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The main issue in this topic: 
• The relationship of all phenomena in nature, society, with human health and society; 
• Types of communication in the density and direction; 
• Methods of assessing and determining the correlation coefficient;
• Determining the reliability of the correlation coefficient; 
• The application and calculation of regression coefficient. 

Questions for controlling the initial level of knowledge of students: 
1. What is the correlation? 
2. Kinds of correlation examples? 
3. What is forward and backward linkages? 
4. Determination of correlation by the method of Pearson's formula for calculating? 
5. Determination of correlation by the method of Spearman, the formula for calculating? 
6. What is regression? 
7. Shows that the regression coefficient, the formula? 

Subject lessons Parametric methods for estimating the reliability of the results of statistical research. 
  
1st place for lessons, equipment: 

• Department 
• Handout 
• Typical problem 
• Microcalculators 
2. The duration of the study subjects: 2 hours 
 3. Session Purpose: Students must understand the concept of "correlation and regression, and learn its practical application, that is, learn to determine the strength and direction of the relationship between the two phenomena 

Upon completion of training the student should 
A) to know: 
• The concepts of correlation and regression; 
• the formula for calculating the correlation coefficient by the method of ranks; 
• Determination of the correlation coefficient by the method of squares; 
• assessing the validity of the correlation coefficient; 
• assessing the level and direction of communication on the correlation coefficient 
• identification, the use of regression coefficient. 

B) be able to: 
1. To determine the extent of the correlation coefficient by the method of ranks. 
2. To determine the extent of the correlation coefficient by the method of squares. 
3. Determine the regression coefficient. 
4. Be able to evaluate the reliability of the correlation coefficient. 
5. Correctly estimate the direction, strength, respect and draw the appropriate conclusion. 

4. Motivation: The widespread introduction of computers and modern technology in modern medical practice and science led to the inevitable necessity of knowledge of biostatistics in the daily work of a physician and a follower and an understanding of basic statistical terms. The student must learn not only to calculate basic statistical quantities, but to be able to evaluate their relationship and formulate sound conclusions. 

4. Interdisciplinary and intodisciplinary links:

It is envisaged continuity in teaching the following disciplines: biological physics and statistics, philosophy and economics, normal and pathological physiology, clinical disciplines of medicine, surgery, obstetrics, gynecology, pediatrics, dentistry, hygiene and epidemiology. 

4. CONTENTS THEMES 

Theoretical part 
All phenomena in nature and society are interconnected, as well as in human health, always possible to determine several signs interdependent of each other. Correlation - a Latin word meaning a relationship or interdependence. 

 Distinguish the functional and correlation 
• The functional relationship, which is characteristic for the more mathematical and 
physical - chemical processes of each single attribute value corresponds to a strictly determined value of another trait. That is, when you change one value interconnected with it is another value is changed by an appropriate amount (as for example, change the radius changing area of ​​a circle or an increase in temperature increases the amount of body heat, etc.) This happens because at this pair of attributes has no influence other constituents. 
• The correlation of one magnitude corresponds to a few others, varying around its mean. This kind of communication occurs only with massive research rather than in each individual case. An example of correlation can serve as the dependence of body weight on his growth. In this case, the amount of weight affects not only the growth of man, but is also influenced by nutrition, health, neuro-psychological state it.d. 
By the nature of communication can be forward and backward. 
• If a direct connection - a change in one trait is in the same direction as the change in another trait. For example, with increasing growth of the child increases its weight. A direct link is denoted by a plus sign (+). 
• If the feedback - with a change in one trait in one direction, another sign of change in the opposite direction. For example, the increasing number of preventive vaccinations, the number of infectious diseases is reduced, or an increase in air temperature, reducing the number of bronchitis. The correlation coefficient, which characterizes the feedback, will mark a sign (-). 
Correlation can be rectilinear and curvilinear. 
The straight-line relationship is characterized by a relatively uniform changes in the mean values ​​of one trait with equal changes in the other. 
   Curvilinear relationship, characterized by the fact that, for equal changes in one trait can be observed increasing and decreasing the value of another trait 
   Idea of ​​the size, nature and direction of relations between phenomena or symptoms makes a statistic called the - correlation coefficient.  Quantity, which varies from ( 1 to 0. Full link is estimated by the correlation coefficient equal to unity, the lack of communication - zero (0). 

Determining the strength and direction of communication on the correlation coefficient. 

