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Q.
Please state your name and business address.

A.
Eugene J. Goldrick, 1095 Avenue of the Americas, New York, NY.

Q.
Please describe your business experience and education.

A.
Verizon employs me as a Statistician within the Service Costs department.  I am responsible for the statistical and sampling aspects of the cost studies for the various products and services offered by the Verizon telephone operating companies, including Verizon Northwest Inc. (“Verizon NW” or the “Company”).  I also work on a variety of sampling and statistical modeling projects for the Engineering, Accounting, and Marketing organizations.

Verizon and its predecessor corporations have employed me since 1984.  During that time I have worked on a diverse set of sampling, statistical modeling, prediction, and forecasting projects.  I have designed and implemented sampling studies of customer accounts to determine the amount of unauthorized calling on blocked accounts; developed the sampling and extrapolation procedures used to verify the physical location of the hard-wired central office assets recorded on the company’s property records; designed stratified random sampling plans for the central offices and feeder routes used in the company’s cost studies for unbundled loop and platforms; and designed and carried out surveys of service technicians and customer service representatives to determine the average labor times for the work activities used in the company’s non-recurring cost studies for unbundled network elements.  I was responsible for the development of the sampling and extrapolation procedures embedded in the company’s Subscriber Line Usage System.  I have presented expert statistical testimonies before several state Commissions and the FCC.  

I received a Bachelor’s Degree in Economics from the State University of New York at Stony Brook in 1978, and a Master’s Degree in Economics from the State University of New York at Stony Brook in 1981.  I completed all coursework for a Ph.D. in Economics from New York University in 1989.

Q.
What is the subject of your testimony?

A.
My testimony provides a critical review of the statistical methodology employed by Commission Staff witness David E. Griffith in this docket.  I will describe how Mr. Griffith’s approach departs from accepted practice and results in an estimate of “missing equipment” that is so flawed it is unusable.

Q.
What is the subject of Mr. Griffith’s testimony?

A.
Mr. Griffith’s testimony describes an audit he performed of Verizon NW’s property records that relate to the Company’s Washington intrastate regulated rate base.  The purpose of the audit was to estimate the dollar amount of central office equipment appearing on the Company’s Washington property records but not found in the field.

Q.
How did Mr. Griffith estimate the dollar amount of missing equipment?

A.
First, Mr. Griffith subjectively selected three central offices for the audit located in the Greater Seattle metropolitan area.  Next, for these offices and for each of the switching, radio, and electronic circuit accounts, he sorted the equipment items in these offices by installed cost and then selected the highest cost items.  He sampled a total of 870 predominantly high-cost items.  The physical presence of the sampled items was determined via field visits to the three offices and other information.  Through this process, Mr. Griffith concluded that 29 of the 870 sampled items were missing.  For each account (switching, radio, circuit), Mr. Griffith extrapolated or applied the “missingness” rate in the sample to the entire population of central offices, equipment items, and dollars within Washington.  On the basis of this extrapolation, Mr. Griffith estimated that $38.8 million
 of equipment was missing and proposed a reduction in the Company’s Washington rate base of that amount.

Q.
Does Mr. Griffith’s approach follow accepted scientific sampling practice and can the results of his study be used to produce a statistically valid estimate of the amount of missing central office equipment?

A.
No.  Mr. Griffith chose his sample selectively, rather than randomly, and the selection criteria he used are not obviously correlated with the likelihood of missing equipment.  Also, he chose far too few offices to produce a statistically accurate result.  Further, he drew a biased sample of the equipment records and he made no corrections for these obvious biases.  As a result, no valid inferences about the true extent of missing equipment can be made from his study.

Q.
What are the consequences of Mr. Griffith’s flawed approach to selecting the sample?

A.
First, only three central offices were selected for audit.  Verizon NW has over 200 central offices and remote-switching units in Washington.  It is extremely difficult to achieve representativeness and statistical accuracy with a sample size of only 3 out of 200, except in rare circumstances.

Second, the selected offices are all located on the west side of the state in the Greater Seattle metropolitan area and appear to be chosen primarily for convenience.  Given their limited geographic dispersion, it is unlikely that the selected offices are representative of the larger population and Mr. Griffith fails to provide any quantitative evidence that they are.  Consequently, it is doubtful that his estimates of missing equipment can be validly extrapolated to the remaining 197 offices.

