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1. Introduction

The General Services Administration’s (GSA) Public Buildings Services manages 1600
buildings totaling 180, 000, 000 square feet. GSA’s ability to capture, validate, and report the
spatial information of its building assets (e.g., dimensions, areas, and locations of rooms;
elevation details; HVAC and ductwork, etc) affects how GSA conducts its core business. To this
end, GSA has been conducting pilot projects using 3D imaging systems to determine the efficacy
of 3D imaging to capture and model existing conditions. The raw output of a 3D imaging system
is in the form of point clouds (clouds of points numbering, typically, in the millions) which may
be imported to CAD applications. The raw data are often post-processed to produce 2D
documents (e.g., drawings, plans), 3D geometric models, and building information models
(BIM).

As 3D imaging is a relatively new technology, there are currently no standards for the evaluation
of these instruments or the data (raw or derived). As a result, there are no standard methods to
determine the accuracy of the deliverables other than physical inspection.

This guideline is prepared to assist GSA project managers to objectively determine if a 2D
building plan derived from 3D imaging data is within specification (in-spec) -- that is, this
guideline provides a systematic answer to the question:

Are the dimensional deviations for the 2D plans within the specifications stated in the
contract?

The methodology described in this guideline would also apply when evaluating 3D models. For
the evaluation of point clouds (raw, not post-processed data), this methodology would also apply
but the analysis potentially becomes much more complicated due to comparing the ensuing
inspector data with raw service provider data (e.g., point cloud) versus summarized (e.g., 2D
building plans or 3D models) service provider data.

2. Solution Framework/Structure

Although the GSA responsibility will involve the acceptance or rejection of a 2D plan with
respect to a specific building, the general acceptance/rejection problem (and its solution) has a
generic statistical structure. Figure 1 illustrates the framework in which we may move from the
original question to a rigorously valid answer to that question.

The top path (the "expert path") in Figure 1 indicates a course to a solution based solely on
expert judgment as opposed one based on data. Although both paths will lead to a solution (not
necessarily the same), the expert path is included only for completeness and is not recommended
per se, since it does not lend itself to the calculation of rigorous and scientifically-defensible
confidence levels.

The bottom path (the "data path") in Figure 1 is the recommended path with five (5) components:



Problem and driving question

Corresponding experiment design (in this case, an acceptance sampling plan)
The data that results from the execution of the plan (by the inspector)
Statistical analysis (along with decision rules) as applied to the data
Conclusions and specific answer to the original problem/question

Nk W=

This path is statistically rigorous and allows valid probabilistically-based inference from the data
(the "sample") to the "population" of all possible values in the 2D plan values that GSA could
check -- given infinite time and budget. The five (5) steps of the data path is discussed in detail
in the following sections.
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Figure 1. Solution Framework

3. Problem/Question (Step 1)

The first component in Figure 1 ("Problem") must clearly state what question is being
specifically addressed (as opposed to interesting related questions which will not be addressed).
In Figure 1, "Do you accept the plan?" is a question that demands a final yes/no answer at the
end of the 5-step process and is shorthand for the following more rigorous probabilistic analog:



Is GSA 95 % (say) confident that 99 % (say) of the all of the dimensions of the entire
building are "in-spec™?

The 95 % value given in the above statement is typical in scientific investigations. The 99 %
value is given as an example -- GSA must specify the preferred values (see Section 4.2).

4. Experiment Design / Acceptance Sampling Plan (Step 2)

Component 2 in Figure 1 is entitled Experiment Design' / Acceptance Sampling. Experiment
Design is the general statistical designation of all activities encompassing the problem
classification, problem translation, design construction, and design execution that links the
original specification of the problem to an actual dataset. There are many kinds of scientific
problems which in turn lead to many types of experiment plans. For the case at hand, we wish to
accept/reject a larger (typically unattainable) set of items of interest (the population -- the entire
2D plan) from a smaller (attainable) subset of items (the "sample"). This case is structurally
characterized as statistical "hypothesis testing" (as opposed to "estimation") with the additional
constraint that the data is binary, go/no-go, in-spec/out-of-spec. Such a subset of experiment
design is generically referred to as "Acceptance Sampling" and has the benefit of a large and
robust literature.

At first blush, it is seen that there are at least five different strategies (experiment designs) that
GSA could exercise in assessing the quality of 2D plans for a building:

No checking

"Random" spot checks

100 % sampling

Randomized acceptance sampling
Stratified randomized acceptance sampling

Nk W=

Each of these five strategies has a cost (both money and time) and a risk associated with it - the
risk of rejecting a deliverable that should be accepted and accepting a deliverable that should be
rejected. These strategies are discussed in detail below.

4.1 Experiment Designs

4.1.1 No Checking

Strategy 1 (no checking) has zero cost but has enormous risk. Since this strategy basically
accepts the inspector's word and reputation at face value, there are no data and hence, no data-
based probabilistic link is possible to allow a rigorous answer to the above 95 % / 99 % question.
This strategy is thus not to be recommended.

! Experiment design is used synonymously with experimental design.



4.1.2 "Random" Spot Checks

Strategy 2 (spot checking) is a commonly-employed procedure (used by GSA in the past)
whereby an inspector may perform "random" sampling for a limited (e.g., 1 day) length of time.
This strategy incurs some limited cost, but still has considerable risk because it is not random
"enough". The seemingly random/unpredictable nature of the sampling is in fact human-based,
i.e., arbitrary, and hence is not sufficiently rigorous to the point of allowing the formation of
valid confidence statements about the population (the entire 2-D plan) as a whole. Although
commonly used, this strategy is not recommended since it provides no methodology to allow us
to make the statement: "I (GSA) am 95 % (say) confident that 99 % (say) of the all of the
dimensions of the entire building are "in-spec".

4.1.3 100 % Sampling

This "brute force" strategy dictates that the inspector check every dimension in the 2-D plan.
Properly done (e.g., calibrated measurement device, known environmental conditions), this
strategy will yield a rigorous and unambiguous answer to the question as to what proportion of
the population of building dimensions are "in-spec". The downside of this strategy is, of course,
the cost -- both in time and money. This strategy also tends to give a false sense of security (as
suggested by its name) as discussed in [1], especially pages 431-434.

4.1.4 Randomized Acceptance Sampling (RAS)

This strategy entails assigning an index to each member of the population, and then randomly
drawing a (small) subset of that population in such a fashion that each and every member of the
population has an equal chance of being drawn. The virtue of this strategy is twofold: it is both
cost-efficient (with relatively small expenditure of time and money), and statistically rigorous
(which allows valid statistical inferences to be made about the population). A disadvantage of
this strategy is that it may lead to an under representation of certain characteristics features of the
population’s members.

