Descriptive and Inferential Statistics, page #4
Descriptive Statistics

What are Raw Data?

Raw Data consists of each observation in a data set (e.g., each individual person’s responses or scores). It is difficult to draw any conclusions from these data because they are not yet summarized.

What are Descriptive statistics? What are the two types of descriptive statistics?

They are used to describe or summarize the data. They do this by highlighting major trends and differences.
The two types of measures that describe data are: 
· Measures of central tendency 
· Measures of dispersion.


Levels of Measurement

In order to decide which of measures of central tendency and dispersion are appropriate for your data, first identify the level of measurement of the data. This is important because not all measures can be calculated for all levels of analyses.

The three levels of measurement are: 
· Nominal: Data can be placed in categories: e.g., colors (there is not order or hierarchy)
· Ordinal: Data can be organized in a hierarchy, but the distance between the ranks is not known. One can order athletes by rank (1, 2, 3, etc.). But this information does not tell us how much faster the first ranked person ran in comparison to the second ranked person.
· Interval: Data are organized along a scale that has equal intervals. Therefore, we can say that Gina is five inches shorter than Ann. Sometimes interval level data can be discrete; i.e., if we are counting numbers of people.
· Ratio: Data are organized along an interval scale with a real zero; i.e., the ratios are meaningful. For instance, time can be considered to be a ratio measure – we can say that Beth took twice as long to complete a problem as Emma (5 minutes compared to 2.5 minutes).

For practical purposes, ratio measures are treated just like interval measures, so you do not need to distinguish between them. The data set presented to you compares the time (in seconds) taken to serve patrons at a restaurant who are casually dressed as compared to patrons who are formally dressed. 

   What is the level of measurement of this data: __________________________?



Central Tendency

Central tendency is the most typical value of a data set. This is also known as the average. Three measures of central tendency are: mean, median, and mode. 
Three Measures of Central Tendency

For the data provided to you in the Excel spreadsheet “Inferential statistics”, calculate the measures of central tendency for Group A and Group B

Arithmetic Mean – the arithmetic average of a set of data. This is calculated as follows: add all the scores in the data set. Then divide by the number of scores in the data set. 

· Using Excel: in the relevant cell, enter the following: 
=SUM(select all the numbers in column A) / the number of observations
· Check your answer using the function “average”

Median – the central value of a set
If a set of data has been placed into ascending or descending order, then the median is that value which occupies the precise mid-point of the order.

In excel, calculate the mean as follows:

· First select all the observations in the column. Then click on data and choose sort from the drop-down menu. Sort the numbers in ascending order.
· Then select the central value. In this case n=8. Therefore the central value will be the arithmetic mean for the two central values.
· Check your answer by using the function “median”

The Mode – the most frequently occurring value. Think of this as the most popular value. It is the easiest one to compute. You can scan the column you sorted to calculate the mean and find which numbers are repeated most often. You can check your answer by using the function “mode”. If there is more than one mode, identify it as either bi-modal or multi-modal.

Selecting the appropriate measure of central tendency

	
	Mean
	Median
	Mode

	Level of measurement
	Interval or ratio
	Ordinal, interval or ratio
	Nominal, ordinal, interval, or ratio

	If there are extreme values in one direction
	
	Median may be better than mean even for interval or ratio measures
	

	Advantages
	· Can use parametric tests
· Most sensitive and accurate measure
	· It is unaffected by extreme values in one direction (skewness)
· Easier to calculate
	· It is unaffected by extreme values in one direction (skewness)
· Can be calculated even when extreme values are not known


Measures of Dispersion

To disperse = to scatter. Measures of dispersion are used to describe how much the data cluster around the mean. If we are comparing two groups and they have the same or very similar value of central tendency (e.g., Casually dressed and formally dressed patrons are served in 30 seconds), then it is useful to know if some casually dressed patrons are served in 60 seconds while others are served in one second as compared to patrons in formal clothing who are for the most part served between 25 and 35 seconds. This indicates that there is more variation among the casually dressed patrons, i.e., that a variable other than clothing may influence restaurant worker’s response to patrons (perhaps how friendly they appear to be). You can use the Range for ordinal and interval-level measures. The Standard Deviation can only be used for interval level measures.

