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67) ABSTRACT 
A Statistical Comparator Interface provides a user With the 
capability to reduce vast amounts of raW data into a readily 
navigable and quickly comprehendible form. The Statistical 
Comparator Interface is embodied in tWo basic stages. In a 
data compilation stage, a compilation module, Which is 
preferably implemented With computer softWare, receives 
the raW data and compiles the raW data into a format that is 
readily navigable by a navigation engine. This may include 
expanding the data through statistical computations and 
arranging the data in a data matrix complete With hierarchal 
indices. In a navigation stage, the navigation engine is 
employed to alloW a user to generate data pro?les from 
among the formatted data, including selecting a peer group 
With selected characteristics and selecting statistical com 
parisons to be calculated and displayed for the selected peer 
group. The navigation stage may also alloW the user to select 
from among a plurality of graphical depiction schemes to 
display the selected statistical comparisons in a manner that 
is readily comprehendible to a lay, unindoctrinated user. The 
graphical display schemes preferably employ multivariate 
statistical methods such as MAN OVA, discriminate analy 
sis, multivariate multiple regression, etc., and multivariate 
graphing methods such as three-dimensional scatter plots 
and ordered pro?le surfaces to display the highly complex 
data in a readily understandable format. 
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STATISTICAL COMPARATOR INTERFACE 

1. RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of my 
co-pending US. Provisional Patent Application Serial No. 
60/077,623 ?led on Mar. 10, 1998 and entitled Statistical 
Comparator Interface. Application Serial No. 60/077,623 is 
hereby incorporated by reference into this document. 

BACKGROUND OF THE INVENTION 

[0002] 1. The Field of the Invention 

[0003] The present invention relates to the automated 
calculation, navigation, and display of statistical informa 
tion. More speci?cally, the present invention relates to 
automated interfaces for automatically extracting informa 
tion from unformatted data and for generating and display 
ing that information for a user in a user-selected format as 
a readily comprehendible graphical display. 

[0004] 2. The Relevant Technology 

[0005] Most organiZations have a need for large-scale 
statistical analysis to adequately compare themselves and 
assess their standing in relation to other peer organiZations. 
To do this on a large scale requires not only that a large 
amount of data be gathered, but also that some manner of 
formatting the data, sorting through the data, and presenting 
the data in a comprehensible manner be available. 

[0006] As one example, libraries, such as public libraries, 
school libraries and the like, may desire to knoW hoW they 
stand With regard to other similarly situated libraries. For 
instance, they may Want to knoW hoW their expenditures per 
capita, holdings per capita, siZe, staff, etc. compare to 
similarly situated institutions. For a library to conduct such 
a study, the library Would have to poll each library it Wished 
to include in the comparison. Additionally, the library Would 
have to include in the poll at the outset all statistical 
categories for Which it Wished to compare itself. 

[0007] Once the data Was collected, the library Would then 
have to compile the data. Such a process is very laborious 
and time consuming. It is also very in?exible, because each 
type of statistical comparison, Whether it be average holding, 
mean holding, population represented or siZe of school, and 
all combinations of these Would have to be separately 
compiled for each statistical category. Furthermore, if the 
researcher desired to alter the composition of the control 
group or, as termed herein, the “peer group,” all neW 
calculations Would be required. 

[0008] It has been recogniZed by those in the relevant art 
that computer automation can help to meet these needs. 
Computer automation in the past several decades has con 
tributed greatly to the amount of data available for ansWer 
ing pressing organiZational questions. A large amount of 
data is available from many sources, including US. Census 
data, NCES library statistics, records of ?nancial transac 
tions in the World’s markets, etc. In the past feW years there 
has been an incredible proliferation of data in every area. We 
are “droWning in data and starved for information.” The big 
problem yet to be solved is to make the information con 
tained in this massive amount of data comprehensible and 
readily accessible to those Who need it. 
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[0009] The art has also seen the arrival of several infor 
mation analysis types of programs. TWo types in particular 
are very relevant for exploiting the value of the many large 
scale accumulations of data: (1) database management sys 
tems and (2) statistical analysis systems. Database manage 
ment systems, such as Oracle®, Sybase®, Microsoft 
Access®, etc., have been available for a number of years 
noW. The past thirty years has also seen great advances in the 
development and availability of statistical analysis systems 
such as SAS®, SPSS®, S-Plus®, and others. Database 
management systems are particularly poWerful for structur 
ing and organiZing large and complex databases. Modern 
statistical analysis softWare systems provide an incredible 
variety of analytical methods for transforming and extract 
ing the information in large databases. 

