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Biostatistics

(a portmanteau word made from biology and 

statistics) 

The application of statistics to a wide range of topics 

in biology. 

http://en.wikipedia.org/wiki/Portmanteau
http://en.wikipedia.org/wiki/Statistics
http://en.wikipedia.org/wiki/Biology


Biostatistics

It is the science which deals with development and 

application of the most appropriate methods for 

the:

➢Collection of data.

➢Presentation of the collected data.

➢Analysis and interpretation of the results.

➢Making decisions on the basis of such analysis 



Some basic concepts

➢ Data: the row material of Statistics  

Source of data 

1- Routinely kept records

2- survey

3-Experiment

4-External resources



Types Simple random sample

• Simple random sample

– Systematic random sample

– Unsystematic random sample

– Stratified random sample

– Cluster sample

– Purposive sample



Types Simple random sample

• Simple random sample

– Systematic random sample
– A systematic random sample is created by selecting a random 

starting point from a list and then choosing every nth element 

thereafter to form the sample. For example, to survey 200 out of 

1,000 customers, calculate the sampling interval by dividing the 

population size by the desired sample size (1,000/200 = 5). Then, 

select a random starting point from the first five customers (e.g., the 

3rd customer), and proceed to select every 5th customer from that 

point forward (3rd, 8th, 13th, etc.) until the sample of 200 is 

complete.



Types Simple random sample

• Simple random sample

– Stratified random sample



Data

Numerical 
(Quantitative)

Ex: Blood pressure 

Categorical 
(Qualitative)

Ex: Male, Female



Categorical Data 

More then then 
Categories

Ex: Blood Group (A, B, 
AB, O)

 

Two Categories
Ex:
 1-Male, Female

2- Married, Single



Numerical Data 
➢ .1-Discrete data: Observation commonly take certain 

numerical.

Ex:  Number at children in a family.

➢ Continuous data: data are usually obtained by 
some format at measurements. 

Ex: Height, Weight ,age.



Other type of data
1. Ranks. Ex:drug1, drug2, drug3

2. Percentages.  Ex: 85%, 90%

3. Rations. Ex: death rate.

4. Scores. Ex: patients classify a skin rash

5. Scale. Ex:

    
No pain

Unbearab
le pain



  Populations

     Finite 

 Populations  

         Infinite



  Population 

•  Finite: It is possible to collect data on everyone    in the 
population

• Example student’s height at university of Kufa

• Infinite: It is not possible to collect data on everyone in the 
population

• Example: number of bacteria in a study field.



Statistics

Descriptive Inference
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Methods of presentation of data 

Numerical presentation  

Graphical presentation  

Mathematical presentation 

 



1- Numerical presentation 

Tabular presentation (simple – complex) 

Name of variable 

(Units of variable)  
Frequency % 

-  

- Categories 

-  

  Total  

Simple frequency distribution Table (S.F.D.T.)    

Title 

 



1- Numerical presentation 

Tabular presentation (simple – complex) 

Simple frequency distribution Table (S.F.D.T.)    

• Ex: The following data shows   the age of 30 patients  

23      27        20      22        33         33       43     42     39     
27      36        43      24       25          26       31     40     43       
30      35        27      29        28          34      21     27     26       
32        37        37 

• From these data Find  A frequency distribution table    

 



1- Numerical presentation 

Tabular presentation (simple – complex) 

Simple frequency distribution Table (S.F.D.T.)    

Sol: 

1- simple size (n)=30 

2- Range=max value- min value = 43-20 =23 

3- Number of class= 1+3.322log(n)=1+3.322log(30) 
=1+3.322(1.477)=6 

4- Leangth of class=R(Range)+1/K(number of 
class)=23+1/6=4 

 



1- Numerical presentation 

Tabular presentation (simple – complex) 

Simple frequency distribution Table (S.F.D.T.)    