	Evaluation of the correlation
	values ​​of the coefficients of correlation

	
	Direct correlation (+)
	inverse correlation (-) 

	There is no connection
	0
	0

	Small, weak
	От 0   до  + 0,3
	От 0   до  - 0,3

	Average
	От 0,3   до  + 0,7
	От 0,3   до  -  0,7

	Big, strong
	От 0,7   до  + 1
	От 0,7   до  - 1

	Full
	+1
	-1



There are several ways to determine the correlation coefficient. 
 Consider two most popular ones: 
• Method of ranks (Spearman). 
• Method of simple correlation (Pearson). 
1. Method or Spearman rank correlation method - is the simplest way to measure the bond, but less accurate. This method is applied with a small number of observations, ie when the number of binary features less than 30 when there is no need for the exact amount of communication, but we need only approximate data, and when one or both of the signs marked qualitative characteristics. The method is based on assigning each attribute sequence number, depending on its value, rather than on the location of. The smallest feature gets the smallest rank. If the signs have the same value of their serial numbers are added and the average value, which is the desired rank. Then you define the difference between the ranks (d), which, after some 
The formula of the coefficient of rank correlation: 

                                   ρo = 1 - (6 * Σ d2) / n * (n2 - 1) 
• Where: ρo - rank correlation coefficient 
• n-number of pair members, signs 
• d-difference between the ranks 
• Σ-sum 
• 1 and 6 - the number of permanent 
Objective: To determine the nature and size of the connection between the experience of women weavers and a decrease in hearing from them. 
	Record of service 
      (X) 
	Diminished hearing 
 in% (y)
	ranks 
	The difference between the ranks of the

	
	
	   х
	   у
	     (d)

= (х-у)
	   (d) 2

	До 1 года

1 – 4 г.

5 – 9 л.

10 – 14 л.

15 – 19 л.

20 – 24 л.

25 – 29 л.

30 и более


	1,0

6,0

10,0

8,0

15,0

12,0

15,0

20,0
	1

2

3

4

5

6

7

8
	1

2

4

3

6,5

5

6,5

8
	0

0

-1

+1

-1,5

+1

+0,5

0
	0

0

1

1

2,25

1

0,25

0



Σ (d) 2 = 5.5 

The correlation coefficient of 1 - 6 * 5.5 / 8 * (64 - 1) = 1 - 33 / 512 = 1 - 0.05 = 0.95 

Conclusion: The correlation coefficient of 0.95 indicates a strong connection to the line, with increasing length of service increased rate of hearing loss in weavers. 

2. Sposob squares (simple correlation) - method of Pearson. It applies in cases where the number of binary option does not increase the 30, if necessary, to define more precisely the size of communication, with the signs must have a precise mathematical expression. The method is based on the determination of the mean value for each group of signs and determining the deviation of each feature from its mean value. 
• Pearson's coefficient is calculated as: 
                         r x y  = (∑ dх* dу )/ √ (∑ d2х* d2у )

• where dx * dy - deviations from its medium variant 
• dx = Vx-MX 
• dy = Vu - Mu; 
• rxy - correlation coefficient 
   Example: Determine the nature and size svzi between the maximum and minimum pressure in people aged 25 to 45 years. 
	Maxim. 
Pressure (x) 
	Min. 
pressure (y) 
	dх
	dу
	dх 2
	d2у
	dх* dу

	126

126

129

126

136

136

136

130

131

135
	76

81

81

94

96

101

101

102

102

104
	-5,1

-5,1

-2,1

-5,1

+4,9

+4,9

+4,9

-1,1

-0,1

+3,9
	-17,8

-12,8

-12,8

+0,2

+2,2

+7,2

+7,2

+8,2

+8,2

+10,2
	26,01

26,01

4,41

26,01

24,01

24,01

24,01

1,21

0,01

15,21
	316,84

163,8

163,8

0,04

4,84

61,84

61,84

67,24

67,24

104,04
	+90,78

+65,28

+26,88

-1,02

+10,78

+35,28

+35,28

-9,02

-0,82

+39,78

	∑х 131

nx = 10
	∑у 938

ny = 10
	
	
	 ∑ = dх 2
170.9
	∑= d2у
991.4
	∑dх* dу

293,2



The sequence of calculations: 
• Find the MX and Mu M = Σ V / n 
• MX = 1311/10 = 131.1 Mu = 938/10 = 93.8 
• Determine the deviation of the d x = 126 - 131,1 = -5,1 d y = 76 - 93.8 = -17.8 
• Find the sum Σ d x 2 = 170.9, and Σ d y 2 = 991.6 
• Find the product of d x d x, and Σ d x d x = 293.2 
• Compute (Σ dx * dy) / √ (Σ d2h d2u *) = 170,9 * 991,6 / √ 293,2 = = +0,71 
   

