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BEFORE THE FLORIDA PUBLIC SERVICE COMMISSION 

Docket No. 0001 21 -TP In re: Investigation into the 1 
Establishment of Operations Support ) 
Systems Permanent Performance 
Measures for Incumbent Local Exchange 
Telecommunications Companies 1 Filed: September 29, 2000 

BELLSOUTH TELECOMMUNICATION, INC.’S REPLY COMMENTS 

Be IlSout h Telecommunications, In c. (“Bel ISout h”) here by files its 

Reply Comments, pursuant to the notice given at the workshop held August 8, 

2000, by the Staff of the Florida Public Service Commission (“Commission”), and 

states the following: 

lssue I: Does the Commission have the authority to establish, in 
advance, a generic enforcement mechanism provision which would be 
inserted in interconnection agreements in the event negotiations on this 
provision fail? 

Issue 2: Does the adoption of an enforcement mechanism provision 
by the Commission constitute the awarding of damages? 

AT&T and MCI have filed comments on these two issues that are virtually 

verbatim copies of one another. Time Warner concurred in the comments of 

AT&T and MCI, -- albeit without recopying those comments again. None of the 

comments of these parties, however, really address the issue at hand. The 

comments of AT&T and MCI advance the view that this Commission has 

addressed matters that arise under the Telecommunications Act generically in 

the past, so this practice must be permissible. These parties go on to quote at 



Corporation v. BellSouth Telecommunications, inc. (Case No. 4:97CV14 1 -RH, 

entered June 6, 2000). These parties, however, ignore a crucial part of the 

Court’s decision. As BellSouth pointed out in its initial Comments, the Federal 

Court ruled, among other things, that the Commission must consider any issues 

brought before it in the context of an arbitration. From a practical standpoint, to 

the extent the Commission predetermines an issue generic before the fact of any 

given arbitration, it would not be able to consider varying proposab by parties to 

the arbitration. Thus, the - MCI decision would appear to substantially undercut , 

the practice that this Commission has followed in the past of addressing Federal 

Act issues generically. 

Beyond this, AT&T and MCI, make the outrageous proposal that this 

proceeding should be used to set generic performance standards and penalties 

that would be binding upon BellSouth, but not upon ALECs. Specifically, AT&T 

states that performance measurements and penalties set in this proceeding 

“would, of course, be binding upon BellSouth.” However, to the extent that an 

ALEC wishes “to negotiate (and perhaps arbitrate) different measurements . . . 

AT&T believes those CLECs would be able to do so in the context of their 

individual arbitration proceedings.” (AT&T Comments, pp. 2-3; 

Comments, p. 3). Thus, these parties are not really proposing that the matters at 

issue be resolved in a generic proceeding. Instead, they are proposing that a 

floor for performance standards and penalties would be set generically and 

MCI 

imposed on BellSouth, but that ALECs would be free to argue differing standards 

in future arbitrations if they wish to do so. This proposal may well address the 
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Federal Court's mandate to consider individual issues raised in arbitrations to the 

extent it allows ALECs to raise individual issues. However, the Federal District 

Court did not suggest that ALECs should be able to raise issues in arbitrations, 

but that BellS~uth would not. Thus, from a legal standpoint, this proposal is no 

more sustainable than setting standards generically and declining to consider 

alternative proposals made by the parties to future arbitrations. Further, this 

proposal is egregiously unfair and obviously one-sided. To the extent that 

generic standards are set, they should apply to all. There is absolutely no 

justification (nor do these parties offer any) for the position that standards should 

be imposed on BellSouth, but that the ALECs should not be bound to accept 

these standards. 

Moreover, if AT&T, et al. get their way, then any generic proceeding would 

simply be a waste of time. Standards would be set, but ALECs would be free to 

ignore these standards and request anything that they may wish in arbitrations. 

As a result, the Commission would be faced with arbitrating the subject issues in 

precisely the same way as if there were no generic standards. Thus, other than 

serving the self-interest of ALECs in a blatantly inequitable fashion, this proposal 

accomplishes nothing. 

As to the issue of whether the contemplated Compensation mechanism 

constitutes damages, AT&T, et al. simply wave the question away by saying that 

it does not matter in light of the Federal Court decision. As was discussed 

above, however, the federal court's decision involves more than these parties 

choose to acknowledge. 
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Sprint, however, provides a more substantive response, in which they 

contend that money paid through this compensation mechanism would be a 

penalty, but would not constitute damages. It is noteworthy that, in making this 

claim, Sprint attempts to distinguish our situation from that in the case in which 

the Florida Supreme Court affirmed that this Commission may not award 

damages, Southern Bell Telephone and Telegraph Company v. Mobile America 

Cop., Inc,, 291 So 2d 1999 (Fla. 1974). Fundamentally, however, the situation 

in that case was much like the situation in which we now find ourselves. In 

Mobile America, the plaintiff filed a claim in State Court, claiming that BellSouth 

had failed to provide an adequate quality of service and, as a result, that it had 

been damaged and was owed compensation. In other words, there {as here) 

someone was claiming that it should receive a direct payment for some alleged 

failure (in our case, prospective) to perform at a certain level. 

Sprint’s contention that the subject enforcement mechanism is only a 

penalty ignores the fact that the Commission has had in place a mechanism 

(discussed at greater length in BellSouth’s Comments filed August 8, 2000) to 

levy penalties when appropriate, and this mechanism entails payment to the 

State, not a direct payment of money to a specific party. Sprint, nevertheless, 

contends that the contemplated direct payment is a penalty rather than damages 

because this payment is designed to incent (or punish), not to compensate. This 

contention by Sprint, of course, ignores the fact that (again, as discussed by 

BellSouth in its Comments) the Federal Court in MCl specifically referred to the 

mechanism in question as a compensation mechanism. 

4 



If the mechanism in question were truly a penalty, then it would be 

administered as every other penalty levied by the Commission in the past has 

been, i.e., with payment from the party upon whom the penalty is assessed going 

to the State, not to any individual party. The Federal Court’s decision made it 

clear that it considers this mechanism to be a means of compensation, and 

Sprint‘s argument to the contrary is unpersuasive. 

Issue 3: What should be the objective of an enforcement 
mechanism? 

It appears from the comments of all parties to this proceeding that there is 

no real disagreement that the objective of enforcement mechanisms is to drive 

nondiscriminatory behavior on the part of the ILECs and that enforcement 

mechanisms should be swift and self-executing with minimal regulatory 

oversight. However, the key area of dispute is the timing of enforcement 

mechanisms, which was addressed thoroughly in BellSouth’s original comments. 

Unlike the other respondents, BellSouth maintains that enforcement mechanisms 

are designed to guard against backsliding after an ILEC receives 271 authority 

as opposed to a tool for ensuring pre-271 compliance as proposed by the ALECs 

in this proceeding. 

The FCC did not adopt penalties in the Local Competition Order. Instead, 

it acknowledged the wide variety of remedies available to an ALEC that believes 

it has received discriminatory performance in violation of the Act; see FCC’s 

Local Competition Order fl129, 17 FCC Rcd. af 75565 (emphasizing the 

exisfence of sections 207 and 208 FCC complaints for damages, as well as 
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actions under the antitrust laws, other sfafufes and common law); and 

“encourage[d]” the States only to adopt reporting requirements for I LECs. 

Likewise, in its order approving Bell Atlantic’s entry into long distance in New 

York, the FCC analyzed Bell Atlantic’s performance plan “solely for the purpose 

of determining whether the risk of post-approval non-compliance is sufficiently 

great that approval of its section 271 application would not be in the public 

interest.” Bell Atlantic Order, at 1433 n. 1326. 

The FCC has made it clear that the primary, if not sole, purpose of a 

voluntary self effectuating remedy plan is to guard against RBOC “backsliding;” 

that is, providing discriminatory performance after it has received the so-called 

“carrot” of long distance approval. Moreover, the FCC has set forth the 

appropriate framework for analyzing the reasonableness of a proposed 

enforcement plan, Although conceding the details of such plans may legitimately 

vary widely, the FCC identified five key aspects of a performance assurance plan 

that should be examined to determine whether it falls “within a zone of 

reasonableness, and [is] likely to provide incentives that are sufficient to foster 

post-entry checklist compliance.” - Id. at 7433. BellSouth submits that its voluntary 

proposal should be accepted by this Commission because it clearly falls well 

within the FCC’s prescribed “zone of reasonableness,” and provides powerful 

incentives to foster post-entry checklist compliance. This Commission will 

continue to monitor BellSouth’s performance and can evaluate the effectiveness 

of VSEEM 111 once it is put into place to determine if it in fact operates as an 
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effective deterrent against discriminatory performance. If it does not, the 

Commission retains full authority to re-visit this issue. 

In addition, BellSouth’s position on the appropriate measurements to 

include in a Penalty Plan is that it is only necessary for key measurements, 

specifically those contained in BellSouth’s VSEEM Ill plan. These key 

measurements capture the effect of disparate treatment where it may occur in 

other sub-process measurements (ems. those in the BellSouth SQM that are not 

statistically tested in VSEEM). Statistical testing for determining penalties is 

simply not required for each and every measurement. This was evidenced in the 

FCC’s New York 271 approval Order, 7439 in general including footnotes 1342 

and 1343. It is expensive to perform and can produce confusing and conflicting 

results, particularly where a statistical test of a sub-process measure, held orders 

as an example, shows disparate treatment while the overall process 

measurements, Order Completion Interval and % Missed Installation 

Appointments, show parity. 

Issue 4: For purposes of evaluating ILEC perFormance in the context 
of an interconnection agreement, how should any Commission established 
enforcement mechanism be structured conceptually? 

A. Frequency of monitoring? 
B. Time frame to be evaluated? 

It appears that the respondents are in agreement that the appropriate 

frequency of monitoring and time frame to be evaluated should be monthly. 

8ellSouth supports this position. 
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Issue 4: 

C. 
D. 

Level of disaggregation across metrics and offerings? 
How should items A, 8, and C above be balanced to provide 
statistical significance for metrics with a small number of 
observations per reporting period? 

The issue of what metrics or offerings should be included in an 

enforcement plan is one of the most significant areas of disagreement among the 

parties. BellSouth’s view is that the enforcement plan should include only key( 

outcome-oriented metrics and offerings. These metrics and offerings are 

detailed on BellSouth’s comments of August 25, 2000 and should be more than 

sufficient to deter backsliding. BellSouth contends that it is not necessary to 

attach enforcement to each process, sub-process, product, activity, transaction 

or metric. As mentioned above, the FCC agrees. In sharp contrast, AT&T and 

Time Warner (concurring in the AT&T proposal) believe disaggregation across 

metrics and offerings should be taken to extremes. There are numerous 

examples of the absurdity of this proposal but for purposes of space, BellSouth 

will cite just one that is representative. 

Appendix A of Attachment 1 of AT&T’s filing dated August 25,2000, 

Section E, Item 1 specifies separate disaggregation for New Service Installations. 

This single activity is further broken down by 26 levels of product disaggregation 

{Section G), 2’levels of dispatch I non-dispatch {Section D, Item 21, 3 levels of 

volume (Section D, Item 3), and 13 levels of geography for the state and MSA 

(Section 0, Item 4). Thus for one activity, New Sewice Installations, associated 

with one measurement, % Missed Installation Appointments as an example, we 
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would have 26 products, times 2 (dispatchlnon-dispatch), times 3 (volumes), 

times 13 (geography), or 2,028 individual remedy determinations. Going further, 

since New Service Installations is just one of the 13 activities AT&T proposes in 

Section E, we must multiply 2,028 by 13 to get 26,364 individual parity and 

remedy determinations for just ONE measurement, % Missed Installation 

Appointments. And this is for just ONE ALEC. 

It is interesting to note that in the first paragraph of page 29 (Attachment 

A} of AT&T’s August 25, 2000 filing, AT&T suggests that a robust system of 

peiformance measurements should monitor ‘all key aspects of market entry.’ If 

each of the 26,364 remedy determinations for one overall measurement, % 

Missed Installation Appointments, is considered key, it is difficult to conjure up a 

‘non-key’ measure. BellSouth believes only key outcome oriented metrics and 

key offerings should be included and opposes the position of AT&T that nearly 

every metric, offering, activity, process and sub-process should be included. 

Once the issue of which metrics and offerings should be included is 

resolved, the next issue is how these should be evaluated for enforcement 

purposes. With the key measures and offerings discussed above, BellSouth’s 

approach is to disaggregate the data to low levels for comparison purposes, but 

use appropriate statistical techniques to aggregate for purposes of determining 

parity. (AT&T on the other hand does not aggregate for purposes of determining 

parity. Rather the parity determination is made at the lowest level, the 26,364 

tests noted in the example above.) BellSouth’s VSEEM Ill plan takes small and 

large sample sizes into account in two ways; 1) the level for testing, and 2) the 
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level for decision making and reporting. The overall aggregate statistic (aka. ,  

truncated-z statistic) along with a balancing critical value are vital to BellSouth’s 

enforcement plan. 

