
Index modeling and computer simulation techniques are
used to examine the influence of indexing frequency dis-
tributions, indexing exhaustivity distributions, and three
weighting methods on hypothetical document spaces in
a vector-based information retrieval (IR) system. The
way documents are indexed plays an important role in
retrieval. The authors demonstrate the influence of dif-
ferent indexing characteristics on document space den-
sity (DSD) changes and document space discriminative
capacity for IR. Document environments that contain a
relatively higher percentage of infrequently occurring
terms provide lower density outcomes than do environ-
ments where a higher percentage of frequently occur-
ring terms exists. Different indexing exhaustivity levels,
however, have little influence on the document space
densities. A weighting algorithm that favors higher
weights for infrequently occurring terms results in the
lowest overall document space densities, which allows
documents to be more readily differentiated from
one another. This in turn can positively influence IR. The
authors also discuss the influence on outcomes using
two methods of normalization of term weights (i.e.,
means and ranges) for the different weighting methods.

Introduction

Term weighting algorithms play an important role in
information retrieval (IR). They are the foundation of auto-
matic indexing, automatic abstracting, document clustering,
and other automatic text processing tasks. Many term
weighting algorithms have been developed over the years.
To compare two term weighting algorithms or evaluate the
effectiveness of an algorithm, researchers traditionally
examine their effectiveness and efficiency on retrieval or
use. More specifically, a term weighting algorithm to assign
weights to keywords extracted from a document collection is
selected, then the accuracy of these assignments is judged
by people. Without a doubt, this kind of effectiveness and
efficiency evaluation is important and indispensable. But as

a complementary method, evaluating weighting algorithms
from an internal database structure perspective, which inves-
tigates both inter-term-weight and intra-term-weight distrib-
utions, also is important.

Indexing approaches used in IR systems also play a vital
role in the retrieval process (Salton, 1975). Subject searching
for documents based on subject terms are guided by two
indexing characteristics: the depth of indexing (i.e., exhaus-
tivity), representing the number of terms used to index
a document, and the preciseness of the indexing terms (i.e.,
specificity), representing the concentration and scatter of
index terms within and across a document set. The less fre-
quently a term appears in a document set, the more precise
the term is said to be. The retrieval process and retrieval
decisions made may be influenced by relying on different
levels of exhaustivity and specificity along with various term
weighting methods that provide more importance (or greater
weight) to selected index terms based on their frequency of
occurrence across documents or within documents.

Using an exploratory approach involving IR data model-
ing, visualization, and computer simulation, we investigated
the impact of indexing changes and weighting methods on
document space densities in a vector-based visual retrieval
environment. Although the characteristics of document spaces
have been studied for many years, to date, the influence of index-
ing characteristics and weighting methods on these spaces has
not been widely explored. In an earlier study, we found that
changes in indexing characteristics can affect the document
space (Wolfram & Zhang, 2001). Previous research also has
recognized that document space discriminative capacity
changes are associated with retrieval effectiveness such that
the characteristics of document spaces may affect retrieval
performance. Specifically, the increase (or decrease) of a
document space’s discriminative capacity has a positive
(or negative) effect on IR (Korfhage, 1997; Salton, 1975).
A low DSD is associated with a good document space dis-
crimination capacity. The converse applies to high document
space densities, where the ability to distinguish documents
from one another is reduced. Thus, in general, any indexing
characteristic that can lead to an increase in the DSD will
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result in a decrease of the document space discrimination
capacity, and therefore decrease the retrieval effectiveness of
the system.

In the present study, we investigated how changes in
indexing policy as reflected in the index term frequencies
(i.e., frequency distribution), the number of terms assigned to
documents (i.e., indexing exhaustivity), and the term weight-
ing algorithm used influence the document space discrimina-
tive capacity and density. If these relationships are clearly
identified, one can predict what the impact will be on IR from
a systems-centered perspective. Based on DSD changes
caused by indexing changes, conclusions may be drawn
regarding the impact of these characteristics and the term
weighting schemes on overall retrieval. Note that the investi-
gators recognize the importance of the user in determining
retrieval effectiveness; however, the focus of the present
investigation was to study system dynamics that exist inde-
pendent of the user. User studies may be applied as follow-up
to the present proposed research to validate findings.

