Results and Analysis:

In creating our first experimental condition (the “low-pressure group”), we asked a group of 30 participants to complete our brain-teaser exercise without any sort of time limit or pressure created by the proximity of the experimenter.  From their data, we calculated the average time it took our subjects to complete the seven picture problems given to them (x1 = 198 seconds).  The test was considered complete when the subject informed the experimenter that they were finished with as many problems as they deemed themselves capable of completing.  It should be noted that we also had to disregard the time from one of the initial tests because the participant only attempted to answer two of the seven problems.
  

For our second experimental condition (the “high-pressure group”), we gathered data from 30 additional subjects who were told both that they were being timed and that on average, a Dartmouth student needed 3 minutes and 20 seconds to complete the test.  Once again, it should be noted that we chose to disregard two of the tests within this second set of data because the subjects only attempted to answer two of the problems.

Once the data-gathering phase was complete, we calculated the average number of correct answers for the two test groups in order to investigate whether there was any effect of time pressure on performance.  More importantly, we wanted to make sure that one group did not perform faster at a cost to accuracy.  We found that the average number of correct answers in the low-pressure group was 5.13 with a standard deviation of 1.5, while the average number of correct answers in the high pressure group was 5 with a standard deviation of 1.5.  Both groups did equally well in terms of statistical difference (i.e., there seems to be no significant difference between experimental conditions).
  

The average time for the second group of subjects in the high-pressure group was not significantly greater than that of the low-pressure group (x2 = 221 seconds).  However, the standard deviation for the two groups was significant (s1 = 89 seconds; s2 = 144 seconds).  For the variance to be significant, given that the degrees of freedom in the numerator (high-pressure group, larger number always in the numerator) was 27 and the degrees of freedom for the denominator (low-pressure group) was 28, the F value necessary for a 5% significance was in the range of 1.87-1.91.  At a more ambitious level, a 1% significance would fall in the range of 2.44-2.52.  The F value for our results (F = s12/ s22) was 2.6, which is significant at 1%.  

After these initial calculations, one piece of data from the high-pressure group was removed in order to see if it had a large influence on the calculations.  The time score for this piece of data was twice as great as the second largest time score (and more than four standard deviations from the mean) and was therefore considered an outlier.  Without this one piece of data, the mean and standard deviation for the high-pressure group was much closer to that of the low-pressure group (x2.1 = 198 seconds; s2.1 = 79 seconds).  The F value then becomes 1.27, with the critical F value (the degrees of freedom in the numerator is that for the low-pressure group which now has the larger variance-28- and the degrees of freedom in the denominator is one less than it was for this group before the outlier was removed-26) in the range of 1.9-1.95 for a significance level of 5% and 2.5-2.58 for a significance level of 1%.  From these data manipulations, we can say that the difference in variance between the two groups is not even significant at the 5% level.

	
	Low-Pressure Group
	High-Pressure Group
	High-Pressure Group (corrected)

	N
	29
	28
	27

	Range (seconds)
	92-450
	81-840
	81-420

	x (seconds)
	198
	221
	198

	s (seconds)
	89
	144
	79



Using the equation t = (x1 – x2)/ (s12/n 1 + s2.52/ n2.5), we calculated a t-score for the difference between the two means and found that our t-value was equal to zero.  In order to be significant, the t-score would have had to be t ≤ +1.671 or t ≥ -1.671.  Therefore, the difference between the two means is not significant, and we can reject the alternate hypothesis.  In this case, we used the t-score because our sample size was not greater than or equal to thirty (once we removed the outlier and the 3 surveys that were inappropriately filled out).  


Using the formula s2 = ((n 1 – 1) s12 + (n 2.5 – 1) s2.52) / ((n 1 + n 2.5 – 2), we calculated the value for the pooled estimate of the population variance based on the s of both samples combined.  The pooled estimate for s2 = 7112, making s = 84.  We used this standard deviation to find the critical value and the chance of a type I error in our experiment, using the mean of the low-pressure group.  The mean for this graph is 198, and the critical values are therefore defined as 1.671 (the t-value) times the pooled standard deviation (84) from the mean on either side, which corresponds to a range of 58-338 seconds.  The chance of a Type I error (rejecting our null when in fact it is true) is the chance of getting a value that is not in the range of 58 to 338.  In our combined sample of 56, there were five values that lie outside of this range, making our chance of a type 1 error (about 9%) somewhat high.    