The reasons for generating an overall aggregate statistic is to increase 

one’s confidence that when drawing a conclusion about parity, one can be 

assured that what is happening (in the underlying data) is not necessarily due to 

random chance. Basing a decision on limited information (Le., small samples} 

could result in an improper conclusion. In the process of aggregating test results 

more information is available, thereby increasing the decision-makers’ 

confidence that a conclusion about parity or disparity is reasonably certain (and 

has considered issues related to random variation). Similar concepts were 

proposed by Bell Atlantic-New York ((LBA-NY) and Southwestern Bell 

Telep hone-Texas (“SWBT-TX”)l and approved by the FCC. 

BellSouth has adopted a methodology wherein this ‘aggregation’ takes 

place in the statistical procedures. BellSouth adopts the truncated-z statistic and 

related procedures, primarily because it is based on an extensive review of 

BellSouth data. Two processes take place: 1) the process of truncating positive 

performance (to zero) minimizes masking systematic discrimination, and 2) the 

aggregation of test results satisfies issues related to random variation. 

BellSouth’s VSEEM Ill plan carries the same concepts found in the FCC 

Approved BA-NY and SWBT-TX plans; where I) an equivalent zero credit for 

positive performance, and 2) an aggregation process exists in their remedy 

plans. One key difference in BellSouth’s approach is that the aggregation occurs 
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within a measure by mode of entry, rather than across all measurement types. 

BellSouth has built upon the aggregation concept present in approved plans, and 

over an 18-month period has evaluated multiple statistical procedures using 

actual data to derive the most appropriate method for aggregation. 

BellSouth uses the results of the aggregate statistic (a.k.a., truncated-z 

statistic) as the starting point for the remedy plan. The truncated-z statistic along 

with a Balancing Critical Value provides the decision-maker the appropriate 

information for determining parity or disparity. 

In summary, BellSouth follows concepts that exist in the FCC approved 

6A and SWBT plans, where aggregating disaggregate test results to a State 

level has been found to be a reasonable approach. The mechanics of 

BellSouth's VSEEM 111 also incorporate two guiding factors presented by the 

statisticians (Or. Colin Mallows of AT&T and Ernst & Young, on behalf of 

BeltSouth) in the Louisiana Performance Measurements Workshop. These 

factors are: 1) the importance of to disaggregating the data to a fine level so that 

appropriate like-Mike comparisons of ALEC and ILEC data can be made, and 2) 

that each performance measure of interest should be summarized by one overall 

test statistic giving the decision-maker a rule that determines whether a 

statistically significant difference exists. The methodology found in VSEEM I I1 is 

appropriate for BellSouth data, and is consistent with the work performed by the 

AT&T and Ernst E: Young statisticians in Louisiana. 

AT&T proposes that an incomplete statistic be applied to inappropriate 

levels of disaggregation. AT&T continues to rely on the paper "Local Competition 
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Users Group (LCUG) - Statistical Tests for Local Service Parity, VI .O” published 

February 6, 1998, as documentation for the “modified 2’ statistic. The 

methodology described in this paper was developed in a vacuum devoid of real 

performance measurement data, and is incomplete, particularly in its handling of 

small samples. It utilizes sound theory, but does not prove practical for this 

application without several adjustments. 

While the LCUG participants (at the time) were cited as AT&T, MCI, 

Sprint, LCI and WorldCom, it is believed that the primary author of the statistic 

was AT&T statistician, Dr. Colin Mallows. Since that time, Dr. Mallows has 

acknowledged that the LCUG Modified-r Test VI .O requires enhancements. This 

recognition came about after testing the LCUG Modified-z statistic using “real 

data.”’ Dr. Mallows worked with Ernst & Young statisticians, who were retained 

by BellSouth as statistical advisors. 

Between April and September 1999, Dr. Mallows and the E&Y statisticians 

shared ideas concerning the analysis of BellSouth performance data. Once it 

was determined that all issues were properly addressed, an agreement was 

reached with Dr. Mallows on several issues, including how to calculate like-to-like 

cell level statistics. The methodology is described in “Statistical Techniques For 

The Analysis and Comparison Of Performance Measurement Data,’I2 henceforth 

~ ~~ 

Mallows, C. GA Direct Testimony, Docket 7892-U, June 20,2000 (pg 11, line 160 1 

’ Submitted to the Louisiana Public Service Commission, Docket U-22252 Subdocket C. Revised 
February 28,2000, 
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referred to as the “statistician’s report” (attached hereto as Attachment 1). The 

statistician’s report resulted in several conclusions and concepts, many of which 

point out problems with the modified z statistic, including: 

I. An open recognition and statement of the importance of like-to- 
like comparisons. 

Ernst & Young statisticians have always maintained that LCUG 

version 1 .O lacked a good discussion of this topic, and is therefore poor 

documentation of a complete methodology 

2. Guidance on defining small samples. 

The modified z formulae given in LCUG version 1 .O are only 

appropriate when sample sizes are “large.” In order to define “large 

samples” one needs to take into account the characteristics of the data. 

Additionally, a complete methodology should provide rules for 

processing data when sample sizes are small. 

BellSouth’s data have been studied, and rules for defining large 

samples have been determined. LCUG version 1 .O does not do this, 

and the rules in AT&Ts Performance Incentive Plan are inadequate. 

The rules given in the Louisiana “statistician’s report,” and adopted in 

BellSouth’s plan {Exhibit C of BellSouth’s comments filed with the 

FPSC on August 25, 2000) are based on the study of BellSouth’s 

performance measure data, and are therefore appropriate for use with 

BellSouth’s data. 
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3. Handling of the smallest sampfe sizes for mean measures by 
using permutation tests. 

In dealing with mean performance measures, such as “order 

completion interval,” BellSouth determined that permutation-testing 

methodology should be used for small sample sizes. AT&T states this 

in their Performance Incentive Plan, but the guidance for determining 

malt  samples is inappropriate. 

AT&T proposes the LCUG modified-z test for sample sizes of 31 or 

LCUG modified-z test is not adequate for samples ranging from 31 to 

99. This is highlighted in Dr. Mallows’ paper “Notes On Some 

Analyses of BellSouth Data,” handed out at a July 20, 1999 AT&T ex 

parte with the FCC, where it is stated “...These calculations suggest 

that ... we can use the LCUGZ whenever nALEC is at least 100, and 

need to use a more accurate method when nALEC is smaller than 

100.” (pg 4). 

A preferred approach is to use the data tested methods in the 

“statistician report” (see item 4 below) which will require BellSouth to 

perform a permutation test on only the smallest of samples. This is the 

method proposed by BellSouth and is far less costly in terms of time 

and resources. 

4. Adjustment to the modified z statistic for mean performance 
measures so that it obtains the correct result in situations where 
there are at least 7 transactions for both the ILEC and ALEC. 

Permutation testing is very computationally intensive, and 



using it to determine z-values for thousands of like-to-like comparisons 

will consume a large amount of computer resources. Furthermore, 

unnecessary permutation testing does not support the desire to have 

a self-effectuating enforcement mechanism, ready for production 

processing and capable of operating efficiently, with minimal human 

intervention. Therefore permutation tests should only be used on the 

smallest of samples. 

In order to cut down on the number of permutation tests, an 

adjusted version of the modified z was developed. The formula for this 

new statistic is in the “statistician’s report,” and its derivation is in a 

paper submitted by Dr. Mallows and Ernst & Young’s Dr. Sandy Balkin 

for publication in a statistics journaL3 (attached hereto as Attachment 

5. Use of the appropriate exact testing distribution to form the cell z- 
value for proportion and rate measures. 

The statisticians determined that there is no need for a “large” 

sample approximation to determine the z-value of a proportion or rate 

measure within a like-to-like class. Instead formulae that standardize 

the difference in performance based on the exact testing distributions4 

are used. This gives formulae that are slightly different than what is in 

LCUG version 1 .O. 

Balkin, S. and Mallows, C. “An Adjusted Asymmetric Two Sample t-Test.” Submitted to The 
American Statistician, May 2000. 
The exact distribution for comparing proportion measures is the hypergeometric distribution. The 
exact distribution for comparing rate measures is the binomial distribution. 

3 
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published LCUG documents say nothing about disaggregation. In those 

documents, it was assumed that the method would be applied in situations where 

like was being compared with like. However, Emst and Young have since 

pointed out that it is important to disaggregate the data, because otherwise 

biases can be introduced that give the illusion of discrimination even when 

perfect parity exists in every cell.” 

It has been suggested that the wire center be used as a 

geographidbusiness unit factor. In the July 20, 1999 ex parte report, Dr. 

Mallows analysis concludes that disaggregation by wire centers is important, On 

page 9 he states “The fact that the between-cell sum of squares is reduced when 

the wire-center identification is taken into account shows that it is important to 

make this adjustment .” 

All of this is to say that the disaggregation levels in the AT&T plan are not 

necessarily appropriate for the BellSouth region. AT&T’s proposed product 

disaggregation is not necessary, and the proposal is void of important factors 

such as wire center geographylbusiness unit and time. Disparities within product 

services will be detected in the product classes identified in BellSouth’s proposal. 

Too much disaggregation in this area may result in having no like-to-like classes; 

stated differently, we run out of data to compare. The product disaggregation 

proposed by BellSouth is appropriate for BellSouth data. Wire center 

geographylbusiness unit disaggregation, as well as the time a transaction takes 

place, are important factors for BellSouth performance measure comparisons 

{based on examination of the data). 
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In summary, AT&T proposes that the disaggregate level of testing be the 

same as the disaggregate level of reporting (where a conclusion about parity is 

drawn). This is contrary to the guidance provided by the statisticians; one of 

whom represented AT&T. Again, BellSouth proposes a disaggregate level of 

testing to ensure like-to-like comparisons are being made, and an aggregate 

level of reporting from which the decision makers, the Commission, can draw a 

proper conclusion about parity. 

Issue 4: Automatic penalties for noncompliance? 

Again, there appears to be no disagreement amongst the respondents 

that penalties should be automatic. BellSouth’s VSEEM lli plan is designed such 

that penalties are triggered automatically for all three tiers without the need for 

reg u latory oversight. 

Issue 5: For purposes of evaluating ILEC (and ALEC) performance 
in the aggregate, how should any Commission’s enforcement mechanism 
be structured conceptually? 

A. Frequency of monitoring? 
8. Time frame to be evaluated? 

Evaluation of compliance should be performed on monthly results and the 

enforcement consequences should be evaluated quarterly. 

BellSouth’s proposal for evaluating performance in the aggregate is 

addressed in Tier 2 of BellSouth’s VSEEM Ill plan. Tier 2 focuses on the ALEC 

industry while Tier I addresses the individual ALEC. BellSouth proposes a 
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quarterly evaluation of enforcement for the industry. This proposal is a result of 

adhering to the desire to develop a remedy plan that is ‘simple and relatively 

easy to implement‘. 

Although Tier 2 is evaluated quarterly, the frequency of non-compliance is 

incorporated in the remedy rendered. The incentive for BellSouth is in 

recognizing that any miss - minor, moderate or severe -- may result in a Tier-2 

remedy. Stated differently, BellSouth could experience (what some may term) 

“basic failures” for three consecutive months in a calendar quarter, which would 

result in a Tier 2 failure. Note, that this implies that any sequence of five 

consecutive failures will trigger a Tier-2 remedy. 

While BellSouth’s plan for aggregate enforcement is triggered by recurring 

failures, aggregate enforcement is not dependent upon the severity of the failure. 

The plans offered by the other parties are dependant on both frequency - and 

severity. 

Issue 5: 

C. Level of disaggregation across metrics and offerings? 
Same as 4C above. 

D. How should items A, B, and C above be balanced to provide 
statistical significance for metrics with a small number of 
observations per reporting period? Same as 4D above 

E. Automatic vs. case-by-case fines for noncompliance? 
Same as 4E above. 

Issue 6: How should the dollar value of penalties be determined? 
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Dollar values should be determined OJ a per unit basis and tied to the cost 

or perceived value to the end-user customer. AT&T proposes a per measure 

penalty structure which uses the ratio of the z score to the balancing critical value 

to estimate the severity of a failure. In doing so, they ignore the relationship 

between the precision of the severity estimate and the sanlple size when they 

determine the remedy amount for a failure. 

To demonstrate this, compare two testing situations: one based on only 

two transactions, and one based on hundreds of transactions. 

Example 1 : Maintenance Average Duration in the UNE Loop product 
category. 

I LEC: 

ALEC: 

nl = 1 trouble that took 5 hours to repair 

n2 = 1 trouble that took 5.25 hours to repair 

This situation calls for a permutation test. Since there are on two 

transactions, there are only two possible permutations, ILECWLEC result of 

5 6 - 2 5  or ALEC\IlEC result of 5.25\5. Since we actually observe the former, 

we get a rank of 2, and 

2-.5 ~ = 1 - - = . 2 5  
2 

Converting this to a standard normal Z score give 

Using the formula for the balancing critical value of a modified z statistic7 

based on AT&T's choice of d = 2 5 ,  we get 

' This will not produce 8 balancing critical value for this test. Because of the discrete nature of this 
test, and the very small sample sizes, it cannot be balanced. However, since AT&T provides no 
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-6 -.25 
= -.088 

The ratio of the z score to the balancing critical value is therefore 

- =I 7.631. 
z *  

According to AT&T’s consequence function, this is a severe faihre that 

requires a $25,000 remedy, Also, note that this result stays the same as long 

as the ALEC trouble takes longer to repair than the ILEC trouble. So there 

could be very little difference between the two repair times, but this would be 

judged as a severe failure. 