The primary research question guiding this research is:
What effect do different weighting approaches based on
frequencies of occurrence have on document space densities
in different indexing environments?

Previous Studies

This research intersects topics related to information
visualization, indexing, and IR modeling. The core of this
study is an exploration of several weighting methods on
document spaces. Term weighting or automatic indexing is
fundamental, essential, and vital for automatic information
processing and IR. It is not surprising that considerable
research has been published on different approaches to term
weighting. The quality of text and ambiguity of natural
language processing, however, have made progress in this
area challenging (Wacholder, Evans, & Klavans, 2001).

The Inverse Document Frequency (IDF) algorithm of
term weighting was introduced by Spark Jones in 1972.
It has since been widely used in IR. The theoretical expla-
nation and justification for the IDF algorithm continue to
attract the attention of researchers in relation to the defini-
tion of the appropriate space for the probabilities concerned.
Shannon and Weaver’s information theory was used to inter-
pret IDF as a particular kind of probabilistic function: a
measure of the information amount possessed by a keyword
(Robertson, 2004). Another probabilistic approach was pre-
sented for the same reason: Mutual information between
term occurrence and relevance as a natural and useful mea-
sure of term quality is correlated with document frequency
to derive a theoretical interpretation for the IDF algorithm
(Greiff, 1998). Feature quantity, based on an information
theoretic perspective of co-occurrence events between terms
and documents, was defined to describe a quantitative
representation of specificity. It maintains a good correspon-
dence with term-frequency (TF-IDF)-like measures (Aizawa,
2000), which incorporate TFs within documents along with
IDF data.

Bayesian inference networks have been applied to auto-
matic indexing as well. They can offer a sound inference
mechanism, integrate probabilistic concepts and theories,
and use a graphic representation of the incorporated interde-
pendencies (Tzeras & Hartmann, 1993). Term overlap
and embedding were exploited to generate a substantial qual-
itative and quantitative improvement in automatic indexing
through concept combination (Jacquemin, 1998). Jacquemin,
Klavans, and Tzoukermann (1997) used a seed term list
coupled with derivational morphology to achieve greater
coverage of multiword terms for indexing. An automatic
indexing algorithm based on a Hopfield network was pre-
sented. Concepts extracted from a document were used as the
input pattern to a concept space represented as a Hopfield
network. From this, a network parallel spreading activation
process yielded a set of concepts (Chung, Pottenger, &
Schatz, 1998).

Wacholder et al. (2001) introduced an evaluation standard
that included three criteria to assess the quality of indexing
terms: coherence, thoroughness of the coverage of document
content, and usefulness of the index terms. Index terms,
derived without resource lexicons or other kinds of domain-
specific information, were evaluated using three shallow
processing methods; however, most of the evaluations for
weighting algorithms were not from a system database
structure perspective.

The influence of indexing characteristics on retrieval
efficiency and effectiveness has been studied from different
perspectives over the past several decades. For example,
Burnett, Cooper, Lynch, Willett, and Wycherley (1979)
examined the effect of the size of controlled index term
vocabularies on retrieval using the Cranfield test collections.
The authors found that retrieval performance improved with
an increase in the number of terms used to index documents,
but the rate of improvement decreased as the number of
index terms approached the complete set of terms from the
original set. In a related study, Willett (1979) examined
the use of fixed-length character strings for controlling the
size of an indexing vocabulary on the same Cranfield datasets
using hashing, truncation, and n-gram encoding techniques.
Wolfram (1992a, 1992b) examined how different indexing
exhaustivity and specificity patterns influenced retrieval
speed and storage requirements for three different types of
IR database environments and six different file structures.
The study revealed that some file structures were better
suited to different types of indexing environments based on
a series of simulation studies.