Third, Mr. Griffith made no attempt to ensure that the offices were representative of the more than 200 Verizon NW central offices and remote switching units in the state on the basis of factors that affect the missing equipment rate.  In fact, Mr. Griffith “hand-picked” the central offices according to generalized criteria such as their proximity to each other, their mix of customer and equipment types, and their large dollar values of equipment.  Mr. Griffith does not establish any connection between these criteria and the missingness rate.  Without this connection, it is pointless to select offices according to these criteria, since they do not help make the sample representative.  By employing selection criteria that are unrelated to the occurrence of missingness, Mr. Griffith added “noise” to the sample selection process, which increased the likelihood of obtaining an unrepresentative sample.

Fourth, even if there were connections between Mr. Griffith’s “hazy” selection criteria and the occurrence of missingness, he does not demonstrate that the central offices he chose are representative of the larger population of offices in terms of these criteria.  For example, Mr. Griffith does not establish that the “mix of customer and equipment types” in the selected offices is similar to the mix in the general population.

Sample selection criteria enhance the accuracy of the sample estimates only if they reflect valid prior knowledge of the factors that drive missingness.  Then the samples offices can be selected so that they are similar, in the aggregate, to the non-sampled offices on the values of these factors.  Mr. Griffith’s sample selection procedure does not employ valid prior knowledge and he does not “match” the sampled and non-sampled offices according to his own criteria.  By contrast, a properly designed random sampling procedure would have first determined a valid set of criteria for selecting the sample.  Second, these criteria would have been used to calculate the minimum number of offices required to produce statistically reliable results.  Third, an automated random selection process would have been used to objectively choose at least the required minimum number of offices.

The selection criteria Mr. Griffith employed for his sample are not appropriate for yielding precise estimates of the amount of missing equipment in the larger population.  Because his sample is unrepresentative in terms of the factors that affect missingness (e.g., retirement activity and equipment cost), the sample results cannot be extrapolated to the non-sampled population of equipment items.

Q.
How should a representative sample have been selected?

A.
A representative sample should be an accurate approximation of the larger population in terms of the underlying factors that cause equipment to be missing or variables that are correlated with these causes, such as plant retirement activity.  A sample is never a perfect representation of the larger population in this sense, however, so it is important to adjust for known differences between the sample and the population when extrapolating from the former to the latter, especially if the differences are large.

Q.
Can you give a specific example of why Mr. Griffith’s sample is unrepresentative?

A.
Yes.  The degree of historical retirement activity in a central office will have a considerable effect on the extent to which equipment is missing, because, for example, of the lag between the removal of the equipment and the updating of the property record.  According to Mr. Griffith’s audit results, a main reason for “missing equipment” was the failure to remove retired equipment from the books.  Retirement histories, however, differ among central offices.  As a result, the audited offices will not be representative of the larger population of offices unless their retirement histories are comparable.  Because Mr. Griffith did not use a measure of retirement activity as a selection criterion, the central offices he chose will not be representative of the larger population except by remote chance, especially since the number of sampled offices is so small.

Q.
Are there other factors that make Mr. Griffith’s sample unrepresentative?

A.
Yes.  Mr. Griffith's sampling procedure is also flawed because equipment items with high installed costs were disproportionately selected.  Mr. Griffith hand-selected items solely because they were high cost and generally excluded items with an installed cost less than $10,000 unless they were required to reach a minimal number of items for a specific account in a specific office.  This bias in drawing the equipment records is noticeable by comparing the costs of sampled versus non-sampled items.  The average installed cost of the sampled items is approximately $15,200 while the average installed cost of the non-sampled items is less than $900.  This fact, by itself, might be unimportant if the rates for missing equipment were similar for high and low cost items.  However, as I discuss below, there is statistical evidence in Mr. Griffith’s own sample that high cost equipment has a higher missing rate than low cost equipment.  Consequently, Mr. Griffith’s extrapolation of the missing rate from the extremely high-cost sampled items to the low cost non-sampled items is biased and invalid.  His approach results in a serious overstatement of the true amount of missing equipment in the population.