[0010] Most database management systems have at least a 
minimum amount of statistical analysis capability, and sta 
tistical analysis softWare systems usually also have some 
database manipulation capability. HoWever, the combination 
of the tWo is much more poWerful in analyZing large scale 
databases than either alone. In the hands of skilled practi 
tioners, the combination of a good database management 
system and a good statistical analysis system can create a 
massive amount of information out of a large scale database. 
The big problem is in organiZing, communicating and inter 
preting these results. In an afternoon, a user skilled in the use 
of a poWerful database management system and a state-of 
the art statistical analysis system could create a room full of 
printed statistical results-stacks of output that Would take 
perhaps years to interpret by usual methods. 

[0011] A need exists for a Way to deal With this threefold 
problem of organiZing, communicating and interpreting sta 
tistical results. The people Who have the need of statistical 
comparisons are frequently not trained in statistical meth 
ods. The results of statistical calculations on data are gen 
erally indecipherable by a large part of the people Who need 
the information contained therein. To make that information 
accessible to such people, some manner of navigating 
through the raW data and presenting the data in a readily 
comprehensible form to unindoctrinated users is needed. 

[0012] The key to large scale data analysis is multivariate 
visualiZation. That is, one needs holistic pictures of data that 
communicate information about many variables simulta 
neously. A number of holistic graphing methods have been 
developed in recent years, some by the authors of this patent 
application, based upon multivariate statistical methods. 
Most of these are in the public domain, and some have been 
incorporated into commercial packages such as Data 
Desk(r), McSpin(r), and SAS’s INSIGHT(r) and JMP(r). 
These programs, hoWever, have limited data searching capa 
bilities, and are not capable of calculating and manipulating 
higher order interactions among variables in truly large data 
sets. Such programs are also relatively in?exible, quite 
complex, and generally require the operators of the pro 
grams to be highly trained in statistics in order to properly 
operate the programs to glean useful information from data 
being operated upon. 

[0013] The intent of the present invention is to provide a 
structure and an architecture for bringing a Wide variety of 
graphical and statistical methods together. A need exists to 
incorporate the incredible data organiZing and data analyZ 
ing capabilities of database management systems and sta 
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tistical analysis systems With a Wide variety of methods for 
presenting both the holistic and also the speci?c properties 
of data. 

[0014] In ?lling this need, a navigation component is 
needed that combines the best of the multivariate visualiZa 
tion techniques With a variety of traditional graphs and a 
large variety of statistical indices to create a total analysis 
and data navigation system that makes high level analysis 
available to users untrained in statistical methodology. 

[0015] Such a data gathering and extracting process is 
needed that can also be used in real time, such as in 
manufacturing processes, to sort through large amounts of 
data generated about the on-going processes of the manu 
facturing plant. 

[0016] Furthermore, it Would also be advantageous to 
provide a service in connection With a system for analyZing 
data in Which the data is provided in a properly formatted 
manner and periodically updated by the vendor. 

OBJECTS AND BRIEF SUMMARY OF THE 
INVENTION 

[0017] The apparatus of the present invention has been 
developed in response to the present state of the art, and in 
particular, in response to the problems and needs in the art 
that have not yet been fully solved by currently available 
technology. Thus, it is an overall objective of the present 
invention to provide an improved automated data genera 
tion, navigation, and analysis system that overcomes the 
problems and shortcomings discussed above. 