We have previously studied the influence of indexing
exhaustivity and specificity on indexing environments
(Wolfram & Zhang 2001, 2002) using a TF-IDF term
weighting scheme, but did not compare different weighting
methods. Results of document space mappings of simulated
indexing environments demonstrated that higher speci-
ficity environments resulted in document spaces with lower
densities, which improve document differentiation during
retrieval. The Wolfram and Zhang (2001) study examined
the impact of singly occurring and frequently occurring
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terms on document space characteristics. The removal of
tokens (i.e., specific occurrences) of singly occurring terms
from documents notably influenced the density of the result-
ing document space by producing higher density spaces,
thereby decreasing the ability to differentiate documents from
one another. The removal of an equivalent number of tokens
from frequently occurring terms had little influence on the
DSD. This becomes clearer in a visualized environment.

By combining index modeling and information simulation
methods, this study examines term weighting algorithms from
a database internal structure perspective and presents a novel
methodology for term weighting algorithm evaluation.

Method

Descriptor frequency and indexing exhaustivity data for
1,000 bibliographic records dealing with the topic of infor-
mation technology were initially extracted from the ERIC
bibliographic database. Descriptors were used instead of key-
words because the former provides a more accurate subject
description of document content. Although the dataset is
small compared to today’s gigabyte data sources, the inves-
tigators wished to keep the dataset size manageable for
processing purposes using an IR environment, the Distance
Angle Retrieval Environment (DARE; discussed later),
developed by Zhang and Korfhage (1999).

Frequency distributions for both exhaustivity and descrip-
tor frequency data were first tabulated, resulting in observed
distributions. The observed distributions were supplemented
with Zipfian and unimodal hypothetical distributions that
changed the characteristics of the observed datasets and the

mean values of the frequency distributions. In essence, these
modified distributions represent different indexing models
with lower and higher levels of indexing exhaustivity and
specificity. Figure 1 shows the exhaustivity distributions used
in the study representing low (M = 7 terms per document),
observed (M � 11 terms per document), and high (M � 15
terms per document) levels of exhaustivity. The hypothetical
low and high exhaustivity distributions were based on negative
binomial models, which have been shown to be representative
of exhaustivity in actual environments (Bird, 1974; Nelson &
Tague, 1985).

Figure 2 shows the distribution of descriptor occurrences
across the document set; that is, the number of documents
that contain a given descriptor. Hypothetical distributions were
based on Zipfian models, which previous research has
shown to be characteristic of retrieval system indexes
(Nelson, 1989; Wolfram, 1992a). Two hypothetical distribu-
tions were developed: the first used a higher level of speci-
ficity (i.e., a lower mean frequency per descriptor with
a more steeply descending distribution), and the other used a
lower level of specificity (i.e., a higher mean frequency with
a more shallowly descending distribution, with a greater
number of higher frequency descriptors). These hypothetical
distributions were achieved by altering the Zipfian model
parameters such that mean frequencies for each distribution
represented three, six, and nine occurrences per generated
descriptor, respectively.

The three levels of indexing exhaustivity (i.e., low,
observed, high) and three levels of indexing specificity
(i.e., shallow, observed, steep) provide nine combinations of
indexing characteristics, representing very thorough, precise

