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Abstract
Two high-level abstraction networks for the knowledge
content of a terminology, known respectively as the
“area taxonomy” and “p-area taxonomy,” have pre-
viously been defined. Both are derived automatically
from partitions of the terminology’s concepts. An im-
portant application of these networks is in auditing,
where a number of systematic regimens have been for-
mulated utilizing them. In particular, the taxonomies
tend to highlight certain kinds of concept groups where
errors are more likely to be found. Using results gar-
nered from applications of our auditing regimens to
SNOMED CT, an investigation into the concentration
of errors among such groups is carried out. Three hy-
potheses pertaining to the error distributions are put
forth. The results support the fact that certain groups
presented by the taxonomies show higher error per-
centages as compared to other groups. The bootstrap
is used to assess their statistical significance. This
knowledge will help direct auditing efforts to increase
their impact.

Introduction

SNOMED CT has an inherent abstraction framework
comprising a collection of top-level hierarchies that
partition its concepts [1]. In previous work, we have
developed two abstraction networks for a SNOMED
hierarchy called the area taxonomy and p-area taxon-
omy [2]. Both are derived automatically from parti-
tions of SNOMED’s concepts. Overall, they serve as
summarizations for the distribution of SNOMED’s (at-
tribute) relationships and convey aspects of the hierar-
chical grouping of concepts.

The taxonomies have proven to be particularly use-
ful in the context of auditing, an important part of any
terminology’s maintenance cycle [3]. In fact, a num-
ber of systematic auditing regimens based on the tax-
onomies have been formulated [2]. We have found that
certain errors at the concept level manifest themselves
as anomalies at the taxonomy level, thus giving the au-
ditor clues as to where to search for errors productively.
The application of such auditing regimens has proven
to be fruitful, as reported in [2].

In this paper, we seek to formally characterize the
concentrations of errors with respect to the concept
groups presented by our taxonomies and thus further
establish their efficacy as vehicles for auditing. Three
hypotheses pertaining to error concentrations are set
forth. Previously collected data [2] from the auditing
process are tabulated in support of these hypotheses.

The results indeed support our hypotheses. The sta-
tistical significance of these results is analyzed using
the bootstrap [4]. Since auditing resources are typi-
cally limited, the hypotheses can guide auditing efforts
to concentrate on parts of the taxonomy where more
errors are likely to be found.

Background

SNOMED is an important reference terminology be-
ing used in a variety of applications worldwide. Its
January 2007 edition consists of a collection of more
than 308,000 active concepts arranged in a polyhierar-
chy of subsumption (IS-A) links. These concepts are
organized into disjoint top-level hierarchies, includ-
ing Clinical finding, Procedure, Body Structure, etc.
SNOMED’s concepts exhibit a wide range of relation-
ships such as specimen procedure, has active ingredi-
ent, and measurement method.

Auditing is an essential part of SNOMED’s main-
tenance, and various techniques have been proposed.
For example, ontological and linguistic approaches
have been applied [5,6]. In [7], SNOMED’s native
description-logic (DL) formalism is used in an effort
to see how well its IS-A hierarchy conforms to a set of
accepted ontological principles. In our work, we are
not postulating specific principles and then searching
for transgressions of these. Instead, we are carrying
out an overall structural analysis, building abstraction
networks, and hypothesizing about where errors—of
any variety—are liable to be discovered. This paper
focuses on the analysis of empirical results obtained in
SNOMED’s Specimen hierarchy.

The foundation of our approach is the area taxon-
omy, derived from a partition of SNOMED’s concepts
based on their respective sets of relationships. An
area is defined as a maximal set of concepts that ex-
hibit the exact same set of relationships, irrespective of
the targets (or fillers) of those relationships. Collec-
tively, the set of all areas forms a partition because a
concept can belong to one and only one area. In the
area taxonomy, an area is denoted as a node labeled
with its unique combination of relationships. Further-
more, these nodes are connected via hierarchical child-
of links that capture the underlying IS-A links of the
terminology. A root of an area is a concept with no
IS-A relationships to any other concepts in its area. An
excerpt consisting of seven areas of the area taxonomy
extracted from SNOMED’s Specimen hierarchy can be
seen in Figure 1. In the lower left of the figure, we
see the area
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Figure 1: Seven areas from the SNOMED Specimen hierarchy

source morphology 
 , whose name indicates that there
is a group of concepts having specimen source topog-
raphy and specimen source morphology as their only
relationships. Moreover, the concepts in that area are
all the concepts of SNOMED that have exactly those
two relationships. Concepts belonging to this area in-
clude Cyst tissue and Skin lesion sample. The upper-
most area named

