
COURSE CODE: ECO 123 

COURSE TITLE: Introductory Statistics 11 

NUMBER OF UNITS: 2 Units 

COURSE DURATION: Two hours per week 

COURSE LECTURER: Dr. Sylvester Ohiomu 

 

INTENDED LEARNING OUTCOMES 

At the completion of this course, students are expected to: 

•  Students should be able  to define and explain Normal Distribution 

•  Students should be able  to differentiate and appraise Correlation and Regression 

Analysis 

•  Students should be able  to apply knowledge of simple test of hypothesis to   solve 

problems in other disciplines 

•  Students should be able  to gather data and develop tables and models from 

observations 

•  Students should be able to apply Time Series Analysis to daily problems, economic, 

national and global challenges 

 Course Details 

Week 1: The Meaning, and Nature of Normal Distribution 

Week 2: Determination of Values of random Variable of Normal Distribution 

Week 3: Correlation Analysis 

Week 4: Simple measure of Association 

Week 5:  Simple Regression Analysis 

Week 6:  Scatter Diagrams  

Week 7:  Simple Test of Hypothesis 

Week 8:  Type 1 and Type 11 Errors 

Week 9:  Formal Procedure for Test of Significance and Calculations 

Week 10:  Time Series Analysis 

Week 11: Estimation of Secular Trend 

Week 12: Chi-Square Distribution Test 

Week 13: Revision 
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Resources 

Lecturer’s Office Hours 

Dr. Sylvester Ohiomu   Thursdays 10.00 – 12.00 Pm 

Course Lecture Notes: http://www.edouniversity.edu.ng/oer/economics/eco123.pdf   

Books 

Anyiwe M.A. (2006).  Applied Statistics in Social Sciences. Ethiope publishing Corp, Benin 

City,  

Elements of Statistics I: Descriptive Statistics and probability: Volume 1 (Schaum's Outline 

Series). 

Gupta, S.C.(1984), Statistical Methods, New Delhi; Sultan Chand & Sons Publishers 

Structure of the Programme/ Method of Grading 

Grading method is organized into two basic parts namely: 

Continuous assessment: 30% 

End of Semester Examination: 70%  

Assignments & Grading 
• Academic Honesty: All classwork should be done independently, unless explicitly stated 
otherwise on the assignment handout. 
• You may discuss general solution strategies, but must write up the solutions yourself. 
• If you discuss any problem with anyone else, you must write their name at the top of your 
assignment, labeling them “collaborators”. 
• NO LATE HOMEWORKS ACCEPTED 
• Turn in what you have at the time it’s due. 
• All home works are due at the start of class. 
• If you will be away, turn in the homework early. 

 

Preamble 

 Normal Distribution:  

• The Normal distribution or normal curve otherwise called the Gaussian distribution 

is a continuous distribution and widely used because it describe the probability of 

most phenomena. 

 

 



Properties of Normal Probability Distribution 

• The shape of the normal curve Is bell shape and is perfectly symmetrical about the 

mean such that its moment coefficient of skewness is zero 

• Due to its symmetrical nature, the mean, median and mode perfectly coincide 

• It is infinite in nature, extending from minus infinity to plus infinity 

• It is asymptotic such that the curve gets closer and closer to the x-axis but never 

actually touches it 

• The points where the change in curvature occur ie the point of inflexion, are x±δ 

• The curve is unimodal, it has only one mode 

• The area under the normal curve is distributed as follows:  

• a. Mean ± 1 δ covers 68.27% area  

• b. Mean ± 2 δ covers 95.45% area 

• c. Mean ± 3 δ covers 99.73% area 

• The Standard Normal Probability Distribution 

• The standard normal distribution is one in which the mean is 0 and the variance is 1. 

Given a variable x with normal curve, has mean µ and standard deviation δ, we can 

transform this to the standard form by defining another variable Z which uses the 

formula:   

•      Z = ( X - µ )/ δ 

Where Z = the number of standard deviates 

X = a point on the abscissa, indicating a value of the random variable 

µ =  the mean of the normal distribution    

• δ = Standard deviation of the normal distribution 

• Given that the normal distribution is a continuous distribution function, the 

probability for exact point is not computed rather you compute probability for a 

given interval. The probability is obtained through the Z table 

Hence, P (Z1 ≤ X ≤ Z2) is converted to the P (Z1 ≤ Z ≤ Z2 ). 

 



Example If X is normally distributed with mean 4 and variance 25 (S.D. 5),what is the 

probability that x lies between 4 and 10 ?  