In addressing the issue of our power hypothesis, we feel that we must refer back to a fairly large prediction that we made in our original proposal:

“Finally, our third possibility (for a type II error) involves a sort of a balancing effect between the two (sample) groups (the group of students performing better as a result of time pressure and vice versa)…, 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.”  

Unfortunately, we found that the “balancing effect” mentioned in our proposal was in fact reflected in our experimental results (though we cannot necessarily be sure of the cause-discussed in results).  We also did not have an estimate of how long it would take people to complete the test prior to the experiment, and this only made the calculation of a power hypothesis more difficult.  If we thought that it would take an average of 90 more seconds to complete the test than it did, then we would have a mean of 288 with a range of 148 to 428, and the critical values would lie below and above this range.  If we thought it would take on average 90 seconds less to complete the test than it did, then we would have a mean of 108 with a range of –32 to 248, and the critical values would lie below and above this range (which would be impossible on the lower end).  Thus, had we been able to assume a one-sided effect, we can see that our test would be fairly powerful (given the possible presence of impossible values on the tails of the distribution, there is a small chance of type II error at those extremes). 

Discussion:
Our study was performed in order to investigate the effects of time pressure on performance. Each participant was asked to complete seven cognitive puzzles.  The first subject group received basic instructions pertaining to the task, while the second group was given the same instructions plus the average completion time of the first group tested (so as to apply a sense of time-pressure).

The seven cognitive puzzles are known as rebus word puzzles. A rebus is a picture representation of a name, work, or phrase. This test is good measurement of cognitive abilities because it involves matching a picture (iconic) with a phrase (semantic). Of course, a potential bias inherent in the test is the fact that some participants would naturally possess more of an ability to correctly complete these puzzles. However, since an attempt was made to randomly select the participants, therefore leaving the distribution and occurence of cognitive abilities to chance, this flaw is not significant.

A pre-test was done prior to the experiment to observe students’ ability to solve the puzzles within a reasonable amount of time. We found that, on average, students were able to provide the correct response for seven out of the nine original puzzles. For this reason, only the seven that were generally answered correctly were included in the real test.  Unfortunately, after collecting our two official samples, it was evident that the sixth puzzle (three degrees under zero) confused most of the participants.  Given a bit less of a time-constraint, we would suggest that future studies choose a different cognitive measure- or at least a set of problems for which time can easily become a more salient variable than accuracy. 

In addition, despite the effort involved in varying the locations and demographics within the selection of our sample, our experimental groups were not truly randomly selected.  Certain correlational factors relating to the time of day and the locations that we chose for our sampling stratification might have excluded some groups of students, namely those who did not have classes on Tuesday, had jobs in the afternoon, or were more likely to be engaged in leisure activities due to the fact that our sample was collected on a national holiday (President’s Day).  At the same time, the fact that the high-pressure sample was collected much later in the day than the low-pressure sample might have biased our second group’s experimental results. This is because we believe that people working later in the evening are probably under more time-pressure to begin with.  Thus, they may already be primed in the sort of cognitive mindset which would allow them to perform better in a time-pressure situation.  In the future, we would seek an experimental scheme that isolates subjects from extraneous sources of stress, and we believe that a representative sample could be better approximated by applying a random selection program to the DND database and performing the samples at a consistent time of day. 

Some other significant issues arose during the administration of the test that may discredit the reliabilty of the results. The majority of participants were given the test in a public dining area. Thus, there were several distractions present during the test. Most harmful in relation to the experiment was the presence of non-participants. In several of these cases, the participant could have felt pressure because he/she was conscious of others watching them.  The experimental administrators attempted to resolve this problem by leaving the participant alone and asking that nearby students remain silent during the course of the test. In an ideal study, the participants would be isolated from others in one room, as suggested by the original proposal.