	
(the symbol for the empty set) has

concepts with no relationships at all. The child-of from�
specimen source topography, specimen source mor-

phology 
 to
�
specimen source topography 
 expresses

the fact that a root concept in the former area has a
parent concept in the latter area from which specimen
source topography is inherited.

Lesion sample (6)
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Figure 2: Excerpt of p-area taxonomy showing
three areas, four regions, and six p-areas

An area can have multiple roots, and the p-area tax-
onomy offers a further division of SNOMED based on
these important concepts. The foundational concept
group of the p-area taxonomy is the p-area (short for
partial-area), consisting of a single root together with
all its descendants within one area. This finer-grained
abstraction network thus comprises concept groups of
structural similarity and common hierarchical ances-
try. A p-area is named after its root since all other con-
cepts in the p-area are specializations of the root. The
area nodes of the area taxonomy are augmented in the
p-area taxonomy to include their constituent p-areas.
The p-area taxonomy also includes an intermediate-

level grouping called a region involving collections of
p-areas. A region contains a group of p-areas whose
roots obtain their (identical) set of relationships in the
exact same manner: through explicit introduction, or
explicit inheritance, or a combination of both. Figure 2
shows three areas,

�
specimen source morphology 
 ,�

specimen source topography 
 , and
�
specimen source

topography, specimen source morphology 
 , from the
p-area taxonomy. The bottom area has four roots, Cyst
tissue, Vegetation from heart value, Tissue specimen
obtained from ulcer, and Skin lesion sample, and it thus
has four p-areas with the corresponding names. The
numbers in parentheses indicate the amount of con-
cepts in the p-areas. Moreover, there are two regions,�

specimen source topography, specimen source mor-
phology 
 and

�
specimen source topography, specimen

source morphology* 
 , separated from each other by a
dashed line. The latter (on the right side in the figure)
contains one p-area, Skin lesion sample, that obtains
specimen source topography via inheritance but ex-
plicitly introduces specimen source morphology, as in-
dicated by the “*” suffix. The other region contains the
three p-areas Cyst tissue, Vegetation from heart value,
and Tissue specimen obtained from ulcer. The roots of
each obtain their two relationships strictly via inheri-
tance, as indicated by the lack of the “*” symbol. Each
of the top two areas consists of a single region, and, to
save space, only one of its p-areas is shown inside.

The two taxonomies have demonstrated their worth
in the context of auditing, where we have previously
formulated a number of systematic regimens based on
them. Certain kinds of errors at the concept level
tend to reveal themselves as anomalies at the taxon-
omy level. The taxonomies also support group-based
auditing, where concepts of purported structural sim-
ilarity and hierarchical proximity can be reviewed in
concert in order to more easily find inconsistencies and
omissions. In this paper, we are interested in focusing
on the efficacy of auditing done with respect to certain
regions and p-areas.

Methods

The auditing regimens under investigation are based on
specific concept groups presented automatically by our
partitioning and abstraction methodologies. In partic-
ular, three regimens focused respectively on two kinds
of regions and small-sized p-areas are applied to a top-
level hierarchy of SNOMED. Let us note that our au-



diting and the subsequent analysis carried out here are
based on the inferred (distributed) view of the termi-
nology, i.e., the results after the DL classifier has com-
puted all entailed subsumption relationships.