Class (5) Frequency (fi) (6) 

20-23 4 

24-27 8 

28-31 4 

32-35 5 

36-39 4 

40-43 5 



EX: 50 patients at the surgical department of Alexandria 
hospital in May 2008 according to their ABO blood groups 

no. ABO blood  no. ABO blood  no. ABO blood  no. ABO blood  no. ABO blood  

1 A 11 AB 21 B 31 AB 41 A 

2 O 12 B 22 B 32 B 42 B 

3 O 13 AB 23 B 33 B 43 B 

4 AB 14 A 24 AB 34 O 44 O 

5 B 15 A 25 A 35 O 45 O 

6 B 16 B 26 O 36 O 46 A 

7 A 17 O 27 A 37 A 47 B 

8 A 18 O 28 O 38 A 48 B 

9 O 19 O 29 B 39 B 49 B 

10 O 20 B 30 A 40 O 50 B 



Table (I): Distribution of 50 patients at the surgical 
department of Alexandria hospital in May 2008 

according to their ABO blood groups 

Blood group  Frequency  %  

A 

B 

AB 

O  

12 

18 

5 

15  

24 

36 

10 

30  

Total 50 100 



EX: The 20 lung cancer patients at the chest department of Alexandria 
hospital and 40 controls in May 2008 according to smoking 

no. Smoking Lung cancer no. Smoking Lung cancer no. Smoking Lung cancer no. Smoking Lung cancer no. Smoking Lung cancer 

1 Smoker Cases 13 Smoker Cases 25 Smoker Control  37 Non Smoker Control  49 Non Smoker Control  

2 Smoker Cases 14 Smoker Cases 26 Smoker Control  38 Non Smoker Control  50 Non Smoker Control  

3 Smoker Cases 15 Smoker Cases 27 Smoker Control  39 Non Smoker Control  51 Non Smoker Control  

4 Smoker Cases 16 Non Smoker Cases 28 Smoker Control  40 Non Smoker Control  52 Non Smoker Control  

5 Smoker Cases 17 Non Smoker Cases 29 Non Smoker Control  41 Non Smoker Control  53 Non Smoker Control  

6 Smoker Cases 18 Non Smoker Cases 30 Non Smoker Control  42 Non Smoker Control  54 Non Smoker Control  

7 Smoker Cases 19 Non Smoker Cases 31 Non Smoker Control  43 Non Smoker Control  55 Non Smoker Control  

8 Smoker Cases 20 Non Smoker Cases 32 Non Smoker Control  44 Non Smoker Control  56 Non Smoker Control  

9 Smoker Cases 21 Smoker Control  33 Non Smoker Control  45 Non Smoker Control  57 Non Smoker Control  

10 Smoker Cases 22 Smoker Control  34 Non Smoker Control  46 Non Smoker Control  58 Non Smoker Control  

11 Smoker Cases 23 Smoker Control  35 Non Smoker Control  47 Non Smoker Control  59 Non Smoker Control  

12 Smoker Cases 24 Smoker Control  36 Non Smoker Control  48 Non Smoker Control  60 Non Smoker Control  



Complex frequency distribution Table 

Table (III): Distribution of 20 lung cancer patients at the chest 

department of Alexandria hospital and 40 controls in May 2008 

according to smoking 

Smoking 

Lung cancer 
Total 

Cases Control  

No. % No. % No. % 

Smoker 15 75% 8 20% 23 38.33 

Non 

smoker 5 25% 32 80% 37 61.67 

Total 20 100 40 100 60 100 



EX: The 60 patients at the chest department of Alexandria hospital in 
May 2008 according to smoking & lung cancer 

no. Smoking Lung cancer no. Smoking Lung cancer no. Smoking Lung cancer no. Smoking Lung cancer no. Smoking Lung cancer 

