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Abstract

Researchers confront major problems while searching for various kinds of data in large imprecise databases, as they are not spelled 
correctly or in the way they were expected to be spelled. As a result, they cannot find the word they sought. Over the years of strug-
gle, pronunciation of words was considered as one of the practices to solve the problem effectively. The technique used to acquire 
words based on sounds is known as “Phonetic Matching”. Soundex was the first algorithm developed and other algorithms such as 
Metaphone, Caverphone, DMetaphone, Phonex etc., are also used for information retrieval in different environments. The main con-
tribution of this paper is to analyze and implement the newly proposed MetaSoundex algorithm for fixing ill-defined data in English 
and Spanish languages. The newly developed MetaSoundex algorithm addresses the limitations of well-known phonetic matching 
techniques, Metaphone and Soundex. Specifically, the new algorithm provided results that are more accurate compared to both 
Soundex and Metaphone algorithms and has higher precision compared to Soundex, thus reducing the noise in the considered arena.
Keywords: Information Retrieval, Metaphone, Metasoundex, Misspelled Words, Phonetic Matching, Soundex

1.  Introduction
Information deterioration is an intensive problem for organi-
zations in the present era. With the increase in the amount of 
information saved day by day, there is a desperate need for locat-
ing the mistyped data. Organizations are facing great challenge 
to maintain the quality of data in information systems with vari-
ous sources of data damage. Whenever the data is assimilated 
from multiple sources, it is a challenge to recognize the duplicate 
information due to the existence of misspelled data for the same 
record. As a result, the information of organization always ends 
up at risk. To address these challenges, techniques such as string 
matching, phonetic matching, and data linkage have been used. 
Apart from other techniques that depend on variations in letters, 
phonetic matching is mainly contingent on variations in sound 
to identify the misspelled data. As a result, the misspelled data 
from multilingual sources can also be identified using phonetic 
matching.

Soundex was the naive algorithm proposed and other algo-
rithms like Metaphone, Caverphone, DMetaphone, Phonex etc., 
are also used for retrieving nearest matches for misspelled data. 
As per the research15, it was clearly observed that there is no con-
crete technique for retrieving nearest matches. Soundex has high 
accuracy than other algorithms but has huge overhead due to its 
high false positives. Metaphone has high efficiency in spite of its 
low accuracy, due to its low overhead. Hence, this paper mainly 
involves the proposal, implementation, and analysis of a hybrid 
algorithm, MetaSoundex. It is observed that MetaSoundex has an 
accuracy of 84.5% for a real-life dataset, which is improved over 
Soundex (80%) and Metaphone (58%).

The rest of this paper is structured as follows. Differences 
between string matching and phonetic matching are discussed 
in next section. Section three describes background of pho-
netic matching algorithms. Section four explains in detail about 
Soundex, Metaphone, and MetaSoundex, which is the initial 
contribution of this paper. Section five defines the evaluation 
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metrics and describes the experimental setup used in this study. 
The main contribution of this paper is presented in section six in 
which the results of newly proposed MetaSoundex are analyzed 
and compared with the existing algorithms. Finally, this paper is 
concluded and future work is pointed out in section seven.

2. � String Matching vs Phonetic 
Matching 

Phonetic matching is one of the important techniques that 
plays a major role in variety of fields such as digital investiga-
tion involving voice memos and voice mails, transcriptions, and 
voice apps such as ‘Siri’, ‘Google’ voice etc.3 to provide suggestions 
for misspelled words. Phonetic comparison meticulously identi-
fies the words that are most likely to sound similar. It obtains 
the quantitative analysis of pronunciations32 between speech 
forms and spellings of words, whereas, string matching mainly 
involves insertion, deletion, and substitution of letters to find the 
near matches26,29. Table 1 describes the most common differences 
between string matching and phonetic matching.