There are actually three distinct kinds of regions,
two of which are pertinent to auditing. A strict in-
heritance region is one where all the relationships are
obtained (by the roots) via inheritance. The region�

specimen source topography, specimen source mor-
phology 
 is an example. A strict introduction region is
characterized by the lack of inheritance at the roots. In
other words, all exhibited relationships are introduced
explicitly at each of the roots. Each of the areas in Fig-
ure 1 that is child-of the area

	
consists of one region

which is a strict introduction region since there are no
relationships to inherit from

	
. A mixed region is one

that is neither strict inheritance nor strict introduction.
That is, some relationships are inherited and some are
introduced. An example is

�
specimen source topogra-

phy, specimen source morphology* 
 .
For the sake of comparison, all the concepts in the

chosen SNOMED hierarchy are reviewed for errors.
Based on the overall outcomes of these efforts, the va-
lidity of the following three hypotheses pertaining to
the efficacy of our auditing regimens is investigated.
Hypothesis 1: There is a higher likelihood for the ex-
istence of concept errors in strict inheritance regions
than in strict introduction regions or mixed regions.
Hypothesis 2: There is a higher likelihood for the exis-
tence of concept errors in mixed regions than in strict
introduction regions.

The idea underlying these two hypotheses has to
do with hierarchical complexity accumulated in the
inheritance process. When a relationship is inher-
ited, it comes down through a path of ancestors who
contribute—in addition to the relationship—their ac-
cumulated definitional knowledge to the descendant.

Typically, at each level, a constraint or limiting
scope is added. Such additional knowledge is some-
times manifested as a more detailed concept name. For
example, consider the path from Specimen to Cyst tis-
sue. It goes through the concepts Lesion sample (in-
troducing specimen source morphology) and Specimen
from cyst. Naturally, each concept along the path is
more specialized than its parent. We refer to the spe-
cialized knowledge accumulated along the path as the
hierarchical complexity.

When a concept inherits a relationship, the path has
to go through an area where that relationship is in-
troduced. Traversing an area may mean visiting sev-
eral concepts (e.g., two from the Lesion sample p-area
above). If a concept introduces a relationship instead,
then a subpath going through an area for the sake of
picking up the relationship can be avoided, making
the overall path shorter. For example, Hematological
sample, the root of the only p-area (of 26 concepts)
in the strict introduction region of the area

�
specimen

substance, specimen procedure 
 (the rightmost area in
Figure 1). That concept has just one parent Specimen,
belonging to the area

	
, and introduces its own two re-

lationships without gaining hierarchical complexity. In
general, an inherited relationship implies more hierar-
chical complexity than an introduced relationship.

A strict inheritance region implies more paths, each
of which must travel through areas where inherited re-
lationships are introduced and collected from. This in
turn implies that concepts in such a region will, in gen-
eral, have more ancestors and more hierarchical com-
plexity. The case of strict introduction is of lower hi-
erarchical complexity due to the fact that no extra path
is needed to deliver the relationship. A mixed region
has an intermediate hierarchical complexity as it inher-
its some relationships (via an ancestor path) but intro-
duces others (without going through extra areas). Our
underlying assumption and motivation for the two hy-
potheses is that concepts with higher hierarchical com-
plexity are more prone to modeling errors.

An example of this can be found in the context
of the p-areas in Figure 2. The concept Skin lesion
sample, the root of its p-area in the region

�
specimen

source topography, specimen source morphology* 
 ,
has a single parent Skin tissue specimen, residing in the
p-area Tissue specimen, from which it inherits speci-
men source topography. Skin lesion sample explicitly
introduces specimen source morphology, providing
further hierarchical complexity. The concept Cyst tis-
sue in the neighboring region

�
specimen source topog-

raphy, specimen source morphology 
 inherits those
two relationships respectively from its parents Tissue
specimen (the root of its p-area) and Specimen from
cyst (in the p-area Lesion sample). Two ancestor paths
through these two parents lead to Cyst tissue. The one
through the latter parent was described above. There-
fore, Skin lesion sample obtains its relationships in a
simpler hierarchical configuration than that needed for
Cyst tissue and is thus less complex.
Hypothesis 3: There is a higher likelihood for the ex-
istence of concept errors in small p-areas than in large
p-areas.