FIG. 1. Descriptor exhaustivity distributions.
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indexing (i.e., high exhaustivity and specificity), and parsi-
monious indexing (i.e., low exhaustivity and specificity)
characteristics. Different indexing characteristics will pro-
duce different numbers of index-term types across docu-
ment sets. As in Wolfram and Zhang (2002), for each
simulation run, exhaustivity values were generated first
for each document, with descriptor frequencies generated for
each document term. A descriptor token was generated
based on the selected Zipfian distribution. Exhaustivity
levels and descriptor tokens for the observed distributions
also were randomly generated to allow a comparison with
the hypothetical exhaustivity and descriptor frequency
distributions. Tallies were kept of how frequently distinct
descriptors were selected to ensure that distribution charac-
teristics were maintained. The program continued to gener-
ate additional documents until the number of distinct
descriptors generated approached the total observed number
of descriptors. By keeping the number of distinct descriptors
relatively constant, with only minor variations that result
from a small number of additional descriptors generated for
the final document, the spaces provide a relatively uniform
dimensional environment in which to compare outcomes.
By fixing the number of descriptors across the different
exhaustivity and indexing levels, at least one characteristic
of the generated document sets must be allowed to vary. For
this study, the number of documents varied depending on
the exhaustivity level and descriptor frequency distribution.
For example, to generate an equal number of descriptor
types for low- and high-exhaustivity environments, the low-
exhaustivity environment must generate a larger number of
documents. Similarly, with shallow and steep descriptor
frequency distributions, a larger number of documents must
be generated for the shallow distribution.

We acknowledge the existence of term (or descriptor)
dependence on term co-occurrence, where the presence of one
term results in a higher incidence of co-occurrence with
another term than dictated by chance alone; however, the mod-
els used assume independence of descriptor co-occurrence.
In varying the exhaustivity and indexing specificity levels, 
the influence of this dependence in each environment is
unknown. In addition, the vocabulary generated was hypothet-
ical, and the strength of co-occurrence relationship has been
shown to be significant for only a small percentage of term
pairs (Jacquesson & Schieber, 1973).

The indexing characteristics define how descriptors
are assigned to documents, but not their significance.
Weights assigned to terms or descriptors may be based on
their frequencies across the document set. Classic IDF weight
assignment provides higher weights to lower frequency
terms, thereby resulting in an inverse relationship between
frequency and weight (Salton, 1975). One also could assign
weights based on a direct relationship, where higher fre-
quencies across the document set result in a higher assigned
weight (assuming traditional stopwords have been filtered).
Descriptor weights for each occurrence also were assigned
based on observed and hypothetical weight distributions. We
wanted to introduce additional variability of weights based
on intradocument importance of each descriptor. These
values were not available through ERIC but were modeled
on other observed data. Through analysis of index term
weight characteristics used in a previous study, Zhang and
Nguyen (2005) found that different weighting algorithms
produced different probability distributions of average
weights for indexable terms of varying frequencies.

An additional hypothetical weighting scheme that
assumes uniform assignment of weights on average is included

FIG. 2. Descriptor frequency distributions.
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in the study for comparison. With a uniform scheme, there is
no relationship between term frequency and the average
assigned weight. The general distribution of mean term
weights for each of these scenarios appears in Figure 3.
Because weight assignment values are variable in actual
systems due to the relative significance of a given descriptor
within a document when compared to another document, a
method for randomly assigning a weight around the mean
weights for each occurrence is needed. In this case, generated
descriptor weights for each descriptor frequency across the
document set were based on a lognormal distribution of a
given mean (determined by the descriptor frequency) and stan-
dard deviation (fixed at 0.5 across all descriptor frequencies),
resulting in a range of weights for each descriptor frequency
across the document set. The use of a lognormal distribution,
instead of a normal distribution of weights, more closely mod-
els the skewed distribution of term weights for each frequency
as observed in the dataset used by Zhang and Nguyen (2005).

The generated documents based on the descriptor fre-
quency and exhaustivity distributions were projected onto the
DARE (Zhang, 2000; Zhang & Korfhage, 1999) visual IR
environment. DARE is a two-dimensional visual retrieval
tool, consisting of a graphical representation of the visual
distance and the visual angle as the x axis and y axis, re-
spectively. DARE was originally developed for visualized
IR. Later, it was used as a testing platform for term discrim-
ination analysis (Zhang & Wolfram, 2001) because it can
display spatial-distance characteristics of a document.