In the absence, however, of any other information about the population [the building(s) in GSA’s
case], this is a special case of Acceptance Sampling based solely on randomized data collection,
and would be a recommended strategy of choice.

4.1.5 Stratified Randomized Acceptance Sampling (SRAS)

This strategy is an extension and an improvement over the Randomized Acceptance Sampling.
It is an extension in that it includes in the sampling process additional information which helps
assure that the resulting sample serves as a more representative surrogate of the population. That
is, information about building characteristics (number of floors, room type, etc. - see Section
4.3.2) will be incorporated in the acceptance sampling strategy to assure that the proportions in
the resulting sample (number of measurements per floor, per room type, etc.) is equivalent to that
of the target population. For simple Randomized Acceptance Sampling, such balanced
proportionality will occur "on the average"; for Stratified Randomized Acceptance Sampling,
such balance is "forced" and is not "left to chance". For example, for a building with three



levels, the SRAS method will ensure that measurements are taken from all three levels whereas
the potential exists in the RAS method where measurements are only taken from only the second
and third levels or where the majority of the measurements are on one level.

The net result is that the SRAS strategy results are less prone to bias and variability, and more
robust to known building characteristics than RAS, and hence SRAS is our recommended
strategy of choice. Because of these advantages, the SRAS method is used by most professional
polling/survey organizations.

Another distinction between SRAS and RAS is the issue of randomization. For RAS, the formal,
statistical randomization is done at the global level -- giving all elements of the population an
equal chance of being drawn. For SRAS, the randomization is done at the local level -- after
stratification is carried out on as many factors as identified, the remaining elements of that
stratified subset of the population are given an equal chance of being drawn.

4.2 Required GSA Inputs for the Experiment Design

The SRAS method has an extensive literature that outlines not only the methodology but also the
user inputs that are required to provide a valid answer to the question:

Is GSA 95 % (say) confident that 99 % (say) of the all of the dimensions of the entire
building are "in spec™?

For a specific 2D-plan under evaluation, the development and construction of the corresponding
Acceptance Sampling plan would necessitate GSA-provided information for the following items:

1. Tolerance, T
2. Maximum % of population out-of-spec, P
3. Sample size, n

In the above question, the value of 95 % is described in section 4.2.4 and the value of 99 % is
described in Section 4.2.2

4.2.1 Tolerance, T

The tolerance, T, is the maximum error that a measurement could have before GSA would
declare the measurement to be "out-of-spec". It is noted that:

1. The value T may be different for different types of measurements and could be set equal
to the different tolerances specified in the contract.
2. T can be specified absolutely or relatively, e.g., T: £ 6mm (1/4 in) or T: £ 5 %.



Why important?
The Acceptance Plan that will be constructed will have a corresponding test statistic = the
observed number of defectives out of the N measurements. The value T defined here will
determine if a measurement is defective or not. The quantity to be checked (A) must lie
within (M -T)and M+ T),i.e., (M-T) <A< (M+T) for it to be in-spec.

For example, if the door width was one of the measurements to be checked in a 2D plan, then

A = door width as obtained from the 2D plan and M = the measurement of the door width as
reported by an inspector. The following would then be true:

M-T) =ASM+T) > in-spec (not defective)
Either A< M-Tyor A>M+T) > out-of-spec (defective)

4.2.2 Maximum % population out-of-spec, P

P is the maximum percent of the population that is out-of-spec that is tolerable to GSA. This
value answers the question:

For GSA to accept a 2D Plan, what is the largest percent defective (out-of-spec) of the
whole population that would be tolerable to GSA?

Why important?

a. Whereas the tolerance value T in item 1 is a local specification which defines whether an
individual measurement is "good enough" (in-spec or out-of-spec), the requested P value
is a global specification which defines as to whether the totality of measurements from
the 2D plan would be "good enough" (acceptable or unacceptable). If GSA does not
define the maximum percent out-of-spec that it desires for the population, then it is
impossible to arrive at a accept/reject decision rule for the analysis of the data resulting
from the constructed acceptance plan.

b. The required statistical sample size n (see Section 4.2.3) critically depends on this value
of P.

4.2.3 Sample size, n

n is the number of measurements that will be made by the inspector; statistically, n is referred to
as the "sample size".

This number will depend largely on time and cost that GSA is willing to expend to perform the
quality check.

Acceptance plans may be constructed/developed for any sample size, n, and any population
acceptance percentage P. However, the specification of maximum affordable sample size
eliminates the consideration of theoretically optimal sample size values that are not practical



(i.e., beyond budget). Note that if P is severe enough (e.g., GSA will not accept the 2D plan
unless GSA is 95 % confident that less than 0.0001 of the population is out-of-spec, then this
would dictate a statistically large sample size to achieve such confidence. There is a trade off
between P and n, and it may be possible that the (P, n) specification may yield no viable
acceptance plan. Table 1 can be used to ascertain what is possible and is provided at the end of
Section 4. This table is a critical component of the Acceptance Sampling plan. Note that Table
1 is based only on pass/fail binomial considerations. It makes no distribution, for example
normality, assumptions about the underlying response and hence is “robust”. Table 1 is, thus,
appropriate for a wide variety of applications. The use and interpretation of Table 1 is detailed in
Appendices A and B.

4.2.4 Confidence

Confidence = the degree of certainty that the final conclusion of accepting/rejecting the 2D plan
is correct. All of our calculations will utilize a confidence value of 95 %, which is the most
common value utilized in rigorous scientific studies. Note that Table 1 was generated based on a
confidence level of 95 % (the values in Table 1 will change for a different confidence level).

4.2.5 Population, N

The population size, N, is the maximum number of measurements to be made in the specific
building under evaluation.

Population size is NOT a required input. However, since the ultimate inference is about the
population as opposed to the sample (subset) that the inspector collects, the following discussion
on “population” is presented for clarification.

In a typical GSA 2D-plan acceptance/rejection problem, the population is defined as the set of all
building measurements that could be taken that will be compared to the corresponding
dimensions in the 2D plan. In reality, this set could be infinitely large, but it is nevertheless
important to conceptualize as to what this set is and is not. Inferences from the Acceptance
Sampling strategy will yield conclusions about the population -- not just the collected sample
from the population. The ultimate acceptance/rejection of the 2D plan will be contingent on the
percent of the population -- not just the sample -- that are deemed to be "in spec". The point of
this discussion is that the concept of "population" is critical to the appropriate interpretation and
use of acceptance sample.

