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Lecture Notes:

Introduction to Stats: 

·  Start with a research question 

·  Compose a research hypothesis with the intention of proving your previously stated question correct 

·  Identify the independent versus the dependent variables in the research hypothesis 

Descriptive versus Inferential Stats: 

·  Univariate descriptive stats 

·  Bivariate/ Multivariate descriptive stats 

·  To help better understand descriptive stats, it is best to identify factors of the stats presented by identifying the average, mean, median, and mode of the data present 

Inferential Stats: 

·  Generalizations conducted from samples of populations 

·  Choosing samples that are representative. Meaning that you are attempting to represent an entire population with that chosen sample.

·  Must be fair, equal and unbiased 

Levels of Measurement: 

·  Nominal. No mathematical calculations required (gender, area code, province) 

·  Not mutually exclusive- two categories can apply (ex- South Ontario and Toronto) 

·  Non exhaustive- not all categories in the set apply to everyone (ex: race, white, black, hispanic) 

·  Non Homogenous- only small options (ex: did you enjoy the movie, yes or no) 

·  The only numerical value that can be calculated under nominal is a calculation of the mode, most popular category chosen in the data

Ordinal Level of Measurement: 

·  Rank order categories 

·  Only Interval- Ratio data can aquaria a measure of the mean. Mean is known as the best and most accurate measure of central tendency 

·  Through the measure of the mean of a set of data, we are able to calculate absolute differences between categories, or in other words, calculate the differences between two categories in the data 

·  With ordinal levels of measurement, we are able to rank order categories, but are unable to calculate absolute differences (examples we can rank lower, middle and upper class categories, but we cannot say that upper class is 10 degrees above middle or the difference between middle and lower class is 25) We are able to rank the categories but there is no numerical value for them 

·  The median is the half-point in a data set. Therefore 50% of the data collected lies below the median and the remaining 50% of the data set lies above the median 

·  Example: 1, 3, 0, 2 

                   Rank: 0, 1, 2, 3

                   Calculate difference: (1+2)/2 = 1.5 

The Mean:  

·  Calculate average 

Distribution Curves: 

·  The Normal Distribution curve: 
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·  Positively skewed/ Negatively skewed Distribution curves: 
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Measures of Central Tendency: 

·  Mean

·  Median 

·  Mode

·  Problems with these measures include; 

· not all measures can be used for all data (nominal, ordinal, interval)

· an example of an ordinal level of measurement is education (97,98,99) one being high school,

  undergrad, grad, and n/a. We are able to rank order them, claim that one is higher than the other,

  but we would not be able to calculate any absolute differences 

Standard Deviation:

·  Standard deviation can be better described as the measure of dispersion between separate values in data base

·  On a normal distribution curve, high standard deviation would be represented by a dispersed curve 

·  On a normal distribution curve, low standard deviation would be represented by a clustered curve

·  We use a standard deviation equation 

·  The reason we raise all values to the power of 2 is to remove all negative, otherwise if we have negative values, they would cancel out the positive ones and we would get answers of zero

Characteristics of a Normal Curve: 

·  A normal curve only has one mode

·  When observing income, we pay attention to the median, not the mode as our main focus

·  Given an average (mean) and a standard deviation, we are able to calculate differences in between categories

·  In a normally distributed curve, we assume that the values we are given evenly space out (there will not be a large number of scores on the far left or far right of the curve)

·  when we say a value is +/-1 unit of standard deviation, we we take the average (ex.15), use a total N (ex. 100) and subtract or add 15, that would give us the percentage value and thus we can say we are one unit above or below standard deviation 

·  An outlier is any value that is above or below 3 standard deviations, or in other words a value that lies on one of the far ends of the tails in a normal curve

·  The concept of values above or below the standard deviation (ex. calculating values in between two x’s) will be on the final exam 

Standardizing the Normal Curve: 

·  In order to standardize values on a normal curve we use Z-scores

·  Different values are measured in different scales (dollars, years, percentages). The aim of converting these values into Z-scores is to allow for comparisons between values to be on the same scale so that we can interpret freely 

·  Steps on how to convert into Z-scores:

· In the back of you’re textbook, in Appendix A, look under column b or c (ex. 0.3708)

· Take that value you find and convert it to a percentage (ex. 37.08%)

· In some cases, you will be to add that value to 50% 

· Note: if we are looking at values in column b we will need to add to 50%, but if we are looking at the values in column C we do not need to add 50%  

Examples in Area Calculations:

	To Find Area
	When the Z-Score is:

	Above Z
	Positive
	Negative

	
	Look in column C
	Add column b area to 0.5000 or 50%

	Below Z
	Add column b area to 0.5000 or 50%
	Look in column C


Percentage Between two values: 

·  Look up values in Column b for both X1 and X2 and add them together 

Area Between two scores: 

·  Opposite sides of mean: 

· Find Z-scores

· Convert to values from column B

· Add together

·  Same side of mean:

· Find Z-scores

· Convert to values from column B

· Subtract the smaller value from the larger one 

·  For more information about this see page 137 of textbook 

Inferential Statistics: 

·  When introducing outliers, we can better normalize a curve

·  Inferential stats is used to infer data

·  Learn about characteristics of a population based on what we can learn from our samples 

·  Our final conclusion after a study should be based on your entire population, not your sample. You have all the information necessary about your sample, there are no assumptions or conclusions that can be drawn from them. We can only conclude from the entire population 

EPSEM:

·  The Equal Probability Selection Method 

·  The EPSEM technique guarantee means that everyone in the population has an equal chance of being selected for testing 

·  Techniques include: 

· Simple random sampling (names in a hat)

· Systematic sampling (addition method)

· Stratified sample (from groups, GPA)

· Cluster sampling (taking certain streets in area)

Estimation: 

·  Estimates population average of a community 

·  The population standard deviation is the standard deviation of a population 

·  When selecting a larger band, we are going to assume a lower confidence level. When selecting a smaller band (population) we will assume a higher confidence level 

·  When choosing a 95% confidence interval, you are saying that you have a 5% chance of not falling within the population average 

·  The problem with not selecting a higher confidence level (99.9%) we get a wide range of values (80-120). Because this is such a wide range, this information now tells us nothing of relevance 

·  The problem with average standard deviation is that it does not measure the population standard deviation, it calculates the sample standard deviation, this is because we only have a sample size data and not data for the entire population 

Review:

·  The values used in an estimation process are expressed as an interval [X1-X2] with a percentage chance of being 

·  Choosing a 90% or 95% confidence level gives us a smaller range [90-95], choosing a 99% or 99.9% confidence level gives us a larger range [50-150], this value is now irrelevant 

Hypothesis Testing I:

·  In hypothesis testing I, the main issue is that the value of N is taken from a representative sample and not the entire population

·  This is a main cause of random chance

·  We can say that a set of data has a significant conclusion, it doesn’t just apply to the sample, but also to the entire population 

The Five Step Process: 

1) Making assumptions and meeting test requirements 

2) Stating the null hypothesis

· A statement of ‘no difference’

· Ex. the population of prep course takers is ‘no different’ from the population of GRE writers as a whole. The difference is caused by random chance

3) Stating the research hypothesis 

· A statement that goes against the null hypothesis

· Ex. with a 95% chance, we are rejecting the null hypothesis and concluding that there is a difference

4) Computing the test statistic or in other words calculating a z-obtained value 

5) Making a decision and interpreting the results of the test. In other words, if the z-obtained value falls within the critical region we can reject the null hypothesis, and if the z-obtained value does not fall within the critical region, we will fail to reject th null hypothesis and accept the research hypothesis 

Example: 

Recent immigrants: X= $28, 096                                       Nation:

                                 S= 18, 410                                                   U= $38,728

                                 N= 336

1) The research hypothesis states that there is a significant difference between the annual income of  recent immigrants and national Canadians and the differences are not due to random chance

2) The null hypothesis states that there is no difference between the incomes of immigrants and Canadians and any difference occurs because of random chance 

3) Because we are calculating at the 95% confidence level (unless given otherwise, we always assume a 95% C.I.) our z value selected is 1.96, therefore our z-critical value is +/-1.96

4) Next we will calculate the z-obtained value by following the simple equation (X bar minus U) / (S over the square root of N minus 1) 

     -From the data above, we calculated a z-obtained value of -10.57

5) We can conclude that we are 95% sure that there is a significant difference between how much immigrants make in comparison to Canadians. Given this information we can choose to reject the null hypothesis and conclude that there is a significant difference between the two and these differences did not occur due to random chance of data collection error

Hypothesis Testing II: two-sample case:

·  One major difference between the one samples and two sample test occurs in step one of the five-step model where in one step we are required to select a sample using an EPSEM model where each case in the population has an equal chance of being selected, whereas in two samples cases we are using independent random sampling

·  Independent random sampling also uses an EPSEM approach but rather we are selecting a random set of cases from each category (ex. male and female)

·  The second differences between one and two sample cases is in the null hypothesis. The null hypothesis is still a statement of no difference but this time we are including the population factor. (ex. there is no difference between males and females and their support for gun control)