Example 2: Maintenance Average Duration in the Residential, Resale POTS 

product category. 

ILEC: nl = 1500 troubles that took x = 1 hours on average to repair with 

a standard deviation s = 0.25 hours. 

ALEC: 

This situation calls for a modified z test. 

n2 = 200 troubles that took = 1.25 hours on average to repair 

1 - 1.25 
= -13.284 

The balancing critical value based on AT&T’s choice of A = -25 is 

guidance on what should be used, we’ve chosen to use the formula for the balancing critical value for 
the modified -z statistic. 
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The ratio of the z score to the balancing critical value is therefore 

According to AT&T's consequence function, this is a severe failure that 

requires a $25,000 remedy. 

In each of the above examples, the severity of the failure is estimated to 

be about 8, but the estimates are based on vastly different sample sizes. It is 

unreasonable to pay a remedy of $25,000 when the only evidence one has is two 

transactions (one ILEC and one ALEC), and the actual difference in the service 

times between the two transactions does not play a role in determining the 

severity. 

On the other hand, the severity estimate in Example 2 is based on 

hundreds of transactions, and it may seem reasonable to pay a remedy of 

$25,000. The difference in the two examples is that the severity estimate is more 

precise than that of the first example. This illustrates why it is important to take 

sample size into account when determining the amount of remedy that should be 

paid. 

VSEEM 111 calls for remedies based on the number of affected ALEC 

transactions. The remedy amounts under the VSEEM Ill plan would be $400 and 

$20,000 for examples 1 and 2, respectively. This is more reasonable and fair. 

Additionally, AT&T and other ALECs propose that all metria should be 

treated (remedied) equally, yielding a per measurement payment scheme. This 

approach is not appropriate for remedy payment based on parity. It is important 
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to look at the example used by WorldCom to understand just how unreasonable 

this scheme is. The example compares average response time for queries with 

missing due dates. WorldCom suggests that “if . . .the delayed or inaccurate 

response data cause the potential customer to be so dissatisfied with the ALEC 

that the customer never chooses the ALEC, then response time then becomes 

the critical measurement for that ALEC and the customer”. Average response 

times for queries in Florida consistently average less than 6 seconds and is 

transparent to the ALEC’s customer. Missing due dates, on the other hand, 

directly impact the ALEC customer’s experience with the ALEC. How can 

WorldCom reasonably draw a correlation between these two measurements? 

More importantly, how can a six second or less delay possibly be more important 

than missing a due date? 

In contrast, BellSouth’s VSEEM 111 plan avoids these problems by looking 

at the value and cost by unit, For example, an investment LINE products I 

services is much greater than an investment in Resale products I services. As 

shown in BellSouth’s proposed fee schedule, a month one remedy would be 

$1 00 for Resale and $400 for UNE product I services. 

Issue 7:  Should there be a cap on penalty amounts and if so, how 

BellSouth proposes the use of an absolute cap. BellSouth’s VSEEM Ill 

should that cap be determined? 

plan was developed with the criteria that a penalty plan should be self- 

effectuating. Consequently, each of the three tiers of remedies in VSEEM Ill is 

automatic. While the Commission can step in at any time, remedies will be 
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rendered as the performance is being monitored; however, no Commission order 

is necessary to render payment. 

The ALEC plan, on the other hand, contains several glaring contradictions 

to the “self-effectuating” concept, most notably the so-called “procedural cap.” 

The VSEEM Ill Plan sets an automatic financial cap (absolute cap) based on a 

meaningful percentage of BellSouth’s net revenues in Florida. The ALECs 

procedural cap, om the other hand, only determines the point at which the ILEC is 

permitted to seek relief from additional penalties from the state commission. 

While professing that “the imposition of financial consequences must be prompt 

and certain, and consequences should be self-executing so that opportunities for 

delay through litigation and regulatory review are minimized” (see AT&T, page 4) 

the ALECs proposed procedural caps build such delay into the plan. The ALECs 

plan is even more problematic given that all the ALECs are really asking of the 

Commission is to defer setting a liability cap rather than setting one in this 

proceeding in advance of plan implementation. The more efficient plan will 

establish a reasonable cap at the outset rather than deferring the determination 

to some future point and creating the need for an additional proceeding. The 

VSEEM Ill plan ensures that every aspect of the plan will operate independently 

of the Commission; the ALEC plan, on the other hand, builds Commission 

involvement into the plan and thus is less desirable. 

It is also important to remember that the self-effectuating cap in the 

VSEEM Ill plan is not an overall cap on BellSouth’s liability for performance 

failures. As the FCC has pointed out, a penalty plan is not “the only means of 
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ensuring that [the RBOC] continues to provide nondiscriminatory service to 

competing carriers.” Bell Atlantic Order, 1 435. Thus, any characterization of the 

VSEEM cap as an absolute cap on BellSouth’s liability for performance failures is 

incorrect. Moreover, both the New York and the Texas plans have annual 

monetary caps similar to the VSEEM Ill cap. 

Issue 8: How and when should consequences be escalated? 

BellSouth supports escalating remedies with the certainty and duration of 

the violation. What is important here is the overall set of principles that is used 

to form a remedy plan. BellSouth supports the following principles: 

0 Inclusion of key, outcome oriented measures 

Designed to prevent BellSouth “backsliding” on CLEC service 

P Comprehensive p!an that is “Meaningful” and “Significant” 

> Monetary remedies escalate with the certainty of failure 

> Monetary remedies escalate with the duration of the failure 

> Non-monetary consequences are incorporated in the plan 

Addresses all CLECs in operation; large and small 

Addresses the CLEC Industry 

Uses sound statistical procedures 

> Compares “like-to-like” with deep disaggregation 

9 Solves the problem of ‘random variation’ 

> Procedures do not ‘mask discrimination’ 

> Methodology for balancing Type I and Type tl Errors 
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Minimize opportunities for ‘Gaming’ 

> Structured such that CLECs will not prefer Remedies over Quality 

Service 

Swift and Self-Executing 

k Interest paid on remedy rendered for each date past due 

0 Not applied until after 271 approval in a specific state 

Fairly simple to implement and monitor 

BellSouth’s VSEEM I l l  3-tiered remedy plan satisfies these principles and, 

as such, should be the remedy plan adopted by this Commission, if the 

Commission decides to adopt a remedy plan. The use of a multi-tiered plan is 

consistent with the principles of the other ALECs in this proceeding. 

Issue 9: How should extraordinary events be handled? 

While all the respondents in this proceeding agree that there are situations 

that shoutd be legitimately excluded from a remedy plan, there are some 

differences of opinion as to how to identify these exclusions. Both Sprint and 

Time Warner suggest using the “root cause analysis” process. One of 

BellSouth’s VSEEM Ill plan’s primary objectives is to implement a plan that is 

“swift” and straightforward, offering remedy payment within 30 days after 

disparate service is reported. Developing corrective action plans and performing 

“root cause analysis” is inconsistent with these objectives. That is not to say, 

however, that BellSouth will not, upon request, perform a root cause analysis. It 

simply should not be part of a self-effectuating remedy plan. BellSouth proposes 
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that exclusions from the remedy plan due to extraordinary events be identified up 

front as part of the Remedy Plan as much as possible. Any additional 

unforeseen extraordinary events, which would qualify for exclusion would be 

negotiated individually with this Commission. This appears to be consistent with 

the proposal by AT&T (pages 13-14} with one glaring exception. AT&T proposes 

that those penalties “that are the subject of the potential exemption shall be paid 

into an interest bearing escrow account no later than the due date applicable to 

the consequences that are at issue.” BellSouth takes exception to any 

requirement that it should make remedy payments into an interest bearing 

escrow account pending the validation of those remedies. BellSouth is a major 

corporation in Florida with a solid reputation. SellSouth’s VSEEM 111 plan is 

designed to make penalty payments automatically when due. It is totally 

unnecessary and degrading that any party to this proceeding would think it 

necessary to require BellSouth to make payments into an escrow account. 

Additional rebuttal comments 

Rather than responding to the questions posed by the Florida Public 

Service Commission Staff, WorldCam answered only questions I and 2 

specifically and proceeded to provide what they identified as technical 

comments. BellSouth would like to take this opportunity to offer rebuttal 

comments on six of these technical comments, found on pages 4-9 of 

WorfdCom’s response, dated August 25, 2000, in this proceeding as follows: 

I .  Remedy Measures, page 4. “WorldCom disagrees that there 
should be only outcome-oriented metric remedies”. 
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Voluntary self-effectuating remedies should apply to those key, 

outcome oriented measures that ALECs have identified as most critical 

to their businesses. Additionally, imposition of voluntary, self- 

effectuating penalties on every measure will impermissibly subject 

BellSouth to being penalized more than once for a single act or failure 

to act because many of the measures are integrally interrelated to one 

another, 

The measurement set included in the VSEEM Ill plan are key, 

outcome oriented measures. BellSouth decided on these measures by 

looking at the collaborative work between ILECs, ALECs and State 

Commissions in New York and Texas. Collaborative efforts in both 

New York and Texas resulted in either a “critical” measurement set, or 

a prioritized set of “high, medium, low”, respectively. These 

commissions charged the ALECs with communicating the 

measurement set that is most ‘customer impacting’. BeltSouth’s 

experience in providing access to IXCs, combined with the outcome of 

prioritized measures from New York and Texas has resulted in 

BellSouth offering of a key set of customer impacting metrics. 

Below are the measures included in the plan. The list represents the 

combination of Tier-I, Tier-2 and Tier-3 submetrics: 

VSEEM 111 Su b-Metrics 

a Percent Response Received within “X” seconds - Pre-Order OSS 

n OSS Interface Availability 
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a Order Process Percent Flow-Through (Mechanized only) 

o FOC Timeliness (Mechanized only) 

Reject Interval (Mechanized on!y) 

CI Order Completion lntenral (Dispatch only) - Resale POTS 

Order Completion Interval (Dispatch only) - Resale Design 

o Order Completion lntewal (Dispatch only) - UNE Loop and Port Combos 

o Order Completion Interval ('w' code orders, Dispatch only) - UNE Loops 

Order Completion Interval (Dispatch only) - IC Trunks 

Percent Missed Installation Appointments - Resale POTS 

Percent Missed Installation Appointments - Resale Design 

Percent Missed Installation Appointments - UNE Loop and Port Combos 

P Percent Missed Installation Appointments - UNE Loops 

Percent Provisioning Troubles within 4 Days - Resale POTS 

Percent Provisioning Troubles within 4 Days - Resale Design 

c1 Percent Provisioning Troubles within 4 Days - UNE Loop and Port 

Combos 

n Percent Provisioning Troubles within 4 Days - UNE Loops 

Customer Trouble Report Rate - Resale POTS 

Customer 'Trouble Report Rate - Resale Design 

a Customer Trouble Report Rate - UNE Loop and Port Combos 

Customer 'Trouble Report Rate - UNE Loops 

a Percent Missed Repair Appointments - Resale POTS 

a Percent Missed Repair Appointments - Resale Design 
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Percent Missed Repair Appointments - UNE Loop and Port Combos 

Percent Missed Repair Appointments - UNE Loops 

Maintenance Average Duration - Resale POTS 

Maintenance Average Duration - Resale Design 

Maintenance Average Duration - UNE Loop and Port Combos 

Maintenance Average Duration - UNE Loops 

Maintenance Average Duration - IC Trunks 

Percent Repeat Troubles within 30 Days - Resale POTS 

Percent Repeat Troubles within 30 Days - Resale Design 

Percent Repeat Troubles within 30 Days - UNE Loop and Port Combos 

Percent Repeat Troubles within 30 Days - UNE Loops 

Billing Timeliness 

Billing Accuracy 

Usage Data Delivery Timeliness 

Usage Data Delivery Accuracy 

Percent Trunk Blockage 

LNP Disconnect Timeliness 

LN P Percent Missed Installation Appointments 

Coordinated Customer Conversions for UNE Loops wlo INP 

Percent Missed Collocation Due Dates 

Additionally, BellSouth notes that many of the measures are interrelated, 

and it would be particularly difficult to repeatedly provide disparate service for a 

measure without it surfacing through to those measures identified in the VSEEM 
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111 plan. Correlation studies show that, of the Provisioning measures, Order 

Completion Interval, Percent Missed Installations, and Total Sewice Order Cycle 

Time are all positively correlated, though at varying strengths. Completion Notice 

Interval is not correlated with any of the three provisioning measures. 

Meanwhile, in the Maintenance category, all three measures are positively 

correlated, again at various degrees. BellSouth asserts that WorldCom’s 

technical comments in this regard are unfounded and without merit and should 

be rejected by the Florida Staff. 

2. Accurate Reporting, page 6. Worldcorn alleges that “an ILEC 
should test all of its OSS systems and processes at least once a 
year at its own expense to prove its data is valid.” 