3.  Phonetic Matching Algorithms
Information retrieval is one of the major viewpoints of data mining 
application areas28. However, the information may not be consist-
ent over the considered arena due to various causes. The different 
sources of variations can be spelling variations (typographical 
errors, substituted letters or by addition or omission of letters), 
phonetic variations (discrepancies in phonetic structure of words), 
double names or double first names (names having more than one 
word), change of name27 (individual undergoes change of name).

Of the different criteria mentioned above, the research in 
phonetic variations led to the development of phonetic matching 
algorithms, which obtains worthwhile approximate matches to 
the misspelled words.

3.1 � Evolution of Phonetic Matching 
Algorithms

The evolution of phonetic matching has come into frame when 
there is a hardship in the retrieval of information5. The main goal 
of phonetic matching algorithms is to encode homophones to the 
same representation so that they can be matched despite of minor 
differences in spelling1,10. The technique of obtaining words using 
sounds was used in the US census since the late 1890’s, but a con-
crete solution to this was first proposed and patented by Robert 
C. Russell in 1912 as Soundex algorithm27. The background of 
various phonetic matching algorithms is discussed. 

3.1.1  Soundex
The earliest algorithm in the literature is Soundex developed by 
Odell and Robert C. Russell in 1912, which generates a four-digit 
code retaining its first letter. The authors patented the algorithm 
in 191822. The process mainly encodes consonants while a vowel 
is not encoded unless it is the first letter. Arguably, Soundex is 
one of the most widely known of all phonetic algorithms. It is 
used as a standard feature in applications like mySQL, oracle, 
etc. Because of the few disadvantages like dependency on the 
first letter, failure of detection of silent consonants, limit to the 
four characters of encoding, and high overhead in the retrieved 
matches, Soundex can only be used in applications where high 
false positives and false negatives can be tolerated27.

3.1.2  Beider-Morse Phonetic Matching (BMPM)
Beider and Morse implemented an improvement to Soundex to 
reduce the number of false positives and false negatives, known as 
Beider-Morse Phonetic Matching (BMPM). Beider, et al, has also 
mentioned that the algorithm is extended to languages other than 
English, with the application of some generic rules to obtain the 
phonetic codes5. Varol, et al, discussed BMPM as a hybrid tech-
nique with a 6-letter encoded code in which the percentage of 

Table 1.  String matching vs phonetic matching26,29

String Matching Phonetic Matching
Matching Matches data based on patterns of substrings Matches data based on the similar pronunciations
Involves Addition, Deletion or Substitution of Letters Conversion of data to phonetic patterns
Applications Applied in Search Engines, Bio-Informatics, 

spell checkers, digital forensics etc.
Used in name retrieval in enquiry lines, record linkage and fraud 
detection. Gaining its importance in spell checkers and; search engines.

Prominence Mainly used for matching names and nouns 
from English Language

Can be used in multi-lingual environment, where diversities in 
pronunciation or writing styles may be present.

The study in this paper particularly focuses on phonetic matching because:
a.	 It is not explored as much as string matching and still relies on old techniques.
b.	 Of increase in the voice-to-text translation applications, where phonetic matching plays a crucial role.
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irrelevant matches can be abated by 70%33. A set of tables repre-
senting the pronunciation rules for specific languages are designed 
for BMPM, where the language of the word can be recognized 
from its spelling. The design includes nearly 200 rules to specify 
the language in this technique. If the language cannot be deter-
mined, special kind of generic rules are used to encode the word.

3.1.3  NYSIIS 
NYSIIS algorithm was developed in 1970 as a part of New York 
State Identification and Intelligence System project headed 
by Robert L. Taft, which produces a canonical code similar to 
Soundex13. Unlike Soundex, NYSIIS retains the information 
regarding position of vowels in the encoded word by trans-
forming them all to ‘A’. It generates only alphabetic code and is 
extensively used in record linkage system4,12,30.