[0018] To achieve the foregoing objects, and in accor 
dance With the invention as embodied and broadly described 
herein in the preferred embodiment, a Statistical Comparator 
Interface is provided. The Statistical Comparator Interface 
of the present invention is a large-scale system for complex 
data navigation and analysis. Additionally, the Statistical 
Comparator Interface is adaptable for use to analyZe both 
numerical and nonnumerical data. The Statistical Compara 
tor Interface also preferably provides an efficient Way of 
structuring data and complex transformations of that data 
Within memory storage in order to enable optimal interpre 
tation of the entire complex of data structure. 

[0019] The present invention also encompasses a method, 
embodied in a set of processes for creating this unique and 
useful data structure from a broad variety of data input types 
and for navigating the data structure. Finally, the present 
invention also encompasses an apparatus. The Statistical 
Comparator Interface can convert an ordinary digital com 
puter into a high level holistic monitoring device for track 
ing and ordering complex data sets such as might be seen in 
manufacturing systems. 

[0020] The Statistical Comparator Interface provides a 
user With the capability to reduce vast amounts of raW data 
into a readily navigable and quickly comprehendible data 
architecture. In a presently preferred embodiment, the Sta 
tistical Comparator Interface is embodied in tWo basic 
stages. In a data compilation stage, a compilation module, 
Which is preferably implemented With computer softWare, 
receives the raW data and compiles the raW data into a data 
architecture format that is readily navigable by a navigation 
engine. 
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[0021] The data architecture preferably comprises a mul 
tidimensional matrix. The data architecture matrix in one 
embodiment is organiZed into blocks arranged With columns 
and roWs. Each block may, likeWise, comprise columns and 
roWs (?elds). An initial block may contain the raW data 
arranged in ?elds. Additional blocks may re?ect statistical 
manipulations of the raW data, including quantitative data, 
composite data, and internal ?eld structure coef?cients. 
Indices, including higher order indices (indices of indices) 
may also be included to facilitate rapid navigation of the data 
architecture matrix. 

[0022] In a navigation stage, the navigation engine is 
employed to alloW a user to generate data pro?les from 
among the previously raW data, including selecting one or 
more peer groups With selected characteristics and selecting 
raW data and statistical derivations in a palette of categories 
to be calculated and displayed for each selected peer group. 

[0023] The navigation stage may also be con?gured to 
alloW the user to select from among a plurality of graphical 
depiction schemes to display the selected statistical com 
parisons in a manner that is readily perceivable to a lay, 
unindoctrinated user. The graphical depiction schemes pref 
erably employ holistic multivariate analysis techniques such 
as multivariate analysis of variance (MANOVA) and mul 
tivariate multiple regression to create a variety of univariate 
and multivariate graphs to display the highly complex data 
in a readily understandable, tWo dimensional or three dimen 
sional format. 

[0024] These and other objects, features, and advantages 
of the present invention Will become more fully apparent 
from the folloWing description and appended claims, or may 
be learned by the practice of the invention as set forth 
hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] In order that the manner in Which the above-recited 
and other advantages and objects of the invention are 
obtained Will be readily understood, a more particular 
description of the invention brie?y described above Will be 
rendered by reference to speci?c embodiments thereof 
Which are illustrated in the appended draWings. Understand 
ing that these draWings depict only typical embodiments of 
the invention and are not therefore to be considered to be 
limiting of its scope, the invention Will be described and 
explained With additional speci?city and detail through the 
use of the accompanying draWings in Which: 

[0026] FIG. 1 is a schematic block diagram illustrating 
generally the system of the present invention. 

[0027] FIG. 2 is a schematic block diagram illustrating a 
typical computer system for implementing the present 
invention in computer softWare form. 

[0028] FIG. 3 is a schematic block diagram illustrating a 
matrix of expanded data as generated by the system of FIG. 
1. 

[0029] FIG. 4 is a How chart diagram of a manner of 
operation of data compilation engine of the present inven 
tion. 

