                                        Chapter 1 – Intro to Stats
· Fundamental operation that is preformed by scientists in all disciplines is observation => Observation consist of measurements => The results of the measurements are numerical data.
· Statistics is the intermediary between what is observed and what can be concluded about how natural events operate
· Statistics methods are used for two broad purposes:
· Descriptive stats: consist of techniques for organizing, summarizing and extracting information from numerical data
· Inferential Stats: involves generalizing the findings beyond the immediate observations, objective is to make general statements about people or events
· It is the body of rules and procedures by which general statements are made about people/events based on observ.
· Taken all together, statistics is the body of rules and procedures for evaluating and making decisions about the outcome of scientific observation
Chapter 2.1 – What are We Talking About?
· Population: consists of all of the organisms, objects or events of a specified type
· Sample: is any subgroup of a populations, must be representative
· Parameter: summarizes or describes a population (ex. Calculated average height is the parameter of the pop.), descriptive
· Statistic: a numerical term that summarizes or describes a sample population (ex. Calculated average height would be statistics)
· Obtained from samples and are used to estimate population parameters. 
·  The difference between parameter and stats is stats Is both descriptive and an estimate of the corresponding population characteristics
· Data: any recorded observation or numerical form (pl. = group of observation)
· Datum: Is a particular observation
· Raw Data: when observation are recorded and gathered together they are raw data
· Cooked Data: Data that is tampered with on purpose and falsification of observation = crime

· Variable: any observable/measurable property of organism, object or events
· Quantitative Variable: the number derived from the measurement reflects the amount of the property in question (ex. Length is a quantitative variable), its an act of measurement
· Qualitative Variable: is the distinction of kind, not amount. It’s a classification of categories
· Continuous Variable: any value between maximum and minimum limits, theoretically does not produce a tied score if measurement is very precise, but this is hard to do.
· Discrete Variable: can only assume certain numerical vales, such as being restricted to whole numbers (ex. Position in race, family number), tied scores expected
· Quantitative data whether it is continuous or discrete are analyzed by procedure parametric statistics
· Qualitative data are analyzed by non-parametric techniques
2.3- The Essence of Science
· all science may be observation but all observations are not scientific
· Objective Observation: is one that is not in any way affected by the opinions, values, or biases of the observer
· Subjective Observation: reflects the observers personal point of view, there can be no science if the raw data are a matter of opinion (ex. subjects opinion of the performance of a political figure)
· the experimenter must maintain an objective relationship to the data and not influence the subjects response in any way
· Empirical Event: which can be perceived by our senses (including any extension of them in the form of detection and/or recording apparatus)
· Operational Definitions (OD): specifies the manner of measurement of the variable
· OD are essential in science because they are a means by which we can achieve precision in our communication and objectivity in our data (ex. speed can be defined operationally as the number of kilometres or miles per hour)
· Ex.) if someone said the car went by slowly/quickly this is subjective, but if they said it went by 20km/hr then this is objective
·  OD are the key to transforming subjective phenomena into observable/measurable variables
· OD are arbitrary ways to convert variables into objective numerical data, the need to measure may result in the reduction of subtle and complex variables into questionable oversimplifications
2.5- Types of Measurements 
Ratio Measurement: is quantitative, the numerical values are assigned in such a way that the size of the number reflects the amount of the variable being measured (ex. length expressed as a # or measurement units)
· A ratio measure has a true zero point, the number 0 reflects an absence of the variable (ex. something that is 0cm does not exist)
· In ratio measurement negative scores are impossible
· In ratio measures the numbers has both a consistent interval relationship and ratio relationship to each other 
· Consistent interval relationship: the unit, or interval, of measurement refers to a constant amount of the variable throughout the measurement range (ex. 1cm is always 1cm regardless if it is the 97th centimetre measured) 
· Ratio relationship: the proportions of the magnitudes of the variable are accurately reflected by the proportions of the numerical scores
· Examples of ratio measures are: time in seconds, weight in pounds, number of correctly answered items on a test, frequency of being asked to dance

Interval Measurement: is quantitative, it yields numbers that reflects the amount of the variable 
· does not have a true zero point, in interval measure zero variable is defined arbitrarily and does not reflect an absence of the variable (ex. temperature in Celsius/Fahrenheit, 0C is when water freezes, it does not bear a relationship with the numerical values on the Celsius scale)
· The numerical values do not bear a consistent interval relationship to each other
· interval measurement can yield negative scores

Ordinal Measurement: not quantitative, consists of rank ordering
· Ex) identifying people as first most beautiful, then second, third and so on. these numbers are not measures of beauty, any individual at any rank can be more beautiful than the lower ranking persons
· No way to measure magnitude of variable
· There can be no presumption of equal variable differences between pairs of adjacent ranks