3.1.4  Daitch Mokotoff Soundex
Daitch Mokotoff Soundex System was developed by Randy 
Daitch and Gary Mokotoff of the Jewish Genealogical Society 
(New York) in 1985. The algorithm is mainly used for determin-
ing the near matches with Eastern European surnames, which 
include Russian and Jewish names. Similar to Soundex, the 
algorithm also encodes into digits by extending it to a complete 
6-digit code. The conversion rules of Daitch Mokotoff Soundex 
are much complicated than Soundex as they involve groups of 
characters for encoding (2016)31.

3.1.5  Phonex and Phonix
Phonex is a technique of encoding words after pre-processing. In 
order to overcome defects of Phonex, Phonix has been introduced 
with a number of transformations in the beginning, ending, and in 
the middle of the word33. Phonix is considered to be the variant of 
Soundex, where a prior mapping involves nearly 160 letter-group 
conversions to normalize the string. For example, X is converted 
to ‘ECS’, PSv is converted to Sv (where ‘v’ is any vowel) if it occurs 
at the start of string. Phonix also produces a four letter code like 
Soundex, which is highly useful when an exact index search is 
required but, due to the truncation of code, it is not beneficial 
when the complete string matching should be assessed34.

3.1.6  Metaphone
In 1990, a new technique considering diphthongs (combina-
tion of two or more letters) of words was developed by Lawrence 
Philips, known as Metaphone18. It indexes the original word based 
on the pronunciation rules in English. It retains more informa-
tion than other variants of Soundex as the letters are not defined 
into groups21. The final code of Metaphone includes 16 conso-
nant letters but retains the vowels, if present at the beginning 

of the word. Bhattacharjee, et al had stated that the technique is 
mainly used for data cleaning in the text files to remove errone-
ous data6. Pande, et al detailed that Metaphone has its extended 
usage in stemming, which improves performance in Information 
Retrieval (IR)23. David Hood cited that though the algorithm 
is sensitive to combination of letters like ‘TH’, it is not subtle 
enough with the vowels especially at the postvocalic L and R13.

3.1.7  Double Metaphone
Double Metaphone, popularly known as DMetaphone, is an 
enhancement to Metaphone algorithm by Lawrence Phillips in 
2000. It is distinctive from other algorithms as it generates two 
code values – one representing the basic version and other rep-
resenting the alternate version24. Unlike Soundex, DMetaphone 
encodes groups of letters called diphthongs according to a set of 
rules33. The encoding process involves rules, which consider the 
words from different origins such as Eastern European, Italian, 
Chinese and other languages.

3.1.8  Caverphone
In pace, the specified algorithms are not suitable for a particu-
lar database, named Caversham, which is mainly used for data 
source linkage. The algorithm, known as Caverphone, which is 
analogous to Metaphone with some rules subsequently applied, 
was enforced by David Hood in 2002 to encode the data of 
Caversham database23. The algorithm was later improvised in 
2004 to Caverphone 2.0, to increase its accuracy and efficiency 
by applying more set of rules. David Hood13 also stated that 
the algorithm is efficient by giving precise matches when com-
pared to Soundex and Metaphone algorithms for linking data 
sources7.

3.1.9  Spanish Soundex
In 2012, Am´on et al had proposed an improvement to Soundex 
algorithm by including Spanish letters making it feasible to 
obtain phonetic codes for Spanish words2. The encoding also 
removes the dependency on the first letter by converting all the 
letters into digits. As a result, Spanish Soundex is more accurate 
than the original Soundex in finding near matches for Spanish 
words. In 2014, Angeles, et al had improvised the algorithm to 
make the encryption code resizable10.

3.1.10  Spanish Metaphone
Alejandro Mosquera19 had developed Metaphone algorithm for 
Spanish language by adapting the techniques from the algorithm 
used for English Language19. Unlike Spanish Soundex, Spanish 
Metaphone retains the information related to vowels. The 
encoded word results in groups of characters.
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In spite of many phonetic matching algorithms, there is 
still a need to develop a proper algorithm to achieve higher 
data quality as every algorithm has its own disadvantages27. 
Soundex is one of the prominent algorithms having high accu-
racy but it has very low precision due to the large overhead. 
Metaphone is a well-known phonetic matching algorithm 
comprising of rules involving vowels and sounds of diphthongs 
but has less accuracy. The major contribution of this work is to 
overcome such shortcomings and propose a new algorithm, 
MetaSoundex, in Engliash and Spanish, where the encoding 
process includes both the vowel and diphthong sounds. As 
these sounds are reflected, the number of false positives is 
reduced.

