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Caffeine Effects on Verbal/Spatial Task Performance: 

Hypothesis Test Proposal

Goal: 

We find that many of our friends consume caffeinated beverages prior to engaging in  academic tasks, exams, or other performance evaluations with the belief that the stimulant will improve performance and enable them to focus to a higher degree on the task at hand.  We have designed an experiment in which we will examine the actual effects of caffeine on the performance of a simple verbal/spatial task (a word search test).  The intended experiment may have implications on the effects of caffeine in a college academic testing environment.  

Null Hypothesis:


Consumption of (240.00 mL) of highly concentrated caffeinated coffee will have no effect of the number of words, or have a negative effect on the number of words, found in a simple word search test in a two minute time period.

Alternate Hypothesis:

Consumption of (240.00 mL) of highly concentrated caffeinated coffee will improve performance, i.e. increase the number of words found in a simple word search test in a two minute time period.
Parameter:


If you choose a subject at random from the Dartmouth College undergraduate student body, then there is some degree to which caffeine will improve his/her performance on a verbal/spatial task.  This mean score is the average number of words found by participants after drinking caffeinated coffee; (-caff.  The parameter that we will be testing is the difference between (-caff and the average number of words found by participants after drinking non-caffeinated coffee, (-non.  Under the null hypothesis, caffeine will not increase the number of words found in the simple word search task; hence the null hypothesis is that (-caff - (-non = 0, while the alternate hypothesis is that (-caff - (-non > 0.
Test Statistic


Suppose we have collected data associated to N  randomly sampled Dartmouth students.  Let ( be the average number of words found by the caffeine subject group.  My test statistic will be

µ -caff-population ≈ µ-caff

Under the null Hypothesis, µ-caff will be distributed via a binomial distribution, with probability p-null = 0.5.  In particular, we can estimate all the probabilities associated to P using the actual binomial distribution or, provided N-caff + N-non > 30, the normal approximation to the binomial distribution.

Significance Level


Since we will want to be able to report these results as statistically significant, we will chose the significance level to be 0.05.  In other words, we will leave only a 5% chance of a type 1 error.  In this setting, a type 1 error corresponds to concluding that caffeine improves Dartmouth students’ performance on a word search test, when in fact there is no improvement.  The equation we will be using to determine whether or not the difference in average number of words found from the two groups is significant is:



Z-0 =
 

µ-caff - µ-non




{[(s-caff^2)/N-caff] + [(s-non^2)/N-non]}^(0.5)
Critical Region


Let us assume N-caff + N-non > 60.  This test is right-sided, since our Alternate Hypothesis is that (-caff will be significantly greater than µ-non.  Therefore, to find the critical region, I will need to find Z-0 with the area to the right of Z-0 under the standard normal curve equal to the significance level of 0.05.  hence, using a table or Exel, I find that Z-0 is 1.65 and I will reject the null hypothesis provided



µ-difference > µ-non + Z-0 (standard deviation of the difference)/(N)^0.5

which is therefore µ’s critical region.  Denote the right hand side of this inequality as 



µ-difference = µ-non + Z-0 (standard deviation of the difference)/(N)^0.5

and call this quantity the critical value.

Power Hypothesis:


Our feeling is that caffeinated subjects will find 40% more words in the given two-minute time span.  We compute the power of this test will respect to the belief that  µ-non + 0.4(µ-non) < µ-caff.  If N-caff + N-non > 30, I can use the normal approximation, and the area to the right of the standardized µ-crit equals

Equipment:


For this experiment, we would like one distributor.  We would like one person to pour coffee, caffeinated or de-caffeinated, into each participants’ cups.  This person will label the cups, so he/she will know which subjects received caffeinated coffee and which subjects received decaffeinated coffee.  The experimenters will be blind to the coffee condition.  Since we hope to test 60 subjects, who will each drink a full cup of coffee, we will need 60 insulated paper cups.  We will brew 10 cups of Maxwell House caffeinated and decaffeinated coffee for each test run.  Each participant will receive one cup of caffeinated or decaffeinated coffee, so we can test a maximum of 20 people each testing period.  We will use simple word search games for our task; we will need 60 of these.  We will also need 60 pens in the testing room.

Protocol:

 
Room  In order to avoid influence by outside factors, all subjects will be in relatively isolated areas of the testing room.  The pourer and distributor will be in a separate area and will bring the coffee to the participants.


The distributor will hand out the coffee cups to the first session of 20 subjects.  Paper cups containing caffeine will be marked on the bottom with red ink.  Paper cups containing decaffeinated coffee will be labeled with a blue mark on the bottom.  The participants will be instructed to drink the coffee but to keep their cups.  Research has shown that caffeine reaches its densest concentration in the blood 15 to 45 minutes after consumption; we will, therefore, implement a 30-minute delay period after participants finish the coffee.  Participants must remain in the same seat during this period.


After the 30-minute delay, the experimenters will distribute the word search tasks to the participants.  Subjects will then be instructed that they will have 2 minutes to find, and circle, as many words as they can.  At the end of this 2-minute period, subjects will be instructed to put their pens down and to bring their empty cup and their completed word search puzzle to the front of the room.  Subjects will place their paper cups on top of their word search puzzles on the table in front of the testing room.


The distributor will then record the number of words found on each puzzle.  On an excel spreadsheet, the subjects will be numbered, their scores will be entered, and their caffeine states will be labeled.  The experimenters will not know which puzzles were completed by subjects exposed to caffeine.


This will be repeated for three more testing sessions.




