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	VERIZON REPORT

	APPENDIX E: DOCUMENTATION ON SIGNIFICANCE PROBABILITIES

	



A. GENERAL FACTS ABOUT SIGNIFICANCE PROBABILITIES

When statistical hypotheses are tested under the assumption of a statistical model, the results of interest are the so called p values, which express the surprise probability associated with the test results. (They are also sometimes called significance probabilities.) In some cases statistical tests are two sided, i.e. there is no preferred direction whether up or down, small or large, for surprise. In that case the p values express the probability, under the null hypothesis, that the test results are as large in absolute value as observed. In other cases, when there is a reason for looking at one direction rather than the other, the tests are one sided. In that case the p values express the probability, under the null hypothesis, that the test results are as large as observed, where absolute values are not taken. (Thus, a large negative result such as –1000 would have a p value of 1, because there is no surprise that the result is greater than –1000.)

In general p values satisfy the following general principle:

GENERAL PRINCIPLE: If the null hypothesis holds, then for any fraction r, the average fraction of tests which deliver a p value less than r is r.

B. HOW SIGNIFICANCE PROBABILITIES WERE CALCULATED IN APPENDIX D

In this report p values have been computed and tabulated in the column labeled PROBABILITY of Appendix D. The null hypothesis is just the hypothesis that the results re quality of service in 2001 are no worse than those in 1995. The methodology for calculating the values in Appendix D is standard for weighted estimates:

There are four weights corresponding to the four exchange size categories described in Section III of the report. Each of these category weights is the fraction of access lines that the corresponding category of exchanges represents. Within each category of exchanges, sample averages and sample variances are computed for the sample respondents that fall within that category. These sample averages are combined using the four weights to form composite averages and variances. (As usual, the sample variance in each stratum is multiplied by the square of the weight and divided by the number of sample points in the stratum in forming the composite sum.) The composite averages are just the weighed 2001 results in Appendix C.

Significance probabilities are computed using the standard large sample assumption that the stratum sample averages are normally distributed. (There are enough sample points to justify this assumption.) It should be noted that the procedure described here matches exactly that followed in producing composite estimates for the 1991 Verizon survey, but that no variances or significance probabilities were computed in 1991.

C. A SIMPLE ANALYSIS TO DETECT WHETHER THERE HAS BEEN CHANGE IN SERVICE QUALITY, WHETHER GOOD OR BAD

It has been observed that of the 36 questions whose answers give information about quality of service issues, 23 have significant results corresponding to either a most favorable or least favorable response. Each question is selected for inclusion into this group of 23 if either the p value for a most favorable response is less than 0 .1 or the p value for a least favorable result is less than 0.1. (In this report one of the standard statistical levels of significance is adopted, namely 

0.1, and a p value is said to be significant if p is less than 0.1) Thus the total probability that any question is selected is 0.2, using the general principle stated in section A.

One can represent this situation probabilistically, by thinking of 36 coin flips, where the probability of getting heads is .2 on each flip.(Heads corresponds to the situation when either the p value for a most favorable response is less than 0.1 or the p value for a least favorable response is less than 0.1.) In fact there is the possibility that both p values are less than .1 for a single question. That possibility has been counted twice in the above, thus the real probability of getting a head is slightly less than .2 The relevant statistical question is: What is the probability of observing 23 or more heads in 36 such coin flips? Using 0.2 for the probability of getting heads in any one flip, the answer is calculated using binomial tables to be exactly .000000012293,i.e. less than 2 in ten million. Thus the real answer is even less and the probability of obtaining the result that 23 or more out of 36 questions have significant p values as above is negligibly small if the service quality in 2001 were the same as in 1991. Thus that hypothesis is rejected, i.e. service quality has definitely changed between 1991 to 2001. The next section will test the direction of the change in service quality. 

D. A SIMPLE ANALYSIS TO DETECT WHETHER THE CHANGE IN SERVICE QUALITY IS SIGNIFICANT

It has also been observed that of the 23 questions with significant results corresponding to either a good or bad result at the extreme of the scale of results only 4 correspond to negatively assessing the present local telephone service provider.

According to the general principle stated in section A, for any question with quality of service implications, both the p value for assessing the present telephone service provider positively and the p value for assessing the present telephone service provider negatively have a 1/10 probability of being less than 0.1. For simplicity assume that the question only has two responses, where yes means good service is being provided and no means that bad service is being provided. Let PA stand for the p value corresponding to yes and let PB stand for p value corresponding to no. If PA is less than 1 then it as been found that service has improved significantly. If PB is less than .1 then it has been found that service has deteriorated significantly.

It is a fact that the probability of the event that PA is significant and PB is not significant is equal to the probability of the event that PA is not significant and PB is significant. Given the situation that, of the 23 questions with significant results, only 4 correspond to negatively assessing the present local telephone service provider, one represents this probabilistically by 23 coin flips, where the probability of getting heads is 1/2 on each flip.(Tails corresponds to PA being significant while PB is not significant, while heads correspond to PA not being significant while PB is significant.) The relevant statistical question is as follows: what is the probability of observing 4 heads or less in 23 such coin flips? The answer is calculated using binomial tables to be exactly .00129. 

Thus the probability that of the 23 questions with significant change from 1991 to 2001, no more than 4 questions indicate deterioration, is significantly small according to any of the conventional standards of significance if the service quality in 2001 is no better than it was in 1991. Thus the hypothesis that service quality in 2001 is no better than it was in 1991 should be rejected, i.e. it has been demonstrated using rigorous statistical arguments that service quality has improved from 1991 to 2001.

E. CONCLUSION

From (C) one concludes that it is very, very unlikely that quality of service has stayed the same from 1991 to 2001 and from (D) one concludes that it is very unlikely that quality of service has not improved.

