P =  

                  Number of people in the population at risk at the specified time 
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Factors influencing prevalence of a disease : 

Increased by Decreased by 

Longer duration of the disease Shorter duration of the disease 

Prolongation of life of patients without cure High case-fatality rate from disease 

Increase in new cases (increase in incidence) 
Decrease in new cases (decrease in 

incidence) 

In-migration of cases In-migration of healthy people 

Out-migration of healthy people Out-migration of cases 

Improved diagnostic facilities (better reporting) Improved cure rate of cases 

2- Incidence rate :   

The incidence of disease represents the rate of occurrence of new 

cases arising in a given period in a specified population. Incidence 

rate (I) is calculated as follows : 

                       Number of new events in a specified period  (×10n) 

      I  =  

                     Number of persons exposed to risk during this period 

Differences between prevalence and incidence. 

 Prevalence Incidence 

Numerator 
Number of existing cases of disease  

at a given point of time 
Number of new cases of disease 

Denominator Population at risk Population at risk 

Focus 

- Presence or absence of a disease 

- Time period is arbitrary ; rather a 

“snapshot” in time 

- Whether the event is a new 

case 

- Time of onset of the disease 

Uses 

- Estimates the probability of the 

population being ill at the period 

of time being studied. 

- Useful in the study of the burden 

of chronic diseases and 

implication for health services 

- Expresses the risk of 

becoming ill 

- The main measure of acute 

diseases or conditions, but 

also used for chronic diseases 

- More useful for studies of 

causation 
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III- Mortality Measures : 

Causes of death are recorded on a standard death certificate, which 

carries information on age, sex, and place of residence. The 

International Statistical Classification of Diseases and Related Health 

Problems (ICD) provide guidelines on classifying deaths. The 

procedures are revised periodically to account for new diseases and 

changes in case-definitions, and are used for coding causes of death. The 

International Classification of Diseases is now in its 10th revision.  

Limitations of death certificates : 

Data derived from death statistics are prone to various sources of error and 

provide invaluable information on trends in a population’s health status. 

The usefulness of the data from death certificate depends on :  

- The completeness of records. 

- The accuracy in assigning the underlying causes of death, Mortality 

(death) statistics is important for assessing the burden of disease, as 

well as for studying changes in diseases over time. So, the provision of 

accurate cause-of-death information is a priority for health services. 

i. Mortality of Diseases : 

Deaths of a particular disease can be presented in the following 

mortality rates :  

1) Case-fatality Rate :  

It is the number of deaths of a particular disease per 100 cases in a 

certain locality (or country) and year. 

                        No. of deaths of a particular disease  

                       in certain year and locality 

      Case fatality rate  =                                                                                  100 

                         No. of reported cases of this particular 

                      disease in same year and locality 
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In outbreaks of diseases in a confined community, case-fatality rate is 

the number of deaths per 100 diagnosed cases during the period of 

outbreak. Case-fatality rate of a particular disease varies with severity 

of disease and whether complicated, early diagnosed, treatment is 

available, and health status of cases. For example, in case of 

meningococcal meningitis, case- fatality rate was high (more than 50%) 

in the past, and then declined with early diagnosis and availability of 

chemotherapy to below 5%. Invariably fatal infectious diseases (case-

fatality is 100%) : 

- Rabies, pneumonic plague and pneumonic anthrax, which are acute 

rapidly fatal diseases. 

- ADIS : chronic infection, which is fatal after some varied period of 

time (months or years). 

2) Mortality Rate of a particular disease : "cause-specific rate" 

It is used for chronic disease (e-g pulmonary tuberculosis) in developing 

countries, where accurate number of cases occurring within a year is not 

available, due to deficient case finding and reporting.  

Definition : Mortality rate of a particular disease is the number of deaths of 

disease per 100,000 population in a certain locality (or country) and year. 

Mortality rate of pulmonary tuberculosis in Egypt, for example, was 

47/100,000 in 1947 and declined to below 2/100,000 at present (why?). 