1 Smoker positive 13 Smoker positive 25 Smoker negative  37 Non Smoker negative  49 Non Smoker negative  

2 Smoker positive 14 Smoker positive 26 Smoker negative  38 Non Smoker negative  50 Non Smoker negative  

3 Smoker positive 15 Smoker positive 27 Smoker negative  39 Non Smoker negative  51 Non Smoker negative  

4 Smoker positive 16 Non Smoker positive 28 Smoker negative  40 Non Smoker negative  52 Non Smoker negative  

5 Smoker positive 17 Non Smoker positive 29 Non Smoker negative  41 Non Smoker negative  53 Non Smoker negative  

6 Smoker positive 18 Non Smoker positive 30 Non Smoker negative  42 Non Smoker negative  54 Non Smoker negative  

7 Smoker positive 19 Non Smoker positive 31 Non Smoker negative  43 Non Smoker negative  55 Non Smoker negative  

8 Smoker positive 20 Non Smoker positive 32 Non Smoker negative  44 Non Smoker negative  56 Non Smoker negative  

9 Smoker positive 21 Smoker negative  33 Non Smoker negative  45 Non Smoker negative  57 Non Smoker negative  

10 Smoker positive 22 Smoker negative  34 Non Smoker negative  46 Non Smoker negative  58 Non Smoker negative  

11 Smoker positive 23 Smoker negative  35 Non Smoker negative  47 Non Smoker negative  59 Non Smoker negative  

12 Smoker positive 24 Smoker negative  36 Non Smoker negative  48 Non Smoker negative  60 Non Smoker negative  



Complex frequency distribution Table 

Table (IV): Distribution of 60 patients at the chest department of 
Alexandria hospital in May 2008 according to smoking & lung 

cancer 

Smoking 

Lung cancer 
Total 

positive negative 

No. % No. % No. % 

Smoker 15 65.2 8 34.8 23 100 

Non 

smoker 5 13.5 32 86.5 37 100 

Total 20 33.3 40 66.7 60 100 
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2- Graphical presentation 

 Graphs drawn using Cartesian coordinates 

  

•   Line graph 

•   Frequency polygon 

•   Frequency curve 

•   Histogram 

•   Bar graph 

•   Scatter plot 

 

  Pie chart 
 

 Statistical maps 
rules 

http://en.wikipedia.org/wiki/Image:Cartesian-coordinate-system.svg


Line Graph 
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MMR/1000

 

Year MMR 

1960 50 

1970 45 

1980 26 

1990 15 

2000 12 

Figure (1): Maternal mortality rate of (country), 

1960-2000 



Frequency polygon 

Age  

(years) 

Sex Mid-point of interval 

Males Females 

20 - 3 (12%) 2 (10%) (20+30) / 2 = 25 

30 - 9 (36%) 6 (30%) (30+40) / 2 = 35  

40- 7   (32%) 5 (25%) (40+50) / 2 = 45 

50 - 4 (16%) 3 (15%) (50+60) / 2 = 55 

60 - 70 2   (8%) 4 (20%) (60+70) / 2 = 65 

Total 25(100%) 20(100%) 



Frequency polygon 
Age  

Sex 
M-P 

M F 

20- (12%) (10%) 25 

30- (36%) (30%) 35  

40-  (8%) (25%) 45 

50- (16%) (15%) 55 

60-70 (8%) (20%) 65 

0
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15
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35

40

25 35 45 55 65
Age

%
Males Females

Figure (2): Distribution of 45 patients at (place) , in 

(time)  by age and sex 
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          Histogram 
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Figure (2): Distribution of 100 cholera patients at (place) , in (time)  

by age 

Age (years) Frequency % 

25- 

30- 

40- 

45- 

60-65 

3 

5 

7 

4 

2 

14.3 

23.8 

33.3 

19.0 

9.5 

Total 21 100 

        
 
Distribution of a group of cholera patients by age 

 



          Upper Cumulative Frequency (U. C. F) 
Lower  Cumulative Frequency (L. C. F) 

Age 
Group 

 

Fi 

Upper 
Cumulative 
Frequency 

Lower 
Cumulative 
Frequency 

Age 
group 

Cumulative 
Frequency Age 

group 
Cumulative 
Frequency 

10-15 20 -15 20 10- 100 

15-20 32 -20 52 15- 80 

20-25 18 -25 70 20- 48 

25-30 30 -30 100 25- 30 



Bar chart  

% Marital status 

26.3 Single 

42.1 Married 

21.1 Divorced 

10.5 Widowed 



Bar chart 

Female %  Male % Marital status 

33.6 26.3 Single 

39.4 42.1 Married 

13.5 21.1 Divorced 

13.5 10.5 Widowed 



Pie chart  

Translocation 79 

Inverse 18 

Deletion 3 
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3-Mathematical presentation  
Univariate Descriptive Statistics  

 

Why do we need descriptive statistics  

• We use the label univariate descriptive statistics to refer to 
a variety of measures of center and variation that are 
useful for understanding the nature and distribution of a 
single variable.  