Solution Here δ = 5, µ = 4 and we are seeking P(4  ≤ X ≤ 10 ) 

                Z1 = (Z- µ)/ δ = (4- 4)/ 5 = 0/5 = 0 

                 Z2 = (Z- µ)/ δ = (10- 4)/ 5 = 6/5 = 1.2 

      P (4 ≤ X ≤ 10) = P (0 ≤ X ≤ 1.2) 

     ie area between Z =0 and Z =1.2 = 0.8849 from the normal probabilities table 

 Determination of the value of Random Variable of Z 

• Given that  Z = ( X - µ )/ δ 

•    X =  µ + Zδ 

          Where X is a random variable 

 Example: A statistics exam reveals the mean to be 70 and S.D. to be 12. Find the 

grades corresponding to the standard scores,  

 a     -2 

 b     1.5 

 Solution: 

  µ = 70, δ = 12 

  Z = ( X - µ )/ δ 

•    X =  µ + Z δ 

• (a) Z = -2, δ = 12, µ = 70 

• X = 70 + (-2) 12 = 46 

• (b) Z = 1.5, δ = 12, µ = 70 

• X = 70 + (1.5) 12 = 88 

Correlation Analysis and Simple Measure of Association 

• Correlation is a measure of the degree of relationship that exists between variables. 

Simple correlation involves two variables. Multiple correlation involves three or 

more variables. 



• Correlation defines the linear relationship between two or more variables. These 

variables are measured in interval scale like the Pearson’s product moment 

correlation coefficient (r ) or in ordinal scale like the Spearman’s Rank order 

correlation coefficient (ro). 

• Types of Correlation: There are three main types of correlation namely: positive, 

negative or zero correlation. 

• 1. Positive Correlation: This shows a direct relationship between the X and Y 

variable. As the variable X increases, Y variable also increases in the same direction. 

Examples are (a) the price and the supply of commodity (b) the ages of the husbands 

and wives. 

• 2. Negative Correlation: This indicates an inverse relationship between X variable 

and Y variable. As X variable increases, there is a corresponding decrease in Y 

variable. Examples are (a) the price and demand of a commodity (b) the Boyle’s law 

ie the volume and pressure of a gas. 

• 3. Zero Correlation: This indicates that there is no direct relationship between the 

dependent variable Y and independent variable X. Zero correlation is also called 

spurious correlation, the points do not move in any direction 

Exercises: Draw the related Diagrams to illustrate each type 

Coefficient of Correlation r 

• Correlation Co-efficient: The degree of relationship between the X variable and Y 

variable is measured by the coefficient of correlation r which is given by the formula; 

r  =   
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R can take any value from -1 to 1 inclusive. If the value of r is 1, it means there is a 

perfect relationship between x and Y with a unit increase in x corresponding to a unit 

increase in Y. However, if r= -1, it shows that a relationship that is perfect and 

functional exist between x and Y but in the opposite direction. Here, a unit increase 

in x bringing about a constant decrease in Y. r=0 indicates that there is no 

relationship at all between the x and Y variable. 

 

 

 



Karl Pearson’s Coefficient of Correlation: 

   

R =   
      

  




2^2^2^2^ YYNXXN

YXXYN

 

 

Rank Correlation 

 The formula for rank correlation is given by 

R  = 1 – 6∑D2/n(n2-1) 

Where D = difference between the ranks of x and Y values 

             n = total number of samples 

 

Simple Regression Analysis 

Regression has been defined as the statistical tool that enables one to predict the 

unknown values of one variable from known values of another variable, thereby 

determining the average probable change in one variable from a given change in 

another variable. The two variables involved are called: 

• Dependent variable or endogenous variable represented by Y (Regressand) 

• Independent variable or exogenous variable represented by X (regressor) 

• NB: When the variables exceed two we refer to it as multiple regression 

• Simple Linear Regression Model 

• This is the application of regression analysis to a simple linear relationship between Y 

and X, thus the regression equation of Y on X is expressed as follow: 

• Y = a + bX  + U    ………………    (1) 

• Where ‘a’ and ‘b’ are constants called ‘intercept’ and ‘slope or gradient’ which 

determine the position of the line so they are referred to as parameters of the line. 

• U = stochastic disturbance called the error term 



• The line of regression is usually referred to as the line of best fit because it gives the 

best estimate to the value of one variable for any specific value of the other variable. 

It is obtained through the principle of least squares. 

• The values of ‘a’ and ‘b’ obtained by solving the equation. The standard general 

formulae to obtain the values of ‘a’ and ‘b’ are given below 

   

 

 

  Scatter Diagram 

• The relationship between X and Y can be further explained graphically. This can be 

done by plotting the raw scores of X and Y on a graph.  