This hypothesis indicates the expectation that a
small group of concepts similar in their structure and
semantics is less likely to be properly modeled and
have proper classifications than a similarly constituted
large group with a common structure and semantics.
That is, the high incidence of a combination of a
structure and semantics supports its feasibility, while a
rarely seen combination raises questions about whether
it is the correct structure and root for its few elements.
(Let us note that a similar hypothesis was proposed and
verified [3] in the context of the NCI Thesaurus [8].)

We use the bootstrap [4] to assess the statistical sig-
nificance of the hypotheses while accounting for the
clustering of concepts within p-areas.

Results

The auditing regimens pertaining to strict inheritance
and strict introduction regions and small p-areas were
applied to the Specimen hierarchy of SNOMED, and
the resulting error counts with respect to these vari-



ous groups have been tabulated (Table 1 and Table 2).
For example, within the Specimen hierarchy, there
are nine strict inheritance regions encompassing 28 p-
areas and a total of 83 concepts (see the second row
of Table 1). Among those concepts, 16 errors were
discovered, amounting to a percentage of 19.28. The
percentages of errors for the other two kinds of regions
are: mixed: 12.60%; and strict introduction: 3.28%.
(Note that the first row in Table 1 shows the data for
the area

	
whose only region is a special case of a re-

gion without any relationships at all.) With respect to
the Specimen hierarchy’s overall 1,056 concepts, 97
(9.19%) concept errors were found. These figures con-
firm Hypotheses 1 and 2.

The error totals found in the context of p-areas of
various sizes can be seen in Table 2. The table, in fact,
breaks the space of p-areas into two: those with seven
or fewer concepts and those with eight or more. P-
areas in the former range are deemed to be “small”;
those in the latter, large. As can be seen from the table,
10.68% of the concepts in small p-areas are in error,
while the number is only 6.83% for large p-areas. This
result confirms Hypothesis 3.

While strict inheritance had a nominally greater er-
ror rate than mixed or strict introduction, the differ-
ences were not statistically significant, most likely due
to the relatively small number of strict inheritance p-
areas. Mixed was greater than strict introduction, and
the difference in this case was statistically significant.

The error rate for smaller p-areas was nominally
higher than that for larger p-areas, but again the dif-
ference was not statistically significant, perhaps due to
the small number of large p-areas.

Table 3 presents a sample of 15 errors discovered
with the use of our taxonomy auditing regimens in the
context of the 2004 release of SNOMED. In each case,
the concept’s region, p-area, kind of error, and required
correction are listed. The table is subdivided with re-
spect to the different kinds of regions (SIT = strict in-
troduction; SIH = strict inheritance; MIX = mixed).
The second row, for example, shows that the concepts
Body fluid sample and Body fluid specimen were found
to be independent concepts, when in fact they should
be synonyms of each other. Furthermore, the fifth row
indicates the discovery of a missing IS-A between the
child Body fluid sample and the parent Fluid sample.

All the errors in Table 3 were confirmed by one of
the authors (KAS) who is the Scientific Director of
SNOMED. Most of the errors have already been cor-
rected as of the 2007 release. The others will be dealt
with in the upcoming release.

Discussion

The hypotheses suggest that ever-limited auditing re-
sources be concentrated on small p-areas of strict in-
heritance and mixed regions in order to try to maximize
the number of errors found for a given amount of effort.
The scope of the auditing experiments was limited to
the Specimen hierarchy, which represents a relatively
small portion of SNOMED. While the tabulated per-

centages support our hypotheses, the current numbers
are too small to achieve statistical significance for two
out of the three hypotheses. There is thus a need to
apply our auditing methodologies to additional hierar-
chies to further examine our hypotheses and especially
to further support their statistical analysis. We expect
similar results for other hierarchies.

Each hierarchy of SNOMED is different in its size,
height, width, number of defined relationships, and
pattern of relationship introduction. These character-
istics will naturally be reflected in the taxonomies that
abstract the hierarchies. It is not clear how those dif-
ferences will affect the distribution of errors among
regions and p-areas. While the reasoning for the hy-
potheses suggests a general phenomenon, further ex-
periments are required for verification. In particular,
it is difficult to predict the range of small and large p-
areas for the context of the hypotheses. We followed an
empirical approach suggesting 7 as the size threshold.