4.  Methodology
Complication in the recovery of data is the result of type errors, 
misspelled words, inconsistent expression habit, and differ-
ent formats. With typographical errors, often there would be 
interchanging of letters or misspelling of words. Such prob-
lems can be addressed by phonetic matching algorithms such 
as Soundex, Metaphone, and Caverphone, etc. In this section, 
we are going to discuss in detail about the existing Soundex and 
Metaphone algorithms of English and Spanish languages and  
describe the functionality of newly proposed MetaSoundex 
algorithm.

Soundex
To obtain Soundex code following steps should be followed. Let 
the input word be w. Convert all letters into upper case. Retain 
the first letter in the word w.

Algorithm: Soundex
set A = {�A, E, H, I, O, U, W, Y }, B = { B, F, P, V }, C = { C, G, 

J, K, Q, S, X, Z }, D = { D, T }, E = { L }, F = { M, N }, 
G = {R}

set i = 0
while i >= 1 and i < w.length
	 if w.charAt(i) ∈ A
	 w.charAt(i) = 0
	 end
	 else if w.charAt(i) ∈ B
	 w.charAt(i) = 1
	 end
	 else if w.charAt(i) ∈ C
	 w.charAt(i) = 2
	 end
	 else if w.charAt(i) ∈ D
	 w.charAt(i) = 3
	 end

	 else if w.charAt(i) ∈ E
	 w.charAt(i) = 4
	 end
	 else if w.charAt(i) ∈ F
	 w.charAt(i) = 5
	 end
	 else if w.charAt(i) ∈ G
	 w.charAt(i) = 6
	 end
end
From word w, all pairs of same digits and zeroes are removed. 

The first four characters of word w are considered to be Soundex 
code7,22.

Spanish Soundex
The Spanish Soundex algorithm is similar to Soundex in generat-
ing the encoded word. The following steps should be followed for 
obtaining the code. Let the input word be w. Convert all letters 
into upper case.

Algorithm: Spanish Soundex
set A = {�A, E, H, I, O, U, W }, B = { B, V }, C = { F, H },  

D = { D, T }, E = { S, G, Z, X }, F = { Y, LL, L },  
G = { N, Ñ, M }, H = { Q, K }, I = { G, J },  
J = { R, RR }

set i = 0
while i >= 0 and i < w.length
	 if w.charAt(i) ∈ A
	 remove w.charAt(i)
	 end
	 else if w.charAt(i) = P
	 w.charAt(i) = 0
	 end
	 else if w.charAt(i) ∈ B
	 w.charAt(i) = 1
	 end
	 else if w.charAt(i) ∈ C
	 w.charAt(i) = 2
	 end
	 else if w.charAt(i) ∈ D
	 w.charAt(i) = 3
	 end
	 else if w.charAt(i) ∈ E
	 w.charAt(i) = 4
	 end
	 else if w.charAt(i) ∈ F
	 w.charAt(i) = 5
	 end
	 else if w.charAt(i) ∈ G
	 w.charAt(i) = 6
	 end
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	 else if w.charAt(i) ∈ H
	 w.charAt(i) = 7
	 end
	 else if w.charAt(i) ∈ I
	 w.charAt(i) = 8
	 end
	 else if w.charAt(i) ∈ J
	 w.charAt(i) = 9
	 end
end
From word w, all pairs of same digits are removed. Unlike 

Soundex, the resultant code is independent of first letter of the word2.

Metaphone
To obtain Metaphone code following steps should be followed. 
Let the input word be w. Convert all letters into upper case. Drop 
all the duplicate letters from w except C.