• The relationship may be positive, negative or zero (no relationship at all) 

Student Exercise: Draw these cases mentioned above. 

Calculations and Exercises 

(1) Given the following data: 

X 1 2 3 4 5 

Y 40 42 46 56 48 

(a) Find the regression of Y on X and the line of best fit on the scatter diagram 

(b) Forecast the value of Y when X = 8 

Hints: By substitution into the appropriate formula given earlier; (i) a =37.4, 

 (ii) = 3, Hence Y= 37.4 + 3X 

When X = 8,  

(b) Y = 37.4 +3(8) = 61.4 

 

a  =   
∑𝑋 ∑𝑌2−∑𝑌∑𝑋𝑌

𝑁∑𝑌2− ∑𝑌 2
 

 

b  =   
𝑁∑𝑋𝑌−∑𝑋∑𝑌

𝑁∑𝑌2− ∑𝑌 2
 



Relationship between Simple Linear Regression and Correlation Analysis 

• The relationship is the simple linear correlation coefficient, r can be obtained as the 

square root of the product of the slope coefficient of the linear regression of Y on X 

and X on Y ie r = √R^2 

• R^2 = Explained Variation/Total Variation 

 

Hypothesis Testing  

Statistical Hypothesis: A statistical hypothesis is defined as statement or an assumption 

which may or may not be true concerning a sample or population. Example “every good 

student in Mathematics is also good in Economics courses” which will be subject to further 

test   of the belief with sample from a given population. Based on the result obtained from 

the sample, you either accept the hypothesis or you reject the hypothesis 

Null (Ho) and Alternative Hypotheses (H1) 

The Null hypothesis is denoted with the symbol Ho it is formulated with an intention to 

reject, probably that there is no real  difference between two values, if ever, the difference 

may be due to chance, that is to sampling error only. Therefore, if you reject a null 

hypothesis, you automatically accept an alternative hypothesis (H1). The null hypothesis is 

always stated to specify the exact value of the population parameter while the alternative 

hypothesis is not.  Examples, Ho:  = 50 (the null hypothesis that the population mean equals 

50 

H1:  < 50   or   H1:  >50 

• One – Tailed or Two – Tailed Tests: 

• A one tailed test is a test that restricts the significant level either to the extreme left 

or extreme right corner of the probability distribution curve. 

• For a two-tailed test, if the alternative hypothesis is that the population mean is not 

equal to 40, it means that such a parameter could be less than or more than 40. in 

this case, you divide the relevant significant level ( ) in to equal parts, each appearing 

on the left extreme and right extreme of the probability distribution curve. 

• Results of Hypothesis Testing:  

• Hypothesis testing enables a researcher to make decision about a population 

parameter by using a simple statistic. However, such decisions if not made properly 

are subject to possible errors like type 1 and type 11 error. 



• When a true hypothesis is accepted, a true decision has been made. When a false 

hypothesis is rejected, a correct decision has been taken. 

 

 Type 1 and Type 11 Error 

•  When a true hypothesis is rejected, an incorrect decision has been taken and this is 

called Type 1 error (alpha) ie Type 1 error occurs if we reject the null hypothesis 

when it Is true. 

• When a false hypothesis is accepted, an incorrect decision has been taken and this is 

called type 11 error (beta) ie Type 11 error occurs when we accept the null 

hypothesis when it is false 

 Accept Ho Reject Ho 

Ho true Correct decision Type 1 error 

Ho false Type 11 error Correct decision 

 

 

Formal Procedure for Test of Significance 

• Step 1: Establish the Null hypothesis, Ho:  U = X 

• Step 2: Establish the Alternative hypothesis, H1:  U< X, H1: U> X 

• Step3: Select the level of significance (alpha) and the sample size 

• Step 4: Select appropriate test statistic and establish the critical area 

• Step 5: Compute the value of the statistic from a random sample of size n 

• Step 6: Accept or Reject the hypothesis accordingly at the level of significance 

selected. This implies that you state the statistical decision and the corresponding 

managerial conclusion using standard values from Distribution Tables. 