BellSouth’s Service Quality Measurements (SQM) document, 

Appendix C, states: 

“BeIiSouth curmntly provides many CLECs wifh certain audit tights as a part 
of fheir individual interconnection agreements. However, it is not reasonable 
for B8ilsO#fh to undergo an audit of the SQM for every CLEC with which it 
has a contract BellSouth has developed a proposed Audit Plan for use by 
the parties to an audit. I f  requested by a Public Service Commission or by a 
CLEC exercising contractual audit tights, BellSouth wilt agree to undergo a 
comprehensive audit of the aggregate level repods for both BellSouth and the 
CLEC(s) for each of ihe next five (5) years (2000 - ZOOS), to be conducted by 
an independent third party. The results of that audit will be made available to 
all the parties subject to proper safeguards to protect proprietary information. 
This aggregafe level audit includes the following specifications: 

7. The cast shall be borne 50% by BellSouth and 50% by the CLEC or 
CLECS. 

2. The independen! tbird pady audifor shall be selected wifh input from 
BellSouth, the PSC, if applicable, and the CLEC(s). 

3. BellSouth, the PSC and the CLEC(s) shalljointly determine the scope 
of the audit. 

32 



BellSouth reserves the right to make changes to this a d i t  policy as growth and 
changes in the industry dictate. " 

In addition, the VSEEM Ill contract language for Interconnection Agreements in 

Section 4:6.5 states: 

AI the end of each calendar year, BellSouth will have its independent 
auditing and accounting firm certjw that the results of all Tier-7 and Tier-2 
Enforcement Mechanisms were paid and accounted for in accordance 
with Gemrally Accepted Accounting Principles (GAAP). 

BellSouth asserts its auditing policy for VSEEM is a natura! extension of 

its auditing policy for the SQMs and that the combination of these two positions 

fully satisfies the accurate reporting requirements proposed by WorldCom. 

It is also important to emphasize the fact that BellSouth is currently in the 

final stages of a comprehensive audit by a third party auditor, KPMG, in Georgia 

and beginning a comprehensive audit by KPMG in Florida. The end result of 

these audits should more than satisfy Worldcorn's requirements. 

3. Weighting, page 7. WorldCorn alleges that "this Commission 
should treat meMcs equally and remedies should be paid on how 
disparate and chronic the poor performance is to the ALEC". 

Although BellSouth has responded to this issue in item 1 above, 

Remedy Measures, it is important to look at the example used by 

WoridCom to understand just how unreasonable this allegation is. The 

example compares average response time for queries with missing due 

dates. WorldCom suggests that "if ... the delayed or inaccurate 

response data cause the potential customer to be so dissatisfied with 

the ALEC that the customer never chooses the ALEC, then response 

33 



time their becomes the critical measurement for that ALEC and the 

customer”. Average response times for queries in Florida consistently 

average less than six seconds and are transparent to the ALEC’s 

customer. Missing due dates, on the other hand, directly impact the 

ALEC customer‘s experience with the ALEC. How can WorldCom 

reasonably draw a correlation between these two measurements7 

More importantly, how can a six second or less delay possibly be more 

important than missing a due date? 

4. Minimum Thresholds (page 8). WorldCom asserts that “there 
should be no minimum thresholds before a plan can commence 
because the primary reason for an enforcement mechanism is to 
counter the dominance, incumbency and market power of the 
ILEC to prevent discriminatory treatment.” 

BellSouth’s VSEEM 111 proposal has no minimum thresholds and is 

designed specifically to ensure non-discriminatory treatment of all 

ALECs. 

5. Burn-In period (page 8). WorldCorn alleges that “there is no need 
for a burn-in period”. 

BellSouth concurs in WorldCom’s position and stands ready to 

implement its VSEEM Ill plan once 271 approval is granted in Florida. 

6. Six-Month Reviews (page 9). WorldCom alleges that “because 
performance metrics may need to be modified over time to add 
new processes or adjust older benchmarks, this Commission 
should order that all interested parties meet every six months to 

34 



review the rnetrics. The enforcement mechanism plan will also 
need to be analyzed during the six-month review to make sure the 
remedy amounts and structure are effective.” 

BellSouth concurs that the performance metrics and enforcement 

plan should be reviewed periodically with input from all interested 

parties. However, BellSouth would strongly recommend that every six 

months; is excessive and that a yearly review should be more than 

sufficient. BellSouth also strongly urges this Commission to consider 

as a part of the review the removal of measurements where there was 

insufficient activity during the previous year to justify their continued 

production. 

Respectfully submitted this 2gth day of September, 2000. 

150 South Monroe Street 
Suite 400 
Tallahassee, FL 3230 1 
(305) 347-5558 

General Attorneys 
Suite 4300, BellSouth Center 
675 West Peachtree Street, N.E. 
Atlanta, GA 30375 
(404) 3 3 5 -0765 

22942 1 

35 



Attachment I 
DRAFT 

Statistica 1 Techniques 
For The Analysis And Comparison Of 

Performance Measurement Data 
c3 

Submitted to Louisiana Public Sewice Commission (LPSC) 
Docket U-22252 Subdocket C 

Revised February 28,2000 

@, Introduction and Scope 
a e  Louisiana Public Service Commission (LPSC) staf f  has requested Drs. S. Hinkins, E, 
hulrow, and F. Scheuren’ of Ernst & Young LLP (consultants for Be!lSouth 
Telecommuucations), and Dr. C. Mallows of ATkT Labs-Research to set out their views 
on the application of a statistical analysis to performance measurement data. The present 
report is intended to provide a detailed statistical report on appropriate methodology. 

The setting Ibr the analysis is crucial to the interpretation of any statistical significance that 
might be found. There is no doubt that, to quote the Commission staff, “statistical analysis 
can help reveal the likelihood that reported differences in an ILECs p e r f o m c e  toward its 
retail customers and CLECs are due to underlying differences in behavior rather than 
random charice” (Staff Final Recommendation, LPSC Docket No. U-22252 - Subdocket C ,  
dated August t 2,1993, pages 15 - 16) 

To frame our prewritation the next paragraph from the LPSC Docket U-22252 is quoted in 
its entirety. 

“Stati?Ptical tests me effective in identifying those measurements where 
differences h performance exist, Tbe tests themsehrea cannot identify 
the cause of the apparent differencm. The differences may be due to a 
variety of reasons, including: 1) when tbe ILEC and CLEC processes 
being measured are actually dflerent and should not be expected to 
produce the game reault, 2) when tbe ILEC L employing 
dhciiminatory practices, or 3)  when assumptions necessary for the 
statistical test to be valid are not being mekn (Ibid, page 16) 

Apparent statistically significant differences in BellSouth and CLEC performance can arise 
when 

tie LE(,: and CLEC processes being measured are actually different and should 
m t  be expected to produce the same result 
me ILEC is employing discriminatory practices, or 
assumptions necessary for the statistical test to be valid are not being met. 
- 

’ Dr. Scheuren is now II Senior Fellow at the Urban Institute. 
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To meet thc Louisiana Comnlission’s purpose, we wil1 recommend techniques that are 
robust in the presence of possible assumption failure, carefully examine BellSouth 
Telecommuiiications (BST) and CLEC performance so “like” is compared only to “like.” 
and are still able. in ;a highly efficient manner, to detect differences. Upon investigation any 
differences detected might lead to concerns about possible discriminatory practices. 

The LPSC s ta f f  also states “that a uniform methodology which identifies those items which 
need to be measured, how they are to be measured, and how the results are to be reported is 
also desirab e and would he beneficial to all parties” (Ibid., - page 16). We agree with this 
goal as well, stipulating only that the use of a single method may not be desirable while a 
single methc idolngy (or a set of‘methods) could be. 

The statistical process for testing if CLEC and lLEC customers are being treated equally 
involves mnre than just a mathematical formula. Three key elements need to be 
considered hefore ail appropriate decision process can be developed. These are 

the type of data, 

the type of comparison, and 

0 the type of performance measure. 

When examining th,e various combinations of these elements, we find that there is a set of 
testing principles that can be applied uniformly. However, the statistical formulae that 
need to be uied change as the situation changes. 

To be cespomive to the Commission, we have divided our discussion into four sections and 
five appendices. The contents of each of these are briefly mentioned below -- first fur the 
main report m d  then for the extensive supporting appendix materials. 

For the maiii report,, this section (Section I )  introduces our work and sets out the required 
scope. Thc ncxt two sections (Sections I1 and 111) discuss the type of comparisons that need 
to be identitied, and the appropriate testing principles. The final section (Section IV) 
provides an I werview of appropriate testing methodologies, based on what we have learned 
from our examinaticin of BellSouth’s performance measure data in Louisiana. 

The five appendices provide technical details on the statistical calculations involved in the 
Truncated Z statistic (Appendix A), the implementation of the methodology for the trunk 
blocking pet forrnance measure (Appendix B), the calculations involved in computing the 
balancing critical v:alue of a test (Appendix C), examples of ways to present the results 
using detailed statistical displays so that results can be audited (Appendix D), and the 
technical dehils invoived in data trimming (Appndix E). 
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2. Data Considerations, Comparisons, and Measurement Types 
This section makes peneral distinctions which apply to the performance measures. 'These 
distinctions will be important in the determination of appropriate methodologies. 

Data Set Tm. ?'he type af statistical methodology used depends on the form of the 
data avai1ab.e. In general, there are two ways to classify the data used for performance 
measure comparisons. These are: 

0 tr+ansacticrn level data, and 
aggregatcd summaries. 

Kecords in transaction level data set represent a single transaction, e.g. an individual 
customer order. or the record of a specific trouble reported by a customer. 'This type of 
data set allows for deep like-to-like comparisons, and may also allow one to identify the 
root cause of a problem. A testing methodology needs to be carefully chosen so that it 
incorporates the comparison levels and does not cover up problem areas. 

Records in an aggregated summary data set are typically summaries of related 
transactions For example, the total number of blocked calls in a trunk group during the 
noon hour ol'a day is a summary statistic. This type of data set may not contain as much 
information 3s a transaction level data set, and it therefore needs to be treated differently. 
While a general methodology may be determined for a transaction level data set, it may 
not be possible to (do so for aggregated summaries. Testing methodology needs to be 
developed on a case:-by-case basis. 

Comparison Types. .- An ILEX'S performance in providing services to CLEC customers 
is tested in (me of two ways: 

t ly  comparing CLEC performance to ILEC performance when a retail analog 
exisis, or 
b y  comparing CLEC performance to a benchmark. 

The testing methodologies for these two situations will have similarities, but there are 
differences 1 hat need to be understood. 

Table 1 categorizes those performance measures that E&Y has examined by data type and 
comparison type. The table shows that five performance measures with retail analogs 
have transaction b e l  data. while three others with retail analogs only have summary 
level data. No performance measures using benchmarks have been studied. 
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Table 1. 

Me an Proportion Rate Ratio 
Order Complci ion Interval Percent Missed Instatlations Trouble Report Rate Billing Accuracy 
Maint. Ave. Duration 
OSS Kesponsc: Interval Hilling Timeliness 

Percent Missed Repairs 

Trunk Blocking L 

Classification of  Performance Measures by Data and Comparison Type 

(only measures previously examined by E&Y are included) 

Level 
of Data 

1 ransac tion 
Level 

.-, 

Summary 
Level 

Comaarison TvDe 
Retail Analog I Benchmark 

Order Completion Interval I 
Maintenance Average Duration 

% Missed Installations 

YO Missed Repair 

No Measures 
Examined 

Trouble Report Rate 

OSS Response Interval 

Trunk Blocking 

No Measures 
Examined 

Measurement Types. 'The performance measures that will undergo testing are of four 
types: means, prop&ns (an average of a measure that takes on only the values of 0 or 
I ) ,  rates, and ratios. 

Whilc all frw havc similar characteristics, proportions and rates are derived from count 
data while iiieans and ratios are derived from interval measurements. Table 2 classifies 
the perform ince measures by the type of measurement. 

Tablu 2: Classification of Performance Measures by Measurement Type 

3. Testing Principles 
This sectior. describes five general principles which the final methodology should satisfy: 
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1. 

2. 

3. 

4. 

5. 

1 Vhen pr.,ssihle, dutu should be compared ai appropride Ievels, e . g  wire 
L cnter, time qf month, dispatched, residential, new orders. 
1:‘uch performance m e a w e  of interest should be summarized by one overull 
~ r l s t  stutistic giving the decision maker u rule that determines whether u 
A tntisdicrilly significant difference exists. 
;‘&e decision .sy.Ttem must he developed SCI thur it dues not require inEermedicrlu 
manual intervention. 
;‘he lusting merhodology should balance Type I and Type II Error 
pro b d d i t  ics. 
Ykimmir,g of‘ exireme observations from BellSouth and CLEI.’ dislrihulions is 
tweded in order 10 ensure that a fair comparison is made hetween 
pwformmce meusures. 

Like-to-Like Comparisons. When possible, datu should be compared at uppropride 
level,s, e . g  ihre center, time of month, dispatched, residentid, new orders. 