One useful metric of the population is its size. In the statistical literature, this is typically
denoted by N. For small populations, the assignment of a value to N is very important; for large
populations -- typical of building evaluations that GSA would see -- the assignment of a specific
value is not as critical. In either case, it is of use to think of N as a fixed (even if unknown) value
that designates the simplest characteristic of the population -- its size.



Table 1. Upper Limit (p) on % Defective in Population with (asymmetric) 95 %
Confidence?

# of n (Sample Size)
Defects
d 100 200 300 400 500 600 700 800 900 1000
0 2.95 1.49 0.99 0.75 0.60 0.50 0.43 0.37 0.33 0.30
1 4.66 2.35 1.57 1.18 0.95 0.79 0.68 0.59 0.53 0.47
2 6.16 3.11 2.08 1.57 1.25 1.05 0.90 0.78 0.70 0.63
3 7.57 3.83 2.56 1.93 1.54 1.29 1.10 0.97 0.86 0.77
4 8.92 4.52 3.03 2.27 1.82 1.52 1.30 1.14 1.01 0.91
5 10.23 5.18 3.47 2.61 2.09 1.74 1.50 1.31 1.16 1.05
6 11.50 5.83 3.91 2.94 2.35 1.96 1.68 1.47 1.31 1.18
7 12.75 6.47 4.34 3.26 2.61 2.18 1.87 1.64 1.46 1.31
8 13.97 7.10 4.76 3.58 2.87 2.39 2.05 1.80 1.60 1.44
9 15.18 7.72 5.18 3.89 3.12 2.60 2.23 1.95 1.74 1.57
10 16.37 8.33 5.59 4.20 3.37 2.81 2.41 2.11 1.88 1.69
11 17.55 8.94 6.00 4.51 3.62 3.02 2.59 2.27 2.01 1.81
12 18.72 9.54 6.40 4.82 3.86 3.22 2.76 2.42 2.15 1.94
13 19.87 10.14 6.80 5.12 4.10 3.42 2.94 2.57 2.29 2.06
14 21.02 10.73 7.20 5.42 4.34 3.62 3.11 2.72 2.42 2.18
15 22.15 11.31 7.59 5.72 4.58 3.82 3.28 2.87 2.55 2.30
16 23.28 11.90 7.99 6.01 4.82 4.02 3.45 3.02 2.69 2.42
17 24.40 12.48 8.38 6.31 5.06 4.22 3.62 3.17 2.82 2.54
18 25.51 13.05 8.77 6.60 5.29 4.42 3.79 3.32 2.95 2.66
19 26.62 13.63 9.15 6.89 5.53 4.61 3.96 3.47 3.08 2.78
20 27.72 14.20 9.54 7.18 5.76 4.81 412 3.61 3.21 2.89
21 28.81 14.77 9.92 7.47 5.99 5.00 4.29 3.76 3.34 3.01
22 29.90 15.33 10.31 7.76 6.22 5.19 4.46 3.90 3.47 3.13
23 30.98 15.90 10.69 8.05 6.45 5.39 4.62 4.05 3.60 3.24
24 32.06 16.46 11.07 8.33 6.68 5.58 4.79 4.19 3.73 3.36
25 33.13 17.02 11.44 8.62 6.91 5.77 4.95 4.34 3.86 3.47
26 34.20 17.58 11.82 8.90 7.14 5.96 5.12 4.48 3.99 3.59
27 35.26 18.13 12.20 9.19 7.37 6.15 5.28 4.62 4.1 3.70
28 36.32 18.69 12.57 9.47 7.60 6.34 5.44 4.77 4.24 3.82
29 37.37 19.24 12.95 9.75 7.82 6.53 5.61 4.91 4.37 3.93
30 38.42 19.79 13.32 10.04 8.05 6.72 5.77 5.05 4.49 4.05
31 39.47 20.34 13.69 10.32 8.28 6.91 5.93 5.19 4.62 4.16
32 40.51 20.89 14.06 10.60 8.50 7.10 6.09 5.34 4.75 4.27
33 41.55 21.44 14.43 10.88 8.73 7.29 6.25 5.48 4.87 4.39
34 42.58 21.98 14.80 11.16 8.95 7.47 6.41 5.62 5.00 4.50
35 43.61 22.52 15.17 11.43 9.17 7.66 6.57 5.76 5.12 4.61
36 44.63 23.07 15.54 11.71 9.40 7.85 6.74 5.90 5.25 4.73

2 d is the number of defects or out-of-spec measurements. The use of this table is explained in Appendices A and B.




# of

n (Sample Size)

Defects
d 100 200 300 400 500 600 700 800 900 1000
37 45.66 23.61 15.90 11.99 9.62 8.03 6.90 6.04 5.37 4.84
38 46.68 24.15 16.27 12.27 9.84 8.22 7.06 6.18 5.50 4.95
39 47.69 24.69 16.64 12.54 10.06 8.40 7.21 6.32 5.62 5.06
40 48.70 25.22 17.00 12.82 10.29 8.59 7.37 6.46 5.75 5.18
41 49.71 25.76 17.36 13.09 10.51 8.78 7.53 6.60 5.87 5.29
42 50.72 26.30 17.73 13.37 10.73 8.96 7.69 6.74 5.99 5.40
43 51.72 26.83 18.09 13.64 10.95 9.14 7.85 6.88 6.12 5.51
44 52.72 27.37 18.45 13.92 11.17 9.33 8.01 7.02 6.24 5.62
45 53.71 27.90 18.82 14.19 11.39 9.51 8.17 7.15 6.37 5.73
46 54.70 28.43 19.18 14.46 11.61 9.70 8.32 7.29 6.49 5.84
47 55.69 28.96 19.54 14.74 11.83 9.88 8.48 7.43 6.61 5.95
48 56.68 29.49 19.90 15.01 12.05 10.06 8.64 7.57 6.73 6.07
49 57.66 30.02 20.26 15.28 12.27 10.25 8.80 7.71 6.86 6.18
50 58.64 30.55 20.62 15.55 12.49 10.43 8.95 7.84 6.98 6.29
51 59.61 31.07 20.97 15.83 12.70 10.61 9.11 7.98 7.10 6.40
52 60.59 31.60 21.33 16.10 12.92 10.79 9.27 8.12 7.22 6.51
53 61.56 32.13 21.69 16.37 13.14 10.98 9.42 8.26 7.35 6.62
54 62.52 32.65 22.05 16.64 13.36 11.16 9.58 8.39 7.47 6.73
55 63.48 33.17 22.40 16.91 13.58 11.34 9.74 8.53 7.59 6.84
56 64.44 33.70 22.76 17.18 13.79 11.52 9.89 8.67 7.71 6.95
57 65.40 34.22 23.12 17.45 14.01 11.70 10.05 8.80 7.83 7.06
58 66.35 34.74 23.47 17.72 14.23 11.89 10.21 8.94 7.96 717
59 67.30 35.26 23.83 17.99 14.44 12.07 10.36 9.08 8.08 7.28
60 68.25 35.78 24.18 18.25 14.66 12.25 10.52 9.21 8.20 7.38
61 69.19 36.30 24.53 18.52 14.88 12.43 10.67 9.35 8.32 7.49
62 70.13 36.82 24.89 18.79 15.09 12.61 10.83 9.49 8.44 7.60
63 71.06 37.34 25.24 19.06 15.31 12.79 10.98 9.62 8.56 7.71
64 72.00 37.85 25.59 19.33 15.52 12.97 11.14 9.76 8.68 7.82
65 72.92 38.37 25.95 19.59 15.74 13.15 11.29 9.89 8.80 7.93
66 73.85 38.88 26.30 19.86 15.95 13.33 11.45 10.03 8.92 8.04
67 74.77 39.40 26.65 20.13 16.17 13.51 11.60 10.17 9.05 8.15
68 75.69 39.91 27.00 20.39 16.38 13.69 11.76 10.30 9.17 8.26
69 76.60 40.43 27.35 20.66 16.60 13.87 11.91 10.44 9.29 8.37
70 77.51 40.94 27.70 20.93 16.81 14.05 12.06 10.57 9.41 8.47
71 78.41 41.45 28.06 21.19 17.03 14.23 12.22 10.71 9.53 8.58
72 79.31 41.96 28.41 21.46 17.24 14.41 12.37 10.84 9.65 8.69
73 80.21 42.47 28.76 21.72 17.45 14.58 12.53 10.98 9.77 8.80
74 81.10 42.98 29.10 21.99 17.67 14.76 12.68 11.11 9.89 8.91
75 81.98 43.49 29.45 22.25 17.88 14.94 12.83 11.25 10.01 9.02
76 82.87 44.00 29.80 22.52 18.09 15.12 12.99 11.38 10.13 9.12
77 83.74 44.51 30.15 22.78 18.31 15.30 13.14 11.52 10.25 9.23
78 84.61 45.02 30.50 23.05 18.52 15.48 13.29 11.65 10.37 9.34