[0030] FIG. 5 is a How chart diagram illustrating a general 
method of use of a navigation engine of the present inven 
tion. 
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[0031] FIG. 6 is a schematic block diagram illustrating 
one manner of operation of a navigation engine of the 
present invention. 

[0032] FIG. 7 is a tree diagram illustrating one example of 
the graphical output of a graphical depiction module of FIG. 
1. 

[0033] FIG. 8 is an unordered spline pro?le of libraries 
illustrating a further example of the graphical output of a 
graphical depiction module of FIG. 1. 

[0034] FIG. 9 is an ordered spline pro?le of libraries With 
three libraries highlighted illustrating a further example of 
the graphical output of a graphical depiction module of FIG. 
1. 

[0035] FIG. 10 is a clustered correlation matrix given by 
Way of example of one manner of forming a matrix of 
expanded data of FIG. 3. 

[0036] FIG. 11 is a commutative correlation matrix given 
by Way of example of one manner of forming a matrix of 
expanded data of FIG. 3. 

[0037] FIG. 12 is a plot of an idealiZed data set of tWelve 
highly clustered variables in a tWo-dimensional space illus 
trating a further example of the graphical output of a 
graphical depiction module of FIG. 1. 

[0038] FIG. 13 is plot of an idealiZed data set of ten 
commutative variables in a tWo-dimensional space illustrat 
ing a further example of the graphical output of a graphical 
depiction module of FIG. 1. 

[0039] FIG. 14 is plot of voWel sounds shoWing a voWel 
crescent and clusterings of axes of eighteen ?lters illustrat 
ing a further example of the graphical output of a graphical 
depiction module of FIG. 1. 

[0040] FIG. 15 is a plot of instrument sounds shoWing 
commutative structure of axes of eighteen ?lters illustrating 
a further example of the graphical output of a graphical 
depiction module of FIG. 1. 

[0041] FIG. 16 is a strength of relationship index pro?le 
for three factors, A, B, and C, three tWo-Way interactions, 
AB, AC, and AD, and one three-Way interaction on eight 
dependent variables of scale one illustrating a further 
example of the graphical output of a graphical depiction 
module of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0042] FIG. 1 is a basic overvieW of the Statistical Com 
parator Interface (SCI) 10 of the present invention. In the 
embodiment of FIG. 1, the SCI 10 is arranged in tWo basic 
stages, shoWn generally in FIG. 1. The ?rst stage comprises 
a data compilation engine 12 for creating a data architecture 
14 that is easily navigable. The second stage comprises a 
navigation engine 16 for navigating ef?ciently through 
immense amounts of information that may be contained 
Within the data architecture 14 generated by the compilation 
engine 12. 

[0043] The data compilation engine 12 is preferably 
implemented in computer softWare form suitable for execu 
tion by a computer system. The computer softWare prefer 
ably comprises data structures and executable instructions 
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(executables) organiZed in modules for execution by a 
processor of the computer system 22. 

[0044] FIG. 2 shoWs one embodiment of a computer 
system 22 suitable for operation With the SCI system 10 of 
the present invention. The computer system 22 of FIG. 2 is 
shoWn provided With a series of input devices 24, a port 25, 
a processor 26, RAM memory 27, a set of output devices 28, 
and a netWork connection 29. 

[0045] The input devices shoWn include a CD ROM disk 
drive 24a, a monitor 24b, a hard disk drive 24c, a modem 
24d, a mouse 246, a keyboard 24f, an analog to digital 
converter 24g, Which may be connected through the port 28, 
and a high capacity disk drive 24h, such as a Zip® drive 
available from Iomega Corporation of Salt Lake City, Utah. 

[0046] The output devices depicted include a hard disk 
drive 28a, a series of monitors 28b, and a printer 28c. Also 
depicted are a series of sensors and transducers 32. 

[0047] Returning back to FIG. 1, the data compilation 
engine 12 preferably operates upon a set of input data 20 that 
may be relatively unformatted (raW data). That is, the input 
data 20 may be received by the data compilation engine 12 
Without signi?cant organiZation. In one embodiment, the 
input data 20 is arranged in a series of ?elds 15 and may be 
draWn from any of a number of possible sources. 