In particular, to mect this goal the testing process should: 

11 

11 Record important confounding covariates. 
Identify variables that may affect the performance measure. 

Adjust for the observed covariates in order to remove potential biases and 
to make the CLEC and the ILEC units as comparable as possible. 

It is a well hewn principle that comparisons should be made on equal footing: apples-to- 
apples, orarlges-to-l.>ranges. Statistical techniques that are addressed in most text books 
usually asslime that this is the case beforehand. Some higher level books address the 
issue of “designed experiments” and discuss appropriate ways to structure the data 
collection method so that the text books’ formulae can be used in analyzing the data. 

Perforrnanci. measure testing does not involve data from a designed experiment. Rather. 
the data is obtained from an observational study. That being the case, one must impose a 
structure on the data after it is gathered in order to assure that fair comparisons are being 
made. For example, it is important to disaggregate the data to a fine level su that 
appropriate like-to-like comparisons of CLEC and ILEC data can be made. Any 
statistical rriethodology that ignores important confounding variables can produce biased 
results. 

Aggregate -- Level Test Statistic. Each perfvrmunce meusure of interesi should he 
summarized by one overall test staiistic Riving the decision mnhr  a rule that determines 
whether LI s ~ u t i ~ ~ k w l l y  stgn$canl diference exisls. 

‘1’0 achieve this goa.1, the aggregate test statistic should have the following properties: 
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The method should provide a single overall index, on a standard scalc. 
If en'tries in comparison cells are exactly proportional over a covariate, the 
aggregated index should be very nearly the same as if comparisons on the 
covariate had not been done. 
The contribution of each comparison cell should depend on the number of 
observations in the cell. 
Cancellation between comparison cells should be limited, i.e., positive 
outcomes should not be allowed to cancel negative ones. 
The iindex should be a continuous function ofthe observations. 

Since the d:ita are being disaggregated to a very deep Ievel, thousands of like-to-like 
comparison cells an: created. An aggregate summary statistic is needed in order to make 
an overall judgment. 

The aggregi-te level statistic should be insensitive to small changes in cells values, and its 
value should not bc affected if some of the disaggregation for like-to-like cells i s  truly 
unnecessarj. Furthermore, individual ceII results should be weighted so that those cells 
with more tt,ansactions have larger effects on the overall result. 

Production .- Mode Process. The decision system must be developed so lhal il h e s  no1 
require inte,-mediate munual inleuvention. 

Two statistical paradigms are possible for examining performance measure data. In the 
exploratory paradigm, data are examined and methodology is developed that is consistent 
with what i?, found. In a production paradigm a methodology is decided upon before data 
exploration. For thc production paradigm to succeed 

Calculations should be well defined for possible eventualities. 
The decision process should be based on an algorithm that needs no 
manual intervention. 

41 Results should be arrived at in a timely manner. 
41 The system must recognize that resources are needed for other 

performance measure-related processes that also must be run in a timely 
manner. 
'The system should be both auditable and adjustable over time. 

'1 

01 

While the ;xploral,ory paradigm provides protection against using erroneous data, it 
requires a geat deal of lead time and is unsuitable for timely monthly performance 
measure testing. A production paradigm wiIl not only promptly produce overall test 
results but will  alsci provide documentation that can be used to explore the data aftcr the 
test results iire released. 

6 
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Error Probability Balancing. The testing methodology should bulunce Type I und Type 
I! Error pw~~uhii i t i ix .  

Specifically. what is required io achieve this goal is 

The probability of a Type I error should equal the probability of a Type il 
error for well-defined null and alternative hypotheses. 
The formula for a test's balancing critical value should be simple enough 
to ca.lculate using standard mathematical functions, i.e. one should avoid 
methods that require computationally intensive techniques. 
Littlt: to no information beyond the null hypothesis, the alternative 
hypothesis. and the number of observations should be required for 
calculating the balancing critical value. 

0 

The objectiile of a statistical test is to test a hypothesis concerning the values of one or 
more population parameters. Usually an inquiry into whether or not there is evidence to 
support a hj  pothesis, called the ullernative hypothesis, is conducted by seeking statistical 
evidence thit the converse of the alternative, the null hypothesis, is most likely false. If 
there is not suficient evidence to reject the null hypothesis, then a case for accepting the 
alternative k.as not been made. 

Two types ~ j f  erroirs are possible in any decision-making process. These have been 
summarized in Table 3 .  

Table 3: Statistical Testing Errors 

General Description 
Rejecting the null hypothesis 

Type I (accepting the alternative) 
when the null is true. 

Accepting the null 

- 

I n  terms of Performance 
Measure Testing 

_ _ _ ~  -. . 

Deciding that BST favors its own 
customers when it does not. 

Deciding that BST does not favor 
its own customers when it does. 

In a contrclled experimental study where the sample sizes are relatively small, it is 
generally dcsirable to control the Type I error closely to avoid making a conclusion that 
there is a dit'ferencu when, in fact, there is none. The probability of a Type 11 error is not 
directly controlled but is determined by the sample size and the distance between the null 
and the alternative hypotheses. 
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I f  a standar.1 of materiality is set by stating a specific alternative for the test, and the 
distribution of the test statistic under both the null and alternative hypotheses is 
understood, then a critical value can be determined so that the two error probabilities are 
equal. 

Trimming. Trimming qj!f’tlxtrcme observaiions,from BellSouth und CLEC.‘ dislrihuiicins is 
needed in order to cnsure that a,fuir comparison is made between performance meusures. 

Three conditions art: needed to accomplish this goal. These are: 

0 

0 

Triniming should be based on a general rule that can be used in a production 
setti -ig. 
I’rinimed observations should not simply be discarded; they need to be examined 
and possibly used in the final decision making process. 
Triniming should only be used on performance measures that are sensitive to 
“outliers,” 

0 

For the purpose of performance measure testing, trimming refers to removing transactions 
that significantly distort the performance measure statistic for the set of transactions 
under consideration. For example, the arithmetic average (or mean) is extremely 
sensitive to “outliers” since a single large value can significantly distort the average. 

The term “cutliers” refers to: 

) extreme data values that may be valid, but since they are rare 

I!) largt: values that should not be in the analysis data set because of errors in 
measurements, they may be considered to be statistically unique; or 

the measurement or in selecting the data. 

Trimming i <  beneficial since it puts both ILEC and CLEC transactions on equal footing 
with respect to the largest value in each set. Note, though, that it is only needed t o r  
performam:. measures that are distorted by outliers, Of the three types of measures 
defined in Section 2, only mean (average) measures require trimming. Appendix E sets 
forth a trimining plan for mean performance measures. 

4. Testing Methodology 
This sectioli details the testing methodology that is most appropriate for the varinus types 
of performance measures. First, transaction level testing will be discussed when there is a 
retail malo!!, Next, transaction level testing against a benchmark. Then, testing when 
only aggregated summaries are available. 

Transaction .-. Level - Retail Analog: The Truncated Z Statistic. When a retail analog 
is available CLEC performance can be directly compared with ILEC performance. Over 

8 



DRAFT 

the last year. for transaction level data, many test statistics have been examined. We now 
believe that 1 he “Truncated 2” test statistic provides the best compromise with respect to 
possessing the desired qualities outlined in Section 3 ,  above. 

The Truncaied Z is fully described in Appendix A, and formulae for calculation of a 
balancing critical value are found in Appendix C. The main features of this statistic are: 

0 

0 

t’, basic test statistic is calculated within each comparison cell. 
l’he value of a cell’s result is left “as is” if the result suggests that “favoritism” 
may be taking place. Otherwise, the result is set to zero. This i s  called the 
truncation step. 
IVeights that depend on the volume of both ILEC and CLEC transactions 
uithin the cell are determined. and a weighted sum of the “truncated” cell 
rxdts is calculated. 
The weighted sum is theoretically corrected to account for the truncation, and 
a final overall statistic is determined. 
’I his overall test value is compared to a balancing critical value to determine if 
fworitisrn is likely. 

The test statistic itself is based on like-to-like comparisons, and it possesses all five of the 
properties or  an aggregate test statistic (Section 3). While the test requires a large amount 
of calculations, our studies of the process on some of BellSouth’s performance measure 
data indicate that the calculations can be completed in a reasonable amount of time. 
Therefore, ihe proc:ess can be put into production mode. Finally, since a balancing 
critical valul: can be calculated, it is possible to balance the error probabilities. 

Transactioq .-, Level - Benchmark. When a benchmark is used, CLEC performance is 
not comparcd with ILEC performance. Like-to-like comparison cells are not needed, thus 
greatly simplifying the testing process. Statistical testing can be done using a probability 
model, or non-statistical testing can be done using a deterministic model. No data for this 
datakompai-ison class has been studied at this point in time. 

Aggregated .- Summary - Retail Analog or Benchmark. We cannot provide any one 
single set r l f  rules for the analysis of data in this class. Data that is an aggregated 
summary oi’ transactions may or may not present problems. For example, BellSouth’s 
trunk block.ing data is saved as summaries by hour of the day. Collectively, the 
summaries do provide sufficient information to proceed with the Truncated Z 
methodology . 

O n  the othcr hand, our examination of the data for the OSS response interval revealed 
that informbition necessary for computing a Truncated 2 was not available. In this case, 
however, we were able to construct a satisfactory time series method to analyze the 
measure. 
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Each measure falling into this class needs to be handled on a case-by-case basis. If 
sufficient inlhrmation is available to use the Truncated 2 method, then we feel it should 
be used. Oihen the Truncated 2 cannot be used, a testing methodology that adheres 
closely to the principles outlined in Section 3 should be determined and followed. 



Appendix A, The Truncated 2 Statistic 

The Truncaled 2 test statistic was developed by Dr. Mallows in order to have an 
aggregate level test when transaction level data are available that 

provides a single overall index on a standard scale; 
will not change the outcome if the disaggregation is unnecessary, 
incorporates the number of observations in a cell into the determination of the 
weight for the contribution of each comparison ceH, 
l j  rnits the amount of “neutralization” between comparison cells, and 
i: a continuous fbnction of the observations. 

The Ernst & Young statistical team and Dr. Mallows have studied the implementation of 
the statistic using some of BellSouth’s performance measure datrt. This has resulted in an 
overall procsss for comparing CLEC and ILEC performance such that the following 
principles hdd: 

1) Like-to-Like Comparisons are made. (See Appendix B for an example based 
on the trunk blocking measure.) 

2) Emor probabilities are balanced. (See Appendix C) 
3) Extreme values are trimmed from the data sets when they significantly distort 

the performance measure statistic. (See Appendix E) 
4) 1 he testing process is an automated production system. (Discussed here. See 

Appendix D for reporting guidelines.) 
5) 1 he determination of ILEC favoritism is based on a single aggregate level test 

siatistic. [Discussed here.) 

This appendix provides the details behind computing the Truncated 2 test statistic so that 
principles 4 and 5 hold. We start by assuming that any necessary trimming of the data is 
complete, and that the data are disaggregated so that comparisons are made within 
appropriate classes or adjustment cells that define “like” observations. 

Notation and Exact Testing Distributions 
Below, we have detailed the basic notation for the construction of the truncated z statistic. 
In what follclws the word “cell” should be taken to mean a like-to-like comparison cell 
that has both one (or more) ILEC observation and one (or more) CLEC observation. 

L = the total number of occupied cells 

j = 

n 1.i = 

n2j = 

“,i = 

1 ,. . .,I,; an index for the cells 

the number of ILEC transactions in cell j 

the number of CLEC transactions in cell j 

the total number transactions in cell j; nlj+ n2j 

A- 1 



X~jk = 

X2jk = 

Y,, = 

individual ILEC transactions in cell j; k = 1 ,. .. , nlj 

individual CLEC transactions in cell j; k = 1 ,. . ., n2j 

individual transaction (both ILEC and CLEC) in cell j 

k = l ,K ,qj 
k = n I j  +1,K ,n, 

(.) = the inverse of the Cumulative standard normal distribution function 

For Mean Pcrfomance Measures the following additional notation is needed. 

- x = the ILEC sample mean of cell j 
I j  

I x = the CLEX sample mean of cell j 

S t  

2 1  

= the ILEC sample variance in cell j 

= the CLElC sample variance in cell j s:j 

{yjk) = a random sample of size n2j from the set of Yj, ,K , YjI,, ; k = 1 ,. . .,n2,i 

Mj = the totali number of distinct pairs of samples of size nlj and nzj; 

The exact parity test is the permutation test based on the "modified z" statistic. For large 
samples, we can avoid permutation calculations since this statistic will be normal (or 
Student's t )  to a good approximation. For small samples, where we cannot avoid 
permutation calculations, we have found that the difference &tween "modified Z" and the 
textbook "pooled 2" is negligible. We therefore propose to use the permutation test based 
on pooled 2, for small samples. This decision speeds up the permutation computations 
considerably, because for each permutation we need only compute the sum of the CLEC 
sample valuas, and not the pooled statistic itself. 

