Data Analysis Concepts   
Psy 531
spring, 2008

Elementary Hypothesis Testing: The Influence of Variance
The following experiment and its results have been fabricated to address the following question:  does caffeine influence performance in a speeded detection task?

Participants:  


Thirty-six female students were selected from among the female students enrolled in Psy 121 and Bio 101.  Requirements for selection included:  a willingness to participate, a self-reported history of drinking 2-5 cups of coffee daily for a year or more, and no history of intestinal or cardiac problems. 


Participants ranged in age from 17-22 and were unaware of the design and hypotheses of the experiment.  They were quasi-randomly assigned to one of two groups of 18 (Caffeine group and No Caffeine group).  The mean age, mean number of cups of coffee normally consumed each day, and mean body weights did not differ between the groups. 

Materials: 


One thousand two hundred random numbers between 0001 and 9999 were generated by a Macintosh computer running the RandGen program.  The numbers were printed 120/page, in four columns of 30 numbers each.  Identical packets of the resulting 10 pages were collated.


Decaf Sumatran coffee was brewed under controlled circumstances in the Reed College coffee shop.  Caffeine (325 mg, Sigma Chemical Company) was added to half of the thirty-six 12 oz servings.

Procedure:


Participants were asked to sign an informed consent form and a medical form testifying to the absence of the above-mentioned medical problems.


All participants were asked to abstain from consuming any food or liquid other than water beginning at 8 a.m. the day of the experiment.  Participants were asked to arrive at the Reed College Coffee Shop at noon. 


At 12:05, all participants were asked to consume one 12-oz cup of coffee in five minutes.  Each cup was coded for caffeine presence, but neither the experimenter who distributed the cups nor the participants knew the code.  The participant recorded the code number on their response sheet.

Fifteen minutes later, a 2-minute number circling test was administered.  Each participant was given a packet of random numbers and asked to circle, as quickly as possible, the numeral "5" every time it appeared, proceeding down one column to the next column on page one before turning to page two, and so on.


The measure of performance analyzed was the number of correct numerals (i.e., number of 5’s ) circled in two minutes.   (N.B.  There are other measures that could be used, some potentially better than this one.)

Summary:


independent variable:  presence/absence of Caffeine (between groups)


dependent variable:  number of correct numerals circled in 2 mins. 

Results

Below are the circling scores from two replications of this experiment.  They have been arranged in increasing order within each group to make them easier to scan:
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For which of these experiments do you have more confidence that the difference between the obtained means is meaningful?  Why? (It might help to plot the “frequency distributions” of the scores in each set.  In other words, put the scores on the x-axis, and “number of participants” on the y-axis.  Then plot the number of participants obtaining each score for each group (i.e., four plots).

The above two data sets differ considerably in their variance, a measure of how "spread out" the data are around their mean.  The standard deviation (one indicator of variance) for both groups in Experiment 1 is 2.1; for both groups in Experiment 2, the standard deviation is 8.2.

Statistical analyses such as a t-test (run when the experimental design involves only one independent variable with two levels, as above) and Analysis of Variance (ANOVA, run when there are more than two levels of one independent variable, or when there is more than one independent variable), utilize both the difference(s) between the means AND the variance(s) in the data to calculate the value of the statistic ("t" in the case of the t-test, "F" in the case of ANOVA).  

The "t value" or the "F value" obtained in a particular statistical analysis is compared to values in a table, and a probability value, or p-value determined.  The p-value tells you how likely it is that the two (or more) samples you have were drawn from the same population.  Another way of saying the same thing is that the p-value tells you how likely it is that you will be wrong if you reject the null hypothesis.  In rejecting the null hypothesis, you conclude that the samples being compared (in this case, the numbers of numerals circled by participants in the No Caffeine group compared to the numbers circled by participants in the Caffeine group) are "significantly different" or "reliably different" from each other and, thus, that your independent variable had an effect (in a well designed experiment).  

A p-value of .10 means that there is a 10% chance your samples are from the same population, or that you will be wrong approximately ten in one hundred times (10/100 = .10), or 10% of the time, if you conclude that you obtained a "significant" or "reliable" difference by manipulating your independent variable.  A p-value of .05 means that you will be wrong approximately 5% of the time if you reject the null hypothesis.  In most psychology experiments, we require a p-value less than .05 to conclude that a significant difference exists between the samples being compared. 

For Experiment 2 above, t(34)* = 1.82, p > .05.  Thus, it would be unwise to conclude from these samples that caffeine influences performance in this task.

However, for Experiment 1, t(34) = 7.29, p < .001.  For these samples, we are pretty safe if we conclude that the scores of the No Caffeine and Caffeine groups are significantly different.  Specifically, we conclude that caffeine improved performance in this speeded detection task. 

Note that we have reached different conclusions in these two experiments, despite the fact that the numerical differences between the mean scores for the Caffeine and No Caffeine groups are identical.  The effect of the larger variances of the scores in Experiment 2 is to make us less confident that a difference of 5 numbers circled between the means of the two groups represents a reliable difference.  The larger variance reduced the calculated t-value, and hence increased the p-value. 

Note also that this is a between-groups experiment, i.e., each participant provides a score in only one of the two conditions.  Put another way, the two sets of scores are from different groups of participants.  It could be made into a within-subjects experiment if each participant did the task twice, once with caffeine and once without.  Because there might be practice effects in the task, one would want to counterbalance the order of the two conditions, i.e., half the participants would be tested first with caffeine and second without, the other half the participants would be tested first without caffeine and second with. 

· the number(s) in parentheses is/are the degrees of freedom.  The degrees of freedom are used in combination with the value of the statistic to determine the probability level.  