Q.
Is there evidence to support Mr. Griffith’s simplistic assumption that the occurrence of missing equipment is unrelated to its installed cost?

A.
No.  In fact, his assumption is wrong and not based upon any evidence.  The average installed cost of a missing item in his sample is approximately $16,800 while the average installed cost of an item that is not missing is about $15,100.  This indicates higher cost items are more likely to be missing than lower cost items since otherwise the averages for the missing and non-missing equipment would be the same.

Q.
Have you used Mr. Griffith’s sample to quantify the relationship between installed cost and the occurrence of missingness?

A.
Yes.  For the 2232 – electrical circuit equipment account, a linear regression analysis applied to Mr. Griffith’s sample indicates that the occurrence of missingness declines by approximately 0.18% for every $1,000 reduction in installed cost.  This means that the percentage point difference in the missingness rate between items costing $11,000 and items costing $1,000 is 1.8% (0.18% x $10K).

Q.
Can this relationship be used to remove the upward bias in Mr. Griffith’s missingness rate for the 2232 account due to his “over-sampling” of high cost equipment?

A.
Yes.  The missingness rate for the 2232 account calculated from Mr. Griffith’s sample is 5.71% but this rate applies to equipment items with an average installed cost of $11,600.  The average installed cost of all account 2232 equipment items in the population, however, is only $800.  Because low cost items are less likely to be missing than high cost items, it is necessary to make a downward adjustment to Mr. Griffith’s 5.71% missingness rate so that it is representative of the low cost non-sampled items to which it is applied.  There is a standard statistical adjustment to make in this situation.
  The adjustment entails reducing the missingness rate of 5.71% for the high-cost sampled items by the difference in average installed costs between the sample and the population ($11,600 - $800 = $10,800) multiplied by the sensitivity of the missingness rate to installed cost (0.18% per thousand).  Performing this calculation yields a reduction of 1.9 percentage points in Mr. Griffith’s estimate of the proportion of missing dollars.  Applying this reduction to Mr. Griffith’s biased estimate of 5.71% yields an unbiased estimate of 3.81%.  This “size-adjusted” estimate is a much more accurate reflection of the missingness that is likely to occur among all the items in the population.  It is important to note, however, that his adjustment corrects only for Mr. Griffith’s “over-sampling” of high cost equipment.  It does not correct for the other deficiencies in his study.

Q.
Have you calculated the impact of this adjustment on Mr. Griffith’s estimate of the amount of dollars missing in the 2232 account and on his estimate of the aggregate amount missing?

A.
Yes.  Applying the revised missingess rate of 3.81% to the population of dollars in the 2232 account yields a revised estimate of $19.8 million in missing plant.  This is nearly $9.8 million lower than Mr. Griffith’s biased estimate of $29.7 million.  The aggregate estimate of missing dollars is correspondingly reduced from $38.8 million to $28.9 million, due solely to the size disparity between Mr. Griffith’s sample and the population.

Q.
Are their additional aspects of Mr. Griffith’s sampling method that makes his results unreliable?

A.
Yes.  Even if the central offices had been selected randomly, in which case the sampled offices would have had some chance of being representative, three offices are far too few for accurate and reliable extrapolation from the sample to the population since there are more than 200 central offices and remote switching units in the Verizon NW’s Washington operation from which a sample could have been selected.

In sampling analysis, the type of sampling performed by Mr. Griffith is known as two-stage cluster sampling and special estimation techniques are generally required when the sample is obtained via this method.
  In this sampling method, central offices are viewed as “clusters” of individual equipment items.  In the first stage, Mr. Griffith selected three central offices (clusters) for further sampling.  In the second stage, Mr. Griffith selected high-cost items within each of the three clusters.  It is well-known in sampling statistics that when individual items are clustered into groups such as central offices, more accurate estimates are obtained by sampling more clusters (central offices) and fewer items within each sampled cluster.
  Mr. Griffith reversed this sampling method, incorrectly sampling too few central offices (clusters) and an excessive number of items within each office (cluster).

Two-stage cluster sampling, when properly applied will result in a sample that reflects the variation in central office specific factors, such as retirement activity, that impact the occurrence of missingness for all the individual equipment items in an office in a similar way.  This has the effect of making the sample representative in terms of these factors.