A permutation probability m a s  function distribution for cell j, based on the "pooled 2" 
can be writtrm as 

rhe plumber of samples thai sum lo 1 
PM(t) = P(Cyj l ,  = t) = 

M ,  
3 

t 

and the corrtsponding cumulative permutation distribution is 
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the number ofsamples with SUM I t CPM(t) = P ( C y j k  I t) = 
k Mj 

For Proportion Performance Measures the following notation is defined 

alj = 

a2j = 

aj = 

the number of ILEC cases possessing an attribute of interest in cell j 
the number of CLEC cases possessing an attribute of interest in cell j 
the number of cases possessing an attribute of interest in cell j; alj+ a2j 

The exact distribution for a parity test is the hypergeometric distribution. 
hypergeomelric probability mass function distribution for cell j is 

0 

and the cum ~lative hypergeometric distribution is 

0 

c 

athenvise 

The 

x e max(O,aj -n2j)  

max(O,aj - naj> I x S min(aj,nl,). 

x > min(aj,qj) 

For Rate Measures, the notation needed is defined as 

bij 

b2j = 

bj = 

3 = the ILEC sample rate of cell j; nljlblj 

a = the CLEC sample rate of cell j; nzjlbzj 

qi = 

the number of ILEC base elements in cell j 
the number of CLEC base elements in cell j 

the total number of base elements in cell j; blj+ b2j 

I I  

JJ 

the relative proportion of ILEC elements for cell j; bljhj 

The exact distribution for a parity test is the binomial distribution. 
probability mass function distribution for cell j is 

The binomial 
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L 0 

and the cumulative binomial distribution is 

CBbl(x) = P(B I x) = $,BN(k), i.; 

O I k < n j  

otherwise 
? 

X C O  

O I x 5 n j .  

x > nj 

For Ratio Performance Measures the following additional notation is needed. 

additionai quantity of interest of an individud ILEC transaction in cell j; k = 

additional quantity of interest of an individual CLEC transaction in cell j; k = 

1,*.., "2j 

the ILEC (i = 1) or CLEC (i = 2) ratio of the totai additional quantity of 
interest to the base transaction total in cellj, i.e., x U b k / x X i j l .  

l , . .+,  "1j 

k 1; 

Calculating the Truncated 2 
The general methodology for calculating an aggregate level test statistic is outlined 
below. 

1. Calculate cell weights, Wj. A weight based on the number of transactions is used so 
that a cell which has a larger number of transactions has a larger weight. The actual 
weight fimnulae will depend on the type- of measure. 

Mean or Raiio Measure 

Proportion We mure 



Rate Measur.: 

2. i n  each cell, calcubte a Z value, Zj. A Z statistic with mean 0 and variance 1 is 
needed for each cell. 

If Wj = 0, Set Zj 0. 
0 Otherwise, the actual 2 statistic calculation depends on the type of 

pwfomance measure. 

Mean Measure 

where ~ 1 1  is determine by the following algorithm. 

If min(nlj, n2j) > 6 ,  then determine ot as 

that IS, a is the probability that a t random variable with nlj - 1 degrees of 
freedom, i s  less than 

wher : 

and ].he coefficient g is an estimate of the skewness of the parent population, 
which we assume is the same in all cells. It can be estimated from the TLEC 
values in the largest cells. This needs to be done only once for each measure. 
VI." have found that attempting to estimate this skewness parameter for each 
CAI separately leads to excessive variability in the "adjusted" t. We therefore 
use a single compromise value in all cells. 

Note, that tj is the "modified 2'  statistic. The statistic Tj is a "modified 2" 
corrected for the skewness of the ILEC data. 
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If min(n1 I, n2,) I 6, and 

a I Mj I 1,000 (the total number of distinct pairs of samples of size nij and n2j 

is 1,000 or less). 

0 

Calculate the sample sum for all possible samples of size n2,. 

Rank the sample sums from smallest to largest. Ties are dealt by using 
average ranks. 
Let Ro be the rank of the observed sample sum with respect all the 
sample sums. 

R, -0.5 

Mj 
a = l -  

b) MI > 1,000 

Draw a random sample of 1,000 sample sums from the permutation 
distribution. 
Add the observed sample sum to the list. There is a total of 1001 
sample sums. Rank the sample sums from smallest to largest. Ties are 
dealt by' using average ranks. 
Let RO be the rank of the observed sample sum with respect all the 
sample sums. 

R, - 0.5 
1001 

a=l-  

Proportion h deasur e 

n,. nlj aj  (nj - a j >  
nj-1 

zj = 
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Ratio Measure 

3. Obtain a truncated Z value for each cell, Z;. To limit the amount of cancellation 
that takes place between cell results during aggregation, cells whose results suggest 
possible favoritism are left alone. Otherwise the cell statistic is set to zero. This 
means that positive equivalent 2 values are set to 0, and negative values are left alone. 
Mathematically, this is written as 

Zi = min{O,Z,). 

4. Calculat,e the theoretical mean and variance of the truncated statistic under the 
null hypothesis of parity, E(ZIIH,) and Var(Zf1 H,) . In order to compensate for 
the truncation in step 3 ,  an aggregated, weighted s u m  of the 2; will need to be 
centered and scaled properly so that the final aggregate statistic follows a standard 
normal distribution. 

If Wj = 0, then no evidence of favoritism is contained in the cell. The 
fcmnulae for calculating E(Z3 I H,) and Var(ZJ I H,) cannot be used. Set both 
equal to 0, 

If min(nl,, nZ5) > 6 far a mean measure, min{ al, (1 -?), a,, (1  -$)} > 9 for a 

proportion measure, min( nlj,nzj) > 15 and njq,(l - 9,) > 9 for a rate measure, 
01’ n1j and “4 are large for a ratio measure then 

1 E(Z] I H,) = -- 

I 1  
2 .1n 

Var(2; I H,) =--;-. 
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Otherwise, determine the total number of values for 2; . Let zj; and @,, denote 
tke values of 2; and the probabilities of observing each value, respectively. 

E(Z; 1 H,) = CBjjzjl ,and 

The actual values of the z’s and 0’s depends on the type of measure. 

Meair Measute 

N = min(Mj, 1,000), i = l ,K , N, 

zji = min{ O,@-’ ( I  - y)] where R,  is the rank of sample sum i 

Propcirtiun Measure 

, i = max(O,aj -n2j) ,K ,min{aj,qj) 

gji = HG(i) 
Rate Measurc 

Ratio Measure 

The performance measure that is in this class is billing accuracy. The sample 
sizes for this measure are quite large, so there is no need for a small sample 
tachnique:. If one does need a small sample technique, then a resampling 
method can be used. 
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5 .  Calculrmtt! the aggregate test statistic, ZT. 

Decision Process 
Once ZT has been calculated, it is compared to a critical value to determine if the ILEC is 
favoring its own customers over a CLEC’s customers. The derivation of the critical value 
is found in Appendix C. , , . . . .  

This critical value changes as the ILEC and CLEC transaction volume change. One way 
to make this transparent to the decision maker, is to report the difference between the test 
statistic and the critical value, dif= ZT I CB. If favoritism is concluded when ZT < CB, 

then the diffc: 0 indicates favoritism. 

This make it very easy to determine favoritism: a positive digsuggests no favoritism, and 
a negative t f i f l  suggests favoritism. Appendix D provides an example of how this 
information can be reported for each month. 
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Appendix B. Trunk Blocking 

This Appendix provides an example of how the trunk blocking data can be processed to 
apply the Truncated Z Statistic. Trunk blocking is defined as the proportion of blocked 
calls a trunk group experiences in a time interval. It is a ratio of two numbers-blocked 
and attempted calls, 'both of which can vary over time and across trunk groups. Since the 
measure is a proportion where the numerator is a subset of the denominator, the truncated 
Z statistic, modified for proportions, can be applied here (see Appendix A). 

As with othcr performance measures, data are first assigned to like-to-like cells, and the Z 
statistic is then computed within each cell. For trunk blocking, cells are defined by three 
variables: hour, day, and trunk group size or capacity. The next sections will describe the 
data and the data processing steps in greater detail. 

The approach used in this example needs to be reviewed by subject matter expert to 
determine if i t  proper- to use for trunk blocking. 

Data Sources 

Two data files are processed for the trunk blocking measure. One is the Trunk Group 
Data File thrit contains the Trunk Group Serial Number (TGSN), Common Language 
Location Identifier JCLLI) , and other characteristics needed to categorize trunk groups 
and to identi fy them as BellSouth or CLEC. 

The other fije is the E3locking Data File (BDF), which contains the actual 24 hour 
blocking ratios for each weekday. There are 4 or 5 weeks in a monthly report cycle. The 
current system, however, allows the storage of daily blocking data by hour for a week 
only. Therelbre, the data elements necessary to compute the Truncated 2 must be 
extracted eazh week. 

Two importmt data fields of interest on the Blocking Data File are the Blocking Ratio 
and Offered Load, The basic definition of Blocking Ratio is the proportion of all 
attempted c;ills that were blocked. For the simplest case of one way trunk groups, this is 
computed by dividing the number of blocked calls by the total call attempts, given that 
the data are valid. If they are not valid (e.g., actual usage exceeds capacity), blocking is 
estimated viri the Neal Wilkinson algorithm. 

Although the raw data--blocked calls (overflow) and peg counts (total call attempts)--are 
available, the calculation of the Blocking Ratio may be complicated for two-way trunk 
groups and rrunk groups with invalid data. For this reason, we use the blocking ratios 
from the 31W instead of. computing the ratios from the raw data. In order to reflect 
different call volumes processed through each trunk group, however, the blocking ratios 
need to be either weighted by call volume or converted to blocked and attempted calls 
before they ire aggregated. 
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The measure of call traffic volume recommended for weighting is Offered Load. Offered 
Load is different from call counts in that it incorporates call duration as well. Since it is 
not just the number of calls but the total usage-number of calls multiplied by average 
call duration-that determines the occurrence of any blocking, this pseudo measure, 
Offered Load, appears to be the best indicator of caH volume. 

Cells or comparison classes are determined by three facto-hour, day, and trunk group 
capacity (number of trunks in service). The first two factors represent natural classes 
because trunk blocking changes over time. The third factor is based on our finding that 
high blocking tends to occur in small trunk groups. A pattern was found not only in the 
magnitude ol'blocking but also in its variability. Both the magnitude and variability of 
blocking dec rease as trunk group capacity increases. Additional work is needed to 
establish the appropriate number of capacity levels and the proper location of boundaries. 

Data Procrtssing 

The data are processcd using the five steps below: 

1. Merge the two files by TGSN and select only trunk groups listed in both files. 
2. Reset the blocking of all high use trunk groups to zero'. 
3. Assign trunk group categories to CLEC and BellSouth: Categories 1 ,  3,4, 5 ,  

IO, and I6 for CLEC and 9 for BelSouth2. The categories used here for 
comparison are: 

4. Hecode the missing data. The Blocking Data File assigns all missing data (no 
Yalid measurement data) zero 'blocking. To differentiate true zero blocking 
liom zeroes due to missing data, invalid records were identified and the ratios 
reset to missing. The blocking value was invalid if both the number of 
I,oaded Days and the Offered Load were 0 for a given hourly period. 

5. Form comparison classes based either on the data (i.e., quartiles) or on a 
predetemiined set of values. 

' The high use trunk groups cannot have any blocking. These are sel up such that all overflow calls are 
automatically routed 10 (ither trunk gmups instead of being physically blocked. 
' More delailed information on all categories is described in a report 'Trunk Performance Report 
Generation' b? Ernst & Young (March 1999). 
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Calculation of the Proportion of Blocked Calls 

Each cell is determined by day of the month, hour of the day, and trunk group capacity. 
To use the Truncated 2 method, we generate summary infomation, to include the total 
number of blocked calls and the total number of attempted cdls, for each cell. 

For the deiai Is of eac h calculation step, the following notation is used. For a given hour 
of a day, let 

and x 
denotes the riumber of BelfSouth blocked calls and nlG denotes the number of BellSouth 
total call attempts (indicated by Offered Load) for trunk group i in cell j. Likewise, x 2rl = 

Xzij / n2ij. Fcr the steps outlined below, only the CLEC notation is provided. 

be the proportion of BellSouth blocked calls for trunk group i in cell j 
14 

be I he corresponding proportion for CLEC. Then x = XI i, / nt ij where X I 1.i 
2 B  

1. Cornput12 the number of blocked calls for trunk group i: Xzij = 

2. Computc total call attempts for ail trunk groups in the cell: nzj = 

XB * n2ij 

u2,, 

3. Cornput:: mean blocking proportion for cell j: x2, = X z u / c  nli, 
I 

4. Computc the total number of BellSouth and CLEC blocked calls in cell j: tj = 

I I 

5.  Apply the Truncated 2 Statistic for Proportion measures presented in Appendix A. 
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Appendix C 
Balancing the Type I and Type I1 Error Probabilities 

of the 
Truncated 2 Test Statistic 

This appendix describes a the methodology for balancing the error probabilities when the 
Truncated 2. statistic:, described in Appendix A, is used for performance measure parity 
testing. Thchre are four key elements of the statistical testing process: 

1 .  the null hypothesis, H,, that parity exists between I1,EC and CLEC 
services 

2. thc alternative hypothesis, H,, that the ILEC is giving better service to 
its own customers 

3. the Truncated 2 test stiitistic, Z', and 
4. a criticaf value, c 

The decision rule' is 

I f  Z T < c  then accept Ha. 

