Stemming and its effects on TFIDF Ranking
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1 Introduction word correctly if the result of the stemming was the first word
in the equivalence class.

High precision IR is often hard for a variety of reasons; one For stemming algorithms like Porter's stemmer, which gen-
of these is the large number of morphological variants for angrate a truncated pseudo-root instead of a word as the stem, the
given term. To address some of the issues arising from a misdgorithm was considered to have stemmed a word correctly if
match between different word forms used in the queries anghe word’s stem matched the result of applying the stemmer to
the relevant documents, researchers have long proposed the tise first word in the word’s equivalence class. This establishes
of various stemming algorithms to reduce terms to a commoan upper bound on the stemmer’s accuracy, since this evalua-
base form. Stemming, in general, has not been an unmitigatéidn method cannot detect an overly aggressive stemmer that
success in improving IR. This poster argues that stemming canerges equivalence classes by stemming their roots to the same
help in certain contexts and that an empirical investigation ofseudo-root. Porter's stemmer was found to merge 238 pairs of
the relationship between stemming performance and retrievatjuivalence classes, or about 1.3% of the equivalence classes.
performance can be valuable. We extend previously reported o sot of equivalence classes can be used as a perfect stem-
work on S‘emT'”g a”? IR (e.g., [2.4,5]) by using a novel, dlﬁf’mer by mapping each word to the first word in its equivalence
tionary based "perfect” stemmer, which can be parametrized 1l ;o 5ing a hash table or trie. Such a stemmer would have
different accuracy and coverage levels. This allows us to Me300% accuracy, but only to the extent that the words to be
surechangesin IR performance for any givenchange in stem- g0y ad were included in the equivalence classes. Further-
mng performnce on a given Qata set. T.O place this \(vork In more, such a stemmer could be combined with a stemmer like
context, we discuss an empirical evaluation of stemming acCls, s or gne of the other stemmers described below to im-
racy for thre_e stemming al_gorlthm_s— |nq|ud|ng the widely use?)rove their overall accuracy. Effectively the perfect stemmer
Porter algorlth_m [9]. Section 2 briefly _dlscusses _the three Varkachesthe correct root for exceptions, turning to the other stem-
ants of stemming, and presents experimental evidence for theming algorithm for out-of-vocabulary words.
relative coverage and accuracy. Section 3 discusses the use 0 )
these stemmers for IR and presents some of our findings. Fi- Since stemming and spelling correction can both be consid-
nally, Section 4 concludes with a discussion of our results angired variants of lemmatization, we developed some alternate
possible future directions. stemmers based on spelling correction algorithms, such as the
Damerau-Levenshtein edit distance, but with the dictionary of
valid words restricted to the words that are roots. Such algo-
2 Stemmer Evaluation rithms offer an additional benefit, in that they can correctly stem
even words with spelling and typographic errors. A cursory ex-
?nination of a few dozen randomly selected web pages found

T e s el about 5% of e words were misspeld i marof hese
! d 9o : es, the typical spelling errors involved words like “suprised”,

equivalence classes are made up of words that stem to the sal}

root token! The word that most closely matched the root, suchrgclfalsste’n:renpgzebmso‘tﬁ:rdstlgﬁqprgﬁpr';teclxit’r‘:vrgch dirse ir;gtt(r:n%r_er-
as the singular form of nouns and the infinitive form of verbs y y 9 a9 y P

; . X . “rors n ring in the suffix. (Other benefits include stems
was listed first. Usually this was the shortest word in the equn/t0 Staroet :gﬂgﬁwo?ds instead of geudo-roots and ease of exten-
alence class. The stemmer was considered to have stemmegﬂil ) p

' The equivalence classes were compiled twice, with one pass going forward - . . .
through the dataset, and a second pass going backward, with 99.74% agreement.T_hree stemming algorithms based on spelling correction al-
The average number of words per equivalence class was 4.6. gorithms were evaluated.

1. Edit Distance: uses edit distance to find the closest
matching stem, with a preference for shorter stems by
using edit costs that favor deletions over transpositions,
insertions, and substitutions.

2. Edit Distance with Complex Edits: assigns zero cost
to complex edits corresponding to the most common suf-
fixes (e.g., deleting “ing” or substituting “e” for “able”).



3. Prefix Stemmer: records the longest common prefix
(substring) for each stemming equivalence class and stems
a word by finding the longest prefix that matched the
word, returning the first word of that prefix’s equivalence
class as the stem. °

Perfect
N — — — Prefix
. - - - TREC

we —--— Porter

We evaluated Porter’'s stemmer, two s-deletion stemmers (a W
simple s-deletion stemmer and Harmon’s s-deletion stemmer A
[2]), and the spelling correction stemmers, obtaining the fol-
lowing results: ®

Precision

S-Deletion Stemmer 19.7%

Harmon’s S-Deletion Stemmer 20.9% 25
Porter's Stemmer 66.1%

Edit Distance with Extra Knowledge 90.2% 20
Edit Distance w/o Extra Knowledge  93.4%

Prefix Stemmer 93.7%

It would appear that the three new stemming algorithms be-
ing used here are significantly more accurate than Porter’s stem-

mer and the s-deletion stemmers. © . " 2 oy w - ;0
R
We also evaluated Porter's stemmer and the three spelling
correction stemmers on subsets corresponding to the most fre- Figure 1: Short queries on the TREC-2 dataset.

