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Summary. In this paper the author presents a new similarity measure for strings
of characters based on S3M which he expands to take into account not only the
characters set and sequence but also their position.
After demonstrating the superiority of this new measure and discussing the need for
a self adaptive spell checker, this work is further developed into an adaptive spell
checker that produces a cluster with a defined number of words for each presented
misspelled word. The accuracy of this solution is measured comparing its results
against the results of the most widely used spell checker.

1 Introduction

Even nowadays misspelling is still a fairly common problem, wide research
has addressed this field aiming not only to locate misspelled words but also
provide an as small as possible list of replacements containing the targeted
word.
It has been found by [2] that there are around 0.2 percent to 3 percent of
spelling errors in documents in English, as one can expect misspelling is not
a problem for English speakers only and tends to have a higher average per-
centage of errors when the language in question is not the persons mother
tong, evidence can be found in [3] [4] were it was found 2.4 percent spelling
errors in texts written by second language users of Swedish.
In general, when there is no word context and the subject is just presented
with a number of errors and must respond with his best guess for correcting
each word, humans were found to have an average of 74% accuracy [2] which
indicates that humans tend to need help when correcting words.

As discussed in [3], misspelling can be carried out by three reason either
because the user does not know the spelling or because of a typing error or
because the user is not completely sure about the spelling. An important thing
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to note is that although spelling checkers can identify misspellings at a 100%
accuracy rate, depending on the quality of their dictionaries, these not always
provide the correct target word in their list of replacements [5], which means
that these are able to find there is something wrong with the spelling of a
word but they are not able to give proper advice to the user of how this word
should be spelled. There is a high importance in pointing the right word, in
special when the subject has a learning disability such as dyslexia.

Research carried out by [7] examining the use of spell checkers by 27 students
with learning disabilities shows that the subjects performance in correcting
words was directly related not only to the words in the list of replacements
provided by the spell checker but also by the order of those words. When the
target word was the first of the list these subjects were able to correct 83.5%
of their errors, dropping to 71.6% if the target word was not the first and
dropping further to 24.7% when no choice was provided. Another interesting
fact shown in the same research is that students inaccurately corrected errors
over 50% of the time when the spell checker did not provide the target word in
the replacement list, this further develops the findings of [6] that poor spellers
have difficulty identifying misspelled words.
The above facts give more strength to the suggestion of [1][2] that ideal iso-
late word-error correctors should exceed 90% when multiple matches may be
returner.

Surely one of the most used spell checkers in the world is the one embedded
in Microsoft Word, this spell checker has already been used for comparison
with other algorithms in research, and as demonstrated by [8] in MS-Word
97 it was observed that from time to time, the list of offered words seemed
counterintuitive and also that non-word errors (when the incorrect word is
not found in a dictionary) had a rate of between 0.2 and 6%.
In both MS-Word 2003 and MS-Word 2007 the same problems can still be
found, for instance the word Uinervtisy (University) is marked as incorrect
but no suggestion is given.

Also, as a final point in this introduction, the author agrees with the discus-
sion started by [10][11], where the main argument is that there is a need for
adaptive interfaces that can anticipate and adapt to the specific spelling mis-
takes of any user as regardless of how often corrections are done by most spell
checkers, these applications will perform its tasks independent of the types
of mistakes most commonly made by that particular user, since commercial
spell checkers are designed to the needs of the general public. Adaptability
for this type of application is of extreme importance if really high rates are to
be generated by a spell checker, as for example different learning disabilities
may induce the user to have a different most often mistake.

The method here presented aims to have a high percentage of correct spellings
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retrieved (high recall), but unfortunately in order to achieve such aim the price
to be paid was having in the list of possible target words a high percentage
of words other than the correct spelling retrieval (low precision), which is
common in most spell checkers.

2 The Used Data

In order to test the method here presented, the following two datasets, which
are full of spelling mistakes (the words in italic), have been chosen:

fi yuo cna raed tihs yuo hvae a sgtrane mnid too.
Cna yuo raed tihs? Olny 55 plepoe out of 100 cuold.
I could not blveiee taht I cluod aulaclty uesdnatnrd waht I was rdanieg. The
phaonmneal pweor of the hmuan mnid, aoccdrnig to a rscheearch at Cam-
bridge Uinervtisy, it deos not mtaetr in waht oerdr the ltteres in a wrod are,
the olny iproamtnt tihng is taht the frsit and lsat ltteer be in the rghit pclae.
The rset can be a taotl mses and you can sitll raed it whotuit a pboerlm. Tihs
is bcuseae the huamn mnid deos not raed ervey lteter by istlef, but the wrod
as a wlohe. Azanmig? I awlyas tghuhot slpeling was ipmorantt!
If you can raed tihs forwrad it

The other dataset used can be found at [16] and contains 547 misspellings;
this text was incorporated here because it has been used for comparisons be-
tween different spell checkers.