Hypothesis Testing with Small Sample Means: 

·  Considered small when sample mean is less that 100

·  Instead of using z-values (because we cannot find the area under a sampling distribution) we will instead use t-values to find the critical region

·  From the appendix at the back, we will be examining t-values rather than z-scores

·  After selecting the appropriate t-critical value we will then calculate t-obtained, compare the two and conclude our findings

Hypothesis Testing with Large Sample Proportions:

·  The major difference between sample small sample means and large sample proportions is that with a smaller mean we are unable to compare the sample mean and the population mean, but with large sample proportions, our aim then becomes to state a null hypothesis that claims that there is no significant difference between the population mean and the sample mean

·  We can now use z-scores to calculate the critical region under a curve

·  Following the 5-step method, we can now conclude to reject or fail to reject the null hypothesis and conclude whether there is a significant difference between the two or not

Hypothesis Testing using Individual Confidence Intervals: 

·  In a two sample hypothesis test, we sometimes must conduct a 95% confidence interval for each sample mean (ex. one sample mean for females and one for males)

·  Through calculating the c.i. values of both we can then compare the two

·  If the two values overlap with one another we will fail to reject the null hypothesis

·  If the two values do not overlap, we can reject the null hypothesis and conclude that the two means are significantly different than one another

·  In conclusion this test is similar in results to a hypothesis test. We use this test to estimate or ‘eyeball’ the significance of the difference between two sample means or proportions 

The limitations of Hypothesis Testing:

·  The size of the observed difference between the sample outcome and the population outcome is a factor not controlled by the researcher but depends on the sampling methods used

·  The relationship between alpha level and the probability of rejection is straight forward. The higher the alpha level is, the larger the critical region, the higher the percentage of all possible sample outcomes to fall within that region, the greater chance of rejection 

·  Finally as the sample size increases, as does our probability of rejecting the null hypothesis, and with a larger sample size we may declare small unimportant differences to be statistically significant 

Analysis of Variance (ANOVA):

·  ANOVA is often used to run tests of significance for variables that would have been appropriate in HTI and HTII 

·  This test is designed to be used with interval-ratio level dependent variables 

·  The ANOVA test is much similar to a t-test of significance except that in t-tests, we are only able to analyze independent variables with two categories (ex.immigrants and nonimmigrants) whereas in ANOVA we can run tests with variables with more than two categories (ex.single, married, divorced, widowed)

·  For ANOVA, the null hypothesis is that the populations from which the samples are drawn are equal on the characteristic of interest (ex. students in the three different sections of introductory biology do not vary in their final exam scores)

·  The aim of ANOVA testing is to compare the amount of variation between categories (ex. final test results of students in the lecture-lab section of a course in comparison to those in the lecture only section in comparison to those in the video section of the course) 

·  The test compares the amount of variation between categories with the amount of variation within categories 

·  The greater the difference between categories, relative to the difference within categories, the more likely that the null hypothesis of ‘no difference’ is false and can be rejected 

Computing ANOVA: 

·  Before computing ANOVA, we will need to calculate the total sum of squares (SST). This can be calculated by taking take each score, subtract the mean, square the difference, then add to get the total of the squared differences

·  SST is divided into two components; the sum of squares within (SSW) and the sum of squares between (SSB). Therefore SST= SSW + SSB

·  Remember that we are trying to accept or reject the null hypothesis here, therefore after calculating the values of SSW and SSB, we want to see that there isn’t a relative difference amongst the values of SSW and SSB. The larger the values between the two, the more likely we are to reject the null hypothesis 

·  In conclusion we are calculating ANOVA in a simple way. First we calculate SSW, next we calculate SSB. Finally we compare the two and see if there is a substantial difference between the two and conclude whether to accept or reject the null hypothesis

·  If the null hypothesis is false, there should be substantial differences between the sample means of the categories, combined with relatively little difference within (sample standard deviations should be low in value) categories

·  When we reject the null hypothesis, we are saying there are differences between the populations represented by the samples

Testing Significance and Degrees of Freedom: 

·  In order to determine the degree of freedom that we are using, we can look at appendix D at the back of the textbook. We select the alpha level we are using (0.05), calculated the degree of freedom within (N-K), calculate the degree of freedom between (K-1), compare the two values in appendix D, and that will give you your F(critical) value which you will compare to your F(obtained)

·  dfw = (N - k), where N is the total number of cases and K is the number of categories 

·  dfb = (K - 1), where K is number of categories 

·  Using this information, if the test statistic (f-obtained) does not fall within the critical region (f-critical), we will fail to reject the null hypothesis, and conclude that there is no difference within the categories 