quent English word$. The assumption was that irregular word
forms are more common among the more frequent words, antl

so a hand-crafted stemmer like Porter's stemmer should do T
better. But as the following results demonstrate, the spelling |~~~ - TREC
correction stemmers always outperform Porter's stemmer even|. ™\ TR
though Porter’s performance improves on the more frequent | . X\
words. SN
- \\\
s NN
é \\
Top 100 | Top 1,000 | Top 10,000 C TN
Porter's Stemmer 78.3% 80.2% 77.2%
Edit Distance with| 80.8% 87.9% 90.4%
Edit Distance w/o | 82.7% 89.6% 93.1%
Prefix Stemmer 79.9% 87.4% 92.2% 2

Table 1: Stemmer effectiveness

Recall

The similar performance of the edit distance and prefix stem-
mers suggests that much of the performance of these algorithms ~ Figure 2: Long queries on the TREC-2 dataset.
can be accounted for by the distinctiveness of the stem words
from each other. pus consisting of approximately 78,000 news wire articles. We
Thus we have found several stemmers that significantly oulso tested the validity of our results by testing on a variety of
perform Porter's stemmer and s-deletion in terms of stemmingatasets, including the Cranfield-1400, the MED and the ADI
accuracy. We then evaluated the improvement in precision ¢fata sets.
Porter's stemmer, the prefix stemmer, and the perfect stemmergrom the TREC data set we generated two sets of queries: (i)
with an unstemmed data set using the TREC-2 corpus with shaghort queries which were titles of the documents (up to 10 words
and long queries. long), and (i) long queries, which contained not only the title,
but also the domain and narrative section of the query (which
. were often between 50 and 200 words long). Stop words were
3 Effect on Retrieval removed from the queries. Ranking of retrieved documents was
computed using TFIDE.Figures 1 and 2 show the results for
In order to analyze the effect of stemming on retrieval perthe short and long queries respectively. As expected, precision
formance, we ran a number of experiments on four differenis higher for long queries (because of the higher expected over-
data sets. The largest of these corpora was the TREC-2 corlap between the query and the document; several of the short
ueries did not have any terms in common with the relevant

2Word frequencies were based on the frequencies in a year's worth of receci f :
Associated Press and ROUEr'S news wire articles. fles). Stemming does not seem to have as much effect with

% As discussed by [3], itis difficult to evaluate IR performance by experiment-lONger queries as it does with shorter queries, though in both
ing with either a small data set or a small number of queries, since neither areases, the stemmers seem to help.
likely to accurately model the wide variation in query lengths or vocabulary distri- - .
butions that can occur in the general case. However, we believe that experimental VW& ran similar experiments on some other data sets. For
work using a wide variety of data sets and queries can be useful to suggest areas
of further exploration.

“The top 4500 hits as ranked by TFIDF were retrieved for judging relevance.



35 T T T T T T T T

—————————————————————————— B T L

* >
Porter

34
Prefix

TREC

32

30 Perfect

Precision

29

28

27

26

25 L L L L L L L L
10 50 60 70 80 90 100
Ablation

Figure 3: The dict. based stemmer vs. other stemmers.
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Figure 4: Effect of random voc. ablation on IR perf.

these, we used the Cranfield-1400, MED and ADI data se
Regarding the length, number of documents and number

b

queries, the Cranfield, MED and ADI data sets were all similar

with our dictionary based “perfect” stemmer by randomly ablat-
ing appropriate portions of the underlying equivalence classes.
The resulting change in performance is shown in Figure 3 and
4. Figure 3 shows that increases in stemmer coverage yield
improvements in IR precision. As can be seen in the graph,
there is a strong correlation between stemming performance and
IR. This graph is valuable because it shows that the correspon-
dence is not necessarily linear, and that for different points on
the precision-recall curve, different levels of stemming accuracy
may suffice with TFIDF rankings. This ability, to trade off IR
accuracy for smaller stemmers can be very valuable in certain
contexts.

4 Conclusions

This poster attempts to study the impact of stemming perfor-
mance on retrieval. Most previous efforts at evaluating the ef-
fectiveness of stemmers for information retrieval experimented
with different stemmers, but were unable to correlate changes
in stemming accuracy with corresponding changesin IR perfor-
mance. The main contribution of this poster is the proposal to
use a dictionary based stemmer — basically a perfect stemmer,
whose performance, in terms of both coverage and accuracy can
be selectively changed — to evaluate its effect on retrieval. A
stemmer such as this can enable system designers to accurately
evaluate the relative trade-offs in improving stemming accuracy
—and its concomitantincrease in stemmer complexity —with de-
sired levels of IR performance. Our experiments with data sets
of varying document and query sizes found that improvements
in stemming accuracy yielded corresponding improvements in
retrieval precision with short queries. At its best performance
level, the dictionary based stemmer yielded significantimprove-
ments in precision on short queries. The almost linear improve-
ment in performance for it with increasing coverage suggests
that further improvements in TFIDF ranking for IR may be pos-
sible by including specialized, domain specific lexicons in the
stem-classes.
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