Nominal Measurement: is not quantitative; is classification, the individuals or objects are classified as belonging to one or another set of categories (ex. nominal measurement on the variable of hair colour)
· Nominal measurement requires a set of categories, that any individual can belong to only one category
· The numbers obtained from nominal measurement are the frequencies of occurrence, nominal measurement is not quantitative (Ex. 25 male: 35 female, does not measure the degree of masculinity)
· Nominal measurement is most often classification by qualitative distinctions
Conclusion:
· When we go from ratio to ordinal to nominal measurement we have less and less information, info is lost when data are transformed into simpler forms
· Data that are obtained from ratio and interval measurement are quantitative and permit the calculation of parameter values
· Nominal and ordinal data are not quantitative in nature (less preferred)

Chapter 3.1- Introduction
· Descriptive stats refers to all the organizational procedures and summarizing terms that describe characteristics of the raw data
· Is first priority when we have collected numerical data to bring meaning to numbers
3.2- Frequency Distributions and Graphs
· Frequency Distributions (FD): is an arrangement that lists all possible data values or types, and shows the frequency of occurrence of each one
· enables the viewer to see aspects of the data that are not easily detected by merely scanning the raw scores, organizing raw data into a FD is a descriptive operation
· Cumulative Frequency Distribution: the frequency of observations at each data value is added to the frequencies of preceding values
· CFD enable quick determination of the percentage of observations above or below some value
· Class Interval: is a specified range of observation values, and the resulting frequency distribution lists the number of operations in each class interval, i.e. it divides the range of measurement into a manageable number of units
· the CI boundaries must be specified with sufficient precision that every observation can be placed unambiguously into one interval, CI limits must be expressed with equal or finer measurement precisions than the raw data
· Exact Limits: (calculated from FD data) are one-half unit to either side of the class interval values (ex. the CI value is 7.0-7.4, then the exact limit will be 6.95-7.45)
· when CI are constructed in terms of exact limits, and arbitrary conventions must be adopted to deal with the occurrence of a score equal to an exact limit value
· Graphs: a pictorial representation of a FD or data table
· Abscissa: horizontal axis (x-axis), is marked in units representing the variable of interest
· Ordinate: vertical axis (y-axis), is marked in units indicating frequency or amount
· Bar Graph: the frequency or amount of each type of observation is represented by a vertical bar, the bars are separated by some space, useful to depict frequencies of nominal variables b/c the distinctness of the bars reinforces the distinctness of the nominal classes of observation
· Frequency Polygon: the frequency of each data value is plotted as a point and the points are connected by straight lines, this creates the impression of continuity btwn data points, frequency polygons are an appropriate way to depict interval/ratio variables. more than one frequency polygon may be plotted on the same set of axes and therefore increasing the amount of info presented and providing a direct comparison
· Histogram: uses vertical bars to depict frequencies of an interval/ratio variable, there are no spaces btwn the bars. histogram emphasizes the differences btwn the score frequencies, the frequency polygon emphasizes continuity btwn them
· a distribution is termed Symmetrical when data frequencies decrease at equal rates above and below a central point, the distribution is bisected, one half is the mirror image of the other
· Skewed: a nonsymmetrical distribution, a bunching of the observations at one or the other end of the measurement range. If the observations are bunched at the lower score values the distribution is positively skewed. If the observation are bunched at the high end of the measurement range it is termed negatively skewed.
· Kurtosis: relative peakedness or flatness of the distribution, reflects whether the scores are more or less evenly distributed throughout measurement. Leptokurtic (more peaked than normal distribution) is when scores are bunched together steeply sloping sides. A Platykurtic (more flat than normal distribution) is where scores are more evenly spread out, greater proportion of the scores fall towards the ends of the distribution.
· A distribution that is not too peaked or flat is termed mesokurtic.
· Kurtosis can be measured quantitatively
· FD is the first meaningful look at raw data, may provide detailed analysis
3.4- Percentiles, Deciles, and Quartiles
· Percentiles, deciles and quartiles are useful ways to describe the relative position of a particular score within its distribution
· Percentile: the score value equal to or below which a specified percentage of the distribution falls 
· Ex) you are a member of a class with 100 students and your score is 83, and 90 other members of the class scored equal to or lower than 83. Your score of 83 would be termed the 90th percentile score b/c there were 90 scores (90% of the distribution) below 83
· Percentile Rank: what percentage of scores are equal to or fall below it
· Ex) when a continuous variable is measured and assigned a quantity such as 10cm, it does not mean the thing is exactly 10cm long, it is closer to 10cm than it is to 9cm or 11cm. The exact limits of the range of values represented by the number 10.00 are 9.995 and 10.005.
· Every measurement value stands for a range of values whose exact limits are one-half unit higher and lower
· Deciles: are scores that divide the distribution into tenths; the first decile has 10% of the distribution below it, the 2nd decile has 20% of the distribution below it, and so on. The first decile corresponds to the 10th percentile, the 4th to the 40th percentile, and so on.
· Quartiles: divide the distribution into fourths; the 1st quartile has 25% of the distribution below it and corresponds to the 25th percentile, the 2nd quartile has 50% of the distribution below it and corresponds to the 50th percentile, and so on.