Briefly, if two reference points in a vector-based document
space are defined, these two reference points can determine a
reference line in the document vector space. Using this refer-
ence line, one can define any documents in the vector space 
by two parameters. One is the visual distance, defined as the dis-
tance from that document to one of the two reference points.
The other is the visual angle, defined as the angle formed
by the document and the reference point against the reference
line. As long as the two reference points and the reference line
are clearly defined, these two parameters are always avail-
able for a document (i.e., the two parameters of a document
that will be employed for the DARE visual space construction).
Based on the two parameters of a document, the document in

a high dimensional space can be easily projected onto a low
two-dimensional visual space. The visual angle and visual
distance are assigned to the x axis and y axis, respectively, of
the visual space. The legitimate value of the x axis of the
visual area is from zero to π because a document always is
symmetrical against the reference line. Because there is no
limitation for the visual distance of a document, the y axis can
range theoretically from zero to infinity. Although not used for
its visualization ability for this study, DARE was used to
calculate the DSD of the generated indexing environments.

The resulting document space was evaluated by compar-
ing the average document distances to the document set
centroid (or average document vector), providing an indica-
tion of the DSD. The density serves as a normalized method
for comparing the document space characteristics of each
environment studied.

(1)

where 

Dist(Di,C) represents the Euclidean distance between Di and
Centroid C, n represents the total number of documents in the
document set, and represents the value of x rounded up.
Note that distance values were never below 1 for the gener-
ated data. By dividing by the total number of documents in
the generated document set, this takes into account the differ-
ences in the generated number of documents across the dif-
ferent combinations of indexing characteristics.

To permit comparisons of the resulting document spaces
across the term weighting methods, which by their formulaic
representation produce different absolute values for term
weights, the distribution of these weights also must be nor-
malized. Two approaches are used for this purpose:

• Equalization of the mean descriptor weights. Descriptor
weights within a generated document set were divided by
the mean of all generated values. This method allowed the

<x =

Sim(Di, C) � •
1

<Dist(Di, C) = for Dist(Di, C) � 0

1 for Dist(Di, C) � 0

DSD �
a

n

i�1

Sim(Di, C)

n

FIG. 3. Distribution of mean descriptor weights by weighting method.
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ranges of values to vary so that each descriptor weighting
method distribution resulted in a mean weight of 1.0 across
all generated values, but with a range of normalized values
between zero and an open-ended maximum.

• Equalization of the range of descriptor weights. The maximum
and minimum values across all occurrences (but not for each
descriptor frequency) were equalized for each weighting
method; however, with equalized ranges, the mean descriptor
weight values for each method will vary. For example, in one
simulation run, the raw outputs for each weighting method
resulted in values between 0.05 and 9.00 for the inverse rela-
tionship, 0.13 and 13.37 for the direct relationship, and 0.14
and 10.05 for the uniform relationship. These were trans-
formed by projecting the raw values onto a standardized range
of 0.1 to 50 to equalize the spread of values for each run and
simulation combination.

To reduce the influence of the variability of the outcomes
of individual simulation runs, five runs for each combina-
tion of characteristics were conducted, with the mean out-
comes for each combination reported.

Note that these equalization methods should not be con-
fused with traditional normalization used in IR document
generation or retrieval. The methods in the present study are
performed after the generation of descriptors, and are used
solely to permit a level comparison between each method
and do not affect the relationships among descriptors within
each generated set.

Results

Plots of the average DSD values for each combination and
term weighting scheme for equalized ranges and mean DSDs
appear in Figures 4 and 5, respectively. Mean values for
exhaustivity levels and descriptor frequencies for each gener-
ated document set were tabulated to ensure the simulated

sets closely followed the modeled indexing characteristics.
The mean generated values across the simulation runs for
each combination never varied by more than 10% of the tar-
geted mean for either exhaustivity or descriptor frequency
distributions. The observed variability was due to the random-
ness of the generated values within each simulated dataset,
which influenced the mean of the outcomes.

