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Introduction

The US Army MRMC is interested in applying Spatial Paradigm for Information Retrieval and
Exploration (SPIRE) technology to data sets of trauma related information. SPIRE has generally
been designed to work with larger data sets of a more unstructured nature (i.e. newswatch data,
message trafficking). The purpose of this research was to determine if SPIRE would produce
meaningful analysis of this trauma data. The trauma data provided by Dr. Howard Champion of
the University of Maryland, has been processed and analyzed. The data consisted of 86
documents from two different sources pertaining to auto accidents. Both sources of documents
discuss traumas; however, one set discussed more of the accidents, while the other source
discussed more of the medical problems. SPIRE identified the two major differences in data
sources, but, according to our analysis, could find little other meaningful differentiation among the
documents. From our initial analysis, it appears as though the low number of documents and the
structured nature of those documents impacted the performance of SPIRE on this data set.

Task Description and Study Results

SPIRE technology, as it exists today, assesses the patterns of word use in documents (e.g.
frequency clusters of an individual word implies salience in theme) to determine important topics
and relationships. Natural language communication utilizes definite strategies for conveying the
content particularly when substantial knowledge is not assumed. SPIRE is dependent on this.
Because of the inherent structure in the trauma data, the SPIRE system has the tendency to
identify most documents in this data set as very similar. As a consequence, thematic
differentiation of this data set is less pronounced than we would normally consider desirable.

Several different analyses were generated to assess the nature of this document set. First, we
examined the correlation matrix (which establishes the correlations between all major terms and
the key topics), and found consistently lower than normally acceptable values. A subset of the
matrix can be found in Appendix — Figure 1. A random sample of terms is provided to convey
the nature of the correlation matrix content. The term at the top of each column is the term to
which other terms are related. The values are normalized and in a more strongly related set of
documents may average 0.6 or higher. As the sample conveys, the average for the trauma data is
about 0.15 for the ten most related terms. Additionally, the number of connected terms in a
"normal" data set is typically much greater (terms with non-zero values), which again
demonstrates the structured nature of this data. Generally, the information found in this matrix
indicates that the documents don't tend to group into easily differentiated clusters and that
relationships which would otherwise be small enough to ignore, can have a dominant influence on
thematic distribution.




A second analysis we performed was to identify the number of statistically important topic terms
in the data set relative to the unique word count. This is commonly called the noise to signal ratio,
the “signal” being the important topics and the rest of the vocabulary being the “noise”. There
were only 13 major topics found in the data set with 2806 words in the vocabulary. This
percentage (.005%) is extremely low for significant analysis. Significantly fewer high-value
topical terms were found in this data set than were found in more normal expressions of natural
language communication such as news articles or research papers or even WWW pages. For
example, a data set run on CNN news data (635 small documents) gave approximately 450 major
terms and 10,000 words in the vocabulary for a percentage of 4%. The trauma data set possesses:
a high noise to signal ratio, making it difficult to find meaningful information.

Appendix - Figure 2 is another illustration of the lack of discriminating dimensions in the data
set. In this graph, there are three documents which appear in very different locations in the 2D
scatter plot: two are proximal, the third is distant from the first two which is shown by Appendix
— TFigure 3. Thirteen topics along with their relative magnitudes are graphed. Typically, we
would expect to be able to quickly identify proximal and distant document pairs due to the strong
diversity in content represented by the magnitudes of each dimension--the relative magnitudes at
each dimension of proximal documents would be close while the values for distant documents
would be quite different. A couple of dimensions or topics in this data set, “pilon” and “travel”
follow this pattern. However, the other topics show more random values for both proximal and
distant pairs. This again shows that the data is not rich in discernible content, at least as measured
by SPIRE.

There were, however, some positive results that are worthy of note. We were able to identify
thematic clusters which could provide some insights to an analyst, depending upon their domain-
specific requirements. For example, a query on the word, "tibia," shows that all tibial fractures
tend to group together in the lower middle quadrant of the themescape as shown in Appendix . —
Figures 4 and 5. Further exploration with a larger data set might enable us to discover
correlations with such elements as vehicle type or speed, age of "case," and so on.

Conclusions

In summary, what we’ve determined is that this particular data set has a degree of structure which
makes it difficult for the SPIRE system to meaningfully process. Each document discusses the
same general topics in the same general language; therefore, the language used doesn’t convey
the importance of words in the manner to which SPIRE is tuned. There is, however, information
in the structure itself that has potential. Our domain expert, Dr. Howard Champion, agrees with
this analysis and believes that SPIRE accurately portrayed the information in the trauma data.