• They can allow us to quickly understand a large amount of 
information about a single variable.  

• They make data meaningful  ! 

 

 

 

2/21/2025 2 



 

The Menu of Basic Descriptive Statistics  

•Measures of central tendency  

–Mean, Median, Mode, Midrange  

•Measures of distribution  

–Range, Min, Max, Percentiles  

•Measures of Variation  

–Standard Deviation, Variance, Coefficient of 

Variation   2/21/2025 3 



Measures of Central Tendency - Mean  

 

•The sample mean is the mathematical 

average of the data and is the measure of 

central tendency we use most often. 

 

•  
 

2/21/2025 4 



 

Measures of Central Tendency - Mean  

 

 

 

 

 

 

 

 

 

 

Age of 
Volunteer  

Observation # 
  

 

15 1 

17 2 

17 3 

19 4 

22 5 

26 6 

39 7 

155 

n = the number of observations  

The sum of all of the observations  

2/21/2025 5 



The sample mean  

xi 

 

Class fi 

x1 
x2 
 
. 
. 
. 

xk 
 

 

 

a1-b1 
a2-b2 

 
. 
. 
. 

ak-bk 
 

f1 
f2 
. 
. 
. 
fk 

2/21/2025 6 



fixi xi 
 

fi 

266 
82 

176 
94 

 
618 

38 
41 
44 
47 

 
 
 

 

 

37-39 
40-42 
43-45 
46-48 

7 
2 
4 
2 
 

15 

Ex:Find the arithmetic mean of the following data 

2/21/2025 7 



Weighted arithmetic mean 

XiWi Wi Xi  

X1W1 
 

X2W2 
. 
. 
. 

XiWi 
 
 
 
 
 

W1 

W2 

. 

. 

. 

Wi 

X1 

X2  

. 

. 

. 

Xi  

W1 

2/21/2025 8 



Ex:Find the weighted arithmetic mean of the following data 

XiWi Wi Xi  

540 
350 
120 

 
1010 

6 

5 
2 
 

13 

90 
70 

60  

2/21/2025 9 
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What is the MEDIAN? 

How do we find it? 

The MEDIAN is the number that is in the 

middle of a set of data 
 

1.  Arrange the numbers in the set in 

order from least to greatest. 
 

2.  Then find the number that is in the 

middle. 

 

 
2 



97 84 73 88 100 63 97 95 86 

The median is 88.  

Half the numbers are 

 less than the median.  
Half the numbers are 

greater than the median.  3 



Median 
 

Sounds like 

 MEDIUM  

Think middle when you hear median. 

 
 

4 



How do we find 

the MEDIAN  

when two numbers are in the middle? 

 
 

1.  Add the two numbers. 

 

2.  Then divide by 2. 
 
 

5 



97 84 73 88 100 63 97 95 

88 + 95 =  183  

183 ÷ 2 The median is 

91.5 6 



Grouped data 
Question 

 

Size  

 

 

   f 

0 - 5  

 

20  

 

5 - 10  

 
24 

10 - 15  

 
32 

15 - 20  

 
28 

20 - 25 

 
20 

25 - 30  

 
16 

30 - 35  

 
34 

35 - 40  

 
10 

40 - 45  

 
8 

Answer  

Step: 1 

Class 

interval  

 

    f   C.f 

0 - 5  

 

20  

 
20 

5 - 10  

 
24 

44  

 

10 - 15  

 
32 

  76 

cf 

 ak 15 – 20 
28 

fk 
104  

 

20 - 25  

 
20 124 

25 - 30 16 140 

30 - 35 34 
 

174 

35 - 40  

 
10 184 

40 - 45 8 192 

 

 

7 



8 



What is the MODE? 

How do we find it? 

The MODE is the piece of data that 

occurs most frequently in the data set.  
 