Algorithm: Metaphone
set A = {K, G, P}, B = {CIA, CH }, C = {SCH, C }, D = {CI, 

CE, CY }, E = { DGE, DGI, DGY }, F = { GH, GN, GNED}, G 
= {GI, GE, GY, ^GG }, H = {A, E, I, O, U }, I = { CK, Q }, J = { 
PH, V}, K = { SH, SIO, SIA }, L = {TIAO, TH, TCH}

set i = 0
while i >= 0 and i < w.length
	 if w.charAt(i) ∈ A and w.charAt(i + 1) == N
	 w.charAt(i) = N
	 end
	 if w.charAt(i) == A and w.charAt(i + 1) == E
	 w.charAt(i) = E
	 end
	 if w.charAt(i) == W and w.charAt(i + 1) == R
	 w.charAt(i) = R
	 end
	� if w.charAt(w.length-2) == M and w.charAt 

(w.length-1) = B
	 w.charAt(i) = B
	 end
end
	 if w contains B
	 replace with X
	 end
	 if w contains C
	 replace with K
	 end
	 if w contains D
	 replace with S
	 end
	 if w contains E
	 replace with J
	 end

	 set i = 0
	 while i >= 0 and i < w.length
	 if w.charAt(i) == G
	 w.charAt(i) = K
	 end
	 if w.charAt(i) == D
	 w.charAt(i) = T
	 end
end
	 if w contains G
	 replace with J
	 end
while i >= 0 and i < w.length
	� if w.charAt(i) == H and (w.charAt(i-1) ∈ H or 

w.charAt(i+1) ∈ H)
	 remove H
	 end
	 end
	 if w contains I
	 replace with K
	 end
	 if w contains J
	 replace with F
	 end
	 if w contains K
	 replace with X
	 end
	 if w contains L
	 remove T
	 end
	 if w.charAt(0) == W and w.charAt(1) == H
	 remove H
	 end
set i = 0
while i >= 0 and i < w.length
	� if (w.charAt(i) == W or w.charAt(i) == Y) and 

w.charAt(i+1) ∉ H
	 remove w.charAt(i)
	 end
	 if w.charAt(i) == Z
	 w.charAt(i) = S
	 end
end
From word w, all vowels are removed and the obtained out-

put is considered as Metaphone code18.

Spanish Metaphone
Let the input word be w. Convert all letters into lower case.

Algorithm: Spanish Metaphone
set A = {A, E, I, O, U }, i = 0
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while i >= 0 and i < w.length
	 if w.charAt(i) == á
	 w.charAt(i) = A
	 end
	 if w.charAt(i) == c and w.charAt(i+1) == h
	 w.charAt(i) = X
	  remove w.charAt(i+1)
	 end
	 if w.charAt(i) == Ç
	 w.charAt(i) = S
	 end
	 if w.charAt(i) == é
	 w.charAt(i) = E
	 end
	 if w.charAt(i) == í
	 w.charAt(i) = I
	 end
	 if w.charAt(i) == ó
	 w.charAt(i) = O
	 end
	 if w.charAt(i) == ú or w.charAt(i) == ü 
	 w.charAt(i) = U
	 end
	 if w.charAt(i) == ñ
	 w.charAt(i) = N
	 w = w.substring(0,i) +”Y”+w.substring(i+1, w.length)
	 end
	 if w.charAt(i) == g and w.charAt(i+1) == ü
	 w.charAt(i) = W
	 remove w.charAt(i+1)
	 end
	 if w.charAt(i) == b
	 w.charAt(i) = V
	 end
	 if w.charAt(i) == l and w.charAt(i+1) == l
	 w.charAt(i) = Y
	 remove w.charAt(i+1)
	 end
end
w.toUpperCase() //convert all letters to uppercase and 