At least two short term steps might be taken to improve the quality of the results. First, acquiring
a larger data set might yield a better correlation matrix in terms of strength and number of
word/word correlations, although we are skeptical that more data of exactly the same type would
produce appreciably better results. Second, it might be possible to separate or eliminate some of
the non-injury related vocabulary in the belief that the remaining data will map out more
meaningfully. This effort would eliminate some of the “noise” in this signal.

Further research into this type of data and how to process and visualize it in a meaningful way is
required for more substantive progress. The field of visual analysis of structured data is new and
innovative. Research would include understanding the structure and gaining knowledge from the
structure. It would also include new ways of visualizing structured data that might combine
current data mining techniques with new visualization techniques such as SPIRE. SPIRE could
be expanded to support this area in conjunction with it’s current architecture for dealing with
unstructured text.



Appendix - Figures and Charts



Figure 1. Correlation Matrix

The following matrices show a random sample of 12 terms and the normalized correlation value of 10
related terms. Strongly related document sets average 0.6. Trauma data average is approximately 0.15.
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1st
Normalized
correlation value:
victim 0.266667
embankment 0.266667
plateau 0.133333
pilon 0.133333
concrete 0.133333
tibial 0.0666667
pole 0.0666667
metatarsal 0.0666667
airbag 0
travel 0
3rd
Normalized
correlation value:
lisfranc 0.266667
~ cuboid 0.266667
victim 0.266667
metatarsal 0.2
airbag 0.0666667
travel 0
bimalleolar 0
embankment 0
pole 0
pilon 0
4th
Normalized
correlation value:
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Term: accident

Related Terms: airbag
metatarsal
plateau
tibial
pole
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pilon
victim
bimalleolar
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Related Terms: cuboid
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embankment

Term: airbag

Related Terms: airbag
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0.0666667
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0.0666667

0

0
0
0




Figure 2 - Sample Trauma Vectors

7

A

-

Elcase 605

case 3752

[ case 840

i

uojsuauwiq Jo aphudﬁew

WioIA

|oAel]

lelqn

ajod

neaje|d

uo|id

jesielelsw

oueiysy|

‘ 1uaw>|ueqme

plogno

81910U00

Jejos|ewig

Beqlie

Topic




¢ aunbi4
0P8 @S Uo |00] sway]
ejeq ewneu) ajdwes

14| 9d

ouiystia N
satp B
punoquaJou- B
6uroey §

vorsTII09

JEV N
3sod

suotydg

Py 144

*1003 dnoub ay3 ybnouyy ssadoe ued nob YyoTym

“bgpigoio] nesjeld paueu dnoub mau e ul paserd pue punoy suan sjusunaop Butyojew (O . d[aH  suorjezIfENnsIsy  S{oOf | 3Ip3 ¢ 2[14

Q 02 UOISIIN X1 1DS) TS =




p 2unbi4

¢G.€ '® G09 SdSE) U0 |00] awsy]
ejeg ewnel] ajdweg

94 G4 ' i’ oumuy U}

poorq
Auabans H
WJesJ04

oy |
1e1q13 §
neajerd )

suo1ydg

* 1003 dnouB ay3 yBnodyy ssacde LeD NOR YOTYM |j— o e T T
\rmv“moua:aﬁﬂmnusa:%o;mzw:nc__umuﬂn:ucc_u::omm;nsmucuesuonm:_:ﬂmso.ﬁ;n:u: Wmco....ﬂ:o:w;

stooj 1 31p3 | a1y

|l ‘ ‘ ‘ ___ Gozuorsson xa19S) _Juids =)




q wgqam_u uoT3IONPeI [ETqTl neaje
adeosaway|
ejeq ewneJ] ajdweg

pooTq Axabans wavox

pepnaaur Te

qQua3sTSuod payrodsx adeys—

epeab Terqii [eauowbos

INd JUSISTSUOD DUTATIP : |
wrl uor3ovesIejzul uoylrd . o
- ot

uoTSTTT0P Toaeil asod’

Jedu peq papnajut
peuaniea Adeasyy diy uoTrjloR.I] vwQOHHIMWﬂ

o
adx0F Iadung Auzv\

I0qeIBT2OdE aT(eIsprsucd QuawddeTdsTt
buraorhap (92aAvIq] UuTHs

Arojejdwon yig yesae

el snrel punogyinos ﬂ
_ JoTtregzsod uorsstupe Tedreseqjeut

DTJFeI] PUNOYISAM BHTILS

Agebans uorssTupe [easlelrq

‘1003 dnoub ayjy yBnouyy ssadoe ued noh YoTYM S s =
wivnmo“a3@33&%;@:%055;05nmum_ﬂ.vcn_uczf0'53mucu...suoﬁm:ﬁ._uumso.ﬁ,n:u:m:o_unu:a:w:,ﬁoak_mﬁvu_ofi

(10°2 uoisI90 X151 19S)  IHdS =]