# of n (Sample Size)
Defects

d 100 200 300 400 500 600 700 800 900 1000
79 85.48 45.53 30.85 23.31 18.73 15.66 13.45 11.78 10.49 9.45
80 86.33 46.03 31.19 23.58 18.95 15.83 13.60 11.92 10.61 9.56
81 87.19 46.54 31.54 23.84 19.16 16.01 13.75 12.05 10.73 9.66
82 88.03 47.04 31.89 24.10 19.37 16.19 13.91 12.19 10.85 9.77
83 88.87 47.55 32.24 24.37 19.58 16.37 14.06 12.32 10.97 9.88
84 89.70 48.05 32.58 24.63 19.79 16.55 14.21 12.45 11.08 9.99
85 90.52 48.55 32.93 24.89 20.01 16.72 14.36 12.59 11.20 10.09
86 91.33 49.06 33.27 25.16 20.22 16.90 14.52 12.72 11.32 10.20
87 92.14 49.56 33.62 25.42 20.43 17.08 14.67 12.86 11.44 10.31
88 92.93 50.06 33.96 25.68 20.64 17.25 14.82 12.99 11.56 10.42
89 93.71 50.56 34.31 25.94 20.85 17.43 14.97 13.12 11.68 10.52
90 94.47 51.06 34.65 26.21 21.06 17.61 15.13 13.26 11.80 10.63
91 95.22 51.56 35.00 26.47 21.28 17.79 15.28 13.39 11.92 10.74
92 95.96 52.06 35.34 26.73 21.49 17.96 15.43 13.52 12.04 10.84
93 96.67 52.56 35.69 26.99 21.70 18.14 15.58 13.66 12.16 10.95
94 97.36 53.06 36.03 27.25 21.91 18.32 15.73 13.79 12.27 11.06
95 98.01 53.56 36.37 27.51 2212 18.49 15.89 13.92 12.39 11.17
96 98.62 54.05 36.72 27.78 22.33 18.67 16.04 14.06 12.51 11.27
97 99.18 54.55 37.06 28.04 22.54 18.85 16.19 14.19 12.63 11.38
98 99.64 55.05 37.40 28.30 22.75 19.02 16.34 14.32 12.75 11.49
99 99.95 55.54 37.74 28.56 22.96 19.20 16.49 14.46 12.87 11.59
100 11.59 56.04 38.09 28.82 23.17 19.37 16.64 14.59 12.99 11.70

4.3 Additional Inputs/Issues for the Experiment Design

4.3.1 Response types

Regardless of which experiment design is used, different response types need to be identified.

The response types refer to the different types of measurements that are important or critical to
GSA. Some examples of response types are:

1. Distances* (e.g., wall width, door width, beam width, corner-to-corner room distance,
column-to-column spacing)

2. Angles between two objects (e.g., two walls, two pipes)

Features** and feature size

4. Others?

(98]

* When measuring widths (e.g., door, window, wall, column), it is recommended that
three measurements be made - upper, middle, and lower third of the object. The average
of these measurements will be reported as one (1) of the n samples.
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" This would not be part of a 2D plan but there were previous GSA projects where
features needed to be identified (e.g., cracks greater than 12 mm, spalling of roof tiles) -
this would be a check of whether the feature was identified or not.

An indication (by GSA) should also be made as to the relative importance of the above
items/responses. For this unequal weights case, an additional (analysis) complication arises in
that a method would have to be developed to determine Pass/Fail. For example, if there are 5
failures/defects for responses with a high weight and 10 failures/defects for responses with a
lower weight, how does one “combine” these values to “calculate” the final Pass/Fail of the
deliverable?

4.3.2 Factors

In addition, if the choice of an experiment design is our recommended SRAS (Stratified
Randomized Acceptance Sampling), then GSA would need to provide additional information to
assist in that stratification, namely, relevant building factors and characteristics:

1. Number of floors
2. Room type - this can be grouped based on:
a. Room function (e.g., office, restroom, conference room, closet, stairwell)
b. Room size (e.g., square footage).
3. “Type” of distance -
a. Examples include door width, wall width, length of hallway, width of hallway,
window width
b. It is recommended that various distances be included - short distances (e.g., door
width), mid-range distances (e.g., wall width), and long distances (e.g., length of

hallway).
4. Areas of interest as called out in the contract
5. Others?

GSA's provision of these factors is important because it will allow for the construction of an
acceptance plan that is not just random, but also balanced, and hence more representative of the
entire building (the "population"). If random but unbalanced, then it could be possible that some
important measurements may be missing (e.g., conference room), or most of the measurements
could (by chance) be made on only one floor level or one part of the building.