I f  ZT 2 c then accept H,. 

There are fvvo types of error possible when using such a decision rule: 

Type I Error: 

Type XI Error: Deciding parity exists when there is, in fact, favoritism. 

Deciding favoritism exists when there is, in fact, no 
favoritism. 

The probab lities of each type of each are: 

Type I Error: a = P(Zr < c 1 H,) 
Type I1 Error: p = P(ZT 2 c I H,) 

In what follows, we show how to find a balancing critical value, cH, so that a = CJ. 

General  Methodology 

The general form ofthe test skalistic that is being used is 

' This decisiomi rule assumes that a negative test statistic indicates poor service for the CLEC customer. If 
the opposite i i true, then reverse the decision rule. 
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where 

? i:; an estirnator that is (approximately) normally distributed, 

E( j 1 H,, ) is the expected value (mean) of ? under the null hypothesis, and 

SE( f I Ho)  i.s the standard error of f under the null hypothesis. 

Thus, under the null hypothesis, z, follows a standard normal distribution. However, this 
is not true 1 nder the alternative hypothesis. In this case, 

has a standard normal distribution. Here 

E('i I Ha 1 is the expected value (mean) of 

SE('f I H,) is the standard error of f under the alternative hypothesis. 

under the alternative hypothesis, and 

Notice that 

(U.2) 

and recall that for a standard normal random variable z and a constant h, P ( z < h )  = 

P(z > 4). Thus, 

(C.3) 

Since we want a = p, the right hand sides of (C.2) and (C.3) represent the same area 
under the standard normal density. Therefore, it must be the case that 

Solving this Tor u gives the general Iormula for a balancing critical value: 
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(C1.4) 

The Balancing Critical VaIue of the Truncated Z 

In Appendkc A, the Truncated I, statistic is defined as 

In terms of :quation (C.1) we have 

To computi: the balancing critical value (C.41, we also need E(?l H a )  and SE(?I Hi,) .  
These va1ut.s are determined by 

In which case equation (C.4) gives 

(C.5) 

Thus, we need to determine how to calculate E(Z; 1 H,), Var(Z'; )H,) , E(Z1 \ H a ) ,  and 

Var(Z; I H;, . 
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If Zj has a ilormaf distribution with mean p and standard error 6, then the mean of the 
distribution truncated at 0 i s  

and the varimce is 

Ir can be shown that 

and 

where O(-) is the cumulative standard normal distribution function, and 
standard no .mal density function. 

is the 

The cell te>,t statistic, Zi, is constructed so that it has mean 0 and standard deviation 1 
under the null hypothesis. Thus, 

1 

1 1  
2 271 

XTmd E(Z* IH,) M(0,l) = - 
.I 

var(Z: IH,) = V(0,l) =---. 

The mean and standard error of Zj under the alternative hypothesis depends on the type of 
measure and the fonn of the alternative. These are discussed below. For now, denote the 
mean and sl-andard error of Zi under the alternative by m, and sej respectively. Thus, 

SE(Z1 ( H a )  = V(mi ,se , ) .  

IJsing the :ibove notation, and equation ( C . 9 ,  we get the formula for the balancing 
critical of z ’-. 
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l h i s  formu a assumes that 2, is approximately normally distributed within celI j. When 
the cell sample sizes, n,, and nL,, are small this may not be true. It is possible to determine 
the cell mem and variance under the null hypothesis when the cell sample sizes are small. 
It is much more difficult to determine these values under the alternative hypothesis. 
Since the cell weight, W, will also be small (see Appendix A) for a cell with m a l l  
volume, thc cell mean and variance will not contribute much to the weighted sum. 
Therefore, tomula (C .6 )  provides a reasonable approximation to thc balancing critical 
value. 

Alternative Hypotheses 

For mean nieasures, one is concerned with two parameters in each cell, namely, the mean 
and variance. A possible lack of parity may be due to a difference in cell means, and/or a 
difference i r k  cell variances. One possible set of hypotheses that capture this notion, and 
take into account thc assumption that transaction me identically distributed within cells 
is: 

2 H,: pIj = p2j, aIj2 = aq 

S j > 0 , h j 2  1 andj= 1 ,..., L. 

lJnder this form of alternative hypothesis, the cell test statistic Zj has mean and standard 
error given by 

For a prorortion nicasurc thcrc is only one parameter of interest in each cell. the 
proportion of transaction possessing an attribute of interest. A possible lack of' parity 
may be due to a diflerence in ceIl proportions. A set of hypotheses that take into account 
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the assumption that transaction are identically distributed within cells while allowing for 
an analytically tractable solution is: 

\v j>  1 andj = 1, ..., L. 

These hypo theses are based on the "odds ratio." If the transaction attribute of interest is a 
missed trouble repair, then an interpretation of the alternative hypothesis is that a CLEC 
trouble is VI, times more Iikely to he missed than an ILEC trouble. 

Undcr this tom of alternative hypothesis, the within cell asymptotic mean and variance 
of a,, are given by' 

E(aIj) = njnj !I) 

var(aIj) = ".i 
.I- + -1. + r + _.1 

xrl' p l  
I I I 

(C.7) 

where 

' Stevens, W. I .. (195 1 ) Mean and Variance of an entry in a Contingency Table. Uiometricu. 38,468-470. 
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Recall that ihe cell test statistic is given by 

Using the equations in (C.7), we see that Zj has mean and standard error given by 

A rate mea:iure also, has only one parameter of interest in each cell, the rate at which a 
phenornenoii is observed relative to a base unit, e.g. the number of troubles per available 
line. A set of 
hypotheses that take into account the assumption that transaction are identically 
distributed within cells is: 

A pcissible hick of parity may be due to a difference in cell rates. 

H,: rli = ~ ~ r , ~  > 1 and j = 1, ..., L. 

Given the t:)tal number of ILEC and CLEC transactions in a cell, nj, and the number of 
base elements, bli arid bIi, the number of XLEC transaction, n,j, has a binomial distribution 
from rii trials and a probability of 

Therefore, Ihe mean and variance of njj, are given by 

(C.8) 

Under the null hypothesis 
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but under tl-c alterni.itive hypothesis 

Recall that 1 he cell test statistic is given by 

Using (C.8) and (C.(>), we see that Zi has mean and standard error given by 

As with inem measures, one is concerned with two parameters in each cell, the mean and 
variance, when testing for parity of ratio measures, As long as sample si7.s arc large, as 
in the case of bi1lin.g accuracy, the same method for finding mi and sci that is used for 
mean measures can be used for ratio measures. 

Determining the Parameters of the Alternative Hypothesis 

In this appcndix wt: have indexed the alternative hypothesis of mean measures by two 
sets of parameters, ;ILJ and 6j. Proportion and rate measures have been indexed by one set 
of parametcrs each, (11, and respectively. A major dificulty with this approach is  that 
more than r m  alterrrative will be of interest; for example we may consider one alternative 
in which ail the 6j are set to a common non-zero value, and another set of alternatives in 
each of which just one 5, is non-zero, while all the rest are zero. There are very many 
other possibilities. Each possibility leads to a single value for the balancing critical 
value; and cach possible critical value corresponds to many sets of alternative hypotheses, 
for each of which it constitutes the correct balancing value. 
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The formulas we have presented can be used to evaluate the impact of different choices of 
the overall critical vdue. For each putative choice, we can evduate the set of alternatives 
for which this is the correct halancing value. While statistical science can be used to 
evaluate the impact of different choices of these parameters, there is not much that an 
appeal to sti tistical 1:)rinciples can offer in directing specific choices. Specific choices are 
best left to relephon,y cxperts. Still, it is possible to comment on some aspects o f  these 
choices: 

-. l'arameter Choices for hi. The set of parameters hj index alternatives to the 
r d l  hypothesis that arise because there might be greater unpredictabiiity or 
iariability in the delivery of service tu a CLEC customer over that which 
would be achieved for an otherwise comparable ILEC customer. While 
concerns about differences in the variability of service are important. it turns 
out that the truncated 2 testing which is being recommended here is relatively 
itisensitive to all but very large values of the L,. Put another way, reasonable 
differences in the values chosen here could make very little difference in the 
halancing points chosen. 

j'arameter Choices for Si. The set of parameters Sj are much mare important in 
the choice of the balancing point than was true for the hj. The reason for this 
is that they directly index differences in average service. The truncated Z test 
is very sensitive to any such differences; hence, even small disagreements 
among experts in the choice of the 8j could be very important. Sample size 
matters here too. For example, setting all the Sj to a single value - S, = S - 
might be fine for tests across individual CLEO where currently in Louisiana 
lhe CLEC customer bases are not too different. Using the same value o f6  for 
1he overdl state testing does not seem sensible. At the state level we are 
aggregating over CLECs, so using the same 6 as for an individual CIXC 
would be saying that a "meaningful" degree of disparity is one where the 
*,iolation is the same (6)  for each CLEC. But the detection of disparity for any 
component CLEC is important, so the relevant "overall" 6 should be smaller. 

_. l'arametcr Choices for u!, or 4. The set of parameters y, or E ,  are also 
important in the choice of the balancing point for tests of their respectivc 
measure:?. The reason for this is that they directly index increases in  the 
nroporticrn or rate of service performance. The truncated 2 test is sensitive to 
. m h  increases; but not as sensitive as the case of 6 for mean measures. 
sample size matters here too. As with mean measures, using the same value 

4 If i v  or E for the overall statc tcsting does not seem sensible. 

The three Fararnete:i+s are related however. If a decision is made on the value of 6 ,  it is 
possible to determine equivalent values of The following equations, in 
cclnjunctior with thc definitions of 

and E. 

and E, show the relationship with delta. 
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The bottom line here is that beyond a few general considerations, like those given above, 
a principled approac:h to the choice of the alternative hypotheses to guard against must 
come from c lsewhen::. 
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Appendix D: Examples of Statistical Reports 

The general struoture for reporting statistical results in a production environment will be the 
same for the difkrent measures and we suggest that it consist of at least three components. For 
each measure pment, ( I  ) the monthly test statistics over a period of time, (2) the results for the 
current month, vhth summary statistics, test statistics, and descriptive graphs, and (3) a summary 
of any adjustments to the data made in the process of running the tests, including a description of 
how many records were excluded from analysis and the reason for the exclusion (Le,, excluded 
due to business rules, or due to statisticalhethodological d e s  pertaining to the measure). The 
last component is important to assure that the reported results can be audited. 

Selected comporients of the reporting structure are illustrated in the samples that follow. An 
outline of the report is shown below. Monthly results will be presented for each level of 
aggregation required. 

1, Test Statistics Over Time 
11. Monthly Results 

A. Summary Statistics 
€3. Test Statistics 
C. Descriptive Graphs (Frequency Distributions, etc.) 

I1 I. Adjustments to Data 
A. Records Excluded Due to Business Rules 
B. Records Excluded Due to Statistical Rules 

Test Statistic Over Time. The first component of the reporting structure is an illustration of the 
trend of the particular performance measure over time together with a tabular summary of results 
for the current month. We will show at a glance whether the tests consistently return non- 
statistically significant results; consistently indicate disparity (be that in favor of BellSouth or in 
favor of the CLECs); or \Nary month by month in their results. An example of this component 
fol I ows . 
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Notional Performance Measure 
Through April XXXX 

Differences Between Test Statistic and Balancing Critical Value 

Balancing Critical Value 
Difference 

2.5 

2 
n E 1.5 
e 
b *  

3 0  

6 

0.5 
U 

3 

2 -1 

a -1.5 

Q) -0.5 
0 
E 

-2 

-2.5 

- 1 -2 10 
0.800 

May Jun Jul Aug Stp O t i  Nov Der Jan Feb Mar Apr 

Month 

Result for Current Month 
Test Statistic I -0.410 

Monthlv Resultq. The most important component of the reporting structure is the part which 
presents results cf  the monthly statistical tests on the given performance measure. The essential 
aspects included in this component are the summary statistics; the test statistics and results; and 
dcscriptive graphs of the results. 

It is important to present basic summary statistics to complete the comparison between BellSouth 
and the CLECs. At a minimum, these statistics will include the means, standard deviations, and 
population sizes. In addition to basic descriptive statistics, we also present the test statistic 
results. Exampks of ways we have presented these statistics in the past can be found in 
BellSouth’s February 25, 1999 filing kfore the Louisiana Public Service Commission. 

Finally, the resul.:s will be presented in graphical format. Below is an example of how to 
graphically present the data behind the Truncated 2 statistic. One graph shows a plot of cell Z 
score versus cell weights. The other is a histogram of the weighted cell 2 scores. 
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Adiustments to Data. The third important component of the reporting structure is information 
on any adjustments performed on the data. This information is essential in order that the results 
may be verified and audiied. The most prevalent examples of such modifications would be 
removal of observations and weighting of the data. 