Hypothesis Testing IV- Chi-Square:

·  The Chi-square test is the most popular test in the study of areas in social sciences

·  The test can be conducted between variables at the nominal level of measurement 

·  This test is ‘non-parametric’ which means that it is a distribution free test and it requires no assumption at all about the shape of the population or the sampling distribution 

·  Chi- square is computed from bi-variate tables, it is a 2x2 table and compares the values in each row with the values in each columns. Each box under the row and column is referred to as a cell

·  In Chi-square tests, when we say that the values are independent, we are referring to the relationship between the variables, not the samples. In other words when we say that the values are independent we are saying that the two variables are independent of each other and have no effect on one another

Computing Chi-square: 

·  In order to compute chi-square, we are comparing two values; the expected frequencies (Fe) and the observed frequencies (Fo). 

·  If the null hypothesis is true and the variables are independent, there should be relatively little difference between the expected and observed frequencies 

·  If the null hypothesis is false, we will see a large difference between the expected and observed frequencies

·  To conclude, the greater the difference between the expected and the observed frequencies, the less likely that the variables are independent and the more likely that we will be able to reject the null hypothesis  

The Five-Step Model for Chi:

·  Remember that in Chi-square, the null hypothesis states that the values are independent and the research hypothesis states that they are dependent on one another

·  In order to establish the critical region, we first select our alpha level (most likely to be 0.05 in correspondence to our 95% confidence level used), we will then calculate our degree of freedom [df= (r-1)(c-1)] this means that we select the variable with the smaller number of cells, either the columns or the rows and subtract one from that. We then refer to Appendix C at the back of our textbook and look up the value under 0.05 and the degree of freedom calculated. That value is our x(critical value) 

·  Next we will calculate our x(obtained) by following the Chi-square equation. For more information on how to do this refer to lab 7

·  Finally, we will compare the x(critical) value with the x(obtained) value. If the test statistic (x-obtained) value falls within the critical region (x-critical), we can reject the null hypothesis and conclude that the two variables are dependent on one another

The Limitations of Chi-Square: 

·  Chi-square becomes very difficult to interpret when it has many several types of variables (very complicated to do a table for more than 3 or 4 columns or rows)

·  When sample size is small, we cannot assume that the sampling distribution is accurately described by the chi-square distribution 

·  With a larger population size, we have a higher likelihood of rejecting the null hypothesis. It becomes very likely that we conclude that a difference is significant when it is not

·  Finally, the chi-square test only allows us to understand if two variables are statistically significant to one another, it does not allow us to understand if the results are important in any other sense gh 

·  The chi square test tells us only if the variables are independent or not. It does not tell us the pattern or nature of the relationship.

Bivariate Measures of Association: 

·  Whereas tests of significance detect non-random relationships, measures of association provide information about the strength and direction of a relationship 

·  In this form of analysis interpretation, we are understanding the association between variables

·  We compare the independent, x-variable, and the dependent, y-variable 

·  Looking at the table provided, we can compare the independent variable with the dependent one by analyzing frequency distributions. This is referred to as the conditional distributions of y

Three Characteristics of Associations:

·  Does an association exist- we can answer this question by comparing column percentages 

·  How strong is the association- 0.00-1.00 where 0.00 is a weak relationship and 1.00 is a strong one

·  What is the pattern or direction of association- positive association means that high or low scores in one variable are associated with high or low scores on another variable. Negative association means that high or low scores in one variable are associated with the opposite in the other variable

Measures at the Nominal Level: 

·  The first step in calculating the strength of an association at the nominal level is conducting a chi-square test 

·  To assess the strength, we will compute Phi. This test can only be done for a 2x2 table 

·  If the value is between:

· For tables larger than 2x2, we compute Cramer’s V. Follow equation to compute this.

·  If the test result shows a value of:

     - 0.00-0.10: the relationship is weak

· 0.11-0.30: the relationship is moderate

· 0.31+: the relationship is strong

·  Phi and Cramer’s V range in value from 0 (no association) to 1.00 (perfect association).

·  Phi and V are symmetrical measures; that is, the value of Phi and V will be the same regardless of which variable is taken as independent.