4.4 Other Questions/Issues for the Experiment Design

The following items do not required immediate information from GSA. They do, however,
encompass "ground truth" issues with the inspector measurements which generically affect -- to a
degree beyond responses, factors, and experiment design -- the validity of GSA's final
acceptance/rejection decision:

1. Measuring device (method & accuracy)
2. Operator
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3. Replication

4.4.1 Device

Two critical questions regarding device are:

a. How accurate is it?
b. How accurate must it be to assess the quality (or lack of quality) of the 2-D drawing?

Our recommendation is to follow the common practice in the scientific arena, whereby ground
truth (i.e., inspector) measurements should be an order of magnitude better than the 2-D
drawings being evaluated. Some devices are:

a. Tape measure
b. Total station or EDM (Electronic Distance Measuring) instrument
c. 3D imaging system

Each of these devices has different intrinsic accuracy. Measurements obtained using a tape
would probably be the quickest but they would probably have the most noise associated with
them (see Section 4.4.2 for some reasons). There have not been any comprehensive studies to
compare the accuracy of measurements from a total station with those from a 3D imaging
system, and there are different opinions as to which is more accurate. To minimize the
instrument uncertainties, calibrated instruments should be used and compensations/corrections
for environmental factors should also be made.

4.4.2 Qperator

Operator error contributes to the uncertainties of the “truth” measurements. It is almost a given
that two operators will obtain different measurements of a given object. The difference will
likely be greater if a tape measure was used - different tape tension, different points measured,
different tape reading (rounding). The training and skill level of the operator significantly affects
the quality of inspector measurements.

4.4.3. Replication

Replication is important in general because it allows an independent assessment of the total error
of the measurement process, based on collected data -- as opposed to an assessment based on a
priori engineering "best guesses" and manufacturer specifications. Further, when inspector
devices are known to have intrinsic uncertainties which are not an order of magnitude better (as
recommended in Section 4.4.1), then replication allows the use of averages which intrinsically
have smaller uncertainties than any single value.
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5. Data (Step 3)

Step 3 in the solution process (see Figure 1) is the execution of the prescribed experiment design
/acceptance sampling plan, with the ensuing collection of n inspector measurement values (the
data). It is recommended that this resulting dataset be “vectorized” (column) in format--with
one line per measurement. If it is determined that the maximum affordable number of
observations is n = 200, then the resulting dataset should have n = 200 lines (rows) and (r + k)
columns where r is the number of responses measured (see Section 4.3.1) and Kk is the number of
factors (see Section 4.3.2) specified.

Note that the quality of the dataset is bounded by the quality of the experiment design/
acceptance sample that was constructed and executed for the sampling. In particular, a poor
experiment design or "sloppy" execution of the experiment design will result in a dataset that is
deficient in content and will severely limit, if not exclude, inferences to the population. This
information deficiency cannot be repaired -- no matter how sophisticated the statistical analysis--
and so it is of paramount importance to construct and execute the best experiment design/
acceptance sampling plan possible.

6. Analysis (Step 4)

Step 4 in the process (see Figure 1) is the statistical analysis of the data. If an appropriate
experiment design/ acceptance sampling plan were executed, then the data analysis protocol is as
follows:

1. For each line of the data file,
a. Compare the tabulated inspector data with the data derived from the 2D plan.

Let M = inspector measurement, A = corresponding measurement derived from
2D plan, and T is the GSA-specified tolerance (see Section 4.2.1). Compare A to

(M=£T).

b. Determine if the measurement is:
i. 0 = "inspec", or
ii. 1 = "out of spec" = defect

c. Record conclusion in a new column
2. Sum up the total number of defects d. This sum will be a value between
a. 0 (= all measurements are "in spec"), and

b. n (= all measurements are "out of spec")

3. Go to Table 1 and find the appropriate (row, column) entry p as dictated by (row = d =
number of defects , column = N = number of samples).

For this (d, n) combination, the cell entry p is our data-based estimate of the maximum
percent defective in the population. Based on the data on hand, we will be 95 %
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confident that the true (unknown, and unknowable) number of measurements defective in
the population will be p or less.

4. Compare p with P where P is the GSA-specified (in Section 4.2.2) maximum acceptable
value for the percent defective for the population -- above which would result in rejecting
the 2D plan. By comparing p with P, we thus arrive at a rigorous decision rule by which
GSA may rigorously accept or reject the 2D plan.

5. The global decision rule for the whole population is:
a. Ifp = P, then accept the 2D plan.
b. If p > P, then reject the 2D plan.

7. Conclusions (Step 5)

By conducting the above 5-step analysis protocol, GSA may rigorously arrive at a decision
(accept or reject) for the 2D building plan. If the decision is to reject, GSA will have to
determine a course of action such as:
- Course 1: Reject 2D plan
- Course 2:
1. Contractor corrects errors and re-submits plans
2. GSA re-conducts acceptance sampling
3. Accept/reject 2D plan
- Course 3:
1. Conduct additional sampling
2. Ifthe decision is to again “reject”, then “reject” 2D plan
3. If the decision it to accept, then GSA will need to make an executive decision
whether to accept or reject the 2D plan.

Regardless of the course of action selected, the method of accept/reject of the deliverable should
be made clear to the service providers and should be a part of the statement-of-work.

Although additional computational complications may exist, a similar 5-step protocol may be
used to form acceptance/rejection conclusions for 3D plans and for point clouds.

8. Procedures for Developing an Acceptance Sampling Plan

Figure 2 shows the 5-step process for the framework to accept/ reject a deliverable and when
inputs are required. A more detail description of the 5-step process follows:

1. Determine and list each measurement type (name and description) that is important.
(Section 4.3.1).
2. Specify how the measurements are to be made. The step includes:
a. Specifying the type of instrument used to obtain the measurements
b. Proof of calibration of the instrument and any required in-field checks
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c. Describing how the measurements are to be obtained. For example,
1. Are measurements to be made multiple times and reporting the average?
1. If a door width is to be measured, where should be the measurements be
made?
3. Specify the criteria for conformity for each type of measurement. Clearly describe when
the measurement is “in-spec” or “out-of-spec” (defective).
4. Develop the sampling plan

a. Define tolerance, T (Section 4.2.1)

b. Define P (Section 4.2.2)

c. Define sample size, n (Section 4.2.3)

5. Select Experiment Design

a. Randomized Acceptance Sampling (Section 4.1.4)

b. Stratified Randomized Acceptance Sampling (Section 4.1.5)

6. Develop in conjunction with a statistician an Experiment Design based on the Response
Types and Factors (Section. 4.3).

a. If there are no existing plans, then the determination of which measurements to
make will have to be performed “manually”. For example, manually identify the
doors, randomly select the required number of doors.

b. If there are existing plans, there is on-going research to automate this process, i.e.,
automatically extract the doors from the plans, generate the list, and randomly
select the doors.