Range:

Find the top value of the set. Find the bottom value of the set. You can easily determine these as your data are sorted. Subtract the bottom value from the top value and add 1. (1 is added to account for measurement error.) 

In excel:
	= (Highest value – Lowest value)+ 1

Interpreting the range – it can be distorted by extreme values, and does not give a clear picture of whether the most values are centered around the mean with some scattered at the extremes, or whether most values are evenly dispersed around the mean. For this, it is useful to calculate the standard deviation.

Standard Deviation:

The standard deviation is the average distance of observations from the average. The smaller the standard deviation, the more closely the data are clustered around the mean. The standard deviation is affected by extreme scores, and can only be calculated for interval level data.

[bookmark: _GoBack]To calculate the standard deviation, we first calculate the variance. This is nothing more than the square of the standard deviation. Procedure to calculate the standard deviation:

1. Calculate the deviance = raw score – mean 
2. Square the deviation = (raw score – mean)2
3. Find the sum of the squared deviations
4. Calculate the variance: Divide the result of step 3 by N-1 where N = number of data points
5. Find the square root of step 4: in Excel use: SQRT(result of step 4)

Use our data set to calculate the standard deviation
Using Graphics to Summarize Data
Bar Charts 

They can be used to represent discrete categories. You are required to graph your findings (i.e., descriptive statistics) as they relate to your hypothesis. It is best to create a bar chart that demonstrates the difference between the two measures of central tendency. 

Remember:

· The bars must be separate.
· The point of origin of the y-axis should be zero. Why should the graph below not begin at y=4?
· Be sure to label your axes, and include an appropriate title.
· Do not use 3-d charts.







Inferential Statistics

Inferential statistics are used to examine whether the differences obtained using descriptive statistics are “real differences” or whether they were more likely to have occurred by chance. We test the null hypothesis (e.g., there is no difference in the anxiety scores of people who are sleep deprived and people who are well-rested). If there is a “real difference” between the anxiety scores of the two groups, we can reject the null hypothesis. Remember that the null hypothesis is a statement about the population (i.e., the group to which the findings of an experiment can be generalized). 

Steps to conducting inferential tests of difference:

· Determine the p-value: This is the probability that the result would occur IF the null hypothesis were true. There is always a small chance that we would not get a difference even when the null hypothesis is true. Social scientists typically agree that a p-value of 0.05 is reasonable. 
· Determine if you will use a one- or two-tailed test: Use a one-tailed test when you have a directional hypothesis (e.g., that sleep-deprived people will have higher anxiety scores). If on the other hand, you can only hypothesize that sleep affects anxiety scores, but are not sure about the direction of that effect, use a two-tailed test.
· Choose an appropriate test of significance using the table below:

	
	Related Design (Repeated Measures or matched-pairs)
	Unrelated Design (Independent Samples)

	Nominal
	Related Binomial Sign test
	Unrelated Chi-square 

	Ordinal
	Related Wilcoxon’s T (Matched pairs signed ranks)
	Unrelated Mann-Whitney U 

	Interval
	Related T-Test
	Unrelated T-Test



Parametric tests (T-tests) are based on certain assumptions regarding the distribution of the population data. Non-parametric tests (all the others in the table above) do not depend on these assumptions. It is better to use a parametric test if you can, because they are more powerful. This means that one is a little more likely to find that there is a significant difference between two sets of data if one uses parametric tests. However, the following three conditions must be met to use parametric tests:

1. Interval level data
2. The underlying population is assumed to be have a “normal” distribution. A quick way to determine this is to look at skewness of the data set. If the values of the Average and median are very different, we can infer that the data are skewed or that the distribution is not normal. You can also construct a histogram of the values and eyeball the shape of the curve.
3. The variances are similar (homogeneity of variance). This is not a limitation for Repeated measures because both sets of observations come from the same set of participants. However, when you have an independent samples design, you can assume that this condition is met if the variance of one set is less than four times the variance of the other set.

· Follow the steps in your book, use the practice problems done in class, and use the videos posted on Schoology, to complete the selected test.
· Make a conclusion about the hypothesis – accept or reject the null hypothesis.
· Interpret the data.


Average time to be served at a restaurant
Average time (seconds)	Time to serve formally dressed patrons	Time to serve casually dressed patrons	48.38	63.25	