A set of data can have: 

One mode 

More than one mode 

No mode 



97 84 73 88 100 63 97 95 86 

The value 97 appears twice. 

All other numbers appear just once.  

97 is the MODE  



A Hint for remembering the MODE… 

The first two letters give you a hint…  MOde 

Most Often 



Which set of data has ONE MODE?    

9, 11, 16, 8, 16 

9, 11, 16, 6, 7, 17, 18 

18, 7, 10, 7, 18 

A 

C 

B 



Which set of data has NO MODE?    

13, 12, 12, 11, 12 

9, 11, 16, 6, 7, 17, 18 

18, 7, 10, 7, 18 

A 

C 

B 



Which set of data has  

MORE THAN ONE MODE?    

9, 11, 16, 8, 16 

9, 11, 16, 6, 7, 17, 18 

18, 7, 10, 7, 18 

A 

C 

B 



mode O 

0

1

2

3

4

5

6

A B O AB

F
re

q
. 

ABO Groups 



A C A D F D B D C C 

Mode 
D,C 

Two Mode 



Ex:In A frequency distribution 
table  find The MODE 

Age class Fi 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

5 

4 

7 

6 

5 

3 

  



This one is the requires more 

work than the others. 

Right in the 

MIDDLE.   

This one is the easiest to 

find—  Just LOOK.   



Find the…. 





Find the…. 
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Set 1 : 7 , 8 , 9 , 10 , 11 
Set 2 : 3 , 6 , 9 ,12 ,15 
Set 3 : 1 , 5 , 9 , 13 , 17 

Mean = 9 
Mean = 9 
Mean = 9 

Range = 4 
Range= 12 
Range =16 

Example 



 

Measures of distribution  

The Range 
The range of a sample is the difference between the 

highest value and the lowest value.  

 

15   17  17  19  22    26      39 

 

In our example the Range = 39 – 15 or 24; there are 24 

years between our youngest and oldest volunteers in 

the sample. 



Measures of Variance 

Where measures of central tendency try to 
give us an idea of where the middle of 
the data lies, measures of variance (or 
variation) tell us about how the data is 
distributed around that center.  

Our three primary measures of variance 
are: 

- Mean Deviation   

–Standard Deviation,  

–Variance and  

–Coefficient of Variation  



Mean 

Deviation 

frequency 

distribution 

Table 



Example: 6     7     10     8     5     4     9     7 

Find the 

mean 

Mean 

Deviation 

6 

7 

10 

8 

5 

4 

9 

7 

∑ 

-1 

0 

3 

1 

-2 

-3 

2 

0 

1 

0 

3 

1 

2 

3 

2 

0 

12 



مثا
 ل

Example: find the Mean Deviation for frequency 

distribution Table 
  

class 

2 3 2-4 

5 7 5-9 

9 11 10-12 

7 15 13-17 

2 19 18-20 

25 ∑ 

6 

35 

99 

105 

38 

283 

- 8.32 

- 4.32 

- 0.32 

3.68 

7.68 

 8.32 

4.32 

0.32 

3.68 

7.68 

16.64 

21.60 

2.88 

25.76 

15.36 

82.24 

fi 
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Measures of Variance – Standard Deviation  

   

A:Sample Standard Deviation:   

 

Population Standard Deviation: σ =  

 

 

The Standard Deviation is a measure of the 

variation of values around the mean. 

 



B: Sample Standard Deviation:   

 

 

Population Standard Deviation: σ = 



Some Key Points for Understanding 

Standard Deviation 

•   The standard deviation is always positive.  

•  The standard deviation of a sample will always be in      

the same units as the observations in the sample.  

•  Extreme values or outliers can change the value of 

the standard deviation substantially.  

•  The size of the sample will affect the size of the 

standard deviation; as the sample size increases, the 

size of the standard deviation decreases.  

 



Measures of Variance - Variance 

 
•  The variance of a sample is just the standard 

deviation of the sample squared.  

A: Sample Variance:   

     

 Population Variance: σ2 = 

 

B: Sample Variance:   

      

Population Variance: σ2 = 

 



Note: Also can be calculator  standard deviation by used 
the  
 
formula: 
 
 
 and   variance   
      



Back to our example 

•In our sample of volunteer ages, the mean was 22.14 years.  