7. Execute Experiment Design (Section 5)
Analyze the data to obtain d (Section 6)
9. Use Table 1, accept or reject (Section 6). If reject,

a. Reject deliverable, OR

b. Conduct additional sampling, OR

c. Contractor corrects errors and re-submits plans and GSA conducts acceptance
sampling plan again

>
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Appendix A - An Example

Given a 2D Building Plan (see Figure 3), the Problem/Question is: Does GSA accept this 2D
plan?

For this example, the following are measurements of interest or considered critical:

1. Response Y1 = wall length
2. Response Y2 = door widths
3. Response Y3 = column widths

For simplicity, we will only examine a single response, Y = Y1 (wall length). Thus, the
specifications given below will refer to wall length only. These input specifications (set by
GSA) could differ for the other responses. The conclusions will be specific to a response, and
hence a building plan may, for example, be acceptable with respect to Y1 (wall length) and Y2
(door width), but unacceptable with respect to Y3 (column width). As discussed in Section
4.3.1, if the responses have different weights, then a method will have to be developed to
determine Accept/Reject of the 2D plan. On the other hand, all three responses could be
combined into one response, Y = distances (e.g., wall length, door width, column width, hallway
width). If the decision is to reject, then some of the options available are stated in Section 7.
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For Response Y = Y1 = wall length, the specifications are:

1. Tolerance, T =13 mm (1/2 in)
2. Maximum Percent Defective P for the Population = 10 %
3. Maximum practical/affordable sample size, n = 200
where n is based on
a. time (1 day)
b. cost ($5000) - measuring device (e.g., tape, total station)

We thus have P = 10%, n = 200. The experiment design for such a problem is given in Section
4.1:

e Section 4.1.4 - RAS (Randomized Acceptance Sampling) or
e Section 4.1.5 - SRAS (Stratified Randomized Acceptance Sampling) - Preferred

The construction and execution of either of the above experiment design can have subtleties and
a statistician should be consulted in developing the experiment design (e.g., how many
measurements per level, rooms in which the wall lengths are obtained, etc.).

Let’s say a statistician was consulted, the experiment design plan has been executed, and 200
inspector measurements of wall length were collected. The following 2 cases are examined:

Case 1

If there were exactly d = 15 defects (out of 200), then this yields a percent defective in
our sample P = d/n =15/200 = 7.5 %. Given this 7.5 % defective for the sample and
given that GSA's acceptance/rejection criterion is P = 10 % defective for the population,
then

Can GSA rigorously state with 95 % confidence that the population defect is in
fact 10 % or less (and hence accept the 2D plan for Y = Y1 = wall length)?

Solution:

Referring to Table 1, for n = 200 (column 3) and d = 15, the corresponding cell entry, p,
is 11.31 %. This means that GSA can with 95 % confidence state that the percent
defective for the population is < 11.31%, but cannot with 95 % confidence state that P is
<10 %. Since 11.31 % exceeds the initially specified 10 % (p 2 P, see Section 6, step
5b), then GSA must reject the 2D plan.

Case 2

If the observed number of defects were d = 9 (out of the 200), then this yields a percent

A

defective in our sample P = d/n = 9/200 = 4.5 %. Given this 4.5 % defective for the
sample and given that GSA's acceptance/rejection criterion is P = 10 % defective for the
population, then
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Can GSA rigorously state with 95 % confidence that the population defect is in
fact 10 % or less (and hence accept the 2D plan for Y = Y1 = wall length)?

Solution:

Referring to Table 1, for n =200 (column 3) and d = 9, the corresponding cell entry, p, is
7.72 %. This means that GSA can with 95 % confidence state that the percent defective
for the population is < 7.72%. Since 7.72 % is less than the initially specified 10 % (p <
P, see Section 6, step 5a), then GSA can accept the 2D plan.

A.1 Discussion

Exercises similar to Cases 1 and 2 may be repeated. A subset of Table 1 forn=200andd =1 to
20 is presented in Table 2. In Table 2, the second column lists the percent defective in the
sample while the third column lists the percent defective of the population. Interpreting Table 2:

For n = 200, if GSA observes d (column 1) defects in the sample, then GSA is 95 %
confident that the percent defective P (column 3) in the population is less than p (value in
cell entry).

In Table 2, a comparison of the second and third columns (IS vs. P ) shows that the percent

defective, P, in the sample is necessarily less than the estimate of the upper limit of the (true)
percent defective, P, in the population. Note that the values in the 3" column are upper limits for
P; and note that the true (unknown) P for the population could be either less than OR greater

than our observed P. As the sample size gets larger (i.e., the sample approaches the

population), the differences between P and P will get smaller. This is shown in Table 3 where
as n approaches N, the % defect in both the sample and the population are equal. It is also of
note that there is a point at which increasing sample size does not yield a corresponding increase
in benefit (Figure 4) - it this case, n is about 400 or 500.
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Table 2. Upper Limit on % Defective
P in Population with (asymmetric)

95 % Confidence
for n = 200.
n = 200
# of
Defc?Cts % defective in
sample, P
5 (%)
P = d/n =d/200
0 0 1.49
1 0.5 2.35
2 1.0 3.11
3 15 3.83
4 2.0 4.52
5 25 5.18
6 3.0 5.83
7 35 6.47
8 4.0 7.10
9 45 7.72
10 5.0 8.33
11 5.5 8.94
12 6.0 9.54
13 6.5 10.14
14 7.0 10.73
15 7.5 11.31
16 8.0 11.90
17 8.5 12.48
18 9.0 13.05
19 9.5 13.63
20 10.0 14.20
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Table 3. Upper Limit on % Defective
in Population with (asymmetric) 95 %
Confidence - Effect of Sample Size.

If % defective in

sample
5 _ _ Then, 95 %
n P=dmn=10% confident that
P=<
# Defectsd =0.1n

100 10 16.27 %
200 20 14.20
300 30 13.32
400 40 12.82
500 50 12.49
600 60 12.25
700 70 12.06
800 80 11.92
900 90 11.80
1000 100 11.70

N N/10 10.00




% Defective

200 400 600 800 1000

Sample size, n

Figure 4. % Defective in Sample and Population vs. Sample Size
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Appendix B. How to Interpret Table 1

Table 1 is reproduced in this appendix as Table 4 for convenience.
Given that:

1. an acceptance plan was developed = P, n
2. measurements have been collected by an inspector, and d defects were found

A. If GSA specified P =10 %, then GSA would

1. accept the 2D plan if the cell entry, p, was above the red line shown in Table 4
2. reject the 2D plan if the cell entry, p, was below the red line shown in Table 4

For example, for P = 10 %, n = 300, and d = 17, then the corresponding cell entry (shaded
red) p in Table 4 is above the red line =» Accept. In words, it can be stated with 95 %
confidence that the percent defective in the population is < 8.38 % which is less than 10 %.
Therefore, accept.