Proportional Reduction in Error (PRE):

·  This concept allows us to make two predictions about the scores of cases

·  The first prediction allows us to ignore information about the independent variable and therefore make many errors in predicting the score on the dependent variable

·  The second prediction we take account of the score of the case on the independent variable to help predict the score on the dependent variable 

Lambda and it’s Computation: 

·  Lambda is PRE measure used to measure the strength of an association 

·  To compute Lambda, we can follow 3 main steps:

1) To find E1, the number of errors made while ignoring x, subtract the largest row total from N

2) To find E2, the number of errors made while taking the independent variable into account, from each column subtract the largest value from the total of that column and then add all of the subtotals together

3) Finally, we will use the Lambda equation (E1-E2/E1) 

·   After calculating this value, we can one determine if the relationship is weak, moderate or strong. Two we can convert the value into a percentage and state that a lambda of __ would mean that we will make __% fewer errors or prediction using information from the independent variable to predict scores on the dependent variable

Associations of Variables at the Ordinal Level: 

·  There are two measures used to calculate the association of variables at the ordinal level; gamma (G) and Spearman’s rho (Rs)

·  All I need to know about these two values is that they are PRE measures, too much detail exists in understand the PRE measures for gamma and Spearman’s 

Regression Analysis: 

·  The main aim of regression analysis is; what is the relationship between variables, how strong is this relationship, and finally what is the direction of this relationship 

·  Scattergrams display relationships between two interval-ratio variables

·  A Regression line is a single straight line that comes as close as possible to all data points.

·  Regression Equation: Y = a + bx

                                      Y = Score on dependent variable

                                      a = y-intercept (where x is zero)

                                      b = the slope (change over x-amount)

                                      x = score on independent variable 

·  For slope, when you have a higher slope, there is a strong association. With a lower slope value, you have a weak association 

·  Both slope and y-intercept are expressed in the units of the dependent variable 

·  The correlation coefficient (Pearson’s r) measures the association between interval-ratio variables 

· Varies from -1 to +1

· 0 indicating no association 

· +1 indicating perfect positive association 

· -1 indicating perfect negative association 

·  The coefficient of determination (r2) interpreted with the proportional reduction in error (PRE) logic; PRE logic is used to predict the value of the dependent variable under two different conditions, y is predicted while ignoring the information supplied information supplied by x, the independent x is taken into account

From SPSS: 

·  Y=827.96 + 12869.103x

·  8276.96- found in coefficients table under constant B, this means that the average income is $8276.96 regardless of sex (male or female)

·  12896.103- found in coefficients table under sex B, this means that as we go from female to male, there is an increase in income by $12896.103

·  In ANOVA table we look under regression sig, this value will allow us to see if we can interpret freely or not. This value tells us if these regressions are generalizable or not, whether we can interpret freely 

·  For Pearson’s R under model summary table the value will tell us how weak, moderate or strong the relationship is (recall; 0.00-0.30 is weak, 0.31-0.60 is moderate, 0.60+ is strong)

·  The R-squared value describes the amount of change/variance between the independent by the dependent

·  In our in class example, the value of r-squared is 0.57, this means that gender only describes 5.7% of the variance in income. We can then see that this is a weak relationship because we have 94._% of data that is not accounted for by gender 

·   A one unit increase in the independent variable means that we are going up in the independent variable (ex. education) 

Multiple Regression Analysis:

·  Y= a + b1x1 + b2x2 + ... bnXn 

· a = y-intercept (where x is zero)

· b1 = the partial slope of the linear relationship between the first independent variable and y

· b2 = the partial slope of the linear relationship between the 2nd independent variable and y

·  Partial slope- shows the amount of change in y for a unit change in the independent variable while controlling for the effects of the other independents in the equation 

·  Beta weights- standardized partial slopes which show the amount of change in the standardized scores of y for a one unit change in the standardized 

·  Multiple correlation coefficient (R) : Coefficient of multiple determination (R-squared) 

-The portion of variance in y- that is explained by all the independent variables combined, or in other words how all the dependent variables on the dependent variable (combined is the key word here) 

Multiple Regression SPSS Interpretation:

·  When conducting a multiple regression test, we need to keep in mind that the two dependent variables are measured in different units (ex. sex is female and male, and education is in years) we can not perfectly compare these two slopes together. Therefore we will need to standardize these two variables using Beta weights 

·  Beta  weights are used to compare two variables measured in different units. We use beta weights (derived from z-scores) to describe the effect of an independent variable on the dependent variable 

·  From SPSS

· The coefficient of determination (r-squared) value is 0.167 or 16.7%, this means that the independent variable explains 16.7% of the variance in the dependent variable. This is known as the combined effect of all dependent variables, not just one. 

- If we are not talking about the effect of all variables, we are looking at partial slopes

· Under model table, the r value is the combined effect of all independent variables 

· The values under that coefficient table will give you the values of the effect of one independent value irrespective of the other 

· Finally, we need to keep in mind that we need a sig value if 0.000 so that we  know that the data is generalizable and that we are able to interpret freely. If it is not, we will need to start over with different variables 
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