The first dataset, here called text T, and some of its variants can be easily
found in a number of different websites, it has exactly 71 misspelled words,
including the same word misspelled twice in different ways. It is important
to note that the claims done in it are unverified. The second dataset will be
referenced as T2.
As pointed out by [8][9] another important topic is that the recall of a spell
checker does not increase in direct proportion to the size of its dictionary,
in other words bigger dictionaries do not mean better recognition as if the
dictionary is too large it can include hardly used words that coincide with
misspellings of common words, taking this into account, in the evaluation
it has been used a dictionary with 57.103 words, quantity which the author
believes not to be too high or to too low.

3 The New Similarity Measure

Although it may sound odd for people unfamiliar with this, similarity between
words can be measured, for instance one would normally consider the word
university much closer to universe than to pineapple.
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Research in measuring the similarity between sequences is quite wide and
includes the most diverse algorithms, from those calculating the number of
necessary modifications from one word to another until those calculating sim-
ilarity based in the quantity of similar items in the sequences.

In order to be consider a similarity metric a function S has to satisfy the
following properties [12]:
- Non-Negativity: S(x, y) ≥ 0
- Symmetry: S(x, y) = S(y, x)
- Normalization: S(x, y) ≤ 1

The Sequence and Set Similarity Measure (S3M) is a metric function pro-
posed by [13] and extended in [12] that has been used in problems related to
security and the personalization of webspace, in other words, the argument
that a system should decide what information should be presented to the
visitor and in what fashion, generating then customer-centric websites which
is in fact not too far from this paper objective, generate a user-centric spell
checker.
S3M is defined as a weighted linear combination of the length of the longest
common sequence (LLCS) as well as the Jaccard similarity measure and its
formula is as follows where |A| represents the length of the sequence
A = <a1, a2,..., an>:

S3M(A,B) = p ∗ LLCS(A,B)
max(|A|, |B|)

+ q ∗ A ∩B
A ∪B

(1)

It is important to note that the parameters (p and q) for this formula
should each be equal of higher than zero and their sum should be equal to
one, this way the result of the formula will be normalized.

Here the author suggests that in order to increase its accuracy in the cal-
culation of similarities in between words, PS3M should be extended with a
weighted position similarity related to the number of items in sequence A
that are equal in value and position to those in sequence B, having then the
following new formula:

S3M(A,B) = p ∗ LLCS(A,B)
max(|A|, |B|)

+ q ∗ A ∩B
A ∪B

+ r ∗
∑min(|A|,|B|)

i=1 ai = bi
max(|A|, |B|)

(2)

Where p, q and r are ≥ 0 and p + q + r = 1 and becoming then the
Position, Sequence and Set Similarity Measure (PS3M).
The interesting point here is that it is not claimed that the new extension, (or
in fact any of its 3 components) will always be needed, and PS3M can easily
adapt to an environment where it is or it is not needed simply adapting the
weight r, or in case of a different component, p or q.
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4 Experiments Applying PS3M to T

When using a PS3M based spell checker one can define how many words
should be listed in the list of replacements and rank them according to its
similarity to the misspelled word, this threshold θ of words can be set to any
integer ≥ 1 and ≤ to the size of the dictionary.
Applying MS-Word 2003 and 2007 spell checkers to T had a recall of 84.5%,
they were both unable to provide the target word in the list of replacements
for the following:
Aulaclty, uesdnatnrd, rdanieg, aoccdrnig, rscheearch, Uinervtisy, iproamtnt,
whotuit, pboerlm, bcuseae, azanmigt.

The PS3M based spell checker was able to have a much higher rate, hav-
ing a recall rate of 98.5% when θ = 3 and one of the following configurations,
which were found using steps of 0.1: p, q, r of 0.1, 0.8, 0.1 and 0.2, 0.6,0.2

As in the above r is not really high it becomes important to evaluate the
impact of the extension shown in this paper, without it and using a θ of 4,
which should increase the recall, the best result would be 83.1% (p = 0 and q
= 1) that slightly worst than the recall rate provided by MS-Word.
Other interesting results with θ = 4 where that the worst found result, 0.02%
was obtained when q and r were both zero (and p was 1), and that if p and
q were zero (and r equal to 1) the recall would be 0.09% which suggests that
generally speaking the here extended r part of the formula, for the purpose of
finding the target word from a misspelled word may have a higher importance
than p.
Experimental results with T2 are disused following the introduction of a learn-
ing process.