B. If GSA specified P =5 %, then GSA would

1. accept the 2D plan if the cell entry, p, was above the blue line shown in Table 4
2. reject the 2D plan if the cell entry, p, was below the blue line shown in Table 4

For example, for P =5 %, n =100, and d = 3, then the corresponding cell entry (shaded blue)
p in Table 4 is below the blue line =» Reject. In words, it can be stated with 95 %
confidence that the percent defective in the population is £ 7.57 % which is greater than 5 %.
Therefore, reject.

For any P, a similar line may be drawn.

Table 4. Upper Limit (p) on % Defective in Population with (asymmetric) 95 %
Confidence : How to Interpret Table.

# of n (Sample Size)
Defects 400 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
0 295 | 149 | 099 | 075 | 060 | 050 | 043 | 037 | 033 | 0.30
1 466 | 235 | 157 | 118 | 095 | 079 | 068 | 059 | 053 | 047
2 646 | 311 | 208 | 157 | 125 | 105 | 090 | 078 | 070 | 063
3 383 | 256 | 193 | 154 | 129 | 110 | 097 | 08 | 077
4 892 | 452 | 303 | 227 | 182 | 152 | 130 | 114 | 101 | 091
5 1023 | 518 | 347 | 261 | 209 | 174 | 150 | 131 | 116 | 1.05
6 1150 | 583 | 391 | 294 | 235 | 196 | 168 | 147 | 131 | 1.18
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# of

n (Sample Size)

Defg"Cts 100 200 300 400 500 600 700 800 900 1000
7 1275 | 647 | 434 | 326 | 261 218 | 187 | 164 | 146 | 1.31
8 1397 | 710 | 476 | 358 | 287 | 239 | 205 | 18 | 160 | 144
9 1518 | 772 | 518 | 380 | 312 | 260 | 223 | 195 | 174 | 157
10 1637 | 833 | 559 | 420 | 337 | 281 2.41 211 188 | 169
11 1755 | 894 | 600 | 451 362 | 302 | 259 | 227 | 201 181
12 1872 | 954 | 640 | 48 | 38 | 322 | 276 | 242 | 215 | 1.94
13 1987 | 1014 | 680 | 512 | 410 | 342 | 294 | 257 | 229 | 206
14 2102 | 1073 | 720 | 542 | 434 | 362 | 3.1 272 | 242 | 218
15 2215 | 1131 | 759 | 572 | 458 | 38 | 328 | 287 | 255 | 230
16 2328 | 11.90 | 799 | 6.01 482 | 402 | 345 | 302 | 269 | 242
17 2440 | 1248 6.31 506 | 422 | 362 | 317 | 28 | 254
18 2551 | 1305 | 877 | 660 | 520 | 442 | 379 | 332 | 295 | 266
19 2662 | 1363 | 915 | 689 | 553 | 461 396 | 347 | 308 | 278
20 2772 | 1420 | 954 | 718 | 576 | 481 412 | 361 3.21 2.89
21 2881 | 1477 | 992 | 747 | 599 | 500 | 4290 | 376 | 334 | 301
22 2990 | 1533 | 1031 | 776 | 622 | 519 | 446 | 390 | 347 | 313
23 3098 | 1590 | 1069 | 805 | 645 | 539 | 462 | 405 | 360 | 324
24 3206 | 1646 | 1107 | 833 | 668 | 558 | 479 | 419 | 373 | 336
25 3313 | 17.02 | 1144 | 862 | 6.91 577 | 495 | 434 | 386 | 347
26 3420 | 1758 | 1182 | 890 | 714 | 59 | 512 | 448 | 399 | 359
27 3526 | 1843 | 1220 | 919 | 737 | 615 | 528 | 462 | 411 3.70
28 3632 | 1869 | 1257 | 947 | 760 | 634 | 544 | 477 | 424 | 382
29 3737 | 1924 | 1295 | 975 | 782 | 653 | 561 491 437 | 393
30 3842 | 1979 | 1332 | 1004 | 805 | 672 | 577 | 505 | 449 | 405
31 3947 | 2034 | 13690 | 1032 | 828 | 6.91 593 | 519 | 462 | 416
32 4051 | 2089 | 1406 | 1060 | 850 | 710 | 609 | 534 | 475 | 427
33 4155 | 2144 | 1443 | 1088 | 873 | 729 | 625 | 548 | 487 | 439
34 4258 | 2198 | 1480 | 1116 | 895 | 747 | 641 562 | 500 | 450
35 4361 | 2252 | 1547 | 1143 | 917 | 766 | 657 | 576 | 512 | 46
36 4463 | 2307 | 1554 | 1171 | 940 | 785 | 674 | 590 | 525 | 473
37 4566 | 2361 | 1500 | 1199 | 962 | 803 | 690 | 604 | 537 | 484
38 4668 | 2415 | 1627 | 1227 | 984 | 822 | 706 | 618 | 550 | 495
39 4769 | 2469 | 1664 | 1254 | 1006 | 840 | 7.21 632 | 562 | 506
40 4870 | 2522 | 17.00 | 1282 | 1029 | 859 | 737 | 646 | 575 | 518
41 4971 | 2576 | 17.36 | 1309 | 1051 | 878 | 753 | 660 | 587 | 529
42 50.72 | 26.30 | 1773 | 1337 | 1073 | 896 | 769 | 674 | 599 | 540
43 5172 | 2683 | 1809 | 1364 | 1095 | 914 | 785 | 68 | 612 | 551
44 5272 | 2737 | 1845 | 1392 | 1117 | 933 | 801 702 | 624 | 562
45 5371 | 27.90 | 1882 | 1419 | 1139 | 951 817 | 715 | 637 | 573
46 5470 | 2843 | 1918 | 1446 | 1161 | 970 | 832 | 729 | 649 | 584
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# of

n (Sample Size)