3) Proportionate Death Rate : 

It is the percent proportion of the number of deaths of a particular disease 

to total deaths in a certain locality (or group of population, or country) and 

year. It shows the relative mortality role of each disease for a particular 

group (e.g., infants and preschool children), or population. Therefore, 

causes of death can be arranged by their magnitude and leading causes 

(major causes) of death can be found. 
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ii. Death Statistics : 

1) General or Crude Death Rate :  

- General death rate : As it represents all deaths, for all ages and 

causes, and not for specific group or cause. 

- Crude death rate : Being not suitable for comparison with other 

countries and needs adjustment first. 

Definition : The general death rate is the total number of deaths per 1000 

population of a certain locality (or country) and year. It is about 8/1000 in 

Egypt in 1996 and 7/1000 in 1999. What is current crude death rate in 

Egypt? 

 Total number of deaths of a certain locality and year 

Crude death rate  =                    x 1000 

                     Midyear population of same locality and year 

Value of death rate : 

1. Death rate is influenced by certain specific and general factors and can 

thus be used for comparison of these factors : 

- For different years in a particular country. 

- In-between different countries provided they have more or less 

similar age and sex distribution of the population. 

2. Death rate is a direct index of specific factors related to morbidity. 

- Health status of the population, and health problems of the 

community. 

- Effectiveness (efficiency and utilization) of health services. 

3. Death rate is indirect index of genera! factors influencing exposure to 

morbidity and mortality : 

- Socioeconomic and community development. Unsatisfactory 

development is characterized by unsanitary environment, poor 

living conditions, malnutrition and others. 
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- Education,    culture,    traditions   and health awareness and 

behavior of the population. Illiteracy, and faulty traditional beliefs, 

habits and lifestyle predispose to morbidity. 

How to explain decline of death rate of Egypt : 

General and specific factors contribute to prevention and control of 

morbidity, and thus lower mortality : 

1- Progressive community development, with better socioeconomic and 

environmental circumstances. 

2- Upgraded primary health care, which provide preventive and curative 

health services for urban and rural population. 

3- Prevention and control of communicable diseases that have 

significantly lowered deaths caused by such diseases. 

2) Specific Death Rates : 

The general death rate represents total deaths per 1000 population, 

while specific death rates represent deaths of a particular group of 

the population per 1000 individuals of the group. The group may be 

represented by age, sex, social, occupation, or some other variable. 

Age-Specific death Rate 

Deaths notified to the health office are registered in the "death 

record" under the following groups, in years : 

- Below one year ; Infant Mortality Rate (IMR).   

- Children 1 – 5 year's mortality. 

- 5 – 14 years old. 

- 15 – 44 years old.  

- 45 – 59 years old  

- 60 years old and over.    
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Chapter (9) 

Hospital statistics 

 

By the end of this chapter, the student should be able to : 

- Know and calculate inpatient census. 

- Understand and calculate measures of efficiency of bed 

utilization. 

Hospital statistics use three sources of data : 

1- The number of patients disposed (discharged, died or transferred 

to another hospital) during the period. 

2- The number of beds available in the hospital. 

3- The number of patients occupying a hospital bed each night. 

Inpatient census : 

It is the number of inpatients present at any time. It may be taken at 

any daily fixed and convenient time (census-taking time). However, it 

is usually taken at midnight. 

Daily inpatient census : 

It is calculated as follows : 

The patients remaining in the hospital at the census-taking time for a 

specific day + (the admissions – the discharges, including deaths for 

the following day)        the patients remaining at the next census-

taking time. 

Inpatient service day (inpatient day) : 

It refers to the services received by one inpatient in one 24-hour 

period. The “24-hour period” is the time between the census-taking 

hours of two successive days. For example : when the census-taking 
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time is midnight , the 24-hour period will be 12:01 A.M. through 

12:00 P.M. (the same as the calendar day). 

N:B  

- One inpatient day must be counted for each inpatient admitted and discharged 

during the same day (between two successive census-taking hours i.e inpatient 

service day should never be reported as a fraction of a day. 

- Inpatient census is used to calculate the inpatient service days, as every inpatient 

receives one inpatient service day each day he is hospitalized.  Many inpatient 

service days are usually provided by a hospital on any one day.     