remove duplicate letters except C
set i = 0
while i >= 0 and i < w.length
	 if w.charAt(i) == C and w.charAt(i+1) == C
	 w.charAt(i) = X
	 remove C 
	 end
	 if w.charAt(i) == C and (w.charAt(i+1) == E or 

w.charAt(i+1) == I)
	 w.charAt(i) = Z

	 remove w.charAt(i+1)
	 end
	 if w.charAt(i) == G and (w.charAt(i+1) == E or 

w.charAt(i+1) == I)
	 w.charAt(i) = J
	 remove w.charAt(i+1)
	 end
	 if w.charAt(i) == H and w.charAt(i+1) Î A
	 remove H
	 end
	 if w.charAt(i) == Q and w.charAt(i+1) ≠ U
	 remove K
	 else
	 remove w.charAt(i) and w.charAt(i+1)
	 end
	 if w.charAt(i) == W
	 w.charAt(i) = U
	 end
	 if (w.charAt(i) == S or w.charAt(i) == X) and 

w.charAt(i+1) ∈ A 
	 w = “E” + w;
	 end
	 end
The obtained w is the encoded Spanish Metaphone code19.

4.1  MetaSoundex Algorithm
Though Soundex and Metaphone are naïve algorithms being 
used in different applications as embedded tools, each of them 
have their own disadvantages. Soundex mainly depends on the 
first letter of the word. It has a high overhead in retrieving the 
near matches and it does not consider the phonetic sounds of 
vowels. In spite of the fact of addressing the above problems in 
Metaphone algorithm, it only has less accuracy in obtaining the 
proper matches to the misspelled word. To overcome the limita-
tions in both algorithms, a new algorithm is developed, namely, 
MetaSoundex. The schematic design of MetaSoundex algorithm 
is shown in Figure 1.

Figure 1.  Schematic design of suggestions retrieval for 
MetaSoundex algorithm.
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The schematic design shows the retrieval of suggestions for the 
misspelled data using MetaSoundex algorithm. As shown in the 
Figure 1, the misspelled data is given as input to the Metaphone 
algorithm to obtain the Metaphone code. As a result, the phonetic 
sounds of vowels and diphthongs are retained. This Metaphone 
code is given as input to Soundex algorithm, which converts the 
existing groups of characters to numbers. The generalization of 
characters to numbers improves the accuracy for retrieving sug-
gestions. But, the obtained code retains the dependency on first 
letter due to Soundex encoding. To remove this dependency, the 
first letter is encoded using transformations in Daitch-Mokotoff 
Soundex algorithm. The obtained MetaSoundex code is sent to 
database to retrieve the suggestions of the misspelled data. To 
further reduce the unnecessary overhead, a distance factor using 
Levenshtein Edit Distance (LED) is applied on retrieved sugges-
tions, which is further detailed in section 4.2. The database shown 
in the Figure 1 comprises of correct words and their corresponding 
MetaSoundex codes for both English and Spanish languages.

MetaSoundex
MetaSoundex algorithm is a hybrid algorithm of Soundex and 
Metaphone as discussed earlier. The step by step encoding of 
MetaSoundex algorithm is detailed below. Let the input word be w.
1.	 Convert all the letters of the word w to upper case.
2.	 Encode the word using Metaphone to retain the vowel sounds 

and diphthong combinations.
3.	 Encode the obtained string using Soundex algorithm.
4.	 If the language is English, then the first letter is encoded using 

transformations in Daitch Mokotoff Soundex algorithm to 
remove the dependency on first letter.
The pseudo code of the MetaSoundex algorithm is discussed 

below:
Algorithm: MetaSoundex
set A = {�A, E, I, O, U }, B = { J, Y }, C = { D, T }, D = { S, Z, C },  