Another problem that arose was that of accuracy, or the number of correct answers on the test. This skewed the data in a bi-directional fashion. For example, some students might have spent more time trying to figure out a puzzle that stumped them, whereas other students just stopped the test when they believed that they could not possibly come up with any more correct responses. Therefore, the completion time in the latter situation would be much less than the former.  For optimal results in the future, only subjects that were successful in correctly answering all seven puzzles would be considered for the study. Unfortunately, since the majority of the completed tests had at least one incorrect answer, this was not possible in our situation.   We did calculate the mean number of correct answers in order to see if there is any obvious difference between the two condition groups, but the results (x = 5.24, x  = 5) did not show any evidence of this difference. 

To further improve this study in the future, a larger sample would be desired. Increasing the number of participants would engender a higher number of completed tests that accurately answer each puzzle. Using only the data provided by these completed tests would in turn boost the validity of the study’s results.

In this study, we sought to investigate the benefits and detriments involved in applying time pressure, but we did not find a significant effect in any direction. Interpreting the results of the study provides insight specifically of interest to higher educational institutions and testing corporations. The results of the study indicate that applying pressure in the form of an implied time constraint does not significantly affect cognitive performance. A common argument used against the validity of regimented exams like the SAT and those administered in college concern the fact that a time-constraint induces anxiety, consequently hindering cognitive abilties. The results of our study suggest that there is not much truth to this claim; there is no significant difference betweeen cognitive performance based on time pressure applied.  However, certain common characteristics of our participants should be noted. As we might be able to assume at Dartmouth, all the participants are accustomed to competition and tend to perform well under timed conditions. 

Appendix A

Try and come up with an answer to these puzzles.  Write each answer beneath the puzzle.    
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Example: 

Answer:   ________Encircle_______

Please note down your starting time and your ending time according to the clock at the front of the room.

Starting Time:  ________________

Ending Time:  _________________

[image: image6.png]72!
=
RUY

iRIDDLER.com



[image: image7.png]72!
=
RUY

iRIDDLER.com



[image: image8.png]MENTAL



[image: image9.jpg]Man

Campus




[image: image10.png]Ear
nothing
Ear

iRIDDLER.com



[image: image11.png]ooz

iRIDDLER.com



[image: image12.png]MENTAL






________________________

  _______________________________




______________________

____________________________








_____________________________

__________________________


      ________________________

Appendix B

Try and come up with an answer to these puzzles.  Write each answer beneath the puzzle.    
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Example: 

Answer:   ________Encircle_______
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[image: image1.wmf]

[image: image2.wmf]
Appendix D


[image: image3.wmf]

[image: image4.wmf]
� INCLUDEPICTURE "http://www.iriddler.com/games/picture/7.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/6.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/6.gif" \* MERGEFORMATINET ���





   123safety456





   123safety456








� INCLUDEPICTURE "http://www.kiddoscience.co.za/images/index.1.gif" \* MERGEFORMATINET ���











0�________________�          Ph.D.�     B.Sc�     B.A. 








� INCLUDEPICTURE "http://www.kidprintables.com/puzzles/braintease/1.jpg" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/2.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/1.gif" \* MERGEFORMATINET ���








� INCLUDEPICTURE "http://www.kiddoscience.co.za/images/index.1.gif" \* MERGEFORMATINET ���











0�________________�          Ph.D.�     B.Sc�     B.A. 








� INCLUDEPICTURE "http://www.kidprintables.com/puzzles/braintease/1.jpg" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/2.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/1.gif" \* MERGEFORMATINET ���





� INCLUDEPICTURE "http://www.iriddler.com/games/picture/7.gif" \* MERGEFORMATINET ���








� There were originally 9 problems on the test, but after a brief pre-test, we determined that two of them were too difficult and removed them (see Appendix A for the test given to the low-pressure group and Appendix B for the test given to the high-pressure group-the only difference was the mention of being timed).  We did not anticipate people having trouble answering the problems.  We had no idea how much time it would take people to complete the test, but we did expect that they would be able to do so.  In fact, the problems were more difficult for our peers than we imagined they would be.


� See Appendix C


� See Appendix D
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