 15     17    17      19     22    26       39 

 

• We can calculate the standard deviation to better understand how the values or 

distributed around that mean.  

 

 
xi 

50.9796 -7.14 22.14 15 

26.4196 -5.14 22.14 17 

26.4196 -5.14 22.14 17 

9.8596 -3.14 22.14 19 

0.0196 -0.14 22.14 22 

14.8996 3.86 22.14 26 

284.2596 16.86 22.14 39 

412.8572 



. 



Ex: Find Sample Standard Deviation to table following 

 

 

 

 

 

 

 

 

 

 

 

S= 1.915      

S2 =3.667    

 

Mi fi 

6.25 6.25 -2.5 4 1.5 1-2 1 

0.25 0.25 -0.5 4 3.5 3-4 1 

4.50 2.25 1.5 4 5.5 5-6 2 

11 4 



Measures of Center – Coefficient of 

Variation  
• The Coefficient of Variation (CV) is a measure of the standard 

deviation of a sample relative to its mean.  

• CV’s can be useful when you are comparing the standard 

deviations of variables that are in two different units.  

An example: You are comparing the heights and weights of fourth 

graders.  

  

       Height                                    Weight 

           = 52”                                      = 80 Ibs.                    

   

     S = 4” .                                    S = 10 lbs.  

 



Which variable has greater variance? How can we compare 4” to 

10 lbs? 

                                        Height                                   Weight                                                               

                                             =52                                       =80 Ibs 

                                             

                                          S = 4” .                                   S = 10 lbs.  

                                                      

                                

CV=8%                                       CV=12.5% 

  

The standard deviation of height is 8% of the mean of height, 

where as the standard deviation of weight is 12.5% of the 

mean of weight, so there is greater variation in the weight of 

the fourth graders than in the height. 
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Objectives 

In this chapter, you learn:  

 How to use regression analysis to predict the value of a 

dependent variable based on a value of an  independent 

variable 

 To understand the meaning of the regression coefficients 

a and b 

 To evaluate the assumptions of regression analysis and 

know what to do if the assumptions are violated 

 To make inferences about the slope and correlation 

coefficient 

 To estimate mean values and predict individual values 

 2 



3 

Introduction to Linear Regression 

• The Pearson correlation measures the 

degree to which a set of data points form a 

straight line relationship.  

•  Regression is a statistical procedure that 

determines the equation for the straight 

line that best fits a specific set of data.   



4 

Introduction to Linear Regression (cont.) 

• Any straight line can be represented by an 
equation of the form Y = a + bX  , where b 
and a are constants.   

• The value of b is called the slope constant 
and determines the direction and degree 
to which the line is tilted.   

• The value of a is called the Y-intercept and 
determines the point where the line 
crosses the Y-axis.  
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Introduction to Linear Regression  

 Regression analysis is used to: 

 Predict the value of a dependent variable based 
on the value of at least one independent 
variable 

 Explain the impact of changes in an 
independent variable on the dependent variable 

 Dependent variable:    the variable we wish to 
             predict or explain 

 Independent variable:  the variable used to        
                                predict or explain the  
        dependent variable 
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Introduction to Linear Regression  

The equation for the regression line is 
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Simple Regression Example 

The following data are diastolic blood pressure 

(DBP) measurements taken at different times 

after an intervention for n = 5 persons.  For each 

person, the data available include the time of the 

measurement and the DBP level.  Of interest is 

the relationship between these two variables.  
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        Time       DPB 

Patient        x      x2       y      y2    xy 

1 0 0 72 5,184 0 

2 5 25 66 4,356 330 

3 10 100 70 4,900 700 

4 15 225 64 4,096 960 

5 20 400 66 4,356 1,320 

Sum 50 750 338 22,892 3,310 

Mean 10 67.6 

n 5 5 
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For the blood pressure data,  

 the slope is  
 

and the intercept is 

 

The best line is 
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  Time  DBP 

Patient  x  y 

1  0  72 

2  5  66 

3  10  70 

4  15  64 

5  20  66 
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