E = { X, G, H, K, Q }, F = { N, M }, G = { B, F,V, P, W },  
H = { L }, I = { R }

set i = 0, language	 //either English or Spanish
w = Metaphone(w)
w = Soundex(w)
if language is English
	 while i >= 0 and i < w.length
	 if w.charAt(i) ∈ A
	 w.charAt(i) = 0
	 end

	 else if w.charAt(i) ∈ B
	 w.charAt(i) = 1
	 end
	 else if w.charAt(i) ∈ C
	 w.charAt(i) = 3
	 end
	 else if w.charAt(i) ∈ D
	 w.charAt(i) = 4
	 end
	 else if w.charAt(i) ∈ E
	 w.charAt(i) = 5
	 end
	 else if w.charAt(i) ∈ F
	 w.charAt(i) = 6
	 end
	 else if w.charAt(i) ∈ G
	 w.charAt(i) = 7
	 end
	 else if w.charAt(i) ∈ H
	 w.charAt(i) = 8
	 end
	 else if w.charAt(i) ∈ I
	 w.charAt(i) = 9
	 end
	 end
end
Table 2 shows the exemplary phonetic codes generated using 

Soundex, Metaphone, and MetaSoundex for both English and 
Spanish words.

4.2 � Distance Factor for Filtering Retrieved 
Approximate Matches - MetaSoundex

The generated MetaSoundex code can be used to obtain the 
approximate matches for the given misspelled data. After the 
approximate matches are retrieved, the distance factor between 
the misspelled word and the retrieved matches is calculated 
using LED method9 to reduce the unnecessary overhead. The 
threshold of the distance is set to 3, as the maximum number 
of errors in the synthetic data is less than 3, whereas for real-
world data the distance factor is mostly observed to be 3. If LED 
is less than or equal to 3, then the word is filtered to be nearest 
match for the misspelled word. For example, the MetaSoundex 
code of the misspelled word “PROBLMS” is 7614. The retrieved 
suggestions from the database for the given MetaSoundex code 

Table 2.  Phonetic codes – English and Spanish.

Language Word Soundex Code Metaphone Code MetaSoundex Code
English CAPABLE C114 KPBL 5140
Spanish CINEMÁTICA 46634 KNMTK 76637
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are “PROBLEMS”, “PROVOLONES”, and “PROPYLS” each 
having the distance factor of 1,5,3 respectively, from the given 
misspelled word. After applying the distance factor, the final 
suggestions are “PROBLEMS”, “PROPYLS”, which reduced the 
unnecessary overhead.

5.  Testing
In this work, the accuracy of the MetaSoundex is compared with 
the existing algorithms in both English and Spanish languages. 
In English, the proposed algorithm is compared with five algo-
rithms – Soundex, Metaphone, Caverphone, DMetaphone, 
NYSIIS, whereas in Spanish, the proposed algorithm is compared 
with Spanish Soundex and Spanish Metaphone. The evaluation 
metrics, experimental setup, and preparation of pre-processed 
datasets used to compare the accuracy and efficiency of the algo-
rithms are discussed below14.

5.1  Evaluation Metrics
The performance of phonetic matching algorithms used for 
information retrieval is evaluated by calculating precision, recall 
and F – measure.

Precision gives the total number of true positives obtained over 
the total number of suggestions for the obtained true positives.

p
p

Number of suggested words for each corrected word
= ∑
∑

� (1)

where, P
if the word is corrected
if the word is not corrected

,
,

=


1

0
=p cumulative precision of an a orithmlg

Recall provides the total number of relevant words over the 
total number of suggestions. It can also be referred as accuracy.

R
Number of corrected words

Total number of misspelled words
= � (2)

where, R = recall or accuracy of an algorithm.
The F – measure is calculated based on precision and recall 

and is defined as the harmonic mean of precision and recall. It is 
given by,

F
P R

=
+

2× ×P R
� (3)

Where, F F measure of the a orithm= − lg .

5.2  Experimental Setup
The design of the experimental analysis supports two lan-
guages, English and Spanish. Two input files - one with correct 
data indicated as “reference data file” and other with ill-defined 
data represented as “incorrect data file” are used to retrieve  

approximate matches from Spanish dictionary and English dic-
tionary for both Spanish and English languages, respectively.

