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Goal:


Getting admitted to Dartmouth College requires the combination of high SAT scores, strong grades, and involvement in extra-curricular activities. It can be assumed that most students at Dartmouth are not only intelligent, but also test well and are highly motivated.  Performing well on a test such as the SAT correlates with an ability to maintain high performance under time pressure.  Our group is curious to find out whether adding time pressure to a testing environment hinders or enhances the time that Dartmouth students take to perform a task.  Adding time pressure might add anxiety, thus increasing the time it takes a student to perform a task, or it might increase intrinsic motivation, thus decreasing the time it takes a student to perform a task.  Our goal is to investigate the effect of time pressure on the time it takes a student to complete a brain teaser task.  

We have decided to use two experimental groups.  Our control group will perform the cognitive task under no time limit, and our experimental group will perform the cognitive task with the added variable of a time limit corresponding to the average time that it took the subjects in the control group to complete the task.  With this simple experiment, we hope to at least shed some indicative light on the following question: Does time pressure help or hinder cognitive performance?  

Null Hypothesis:

x1 = x2  

There will be no difference in the mean amount of time it takes for each group to complete the task.

Alternate Hypothesis:

x1 does not = x2  
There will be a difference in the mean amount of time it takes for each group to complete the task.

Parameter:

The parameter we will be testing is the difference between the mean times in the two test groups.  We believe that there may be a difference caused by taking the test under a time pressure.  We will call this probability, p.  Under the null hypothesis, all subjects will perform similarly and there will be no difference between the mean time scores, hence the null hypothesis is that p  = 0.  Under the alternative hypothesis, p will not = 0.

Test Statistic:

Suppose we have collected the data associated with N1 randomly selected Dartmouth students.  From this we have calculated the mean test score, x1.  Then suppose we collect the data associated with N2 randomly selected Dartmouth students.  From this we have calculated the mean test score of this group, x2.  Our test statistic will then be the difference between these two means (x1 - x2).  So, P = x1 - x2.  Since we expect this to be a normal distribution centered around 0, we can estimate all the probabilities associated with P using the normal distribution.  We would also need to calculate the z-score for the standardized value of the two means using the formula: z = (x1 - x2) / (  s21/n1 + s22/n2).

Significance Level:

Since we will want to be able to report these results as statistically significant, we will choose a significance level of 0.05.  This is a two-sided test because we do not know if the effect of a time pressure will result in better or worse performance.  If we choose a significance level of 0.05, then there will be a 5% chance of a Type I error.  

Critical Region:

Under the null hypothesis, p = 0 and will fall under the normal distribution.  The critical region, given a significance level of 0.05, is then z ≤ +1.96 or z ≥ -1.96. 

Power Hypothesis:


Because this is an experimental measure for which there is not a body of research to consult as to a precedent, we really do not have any hypothesis at this stage concerning whether the “time-pressure effect” will cause student performance to be affected in a positive (enhanced, motivated, finish more quickly) or negative (anxiety-provoking, finish very slowly) direction.


We believe there are three possible outcomes for the effect of the time-pressure situation.  First, we theorize that students could possibly perform better (i.e., finish in less than the allotted average time), as the attributes of the normal Dartmouth student might include an enhanced ability to perform under pressure.  After all, SAT scores, timed AP tests, and high performance on various other timed activities are essential for admission to Dartmouth.  


Second, we believe that some students could perform worse due to the anxiety of a time-pressured situation.  In our experimenter group of four, three of us have mild to easily diagnosable anxiety disorders, and, even though we may not be representative of the frequency of anxiety disorders in the general population, our personal experience dictates that time pressure may have an adverse effect on performance.  


Finally, our third possibility involves a sort of a balancing effect between the two groups mentioned above, such that the positive effects of one outcome might cancel out the negative effects of the other.  If this were the case, the means of the two test groups in our final results might appear very similar, but the variance of these distributions might indicate that the time pressure situation did indeed have an effect.  More specifically, the time-pressure situation might cause a polarization of the test population in such a way that the mean would stay constant even as the distribution flattens out.  The high-performing students in the time-pressure situation would increase the volume of the left side (greater time efficiency) of the distribution, and the low-performing, anxious subjects would increase the volume of the right side of the distribution (low time efficiency), but we believe that these effects would be virtually balanced about the mean of the original “no pressure” sample.  


In terms of power estimation, our third possibility would make such a calculation almost impossible.  Because our significant effects are bi-directional, this unfortunately increases the probability of a type II error enormously as a result of the balancing effect discussed earlier.  In other words, there is a very good chance that we will end up accepting our null hypothesis because of the similar means and balanced bi-directionality between the two test groups, even if a more involved look at the variance differences between our two samples would indicate a significant effect (and thus the rejection of our null hypothesis).