Q- Why the number inpatient service days for a specific day is 

usually more than the corresponding daily inpatient census 

for that day? 

Example : 

At a certain hospital, the census-taking time is midnight, the number of 

patients in that hospital at midnight June 19 was 475, number of patients 

admitted on June 20 was 42, number of patients discharged (including 

deaths) on June 20 was 16. The number of patients both admitted and 

discharged (including deaths) on June 20 was 6. 

- Calculate the daily inpatient census for June 20? 

- Calculate the inpatient service days for June 20?  

Answer : 

Daily inpatient census for June 20 = 475 + (42 – 16) = 475 + 26 = 501 

Inpatient service days for June 20 = 501 + 6 = 507 

Average daily inpatient service days : 

The formula to obtain the average daily inpatient service days for a 

hospital during a certain period is  

Total inpatient service days for the period 

Number of days of the same period 



 Prof. Khalil M. Ayad                                                 الادارة العامة للتعليم الفني الصحي

 

 
175 

Example : 

A hospital provided 960 service days to patients during November. 

Calculate the average daily inpatient service days for during this month. 

Answer : 

According to the formula, it is  960 / 30 = 32  

The average daily inpatient service days during November was 32 

How to measure the extent and efficiency of hospital 

beds utilization ?  

There are many summary statistics which are commonly used to 

measure the degree of bed utilization in a hospital including : 

(1)  The number of bed-days used : 

It is the sum of the occupied bed counts during a certain period. 

(2) The bed-days available :  

It is the number of beds available in the hospital. We can calculate the 

number of bed-days available during a certain period by : 

The number of beds available X number of days covered by the period. 

(3) The bed occupancy rate : 

It is the percentage of available bed-days that were actually used during 

a certain period. That is 

               

                    Number of bed-days used 

 Bed occupancy rate  =                                                    x    100 

                 Number of available bed-days 
 

Example : 

If there are 50 beds in a hospital, over a 30 day period 

               1500 bed-days available. If the number of bed-days used over that 

period is 1200, then : 
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1200 

  The bed occupancy rate is                             x  100  =  80% 
       1500 
N:B 

Bed occupancy rate over 100% can occur indicates that an extra number of beds have 

to be provided. 

(4) The daily bed occupancy rate : 

It is the mean number of patients occupying a bed per day. It is 

calculated by dividing the average daily inpatient service days by the 

number of beds available. 

(5) The average length of stay : 

It is the mean time per patient that a hospital bed is occupied during a 

period of time. It is calculated by dividing the number of bed-days used 

during a certain period by the number of disposals during the same 

period. 

Importance : 

- It is a measure of the efficiency of hospital care (how quickly patients are dealt 

with) 

- When comparing length of stay between hospitals, it is very important to 

consider the medical specialty, type of patients and facilities available. 

(different illnesses require different periods of hospitalization). 

(6) The average turnover : 

It is the mean number of patients that have occupied any one bed 

during a period. It is calculated by dividing the number of disposals 

(discharges) by the average number of available beds. 

(7) The average turnover interval : 

This is the mean length of time that a hospital bed is left empty between 

two successive patients.  
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                         Number of bed-days available – number of bed-days used 

It is =   
         Number of disposals during a period  
 

This rate is important to indicate the efficiency of hospital scheduling 

procedures for non-emergency admissions. Where it is important to 

avoid delay in replacing departing patients, assuming that the demand 

for places in hospital is always greater than the supply. 

Exercise : 

1- Define : 

- Inpatient census. 

- Daily inpatient census. 

          

2- During 1995 a hospital ward with 20 beds had complete bed 

availability each day and had no occasion to borrow beds from 

other wards. The midnight occupied bed counts over the year 

produced the following distribution : 

Number of occupied beds    12   13   14   15   16    17   18   19    20 

 Number of days                   2    14   31   64   116  78   24   18  18 

 

Calculate the following : 

a- Daily bed occupancy rate. 

b- The average length of stay, given that 850 patients were discharged, 

transferred or died in 1995. 

c- The average turnover. 

d- The average turnover interval. 
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