 Conclusion: The correlation coefficient = 0.71 indicates a direct link between the level of maximum and minimum pressure. 
· 
In order to determine how much the result obtained by sampling will be different from the results obtained in the continuous study (general population) is necessary to calculate the correlation error () 
• m r = ± 1 -  r 2x y    √ (n2-  2)  for the method of squares 
• m ρ = ± 1 -  ρ2о  √ (n2-  2)  for the fashion ranks 
• To assess the reliability of the correlation coefficient to calculate the criteria of reliability (t), as follows: 
• t =  r x y / m r ≥ 3        t =  ρо  / m ρ ≥ 3 

· • The correlation coefficient is considered valid in the case when its value exceeds its average error is not less than 3 times. In our example: 
   1-0,772 / √ 10-2 = 0,14 t = 0,77 / 0,14 = 5,5 

 Conclusion: The strong association between the maximum and minimum pressure is reliable as «t» more than 3 
   The correlation coefficient indicates only the direction and strength of the relationship between two variables, but does not allow to judge about how to quantify the value of a change with changes in another trait. 
   The answer to this question is provided by the application of the method of regression. 
   Regression - a feature that allows for the largest single correlated (related) feature to determine the average value of another trait. 
    Using regression seeks to find out how to quantify changes in the value of a change in another quantity per unit. 
   Regression coefficient Rx / y is used to measure the size of this change, it shows the absolute value of which on average will change sign when the other one. Calculated using the following formula: 
• R x/ y = ( δ y / δ x) * r x y   

• Where δ y and δ x - mean square deviation of signs of x and y 
 rxy - correlation coefficient. 
Example: From the previous table we calculate 
• δ = ± √ Σ d2 / n - 1 for the simple average 
• δ x = ± √ 170,9 / 10 - 1 = ± 4,3 
• δ y = ± √ 991,4 / 10 - 1 = ± 10,5 
• Substitute values 
• Rx / y = (10,5 / 4,3) * 0,71 = 2,4 * 0,71 = 1,7 
• So when the maximum blood pressure of 1 mm. Hg. column minimum pressure increases by an average of 1.7. 
   Knowing this ratio can be without changing other feature, look it up at the first sign, for example: what is the minimum pressure at the average maximum pressure of 135 mm. Hg. column. 
       
 For this purpose the linear regression equation 
Vy = My + Ru / x (Vx - Mx) 
Vy - the required amount of minimum pressure 
 My-average minimum pressure (93,8) 
              Ru / x-regression coefficient (1,7) 
              Vx-level maximum pressure to which (135) 
        is minimal 
 Mx - the average maximum pressure (131.1) 
Substitute values 
    Vy = 93,8 +1,8 (135-131,1) = 93,8 + (1,8 * 3,9) = 93,8 +7,0 = 100,8 
Conclusion: Persons with a maximum pressure of 135 corresponds to an average minimum pressure of 102 mm 
Example: analysis of data on the physical development of 7 year old boys received basic characteristics: 
Mx (growth) = 118.4 cm; = ± 6,0; My (weight) = 24.0 kg = 2.6, = 0.7
Compute: R x / y = (δ y / δ x) * rxy = 2,6 / 6,0 * 0,7 = 0,3 
Hence an increase in the growth of 1 cm in average body weight changes by 0.3 kg find what weight will correspond to an increase in average equal to 120 cm 
Vy = My + Ru / x (Vx - Mx) = 24 + 0,3 (120 - 118.4) = 24 +0.3 * 0.16 = 24 + 0.48 = 24.5 
Conclusion: The growth of 7 - year old boys 120 cm corresponds to the average body weight 24.5 kg 
Regression coefficients are widely used for the scale regression, necessary for self-assessment of physical development 
6.2. Practical part 
• At the end of the topic, students receive a folder with handouts.Conducted a business game "swarm", in her graduation, students independently solve situational problems. Rated on a 100-point scale (100 - 86 - excellent, 85 - 71 well, 71 - 55 satisfying, less than 54 is not satisfactory). Score for engaging in forms for each student by an average of estimates for the theoretical part, a business game and to work independently and set to log in as an overall assessment of the occupation 

6.3 Analytical part students should undertake a comparative analysis of the results of work on the types of jobs with the information obtained in the lectures and self-training to engage on this topic, as well as the contents of the handout. 