The normalization method used clearly affects the distrib-
ution of documents within the document space. Higher
weights assigned to lower frequency descriptors result in the
least dense spaces in both cases. The opposite is observed for
weighting favoring high-frequency descriptors when using
mean DSD normalization. As observed in Wolfram and
Zhang (2002), steeper frequency distributions (i.e., higher
specificity) result in lower density spaces, with indexing
exhaustivity playing a lesser role. The differences in DSD
across the different weighting methods also become smaller
as indexing specificity increases. Variations in outcomes for
the different indexing exhaustivity levels are undoubtedly
due to the generated values for the simulation runs, and are
not as strong as the overall pattern that emerges as a result of
the indexing specificity.

DSD values for the inverse weighting relationship are the
lowest for each indexing characteristic and each normaliza-
tion method, but are less affected by indexing specificity or
exhaustivity for the normalized means, based on the lower
range of DSD values observed across the different indexing
characteristics. The direct weighting relationship results in
the highest density spaces for normalized means and second
highest for normalized ranges. This difference is likely due
to the range of values encountered in each method. Docu-
ments are more easily distinguished from one another by
having larger differences in weights for each descriptor fre-
quency. Both the inverse and direct weight methods produce
larger ranges overall based on their distribution of possible

FIG. 4. DSD outcomes using normalized ranges for term weights.
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values for different term frequencies. By equalizing the
ranges for each of the three methods, the uniform approach
benefits because the range of values generated for a given
descriptor frequency is larger than that for the equalized
mean method. The outcome is a more diffusely arranged
document space. The direct method does not benefit as much
from equalized ranges because there are fewer occurrences
produced by high-frequency descriptors that result in higher
weights. With fewer occurrences of more extreme weights,
densities within the document space increase. The inverse
method, conversely, produces higher weights for the greater
number of occurrences produced by the low-frequency
descriptors, providing more contrast between documents
and lower density spaces.

Discussion

Comparison of different weighting methods cannot be per-
formed objectively unless outcomes are normalized in some
way. Without a method to normalize the term weight values,
outcomes for each method cannot be compared directly. The
type of normalization used, however, affects the performance
of different measures so that one algorithm may perform bet-
ter in one environment and worse in another, as was observed
for the direct relationship in weight assignment. The normal-
ization methods used were applied after descriptors had been
assigned to documents and, therefore, were independent of
traditional weight normalization used in IR. The inverse
relationship resulted in the least dense spaces regardless of the
normalization method. The differences in performance of
each weighting method as a result of the normalization
method are notable for the uniform approach.

Should one rely on equalized means or ranges to permit
comparison of the outcomes across different weighting
methods? Normalized means produce roughly equivalent

variability in weights for descriptors of given sizes, but not for
the overall range of values across all descriptor sizes, which
may be small or large while still having the same mean.
Normalized ranges can produce a larger or smaller amount of
variability in the weights depending on the range selected. In
the present study, the range of values was standardized to be
larger than the range observed for standardized means. An
advantage of range equalization is that the transformation
does not alter relationships among data points. Because docu-
ment space characteristics are determined by distances based
on descriptor weights, normalizing the ranges ensures that
values are of the same scale while maintaining ordinal rela-
tionships between the calculated weights. The equalized range
used resulted in a comparatively much less dense document
space than that using normalized means.

This study demonstrates how indexing specificity more
strongly influences document space characteristics than does
indexing exhaustivity, regardless of the weighting assign-
ment method used. The lack of a notable regularity in DSD
change stemming from exhaustivity indicates that it does not
play as strong a role as does specificity in determining the
density of the document space. The declining differences in
DSD between the three methods with increased specificity
demonstrate that the significance of the method used
decreases with higher specificity. With more unique descrip-
tors used to describe document content, the way one identi-
fies the relative importance of a descriptor becomes less
important. This finding underscores the importance of includ-
ing descriptors of low frequency. Because they each serve as
access points for only a small number of documents, they
may be viewed from a system design perspective as unim-
portant for retrieval purposes while occupying valuable space
in database indexes from a storage perspective. As noted in
Korfhage (1997) and Salton (1975), low DSD is associ-
ated with a good document space discrimination capacity.