In terms of providing information on the extent of missing equipment in the population, cluster sampling makes the effective sample size smaller than a simple random sample of the same size taken from a straight list of items in the property record.
  A simple random sample of 870 items would be an improvement over Mr. Griffith’s improper application of the two-stage cluster sampling method.  Even within the two-stage approach, however, allocating the 870 equipment items among more central offices would generate more accurate missingness estimates than those developed by Mr. Griffith.

Q.
Does the fact that Mr. Griffith sampled too few offices and too many items within each office adversely affect the reliability of his estimates of missing equipment in the population?

A.
Yes, although the magnitude of the inaccuracy due to the poor sampling procedure cannot be properly evaluated unless a comparison study is conducted whereby a new sample of 870 items is allocated among more central offices.  In fact, it is virtually impossible to assess the adverse impact of the clustering because Mr. Griffith selected so few clusters. 

What can be assessed, however, is the accuracy of Mr. Griffith’s $38.8 million estimate of the dollar amount of missing equipment under the assumption that the items selected by Mr. Griffith constitute a simple random sample from the entire population of individual equipment items.  It is important to recognize, however, that this assumption is not accurate since Mr. Griffith subjectively selected the three central offices and selected mostly high-cost items within these offices.  Nonetheless, using Mr. Griffith’s sample and (for the purposes of this analysis) the assumption of simple random sampling, I calculated standard statistical 95% confidence intervals around Mr. Griffith’s estimates of the missing dollars for the 2212 – digital switching equipment and 2232 – electrical circuit equipment accounts.  Without the assumption of simple random sampling assumption, the accuracy of Mr. Griffith’s estimates cannot even be calculated because his sampling procedure is so flawed.

Q.
What is a confidence interval and what do they show for Mr. Griffith’s estimates?

A.
A 95% confidence interval gives a range of estimates within which the true amount of missing equipment dollars is highly likely to be.  Narrower intervals are preferred to wider intervals since it is then highly likely that the true amount lies within a narrower range.  In general, as the confidence interval becomes narrower, it indicates that the estimate is more precise.  As I will show, the confidence intervals for Mr. Griffith’s estimates tell us that they are essentially meaningless as a source for accurately estimating the percent of missing equipment for the Company.

Q.
What, specifically, do the confidence intervals for Mr. Griffith’s estimates show?

A.
The 95% confidence intervals for Mr. Griffith’s estimates are very wide.  This is strong evidence that they are highly imprecise, even under the assumption that the selected items are a simple random sample from the population.  Mr. Griffith’s estimate of the missing dollars in the 2212 account is $9.1 million plus or minus $8.0 million with 95% confidence.  The uncertainty surrounding Mr. Griffith’s estimate of missing dollars is nearly 88% of the estimate itself.

For the 2232 account, Mr. Griffith’s estimate of missing dollars is $29.7 million plus or minus $21.7 million with 95% confidence.  The uncertainty surrounding this estimate of missing dollars is 73% of the estimate itself.

Such wide confidence intervals demonstrate that Mr. Griffith’s sample does not provide much information about the true dollar amount of missing equipment.

Q.
What conclusions about the extent of missing equipment and dollars can be drawn from Mr. Griffith’s audit?

A.
Mr. Griffith’s method for selecting the sample is statistically incorrect and inefficient.  He subjectively selected central offices and equipment items for audit.  As a result his sample is not an objective representation of the population of items.  He did not use random sampling methods to impart “objectivity” into the process of selecting the central offices and the equipment items within them.

The flawed sampling procedure employed by Mr. Griffith makes it extremely unlikely that his sample is representative of the larger population of equipment items.  As a result, it is virtually impossible to validly extrapolate his sample results to the larger population of items.  About the only valid conclusion that can be drawn from Mr. Griffith’s study is that 29 items in Verizon NW’s Washington property record with a total installed cost of $488,500 could not be located where the records said they should be. 

Q.
Does this conclude your testimony?

A.
Yes, it does.

� The $38.8 million is prior to Mr. Griffith applying a 75.5% intrastate separations factor to the investment.


� See R. Valliant, A. H. Dorfman, and R. M. Royall, Finite Population Sampling and Inference: A Prediction Approach, John Wiley & Sons, Inc. 2000, Page 265.
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