6.4 used in the lesson, the new educational technology 
Business game "swarm." 
This method helps expand the range of thinking, to develop active thinking, and accelerates the learning activity. This method can be used when assessing students' knowledge acquired during training. 

Progress: It is intended for discussion of the problem or the whole group or the two subgroups. Tasks may be different, or one job is given to the entire group. Within 10 - 15 minutes of discussing the problem and report to colleagues. Choose the better option. 

Possible options for the proposed tasks: 
• There are linkages between the phenomena or attributes?; 
• What are the links in the direction?; 
• What are the links for the power?; 
• When the method of ranks (Spearman) for calculating the correlation coefficient?; 
• When the method of squares (Pearson) for calculating the correlation coefficient?; 
• Define the regression coefficient and its calculation method? 

7. Forms of knowledge and skills. 
• Oral interview 
• Analysis of solutions of common tasks 

8. Criteria for assessment of the current level of control

	Levels
	Rating count
	Points Criteria evaluations


	Excellent

86 - 100%
	96 - 100
	Answers originality, rationale, meet all program requirements, use additional information from the Internet, magazines, etc. He takes an active part in discussion topics, solving situational problems with the analysis and explanation.

	
	91 -95
	correct answers with interesting examples. Takes an active part in discussion topics, addressing situational tasks, with analysis and explanation.

	
	86 -90
	correct answers with interesting examples within the lecture and practical courses. Takes an active part in discussion topics, addressing situational tasks, with elements of analysis.


	Well 

71 - 85.9%
	81 - 85.9
	correct answers in accordance with the scope of the program, not more. Decision situational tasks with an explanation, there may be minor errors.

	
	76 - 80
	answers within the textbook or lecture notes, perhaps glitches in the wording. Less active in the discussion of topics addressing the situational problems may be small errors.

	
	71 - 75.9
	responses within the textbook, perhaps minor inaccuracies, errors or difficulties in the wording. Passive, when discussing the topic, to solve situational problems of possible errors and errors of up to 20%.

	Satisfactory
55 - 70,9%
	65 -70.9
	Replies average from inaccuracies or errors. Passive, when discussing the topic, to solve situational problems of possible errors and errors of up to 30%. But does accurately notes in notebooks.

	
	55 - 64.9
	Weak knowledge of the theoretical question, the answers are not complete, with bugs. Passive, when discussing the topic, to solve situational problems and possible responses to errors and errors of up to 40%. Is not accurately notes in notebooks.

	Does not satisfy
Satisfactory
40 - 55%
	50 -54.9
	answers are not right, listens attentively to explanations of the teacher and student responses. Problem solved mene than 50%, no laptop leads neatly.

	
	40 - 49.9
	is not responding, not attentive, did not participate in the discussion of issues and solving situational problems.



9. Chronological map of classes

	№
	Stages classes
	Form of
	Time

	1
	Roll call and introduction of a teacher (study subjects)
	
	5 minutes

	2
	Discussion topics initial assessment of students' knowledge 
	Poll
	15 minutes

	3
	Carrying out online game "Work in small groups" 
	Business Game
	5min

	4
	independent work of students on the assignments obtained 

	Independent Work
	35 minutes

	5
	Report on the results of independent work 
	Checking
Results
	20 minutes

	6
	Reciprocal analysis of the results of independent work by students under the guidance of teacher evaluation on 100 point system method of calculating the average of the oral response, a business game, independent work. 
	Information teacher
	10minut



10. Test questions 

1. What is the correlation? 
2. Kinds of correlation examples? 
3. What does the correlation coefficient? 
4. What is forward and backward linkages? 
5. The strength of correlation? 
6. Determination of correlation by the method of Pearson's formula for calculating? 
7. Determination of correlation by the method of Spearman, the formula for calculating? 
8. Definition of error correlation coefficient formula? 
9. What is regression? 
10. Shows that the regression coefficient, the formula? 
11. Linear regression equation, the application? 

11. Exercises for independent work 

Option number 1Ves students depending on their growth. 
	Serial number of student
	growth standing in cm (x)
	Weight in kg.(Y) 

	1
	157
	56

	2
	165
	57

	3
	167
	58

	4
	162
	60

	5
	171
	63

	6
	174
	65

	7
	168
	67

	8
	176
	72

	9
	170
	79

	10
	180
	82


Determine the strength and nature of the relationship between height and weight of school children by calculating the correlation coefficient and to assess its reliability. Determine the regression coefficient. 