5 The Learning Process

As discusses in the introduction, there is a need for self adaptive spell checkers,
in other words a spell checker that learns with the feedback provided by the
user, this feedback takes form of the word chosen by the user in the provided
list of replacements for the misspelled word.
If the first word in the list of replacements is the target word it means the
parameters p, q, and r have good values, if that is not the case then these
have to be updated, a learning rate (α) is then introduced as the coefficient
by which the parameters have to be adjusted, an important thing to note
is that this adjustment should not change the basic rule of p + q + r = 1
so while the learning rate increases one or two of the parameters it should
decrease other(s).
For learning, the PS3M Formula (2) was decomposed into (3), (4) and (5)
which should be used to measure the similarity between the misspelled word
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and the target word (l, m, n) and in between the misspelled word and the first
word in the returned replacements’ list (l’, m’, n’).

l =
LLCS(A,B)
max(|A|, |B|)

(3)

m =
A ∩B
A ∪B

(4)

n =
∑min(|A|,|B|)

i=1 ai = bi
max(|A|, |B|)

(5)

Afterwards the difference between the prime values and the non prime
values has to be calculated creating ∆l, ∆m and ∆n where for instance ∆l =
l - l’.
Positive deltas (which sum is here represented by δ+) denote the part(s) of the
formula in which parameter(s) p, q or r should be increased in order to get a
better recall and negative ones (which absolute sum is here represented by δ-)
represent the part(s) of the formula in which the parameter(s) should be de-
creased, of course the absolute values of these will not be necessarily the same
and what should be noted is that the learning algorithm should also take into
account the maximum (1) and minimum (0) possible values of the parameters.

In order to calculate the possible increase in a parameter E ∈ {p, q, r} which
may or may not be the final the following formula should be used, where E’
represents a parameter whose delta is positive, E” a parameter whose delta is
negative, and their deltas (∆E’ and ∆E”) represent the delta value (∆l, ∆m
or ∆n) of a parameter for those which are positive and negative respectively.

E′ = min(1, E′ +
∆E′

δ+
α) (6)

E′′ = max(0, E′′ − ∆E′′

δ−
α) (7)

If
∑

E 6=1 then the parameters have to be adjusted, to do so one can sim-
ply change the learning rate (α) in formulas 6 and 7 to the smallest absolute
value in between two differences, firstly all E’ and their respective parameters,
and secondly E” and their respective parameters.

In order to evaluate the above learning method the P3M spell checker was
further developed to include the cross validation algorithm leave-one-out and
initiated with the poor choice of one third for each parameter and a learning
rate (α) of 0.05, with these a result of 95.6% was obtained. Moving the learn-
ing rate (α) to 0.03 slightly decreases the recall to 94.4%
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A different test was also conducted using 0.15, 0.7 and 0.15 as initial val-
ues for p, q and r and the adaptive PS3M spell checker was applied to T2.
Using this second dataset and a threshold θ of 10 the algorithm had a recall
of 92.09%.
According to [16] MS-Word 97 had a recall of 72.2% in a similar test and none
of the other 10 spell checkers there presented had a better result in the 1 to
10 replacement words category.

6 Conclusions and Future Research

The author has argued here that in order to produce optimal results spell
checkers need to be user centric as different users may have different patterns
in misspellings, he followed to present a similarity measure called Position, Se-
quence and Set Similarity Measure (PS3M) which may produce better results
if compared with other widely used spell checkers such as the one embedded
in Microsoft Word, (versions 97, 2003 and 2007), together with a learning
algorithm specifically developed to be used with it.
The author demonstrated that the adaptive PS3M spell checker may learn
relatively fast achieving good results after learning the patterns of only 70
words (or less) and it could learn even faster if the parameters p, q and r
were giving better initial values, as for example the general best values, so the
updates in the parameters would be likely to be much smaller.
Also it should be noted that PS3M is language independent and to change
the solution language one just needs to change its dictionary. It could also
be useful when dealing with historical documents as languages tend to evolve
with time or other string matching problems such as the ones found in bioin-
formatics.

At the present the adaptive PS3M spell Checker forces the calculation of
similarity between a misspelled word and all the words in a dictionary which
of course generates an undesirable quantity of processing, future research will
address the formation of word clusters in the dictionary and the decrease of
calculations by measuring the similarities only against the prototypes of those
clusters, and also generate a variable θ depending on the similarities found
for a specific misspelled word.
As the number of clusters would depend on the dictionary and of course in its
language, a cluster method that could find the number of clusters in data such
as the intelligent k-Means [14] or its constrained version shown in a previous
work [15], would be a good incorporation to the PS3M Spell Checker.

While most spell checkers would make the same mistake not once, not twice
but always, the adaptive PS3M spell checker would learn from the user’s mis-
takes and adapt having them better results than other popular spell checkers.
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