Since SNOMED uses a DL formalism, it can be
fruitful to go outside that realm in an effort to uncover
errors. As we saw, SNOMED’s DL-classifiers failed to
find certain errors (such as the fact that Eye fluid sam-
ple is a child of Body fluid sample) that were found
with our structural methodologies.

Conclusion

The area taxonomy and related p-area taxonomy were
previously presented as important abstraction networks
for SNOMED. In particular, these automatically-
generated, high-level views have formed the bases of a
number of systematic auditing regimens. Focusing on
various concept groupings presented by the two tax-
onomies has shown to be productive in searches for
errors. In this paper, we have done an analysis of error
concentrations with respect to the taxonomies in an ef-
fort to formally characterize the efficacy of the auditing
regimens. The results of auditing SNOMED’s Spec-
imen hierarchy were presented and analyzed. Three
kinds of concept groups, strict-inheritance regions,
mixed regions, and small p-areas, proved to be fruit-
ful in bringing errors to light. Three hypotheses were
proposed and confirmed in this regard.
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Table 3: Sample of errors discovered in SNOMED (sp = specimen; src = source)
Concept Name Region P-area Error type Correction 
Mushroom specimen Sample Missing relationship Missed Relationship: 

sp substance 
Body fluid 
specimen/Body fluid 
sample 

sp substance* (SIT) Body fluid specimen Synonym problem Body fluid 
specimen/Body fluid 
sample made 
synonyms 

Specimen from ear / 
Ear sample 

sp src topography * 
(SIT)

Specimen from ear/  
Ear sample 

Synonym problem Specimen from ear / 
Ear sample are 
synonyms 

Surgical excision 
sample 

sp procedure* (SIT) Surgical excision 
sample 

Missing child Missed child:  
Specimen obtained by 
standard surgical 
excision 

Fluid sample sp substance* (SIT) Fluid sample Missing child Missed child: Body 
fluid sample 

Tendon biopsy sample sp src topography* 
(SIT)

Musculoskeletal sample Missing relationship Missed relationship: 
specimen procedure 

Saliva specimen sp src topography, sp 
substance (SIH) 

Saliva specimen P-area root with wrong 
parent (Fluid Sample) 

Right parent:  Body 
fluid Sample 

Specimen from lung 
obtained by fine needle 
aspiration procedure 

sp src identity, sp src 
topography, sp 
procedure (SIH) 

Specimen from lung 
obtained by fine needle 
aspiration procedure  

Wrong parent 
(Specimen from lung 
obtained by biopsy 
(specimen))

Right Parent: 
Specimen obtained by 
fine needle aspiration 
procedure

Respiratory fluid 
specimen 

sp src topograph, sp 
substance (SIH) 

Respiratory fluid 
specimen 

Wrong concept name 
for root

Right root concept 
name: Upper 
respiratory fluid 
specimen  

Throat washings 
(specimen)

sp src topograph, sp 
substance (SIH) 

Respiratory fluid 
specimen 

Missing relationship  Missed relationship: 
sp src procedure 

tissue specimen from 
pancreas

sp src identify, sp src 
topograph* (MIX) 

Specimen from 
digestive system 

Wrong target  
(Specimen source 
topography: large 
intestinal structure) 

Right targets: 
pancreatic structure 
and body tissue 
structure 

Leukocyte specimen 
from patient 

sp src identify, sp src 
topograph* (MIX) 

Specimen from 
digestive system 

Wrong target 
(Specimen source 
topography: large 
intestinal structure) 

Right targets: 
specimen source 
topography: 
leukocyte 

Gallstone sample sp src morphology, sp 
substance* (MIX) 

Biliary stone sample Wrong relationship (sp 
src morphology) 

Right relationship: sp 
substance

Gastric washings sp src topography, sp 
substance* (MIX) 

Gastrointestinal fluid 
sample 

Missing relationship Missed relationship: 
sp procedure  

Eye fluid sample sp src topography, sp 
substance* (MIX) 

Eye fluid sample Missing parent Missed parent: Body 
fluid sample 

SIT: Strict Introduction Region  SIH: Strict Inheritance Region MIX: Mixed Region 