Records can be rzmoved from analysis for both business reasons (these will likely be taken into 
account in the PMAP system) and for statistical reasons. All of the performance measures 
exclude certain records based on business rules underlying each measure's particular definitions 
and methodologies. The number of records excluded for each rule will be summarized. In 
addition, some o I' the memures will have observations excluded for statistical reasons, 
particularly in thc case of "mean measures" (OCI and MAD); these exclusions will be 
summarized as well. The tables below show examples of the current method for summarizing 
this information: 

April XXXX 
Perormance Measure Fllterlng Information 

I This table displays information abul lhe size of the database flies and the cases that were remowd from the anelyds. 

UnfllWpod Total tB,691 

Records R i m o w l  for Bmlness R w n 8  7,242 
(e.g. not N, T, C, o' P wdsrs, mt res& and not W E )  

21 .a 

ari 
Appolniment code 18 'S' a44 
Class :;ervtce = '0' 0 

1 0 2  

s RmmweLt for Buslneos 

463,107 

7.429 
7,172 

Record@ RemovA for Statistical Reasons 
Earnme Valwa Remwod 

Records Removed for StaUstlcal RorMnn 
Extreme Values Romovod 
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Appendix E, Trimming Outliers for Mean Measures 

The arithmetic a-ierage is extremely sensitive to outliers; a single large value, possibly an 
erroneous value, can significantly distort ?he mean value. And by inflating the error variance, 
this also affects conclusions in the test of hypotheses, Extreme data values may be correct, but 
since they are rare measurements, they may be considered to be statistical outliers. Or they may 
be values that should not be in the analysis data set because of errors in the measurement or in 
selecting the datu. 

At this time, only two mean measures have been analyzed: Order Completion Interval and 
Maintenance Average Duration. Maintenance Average Duration data are truncated at 240 hours 
and therefore this measure was not trimmed Mer. For Order Completion htewal, the 
underlying distrilmtion ofthe observations is clearly not normal, but rather skewed with a very 
long upper-tail. 

A useful techniqiie, coming from the field of robust statistical analysis, is to trim a very small 
proportion from h e  tails of the distribution before calculating the means. The resulting mean is 
referred to as a trimmed mean. Trimming is beneficial in that it speeds the convergence of the 
distribution of thc means to a normal distribution. Only extreme values are trimmed, and in 
many cases the data being trimmed are, in fact, data that might not be used in the analysis on 
other grounds. 

In the first analys~s of the verified Order Completion Interval-Provisioning measure, after 
removing data th.at were dearly in emor or were not applicable, we looked at the cases that 
represented the liirgest 0.01 % of the BST distribution. In the August data, this corresponded to 
orders with completion intervals greater than 99 days, All of these were BellSouth orders. In 
examining the largest 11 kdividual examples that would be removed from analysis, we found 
that only 1 of the 11 cases was a valid case where the completion interval was unusually large. 
The other 10 caws were examples of cases that should not have been included in the analysis. 
This indicates thtit at lead. in preliminary analysis, it is both beneficial to examine the extreme 
outliers and reasonable to remove them. 

A very slight trinming is needed in order to put the central limit theorem argument on firm 
ground. But finding a robust rule that can be used in a production setting is difficult. Also, any 
trimming rule should be fully explained and any observations that are trimmed from the data 
must be fully documented I 

When it is determined that a measure should be trimmed, a trimming rule that is easy to 
implement in a pi+oduction setting is: 

Trim the ILEC observations to the largest CLEC value from all CLEC observations 
in the month under consideration. 

T b t  is, no CLEC value!; are removed; all ILEC observations greater than the largest CLEC 
observation are trimmed. 
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April XXXX 
Perormanee Measure Fllterinp Information 

Thls table diqlays intomtion abut !he size of the datebase fltes and Ihe cases that were removed from the anelpis. 

Udltionrl Rocordm Rwnowd for Bumlmu 
?-S 

Mlsslng Apimintmsnt code b 'S 
General Cless Service 2 '0 
UNE case:, 

876 
wr 

0 
io2 

-. 

463,107 

7,429 
7,172 

279 

652 

:ILTERED TOTAL , 20.620 JLTERED TO TAL 544,439 

CLEC Extreme Values 
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Attachment I1 

An Adjusted, Asymmetric Two Sample t-Test 
Sandy D. BALKIP- and Colin L. MALLOWS 

We present an asymmetric version of the two-sample t- 

test which is adjusted for distribution skewness and that 

is sensitive to alternatives where one of the population 

variances may have increased. 'I'he need for such a statistic 

has arisen in testing for parity of service. 

KEY WORDS: Cornish-Fisher, Performrmce Measure, Per- 

mutation Test, Skewness 

1. INTRODUCTION 

The Telecommunications Act uf 1996 mandates that Incumbent Local Exchange Carriers (ILECs) must provide, if 

requested, for a fair price, interconnection servicw to the customers of a Competitive Local Exchange Carrier (CLEC), 

these service being 

. . .at imsl equal in quality to [those.,' provided by the locad exchange carrier t u  itself. . . 

Providing services to customlers of a competitor imposes a clear conflict of interest on the ILEC; to monitor the 

ILEC's performance, we need to establish formal statistical procedures to test whether it is in compliance. In successive 

reporting periods, observations are made crf the ILEC's performance for its own customers ( X ' s )  and for the CLEC's 

customers (Y's).  A typical measurement is the time it, takes to respond to a request for a new installation. From the 

point of view of the incoming CLEC, the alternatives to the null compliance hypothesis that are of most concern are 

those in which either E(Y)  > .E(X)  or V ( Y )  > V ( X ) ,  since in both cases, several CLEC customers will be getting 

Dr. Balkin is a statistical contlultakt with Ernst k Young LLP, 1225 Connecticut Avenue, N W ,  Washington, DC: 20036: and Dr. Mallows 

is with AT&T Labs - Research, 180 Park Avenue, Florham Park, New Jersey 07932. The authors wish to thank William Stacy and Jerry 

Moore of BellSouth for dlowing us to include real performance measure data in this paper. 'r'his first author also wishes to thank J. Keith 

Ord of Georgetown University for soine useful discussions on this topic. 
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worse service than the typical ILEC customer. For the purpose of making this assessmtmt, this article seeks to correct 

the twmample t-statistic for the bias caused by shwness of the population distributions by adjusting the stalistic 

using properties of the data. We show empirically that the adjusted version of the two-sample t-statistic is a better 

approximation to the perrnutai don distribution than the unadjusted version. 

This article is organized as follows. Section 2 presents the asymmetric t-statistic which has been shown to have 

substantially better power than the pooled t-statistic when the homogeneity of variance assumption is violated. Section 

3 presents new adjustments to the twwample asymmetric and pooled t-statistics for the bias caused by skewness in 

the population distributions. These adjustments are derived using the Cornish-Fisher exparision. We then conclude 

with some observations and comments on the adjustment. 

2. ASYMMETRIC T-STATISTIC 

Given two samples X1,. . . , X ,  and YI,  . . . , Y,, from populations FX and Fy with means E ( X ) ,  E ( Y )  and variances 

V(X), V ( Y )  respectively, we can consider the usual null hypothesis 

Ho Fx = Fy 

The preferred choice for evaluating this kind of hypothesis is a permutation test. However, permutation tests are 

computationally impractical in this situation as there is a need to perform thousands of such hypothesis tests and 

report the overall results within a short amount of time. Even when coded efficiently, when sample sizes are moderately 

large, the coinputatior~s are unwieldy. If the populations are approximately normal, we can consider using the t - test .  

The t-statistic is of the form 

R - P  
S 

t =  ~ 

where for the usual statistic t p o o l e d  

and 

2 (m - 1)s: + (n - 1)s: 
m + n - 2  Lypoded = 
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with S$ and S$ being the two sample variances. The corresponding one-sided test, using a critical value tmfn--:!(a), 

has size a, and, if normality holds, has optimal power against the standard alternative 

HA : E ( Y )  > E ( X ) ,  v(1’) = v(x>. 

However, it does not have optimal power against alternatives in which V(Y) may be larger than V ( X ) :  

H A  : E ( Y )  = E ( X )  + 6, V(Y) = AV(X) 

for 6 2 0, A > 1. Note that orit‘! way this can happen is if each Y is independently shifted with probability P by some 

random amount W so that: 

Consider an asymmetric v m i o n  of the t-statistic, namely tas$rmmetric, which uses 

The statistic talrymmatric sacrifii:es some deg-rees of freedom, but if m is not very small, it has better power than tpo&d 

for the alternatives in (6). Brownie, et. a1 (1990) propose the taaymrnptric test for use in a randomized experiment. Their 

paper compares the power of the modified test with that of the standard pooled test, showing that, as expected, the 

modified test is more powerful for alternatives where the variance has increased. The paper also compares these two 

tests with the Welch test that uses 

and shows that this can have much smaller power than either the standard tpooled or the modified taeymmstr~c. This is 

particularly so in the case of m.ost interest to us, namely n << m. 

Both the ILECs and CLECs would prefer to use a permutation test of the hypothesis, but realize that the compu- 

tational burden is excessive. Both would welcome an approximat,ion, such as the t-statistic, ar long as it performs 

similarly to the permutation test, but that can be quickly calculated from summary statistics. Figure 1 is a quantile- 

quantile plot of the permutatbn z-scores versus tasylnmetTic statistics converted to z-scores for samples of B spwcific 

performance measure with both group sample sizes greater than six. For this performayg yeasurre,Jhe: ILEC j r p p l ;  e rneracon tahstrczan, . . . 
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Figure 1. Smtterpllol of Pewnutation 2-Scores verxus Asymmetric T-test Z-Swres. 

sixes have a mean of 152 and ii maximum of 1,488 compared with a mean sample size of 13 arid maximum of 57 for 

the CLECs. We would expect t,o see the points fall close to the 45-degree line. However, we see that there appears to 

be some quadratic structure in the plot. Thus, for the Asymmetric t-test to be considered as a viable alternative to 

permutation testing, it must bv adjusted for this curvature. 

3. ADJUSTING THE T-STATISTIC FOR SKEWNESS 

Let ~x and ~y be the skewness parametere of the ILEC and CLEC populations respectively. Based on rather fragmen- 

tary evidence, we assume ~x fi:: "ly. If this is the case, and the sample sizes of the two populations are approximately 

equal, the skewness effects cancel out in the numerator. However, in our situation, the ILEC sample size tends to be 

significantly larger than that of the CLEC:. Thus, we explore the possibility of adjusting the taaymaetric statistic for 

skewness. 

Johnson (1978) derived a skewness adjustment for the onesample t-test. Following his method exactly, we can derive 

adjustments for the two-sample tests based on the tarymmetPic and tpooded statistics. The modification of the t-statistic 
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obtained in this study uses the Cornish-Fisher expansion 

C F ( X )  = p + a( + (p3/u2)(C2 - 1) + ' * ,  (9) 

where C is a standard normal random variable, p is the mean of X ,  and g2, p 3 , .  . . are the second, third, ... central 

moments of X respectively. hi:; the modified t-statistic take the form 

where t is given by (2) and S as defined in (7). 

The Cornish-Fisher expansion of the nwnerator of the tlm8ymmetric statistic is given by 

and for the denominator as given in Johnson (1978) by 

where y2 = (p~1 - g4)/c4. Also, the covariance of X - P and S$ is ps/m so the correlation between ( and q is 

* T l l f i .  

Plugging in the expansion terms and choosing X and to cancel the terms of order nP1j2, we get 

where g is an estimate of the si,,andardized third moment 71 

calculated from some of the larger samples as these better define the parameter value. For the example given in this 

paper, g is taken to be two. 

As a check, as n gets large, taG converges to the result for a one-sample test given in Johnson (1978). As m gets 

large, 
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Note that the correction does not vanish when the sample sizes arc equal as the statistic is not symmetric between 

samples. 

To achieve a monotone and invertible transformation, we need to bound the adjustment. This will ensure that we 

fall on the correct side of the parabola and that the correction is in the appropriate direction. The minimum value of 

the adjusted t-statistic, called tmia is give by solving the equation 

for t gving 

We see in Figure 2 that the quadratic structure of the zscores has been adjusted for and that the adjusted points 

are closer to the 45 degree line. 

Similarly, for the pooled t-statistic, by substituting the corresponding Cornish-Fisher expansion of each of X, Y, S i ,  

and S$ into Equation (LO), we get 

where the minimum of the adjustment value is 

Note that when the sample sizes are the same, the adjustment vanishes. 

4. CONCLUSION 

In order to comply with the the Telecommunications Act of 1996, ILEC firms require a statistical test of parity. 

The data collected for performance measures often violate the usud assumptions. We find that the data tend to be 

positively skewed and have very different sample sizes. Nonparametric. methods that are traditionally used instead of 
6 The American Statistician, 878 
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Figure 2. Scatterplot of Permutation Z-Scores uerms Adjusted T-test Z-Scores. 

the pooled t-test are also found to be inappropriate given the characteristics of the data. Permutation observations is a 

viable alternative only when the number of tests are small and arc hence computationally prohibitive in our situation. 

In response to the need for a computat.ionally quick test that corrects for population skewness, we developed an 

asymmetric version of the two-:iample t-test which is adjusted for skewness and that is sensitive to alternatives where 

one of the population variances may have iiicreased. We show graphically that the adjustments made to the taa%mametp~c 

statistic provides results sirnilm to those obtained from permutation tests. 
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