Defg"Cts 100 200 300 400 500 600 700 800 900 1000
47 5560 | 28.96 | 1954 | 1474 | 1183 | 98 | 848 | 743 | 661 5.95
48 56.68 | 2949 | 1990 | 1501 | 1205 | 1006 | 864 | 757 | 673 | 6.07
49 5766 | 3002 | 2026 | 1528 | 1227 | 1025 | 880 | 7.71 686 | 6.18
50 5864 | 3055 | 2062 | 1555 | 1249 | 1043 | 895 | 784 | 698 | 629
51 5061 | 31.07 | 2097 | 1583 | 1270 | 1061 | 911 798 | 710 | 640
52 6059 | 3160 | 2133 | 1610 | 1292 | 1079 | 927 | 812 | 722 | 651
53 6156 | 3213 | 2169 | 1637 | 1314 | 1098 | 942 | 826 | 735 | 662
54 6252 | 3265 | 2205 | 1664 | 1336 | 1116 | 958 | 839 | 747 | 673
55 6348 | 3317 | 2240 | 1691 | 1358 | 1134 | 974 | 853 | 759 | 6.84
56 6444 | 3370 | 2276 | 1718 | 1379 | 1152 | 989 | 867 | 7.71 6.95
57 6540 | 3422 | 2312 | 1745 | 1401 | 1170 | 1005 | 880 | 783 | 7.06
58 66.35 | 3474 | 2347 | 1772 | 1423 | 1189 | 1021 | 894 | 796 | 717
59 67.30 | 3526 | 2383 | 17.99 | 1444 | 1207 | 1036 | 908 | 808 | 7.28
60 68.25 | 3578 | 2418 | 1825 | 1466 | 1225 | 1052 | 921 820 | 7.38
61 69.19 | 36.30 | 2453 | 1852 | 14.88 | 1243 | 1067 | 935 | 832 | 749
62 7013 | 3682 | 2489 | 1879 | 1500 | 1261 | 1083 | 949 | 844 | 760
63 71.06 | 37.34 | 2524 | 19.06 | 1531 | 1279 | 1098 | 962 | 856 | 7.71
64 7200 | 3785 | 2559 | 19.33 | 1552 | 1297 | 1114 | 976 | 8es | 7.2
65 7202 | 3837 | 2595 | 1959 | 1574 | 1315 | 1129 | 989 | 880 | 7.93
66 7385 | 38.88 | 2630 | 19.86 | 1595 | 1333 | 1145 | 1003 | 892 | 804
67 7477 | 3940 | 2665 | 2013 | 1617 | 1351 | 1160 | 1017 | 905 | 815
68 7569 | 39.91 | 27.00 | 2039 | 1638 | 1369 | 1176 | 1030 | 917 | 826
69 76.60 | 4043 | 2735 | 2066 | 1660 | 1387 | 1191 | 1044 | 929 | 837
70 7751 | 4094 | 2770 | 2093 | 16.81 | 1405 | 1206 | 1057 | 9.41 8.47
71 7841 | 4145 | 2806 | 2119 | 17.03 | 1423 | 1222 | 1071 | 953 | 858
72 7931 | 4196 | 2841 | 2146 | 17.24 | 1441 | 1237 | 1084 | 965 | 869
73 8021 | 4247 | 2876 | 2172 | 17.45 | 1458 | 1253 | 1098 | 977 | 880
74 8110 | 4298 | 2910 | 2199 | 1767 | 1476 | 1268 | 1111 | 989 | 891
75 8198 | 4349 | 2045 | 2225 | 17.88 | 1494 | 1283 | 1125 | 1001 | 9.02
76 8287 | 4400 | 2980 | 2252 | 1809 | 1512 | 1299 | 1138 | 1013 | 9.12
77 8374 | 4451 | 3015 | 2278 | 1831 | 1530 | 1314 | 1152 | 1025 | 9.23
78 8461 | 4502 | 3050 | 2305 | 1852 | 1548 | 1329 | 1165 | 1037 | 9.34
79 8548 | 4553 | 3085 | 2331 | 1873 | 1566 | 1345 | 11.78 | 1049 | 945
80 86.33 | 46.03 | 3119 | 2358 | 1895 | 1583 | 1360 | 11.92 | 1061 | 956
81 8719 | 4654 | 3154 | 2384 | 19.16 | 16.01 | 1375 | 1205 | 1073 | 9.66
82 88.03 | 47.04 | 3189 | 2410 | 1937 | 1619 | 1391 | 1219 | 1085 | 9.77
83 88.87 | 4755 | 3224 | 2437 | 1958 | 1637 | 1406 | 1232 | 1097 | 988
84 89.70 | 4805 | 3258 | 2463 | 19.79 | 1655 | 1421 | 1245 | 11.08 | 9.99
85 9052 | 4855 | 3293 | 2489 | 2001 | 1672 | 1436 | 1259 | 11.20 | 10.09
86 9133 | 49.06 | 3327 | 2516 | 2022 | 1690 | 1452 | 1272 | 1132 | 10.20
87 9214 | 4956 | 3362 | 2542 | 2043 | 17.08 | 1467 | 1286 | 1144 | 10.31
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# of

n (Sample Size)

Defg"‘s 100 200 300 400 500 600 700 800 900 1000
88 9293 | 5006 | 33.96 | 2568 | 2064 | 17.25 | 1482 | 1299 | 1156 | 1042
89 9371 | 5056 | 3431 | 2594 | 2085 | 17.43 | 1497 | 1312 | 1168 | 1052
90 9447 | 51.06 | 3465 | 2621 | 21.06 | 1761 | 1513 | 1326 | 11.80 | 10.63
91 9522 | 5156 | 3500 | 2647 | 2128 | 17.79 | 1528 | 1339 | 11.92 | 10.74
92 9596 | 5206 | 3534 | 2673 | 2149 | 17.96 | 1543 | 1352 | 12.04 | 10.84
93 96.67 | 5256 | 3569 | 2699 | 2170 | 18.14 | 1558 | 1366 | 1216 | 10.95
94 97.36 | 53.06 | 3603 | 2725 | 2191 | 1832 | 1573 | 1379 | 1227 | 11.06
95 98.01 | 5356 | 3637 | 2751 | 2212 | 1849 | 1589 | 1392 | 1239 | 1117
96 9862 | 5405 | 3672 | 27.78 | 2233 | 1867 | 1604 | 1406 | 1251 | 1127
97 99.18 | 5455 | 37.06 | 2804 | 2254 | 1885 | 1619 | 1419 | 1263 | 11.38
98 99.64 | 5505 | 3740 | 2830 | 2275 | 19.02 | 1634 | 1432 | 1275 | 1149
99 99.95 | 5554 | 37.74 | 2856 | 2296 | 1920 | 1649 | 1446 | 12.87 | 1159
100 | 1159 | 56.04 | 3809 | 2882 | 2317 | 1937 | 1664 | 1459 | 1299 | 11.70
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