3.6 – Summation Notation
· Here are some notations that will commonly be used in statistics
· X is used to represent the variable of interest
· X2 Individual scores that want to be identified have a subscript
· n indicates the number of scores/observations that were gathered
·  means the sum of
·  X = X1 + X2 + X3 ….. + XnNOTE: X2 ≠(X)2


·  X2= X21 + X22 + X23 ….. + X2n   (means the sum of squares)
· ( X)2 = (X1 + X2 + X3 ….. + Xn)2 (means the square of sums)
· c is a constant, which is a value that does not change
·  (X + c) = (X1+c) + (X2 +c)+ (X3+c)….. 
· cX = cX1 + cX2 + cX3 ….. + cXn  (means the sum of scores  by multiplying each X value by c)
· Y in this case represents another type of scores/observations
· (X+Y) = (X1+Y1) + (X2+Y2) + ...
· XY = (X1Y1) + (X2Y2) + …
· (X-Y)2 = (X1 - Y1)2 + (X2 - Y2)2
· XY = (X1 + X2 + X3)(Y1 + Y2 + Y3)
3.8 – Averages
The Mode
· Mode: is the most frequently occurring score
· When data is presented graphically, the mode would be the highest bar in the histogram
· The mode is calculated simply by scanning the data and seeing which number appears the most
· Unimodal occurs when there is on score that occurred the most frequently
· Bimodal occurs when there is 2 scores that occurred the most frequently
· In the case of a bimodal, the mode would be the midpoint between the two numbers
· For example, 8 and 11 is the most frequent, then the mode =  = 9.50
· When the data is organized into a frequency distribution, simply identify the interval with the most frequency
· BUT, the mode of the distribution would be the midpoint of the class interval 
· Ex. Interval (5-7), mode = 6
The Median
· Median is the value that has half of all the scores above it and half below it
· It is the central point of the distribution
· To find the location of the median, use the formula  , this gives you the position of the median on the data set.
· If the dataset id in even numbers, the median would be the midpoint between the two numbers.
· Ex) 2 and 3, midpoint = 2.5
· When data is organized in a frequency distribution: First, identify the class interval that contains the median point ->  Median = (Fb/Fw)(i) +LL
· Fb -Count the number of scores below the interval
· 
· i – Class interval
· LL- Lower limit of class interval



· [image: ../../../Downloads/AiJFIykZ9obvUdu2Ya5Ub-6S6tLYMHvBUO3M8zMdiJ3u.jpg]For the pic, 3.5-3.4 is midpoint interval, 30/33 scores are below the median.
· The class interval has a size of 0.5, so the lower limit would be 3.45
· Thus, median = (30/33)(0.5)+3.45 = 3.90
· The median is the 50th percentile score, thus the median of a frequency distribution may be determined by the formula

· Where P= percentile score

The Arithmetic Mean
· Mean is the sum of the scores divided by the number of scores


· What people understand as “average”
· A different symbol is used to represent the mean, depending on whether one is dealing with population or a sample
· Population is symbolized as μ (mu) = X/n
· Population is symbolized as x̄ (x-bar)= X/n
· Xbar is termed an unbiased estimate of mu without any tendency to be larger/smaller than mu
· If every different sample could be drawn from a population, the mean of the sample would equal the mean of the population
· Therefore, the expected value of Xbar is mu.
· A property of means is that the sum of deviations from it is always equal to zero -> (X- x̄) =0
· In two or more groups of scores have the same number of observations in each, or equal n’s then the overall mean is equal to the mean of the group means
So when na = nb = nc , ->  
· When the number of observations inn different groups is not the same, the overall means may be found by totalling the sums and dividing buy the sums of the n’s
So when na≠nb, ->
· Although the means can be useful at times, it can sometimes be misleading, especially when the distribution is skewed or contains extreme scores

Example: 3,5,8,8,4,7,84
Mode= 8, median=7, x̄ = 17
· In this case the mean is larger, if the average is being used to indicate a middle vale, then the median or mode are more appropriate in this case
· Mean is effected by deviant scores because its based on all observations
· Median is less effected by extreme scores because its determined by 1 or 2 observations
· Mode is not effected at all
· When the distribution is unimodal and symmetrical, the mean, median and mode (MMM) are the same numerical vale
· When the distribution becomes more skewered, the MMM become different values
· The MMM represent certain information but imply nothing about the shape of the distribution