[0048] The input data 20 may be input into the data 
compilation engine 12 With any of the input devices 24. For 
instance, the input data 20 may be stored on a CD ROM disk 
and received by the data compilation engine 12 through a 
CD-ROM drive 24a. Many large databases are currently 
available on CD-ROM, including US. Census data, NCES 
library statistics, records of ?nancial transactions in the 
World’s markets, etc. Any of these sources can provide 
appropriate input for the Statistical Comparator Interface. Of 
course, the input data 20 could also be input With other 
appropriate types of input devices and methods. 

[0049] RaW data 20, appropriate for analysis by the SCI 
system 10, may also be found in sources already stored on 
a computer’s hard disk drive 24c, including ?nancial records 
on a spreadsheet, student records on a database management 
system, contacts and colleagues on a personal information 
management application, etc. These are all types of data that 
Would be greatly bene?tted by SCI analysis. On the other 
hand, input data 20 can also be received from other infor 
mation systems via such means as through a removable high 
capacity disk drive 24h, or a modem 24d. In the manufac 
turing realm, on-line system monitoring data can be brought 
into the SCI system 10 through sensors and transducers 32 
With the use of an analog to digital converter 24g. 

[0050] Not only the sources of the input data 20, but also 
the types of input data 20 that can be received and processed 
by the SCI system 10 are essentially unlimited. The SCI 
system 10 is preferably adapted to handle qualitative data 
(categorical) as Well as quantitative data, and everything in 
betWeen. For example, ordinal data is treated by the SCI 
system 10 as categorical data but With a natural order 
attached. Since a major intended function of the SCI system 
10 is to apply a variety of contrived “orders” to those 
categories that are unordered and then use those contrived 
“orders” to make the data pattern more comprehendible, 
ordinal data Works Well Within the SCI system 10. The 
de?nition of “categorical data” is also very broad. The data 
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needn’t be numerical in any Way, but can be of virtually any 
nature that can be categorized and counted. 

[0051] In the depicted embodiment, the data compilation 
engine 12 is shoWn comprising a formatting module 11, an 
indexing module 13, and a series of statistical calculation 
engines 43 organiZed into a statistical calculation module 41. 
With the use of these modules, the data compilation engine 
12 preferably compiles the input data 20 and generates a 
resulting large-scale data architecture 14 that is organiZed 
into a designated format navigable by the navigation engine 
16. The data compilation engine 12 thus creates a standard 
data architecture 14 from the raW input data 12 that can be 
both very large and also very complex. The data architecture 
14 is optimiZed in the sense that it provides a poWerful 
structure Which enables ef?cient and poWerful large-scale 
data visualiZation and navigation. 

[0052] The input data 20 is stored Within the data archi 
tecture 14 as raW data 40. Initially, the raW data 40 is 
expanded With raW data transformations 42 by a variety of 
transformations. The input data 20 is initially transformed 
With additional ?elds appended to the original ?elds 15 
Within the raW input data 20. The neW ?elds may be 
visualiZed as columns. Additionally, the raW data 40 is 
preferably expanded immensely by creating composite data 
44 such as means, medians, least squares means, etc. These 
composite data 44 may be formatted in additional roWs, 
potentially a very large number of Which may be appended 
to the input data matrix and the transformations. 

[0053] In an additional step, the indexing module may be 
employed to generate a variety of data structure indices 46, 
48, 50. These indices 46, 48, 50 are the numerical foundation 
of an ef?cient method for navigating the entire data struc 
ture. The navigation engine 16 is the actual data navigation 
device, but for the navigation engine 16 to be fully effective, 
the data compilation engine must ?rst generate the data 
architecture 14 complete With a collection of generated data 
structure indices 46, 48, 50. 

