Brian’s Quick and Easy Statistics 

Background: Sources of Distribution

Anytime you measure something, like the length of a desk, there is some amount of uncertainty.  Thus if you make the same measurement several times you will get several different results.  The spread of the results is due to measurement error.  The amount of measurement error depends on the type of measurement technique you use (e.g. a yard stick or a micrometer).  Most measurement error is random (equally likely to measure high as low), but some errors can push the measurement in a particular direction (stretched out tape measure).  

Say you have several desks and you measure all of them.  You will likely find the different desks have slightly different lengths.  This is due to variation in the population.  The variation of many things in nature is distributed normally around a center point.  However, some populations have abnormal distributions (e.g. the number of basketballs you can dribble at one time).  

Measuring the Distribution

Two key pieces of information for a distribution are its mean and its standard deviation.  When you report data in your research paper, you should always give both the mean and standard deviation for every measurement you report (even if the differences are not significant).

The mean is simply the sum of all the measures divided by the number of measures ((xi/n).  The standard deviation (s or () is a measure of the average distance between each point and the mean.  The exact equation is given below (s2 is called “variance” and s is the standard deviation):
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In SPSS you can get the mean and standard deviation from the Analysis menu by selecting Descriptive Statistics for your field.  In Excel you can insert an AVERAGE or STDEV function or a into a field and specify a range of data.  

Comparing Distributions

Lets say you have two measures: the volume of gum under tables in your room and the volume under tables in the room next door.  You can compare these two distributions by comparing the means.  If one mean is higher than another mean, then it may mean that one sample is larger than the other.

A key aspect of distributions is that there is not only a spread, but also uncertainty of the spread.  If you measured all the same desks again, you would get a different spread with a different mean (hopefully it would be close but still there is some difference).  So just because one mean is higher does not necessarily mean that there is a difference.  What we can do is say how unlikely it is that the difference in the means is just do to chance (what are the odds of getting two distributions of the same thing that were that different).  Or in other words we can show that the null hypothesis is very unlikely to be true.

	Null Hypothesis: There is no real difference between the two groups or no real effect of the treatment.


There is always some possibility that the differences between distributions is due to chance.  But often this is highly unlikely.  In education it is standard to report differences where there is no more than a 5% chance that the null hypothesis is true.  These differences are deemed significant.  Some results are reported as “approaching significance”.  Keep in mind that the 5% limit is difficult to achieve, but also if you do 20 studies that are not significant, you will probably get a false-significant finding on one of them.

Just because the data does not show a significant difference does not mean the null hypothesis is true.  It only means that there is not enough evidence that it is false. Often with more students or a better measurement, the difference can be demonstrated to be significant.  If you have a non-significant finding, you can still discuss the results and the differences in the means, but you cannot conclude anything about that difference.

The standard tool for comparing distributions is the t-test.  This test assumes that the sample is reasonably normal (not heavily skewed) and that you have at least 12 measurements in each sample.  The t-test is really the computing of the t statistic (or t value).  The formula for the t statistic is given below, but you don’t need to know it.  The computer will calculate it for you.  Notice that a key variable is n, the size of the sample.  The sample size is also a key element of the degrees of freedom for the measurement (pick the smaller n: df = n -1).
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To run a t-test in SPSS you go to the Analyze menu: Compare Means.  The two comparisons we use are Independent-Samples T Test and Paired-Samples T Test.  For comparing two classes or two groups within a class, choose independent samples.  To compare pre- and post-test data for the same group of students use paired samples.  The other comparisons are rarely used or two complicated to explain here.

[image: image3.png]Data Transform [UEIZLY Graphs  Utilities  Window  Help

S B 8

asic user (word pra

course

514

514

514

514

514

Reports
Descriptive Statistics
Custom Tables

General Linear Model
Mixed Models
Correlate

Regression
Loglinear

Classify

Data Reduction
Scale

Nonparametric Tests

>
3

v

YYVVYYYVYVYVY

T

Means... 3
One-Sample T Test...
Independent-Samples T Test...
Paired-Samples T Test...

One-Way ANOVA...

[ ———————————

Proficient user (able to master

Basic user (word processing, ema

Experienced user (install softwa




When doing tests of paired samples, you will select the two fields (columns) with the two measures to compare.  Then click the arrow to move the variable pair to the right side.  You can select as many pairs as you like.  

When doing tests of independent samples you need to have all the data in one field and a second field to identify two groups to compare.  For the grouping variable you need to have a numeric variable and then specify the groups (which numbers).  You may need to create a new variable (or recode an old one) for this purpose.
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The output for a t-test is generally two tables.  The first has statistics (N, mean, Std Dev.) for the two samples, the second table gives the t-value, the degrees of freedom (df) and the significance probability (p value).  There are other columns that you can generally ignor.  For each comparison there are two sets of numbers, one for assuming equal variance and other for not assuming it. These numbers should be similar; in most cases you should report the top one (equal variances assumed). 
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The p value (significance) is the key piece of information.  If this number is below .05 the comparison is judged to be significant.   With this you are allowed to conclude that something (e.g. good teaching, sunspots) caused a difference between the two sample.  Identifying the cause is up to you – hopefully the design of your study will limit the possibilities.  

Reporting T-test Data

Test data is generally reported in tables and/or in the text of the paper.  To report data in the text you should indicate one score was significantly higher than the other and then put the test info in parenthesis.  As you see below you indicate the type of test by identifying the variable (t) and give the degrees of freedom in parenthesis and give the p level.  Some people like to give the exact p value (e.g. p = .037) while others prefer the old style where you round to the nearest increment (e.g. p<.01).

	The results show that students in the hands-on classes preformed significantly better than those in the textbook science classes in only one of the long performance assessments.  The differences in the flatworms assessment (t(19)=1.19, p<.05) do suggest small advantage for the hands on classes.


In tables, you generally list all the means and standard deviations and indicate which comparisons were significant (e.g. with an *):

	
	Multiple choice
	Short performance assessments
	Long performance assessments

	Hands-on Classes

(N=20)
	6.16 (0.09)
	3.98 (0.15)
	4.04 (0.15)
	4.61 (0.12)
	5.39* (0.11)

	Textbook Science Classes (N=20)
	7.16 (0.09)
	3.68 (0.15)
	4.24 (0.17)
	4.64 (0.12)
	4.99* (0.11)


Table 1: summary of results of Authors et al (in press).

*HO-TX difference is significant p<.05
Notes:

Prepping files for SPSS

· Create a header row at the top of your file with field names

· Field names can only be 8 characters!

SPSS Tricks

· Use “Recode into New Variable” to create a numeric version of a string variable.

· For complex analysis create scripts for all the data changes.

· You can split the file by any variable (e.g. gender) so you can run analysis separately for each split.  
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