However, should we find that only one of the significant effects discussed above appears in our experimental results, the calculations for the probability of a type II error would become much more simple.  As an example, if we were to assume that 80% of our group 2 (time-pressure) participants would not complete the cognitive task within the allotted time as a result of their anxiety (disregarded the motivational effects of time pressure), we can use the normal approximation to calculate the power of our test (because our N is equal to 30).  Given this 80% hypothesis, the chance of a type II error is at most 1-power.  In this case, a type II error is the chance that p-true (or the true percentage of test-takers hindered by the time limit) is greater than .8, assuming that we will probably not achieve this 80% level of significance (as we chose a high level for our calculation of power).  This error would correspond to an acceptance of our null hypothesis with the assumption that the results themselves are not significant (meaning that the 80% of test takers being hindered by the time limit in our sample might occur only by chance) when this 80% value is actually closer to the true percentage than our null hypothesis was.               

Test Population:


For both the control (no pressure) and experimental (high time pressure) sample groups, we would ideally search for a randomized experimental procedure which would allow us to gain access to the most representative group of undergraduates.  Unfortunately, choosing students at random and asking them to meet us in a location where we could perform the experiments is probably not realistic, given our time constraints, lack of incentives to provide to experimental subjects, and the non-response bias inherent in an experiment conducted on busy and over-stressed undergraduate college students.  

However, because the success and generalizability of our experiment would be dependent on a sample that is comprised of students with varying degrees of academic ability, we searched for a central, well-known and well-frequented location that would allow us to gain access to the most representative group of undergraduate students.  Thus, for our purposes, we chose Food Court (since every human must eat, and most Dartmouth students choose to spend a strong majority of their food money at Dartmouth establishments).  As Home-plate and Collis Café are both considered to be “healthy” eating establishments, and as the Hop is considered to be “unhealthy,” we believe that sampling in these food-service venues might not give way to the most diverse collection of students, given the specialization and conformity to certain dietary patterns that is promoted in these establishments.  Instead, we have chosen Food Court as our sampling venue because of its more diverse collection of foods and because of the lack of a specific dietary stereotype associated with it.

In terms of our sampling procedure, both the control group and the experimental group will consist of 30 people randomly selected using a spatial plot of Food Court’s seating arrangement.  Basically, we plan to overlay and plot each Food Court table on a set of Cartesian coordinates, standardize the distance between each seat such that each seat occupies a vertex on the coordinate system and is equidistant from all other seats (allowing for each member of the population to have an equal chance of being selected), and choose seats using a random number generator for both the x-coordinate and the y-coordinate of the seat vertices.  Each sample of 30 will be collected during consecutive hour-long periods (6-7 and 7-8) on a Wednesday night (traditionally the most social night of the work week for Dartmouth undergraduates, maximizing our potential for a more representative sample).  We chose these hours because of cultural norms relating to dinner-dining hours and because the relative volume of crowds in Food Court is greatest during this time period.  Thus, we believe that we have created a procedure that will allow us to garner the most random, representative sample possible under our time constraints.

Equipment: 

For this experiment we would use two administrators. One digital clock will be placed at the front of the room. There will be two sets of directions to be read to the participants; one for Group One, one for Group Two. Each participant will be given a cognitive test paper. Therefore we will need 60 sheets of papers, containing seven cognitive puzzles each. Thirty pens will be needed.

Protocol:

Room: Each group of thirty participants will take the cognitive test in Tindle Lounge, since this room is in close vicinity to Food Court. This is done to isolate them from non-participants and therefore minimize distractions. The cognitive test will be handed out to the participants, example-side up. There will be a digital clock in the front of the room for the participants to see start and finish time. The students will receive instructions from an administrator. Two different sets of directions will be given by the administrator depending on the group number.


Group One will receive the following directions: “You will be asked to complete seven cognitive puzzles. An example of a puzzle is on the side facing you. Please read it now. When you have answered all seven puzzles please write down your finish time on this page. You can leave the room when you have answered all the puzzles. When you are done please leave your paper example-side up. Are there any questions? Please write [insert time] as your starting time and begin”.


Group Two will receive the following directions: “You will be asked to complete seven cognitive puzzles. The same set of puzzles was given to a group of thirty students before you and on average they answered all the puzzles in [insert mean time]. An example of a puzzle is on the side facing you. Please read it now. When you have answered all seven puzzles please write down your finish time on this page. You can leave the room when you have answered all the puzzles. When you are done please leave your paper example-side up.  Are there any questions? Please write [insert time] as your starting time and begin”.

  Administrator: One administrator will be at the front of the room. He/she will hand out the cognitive puzzles example-side up as soon as all participants are seated in the room. He/she will read instructions from a sheet of paper. When all the participants have finished, the administrator will collect the papers.