[0054] In FIG. 1, the data architecture 14 is shoWn orga 
niZed into six general components. The ?rst component is an 
input matrix 40 consisting essentially of the raW input data 
20. The second component is raW data transformations 42. 
The raW data transformations 42 comprise the broadening of 
this input matrix 40 in terms of columns (?elds) comprising 
a number of useful transformations on the data Which Will be 
explained in greater detail beloW. 

[0055] The third component is composite data 44. The 
composite data 44 is an expansion of the data by roWs With 
the addition of data composites (arithmetic means, medians, 
least squares means, etc.) for either one-Way groupings of 
data or for tWo-Way or higher groupings. 

[0056] The last three components, the internal structure 
indices 46, the relationship and probability indices 48, and 
the overvieW indices 50 constitute the collection of data 
structure indices referred to above. These indices 46, 48, 50 
precisely and holistically capture the relationships among aft 
of the sets of the variables that have been created. The 
indices 46, 48, 50 are organiZed hierarchically at succes 
sively higher levels of abstraction and form the foundation 
for a strong data navigational system that can precisely 
target the informational gems in the data as Well as holisti 
cally capture the total data structure. 
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[0057] The navigation engine 16 is also shoWn comprising 
a query engine 17 for the user to specify analysis and display 
instructions. A pro?ler module 45 is shoWn and may be 
provided for the user to customiZe a peer group for Which 
statistical information and raW data can be extracted by the 
navigation engine 16. Also shoWn is a selection module 19 
for the user to select among display types or analysis types. 
A statistical calculation module 21 is shoWn, and may be 
provided for the user to create any additional custom cal 
culations. Adepicted graphical depiction module 18 may be 
provided for graphically displaying selected information 
extracted from the data architecture 14 in a visually com 
prehendible manner. Additionally, a user interface module 
47 may be provided to provide a graphical user interface for 
the user in dealing With the above-described modules. 

[0058] Thus, the navigation engine 16 is a composite 
system consisting of a number of event-driven process 
modules that enable the user to navigate through data 
structures stored in memory and ?nd the nuggets of strong 
data relationships so that the holistic properties of the 
large-scale data structures can be captured With precision 
through the use of a broad variety of graphs and tables. 

[0059] In the World of computer graphics, there noW exists 
a number of high level, ef?cient applications for displaying 
the structure of real or potentially real three-dimensional 
objects, such as machines, buildings, Weather systems, pro 
tein structures, etc. HoWever, abstract data also can be 
thought of as having a structure that can be captured 
visually. Visually capturing abstract data is the purpose of 
the navigation engine 16. It is a high level “abstract structure 
detector” that capitaliZes on the human capability of per 
ceiving structure visually. That is Why the present invention 
is described as an interface, it constitutes a man-machine 
interface that renders complex numerical and categorical 
information understandable to humans. The purpose of the 
navigation engine is to deliver to the user optimal visual 
“hyper shapes” that ef?ciently capture for the user the 
totality of data structure, With the capacity to also drill doWn 
to the level of each individual data point Within the context 
of the Whole. 

[0060] Although the graphical depiction module 18 may 
be adapted to produce Well-conditioned and meaningful 
tabular information, its primary focus is preferably graphi 
cal. For that reason the most important of the output devices 
shoWn in FIGS. 1 and 2 is the computer monitors 28b. 
While a single monitor 28b could be used, in the depicted 
embodiment, the SCI system 10 is shoWn With a plurality of 
computer monitors 28b Which make convergent graphical 
interpretation possible. 

[0061] When this kind of high level hardWare system is 
combined With the ef?cient SCI data visualiZation architec 
ture, the combination enables the user to literally soar in 
making sense of a large and complex data set at a very high 
level. Hard copy through devices such as printers 28c, and 
the storage and archiving of analytical output on the hard 
disk 24c, 28a, are also important parts of the process, This 
archive of results on the hard disk 24c, 28a becomes an audit 
trail of major data structural discoveries. 

[0062] The preferred embodiment for both of these major 
processing systems, the data compilation engine 12 and the 
navigation engine 16, is in executable computer code, HoW 
ever, other media are possible even though not as efficient. 
