FIG. 5. DSD outcomes using normalized means for term weights.
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A weighting scheme based on inverse document frequency
resulted in the lowest density spaces, even when intradocu-
ment differences in assigned descriptor weights were taken
into account. This suggests a better environment that is
conducive to more effective retrieval.

Limitations of the study arise from constraints placed on
data to control for confounding factors that may influence
outcomes. First, by relying on a comparatively small
descriptor and document set, generalizability to larger database
environments is limited. Computational burden resulting
from the high dimensionality of the datasets becomes an
issue with large, commercial systems, and is not compatible
with the DARE environment. In generating descriptor/docu-
ment relationships, the assumption of indexing indepen-
dence was made. The close relationship that small numbers
of terms have with one another that cause them to co-occur
with one another in documents has long been known
(Jacquesson & Schieber, 1973). The generation of these rela-
tionships and term affinities in a hypothetical environment,
particularly when indexing characteristics such as term
frequency distributions, however, becomes speculative. Nor-
malization of results is necessary to make outcomes compara-
ble. The normalization method clearly affects outcomes and
the conclusions drawn. By relying on two such methods,
outcomes can be compared. The distribution of average
weights for each weighting scheme may vary in different
environments, but the general characteristics of favoring terms
of given sizes with higher average weights remain the same.

Finally, a lower DSD by itself does not definitively deter-
mine the retrieval performance; however, it does influence
the environment in which retrieval takes place. The more
widely dispersed the documents are, the more easily they
are differentiated. One may argue that this is resolved
through scaling of any document space; however, if two
documents are superimposed over one another in a docu-
ment space due to limited indexing practice, no amount of
scaling will help to differentiate them.

Conclusions

The current study contributes to the understanding
of weighting algorithms and provides a unique way to eval-
uate weighting algorithms from a system perspective, and
more specifically, this research contributes in three areas.
First, it reveals how given frequency distributions and levels
of indexing exhaustivity impact the DSD. A higher density
space makes it more difficult to distinguish one document
from another, which may reduce the system effectiveness.
Second, the study demonstrates how different weighting
approaches can influence the characteristics of the document
space. Finally, the method used allows investigators to
essentially experiment with different indexing environments
to determine possible influences on document characteris-
tics, which may influence retrieval performance.

By comparing the outcomes using three hypothetical
weighting patterns, the authors conclude that the lowest density

spaces, which ultimately are conducive to more effective
retrieval, result when the distribution of assigned term weights
is inversely proportional to the term/descriptor frequency
[similar to Salton’s (1975) classic term weighting algorithm].
The findings have implications for automatic indexing practice
within bibliographic database environments by providing
insights into how different term/descriptor frequency and
indexing exhaustivity distributions can influence document
spaces. Different weighting methods may influence retrieval
effectiveness by retrieving (or not retrieving) the most relevant
documents to a given query. Ideally, a high-specificity environ-
ment is desirable, but the rate of addition of new terms/descrip-
tors as the database grows declines as one approaches satura-
tion of a finite vocabulary, thereby making high specificity in
large database environments difficult to achieve.

This research provides a foundation for a future study that
will examine the impact of indexing characteristics on the
complementary concept of a term space. By identifying index
terms whose presence or absence most significantly influ-
ences the term space and document space, one may identify
which terms are the most effective for retrieval purposes from
a systems-centered perspective. The influence of term weight
value ranges also merits further investigation. In addition,
future research will compare retrieval performance based on
different term weighting methods by conducting a user study
that incorporates these indexing methods. Knowledge of this
outcome also may be used to derive a term weighting algo-
rithm that capitalizes on the index frequency distribution
characteristics of a given database environment along with the
term weight range for more effective retrieval.
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