3.10 – Variability 
· Variability refers to the dissimilarity among the raw scores
· Low Variability:
· Means the scores to be similar in magnitude
· The frequency distribution will be bunched with steeply sloping sides
· If getting a difference between numbers, then low variability would mean small difference between the numbers
· High Variability:
· Means that the differences between the scores tend to be greater
· The freq. distribution will have scores that are more spread out and will appear flatter
· Large differences between the numbers
· Range of a set of data is defined as the difference between the maximum and minimum scores
· Easy to determine
· Provides useful information by identifying the size of the measurement range in which scores are dispersed
· Not generally used in stats because doesn’t give much info about the shape or scores
· Suppose we have a set of scores and calculate the mean (mu/μ). We can get the deviation of each raw score from the mean (X – μ)
· This is a good way to measure variability but will not work because the sum of the deviations about the mean always equal zero [(X – μ) = 0]
· This obstacle is overcome by the sum of squares
· Sum of Squares: The sum of the squared deviations from the means, (X – μ)2
· Eliminates the negative values, therefore its always positive
· Variance: is the mean of squared deviation of raw scores from their mean, 2 . It measures the variability within a set of scores
· Allows us to make direct comparisons concerning relative amount of comparability
· Doesn’t reflect original units of measurement (since its square)

· To get the same units of measurement, we simply square root the equation above which is known as standard deviation, .
· The measure of variability is expressed in the same units as the raw data

· Variance and SD formulas given so far are appropriate when dealing with population, however when dealing with a sample, there needs to be modifications made
· Variance has a systematic tendency to underestimate the population variance, this its said to be biased
· Biased: refers to any systematic tendency for a statistic to error as an estimate of the corresponding parameter
· The bias is corrected by changing the denominator to n-1 instead of n. (this is called a degrees of freedom term)
· This modification of S2 results in a an biased estimate of 2
· Variance for a sample is characterised as S2 instead of 2, and SD would be characterised as S.
· Variance and SD formula for a sample are:
                                               
· There is a easier equation for standard deviation  
· Rearranged form of the easier equation for variance and SD is on pg. 49
· Variance and SD are direct measures of variability, numerical value increases when variability does.
· When there is no variability at all it would mean all the scores are = to the mean and the sum of squares will = zero. 
· S and S2 will also = 0
· Given a set of scores, what would be the effect on s2 of adding or subtracting a constant to each raw score?	
· +/- changes the the size of the number but doesn’t not effect the amount in which they differ, so it doesn’t not effect variance of SD
· x/÷, dividing or multiplying a constant with the score would effect the SD and variance and would effect the size of difference between the numbers

Chapter 4.1- Normal Distributions in Nature
· The normal distribution is a theoretical frequency distribution defined by as mathematical equation
· Its importance lies in the fact that many natural events yield freq. distributions that closely approximate the normal distribution (ND)
· If a variable is normally distributed we need to only determine the mean and SD to get a specific statement about the proportions of the observations that lie above, below or between a given score.
· Central Limit Theorem: The distribution of sums or means of sufficiently large and equal sized random samples will be normal, regardless of the shape of the population distribution
· Basically, scores close to the mean are more likely to occur then extreme scores.
· In Nature scores are based off of contributing factors like nutrients, disease, genes, etc.
· Hundreds of factors contribute to a combination of peoples scores like height.
· The score obtained represents the sum of the set of determining factors by a individual at a particular time.
4.2 – Properties of Normal Distribution (ND)
· It is symmetrical
· The mean, median and mode are the same numerical value that divide the distribution into half
· The tails of the graph do not touch the X-axis (abscissa)
· Tail meets the graph at infinity
· Useful to think of ND in terms of proportions of the area under the curve
· The area under the curve is equivalent to the total number of observations in the distribution
· Think of the total area equalling to 1.
· 0.5 of the area of the curve is above the mean and other half below.
· 1 SD would be equal to 0.3413 or 34.13% of the graph
4.3 – Z-Scores
· Sometimes we need to compare things, but are not expressed in comparable units (ex. Weight vs height vs marks)
· The scores are not directly comparable, but can be compared via raw scores
· Recall that SD is a measure of variability in raw data, if we regard SD’s units then this allows us to compare positions in scores of different distributions, this can be done through z-scores
· [bookmark: _GoBack]Z-Scores: a transformation of raw score such that the difference between the raw score and the mean is divided by the standard deviation,   
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