Example 1; Edo ventures Ltd introduced a new liquid detergent into the market with 

a mean cleansing capacity of 25 and a standard deviation of 0.5. Test the hypothesis 

that mean =25 against the alternative that mean is not equal to 25 if a random 

sample of 50 is tested and found to have a mean cleansing capacity of 24.4. (Assume 

5% level of significance) 

• Solution; Step 1: Ho: µ = 25 

• Step 2; H1: µ ≠ 25 



• Step3: α = 0.05 (5%) 

• Step 4; Critical Region Z < -1.96 and Z >1.96 

• Step 5; Computation 

 

Z = ( X - µ )/ 𝜎
√𝑛  

 

• Z  = 24.4 – 25/0.071 

• Z = -8.45 

• Conclusion: we reject the Ho and conclude that the average cleansing capacity is not 

equal to 25 but less than it 

Time Series Analysis 

• A time series is a set of observations taken at specified times, usually at equal 

intervals e.g. yearly, quarterly, monthly, weekly. The study of time series is called 

time series analysis. The purpose of analyzing data over a period of time is to make 

long-term (5 - 20 years) or short-term forecasts (1 year) 

• Time series components: A time series components consist of 4 different 

components namely:  

• (1) Long term Trend: A secular trend is a long-term, relatively smooth pattern or 

direction exhibited by a series, usually more than one year. It is the growth or 

decline of a time series over a long period of time e.g. consumption pattern of an 

individual, change in price level of  a certain commodity or production of certain 

goods or service over a period of time 

• (2) Cyclical variation; this is a wave-like pattern that describes a long-time trend that 

occurs over a number of years. The variations vary in length and time and a duration 

of more than one year e.g. business cycles that record periods of recession, inflation, 

economic boom etc. Cyclical variations are unpredictable and quite inconsistent. 

• (3) Seasonal Variations; This has a duration of less than one year, as they occur over 

short repetitive calendar periods e.g. increase in the sales of goods and services 

during the Christmas seasons or sales of ice cream during the rainy season. 

• (4) Random or Irregular Variation: They are unpredictable and do not follow a 

specific pattern of behavior. Meanwhile, they tend to becloud the existence of other 

more predictable components and are obvious in every time series. Examples 

include periods of war, strikes, flood, revolution etc. 



• Time series Models: There are mainly two models in a time series namely; 

• The additive model of a time series assumes equality between the observed value of 

Y and the sum of the year components of a time series i.e  

• Y = T + C + S +R 

• Where T = Trend, C = Cyclical variation, S = Seasonal variation, R = Random variation 

• This model is possible only if the4 components have no interaction with one another 

and are independent on one another. 

• The multiplicative model of a time series assumes the dependency of the 4 

components from one to another and they also affect one another i.e 

• Y = T x C x S x R 

• Estimation of Secular Trend 

• 1St Degree:   Y = a + b X 

• 2ND Degree:   Y = a + bX + CX2 

• 3RD Degree:    Y  = a + bX  + CX2 + dX3 

 

 

Chi-square Test  

• The chi-square test is not a measure of the degree of relationship but a non-

parametric test of association where no a priori assumptions are made regarding the 

parameter of the population from which the samples are drawn. 

• Chi-square is a measure of the discrepancy existing between theoretical and 

empirical observation as follows: 

• X2 = ∑ (O – E)2/ E 

• Where  

• O = Observed frequencies and  

• E = expected frequencies 

• This implies that we square the difference between the observed and the expected 

frequencies and then divide the result by the expected frequencies. 

• X2 = Chi-square distribution with a level of significance and K -1 degree of freedom. 



• X2= 0, then there is a perfect correlation between the observed and expected 

frequencies. The greater the discrepancy between the observed and expected 

frequencies, the larger the value of X2. Thus we reject H0 for Ha if X2 cal ˃ X2 α, K-1 

(using our table) 

Example: A die is tossed 90 times with the observed frequencies shown in the table 

below. Using a  significance level of 5%, test the hypothesis that the die is fair 

Die tossed 1 2 3 4 5 6 

Observed 10 12 16 18 14 20 

Solution: There are 6 observations and the result of tossing a die is uniformly 

distributed hence our hypothesis is: 

• Ho: P1=P2=P3=P4=P5=P6 

• H1: P1≠ P2 ≠ P3 ≠ P4 ≠ P5 ≠ P6 

• K = 6,   = 0.05 

• X2 = ∑ (O – E)2/ E = 4.68 

• The table value is X2 0.05, K-1 = 11.071 

• Decision : since X2cal = 4.68 is not greater than X2 0.05, K-1 = 11.071 from the table, 

we do not reject the Ho, that is the die is fair 

Uses of Chi-square Test:  

There are basically three uses namely: 

• Goodness of fit of any population 

• Homogeneity; whether two or more samples are drawn from the same population 

• Independence; to test the attributes of a given sample as against the characteristics 

of the population from which it is drawn 

Contingency Table:  

A contingency table is a table that set out the number of rows and number of column 

• Expected Frequency = (CT x RT)/GT 

• Determination of degree of freedom (df) = (r-1)(c-1) 

 

 