Option number 2 Weight students depending on their age. 
	Serial number of student
	age in years (x)
	Weight in kg. (Y) 

	1
	22
	61

	2
	22
	62

	3
	21
	69

	4
	24
	60

	5
	23
	63

	6
	23
	65

	7
	24
	67

	8
	23
	72

	9
	24
	79

	10
	24
	82


Determine the strength and nature of the relationship between the activity of alkaline phosphatase, depending on the day of the attack by calculating the correlation coefficient and to assess its reliability. 

Option number three 
The level of lactic acid in the blood, depending on the duration of cooling. 

	Days of refrigeration (x)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Lactic acid in mg% (y)
	7,0
	7,0
	7,2
	7,1
	8,5
	8,9
	8,7
	9,0
	9,5
	9,3


  Determine the strength and nature of the relationship between the activity of alkaline phosphatase, depending on the day of the attack by calculating the correlation coefficient and to assess its reliability. 

Option number 4 
The quality of breast milk from their mothers, depending on their age. 
  
	Serial number of the surveyed
	Age of mother 
 In the years (x)
	the amount of milk 
gr. (Y) 

	1
	15
	110

	2
	18
	110

	3
	21
	115

	4
	24
	110

	5
	27
	105

	6
	30
	90

	7
	33
	95

	8
	39
	90

	9
	39
	85

	10
	42
	80



Determine the strength and nature of the relationship between the activity of alkaline phosphatase, depending on the day of the attack by calculating the correlation coefficient and to assess its reliability. 

Option number 5 
Alkaline phosphatase activity of leukocytes (FAL), depending on the start of the attack. 

	FAL in conventional units, (x)
	100
	125
	125
	160
	200

	Days from the start of the attack (y)
	1
	2
	3
	4
	5


Determine the strength and nature of the relationship between the activity of alkaline phosphatase, depending on the day of the attack by calculating the correlation coefficient and to assess its reliability. 

Variant № 6 
Results of adrenal samples depending on the content of leukocytes. 

	Adrenal test (x)
	100
	110
	140
	180
	190
	180

	Leukocytes in% to the initial level (y)
	40
	45
	70
	80
	90
	85


Determine the nature and strength of the relationship between results and An content of leukocytes in the blood by calculating the correlation coefficient and to assess its reliability. 

Variant № 7 
Fatality rate of cholera patients, depending on age. 

	Fatality rate in% (x)
	1,4
	2,5
	3,0
	3,6
	8,0

	Age in years (y)
	20-29
	30-39
	40-49
	50-59
	60 and over  


Determine the nature and strength of the relationship between age and mortality in cholera by calculating the correlation coefficient (using ranks) and assess its credibility. 

	Option number 8 
The number of hospitalized patients with cardiovascular insufficiency due to age. 
Age in years (x)
	The number of patients with heart failure (y) 

	До 20  
	12

	20-29
	24

	30-39
	30

	40-49
	23

	50-59
	26

	60 и старше
	31


Option number 9 
Pulse rate among students before and after the exams. 

	Serial number of the student pulse rate (frequency of attacks min.)
	Before exams (x)
	After the examination (y) 

	1
	96
	80

	2
	104
	88

	3
	76
	56

	4
	108
	106

	5
	88
	76

	6
	98
	90


Option number 10 
Systolic and diastolic blood pressure among students to take examinations. 

	Serial number of student
	blood pressure, 
 in mm.  Hg systolic (x)
	Diastolic (y) 

	1
	135
	75

	2
	125
	85

	3
	140
	85

	4
	150
	90

	5
	120
	80

	6
	130
	90

	7
	110
	65

	8
	125
	70



12. Razdatochny material 
№ 1 Determination of the correlation coefficient by the method of ranks. 
№ 2 Determination of the correlation coefficient by the method of squares. 
№ 3Opredelenie regression coefficient. 
№ 4Opredelenie coefficient of linear regression. 
№ 5Otsenochnaya table 
№ 6 Objectives 
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1. Serenko AF, Ermakov VV Social Care and Health Organization, "Moscow. 1984. 
2. Lisitsyn YP Hooves NY Guidelines for practical training in social hygiene ", Moscow. 1984. 
3. The texts of lectures on "Social Hygiene and Public Health Organization" in the library TMA. 
More: 

1. Lisitsyn YP et al. "Social Hygiene and Public Health Organization" in 2 volumes, Volume 2, Moscow. 1989. 
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