The simulator generates phonetic codes by executing respec-
tive phonetic matching algorithms of the corresponding language, 
for the errant data. These codes are compared to the phonetic 
codes present in database and the matched word lists are retrieved 
as the approximate suggestions. These matched words are evalu-
ated by comparing with the reference file to calculate precision and 
recall, which would symbolize the better algorithm.

5.3  Dataset Preparation
Data pre-processing is considered to be an important phase 
in data mining because the data that is collected from various 
sources lacks consistency, which makes it unsuitable to directly 
apply data processing algorithms35. The raw data can also be 
incomplete with missing values of some attributes. In some cases, 
we can encounter noisy data with some unwanted values to a 
given attribute. As a result, we preprocess the data into a suitable 
format to apply different algorithms.

5.3.1  Reference Dataset Preparation
Until now, various experiments were conducted on finding pho-
netic matches for misspelled words of personal names27. But 
there is only little exploration in finding the phonetic matches for 
dictionary words using these algorithms. Hence, in this project 
we mainly concentrated on obtaining the phonetic matches for 
misspelled words of English and Spanish diction, which are con-
sidered as reference datasets.

The reference datasets for the experiment are prepared as fol-
lows. For the English dictionary dataset, all the words are extracted 
from the reference17 and a list is formed. This list comprises of 
267,750 correct, non-duplicate words. Phonetic codes are gener-
ated for each of these words, by applying the algorithms discussed 
in section 3. A dataset is created with these English words and their 
corresponding phonetic codes. This dataset is used as a reference 
dataset for obtaining the suggestions for misspelled English words.

Similarly, Spanish wordlist is extracted from the reference8. 
The list consists of 95,487 correct words. Phonetic codes are gen-
erated using Spanish phonetic matching algorithms. Another 
dataset, having these Spanish words and their corresponding 
phonetic codes are created to use as reference for retrieving sug-
gestions to misspelled words.

5.3.2  Synthetic Dataset Preparation
According to Kukich16, nearly 80% of problems of misspelled 
words can be addressed either by addition of a single letter, or 
replacement of single letter or swapping of letters. Therefore, 
synthetic datasets are generated by executing addition, deletion, 
swapping, and replacement of letters.
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From the above mentioned correct word list of English 
language, different pairs of synthetic ill-defined datasets are gen-
erated by randomly selecting the words. Each pair consists of 
correct words as reference data and their corresponding manip-
ulated words as misspelled data. The generation of synthetic 
datasets is shown in Figure 2.

Figure 2.  Synthetic datasets generation for analysis of 
various algorithms.

While creating the manipulated data, words with three types 
of errors are generated - words with additional character, words 
having single error (replacement or substitution of character or 
swapping of two characters), and words having double errors 
(two single errors). The generated words are accumulated into 
datasets of size 800. Four datasets are generated for each type of 
error. Hence, a total of twelve pairs of correct and manipulated 
datasets are generated. By the same token, twelve pairs of correct 
and manipulated datasets are generated with data size of 800 for 
the Spanish language.

5.3.3  Real-World Misspelled Data
Apart from the synthetic data, the performance of the algorithms 
is also analyzed on real-world data. For English, the misspelled 
data is referred from11 having nearly 4,200 misspelled words 
along with their corresponding correct words. In the same way, 
the Spanish data is retrieved from25. As there is only little research 
in the field of misspelled words in Spanish language, the data size 
of misspelled words is only about 100.

6.  Results and Discussion
The work in this paper illustrates the performance of different 
algorithms on datasets of particular size having various types of 
errors - single error, double error, and additional character. 

6.1 � Analysis on Synthetic Data – English and 
Spanish

The values of recall and precision for different algorithms tested 
on synthetic data are shown in Table 3 and 4 for Spanish and 
English languages, respectively.

From the above experimental data, it can be clearly observed 
that the state-of-the-art MetaSoundex algorithm has highest 
accuracy, whereas, Metaphone has the lowest accuracy of all 
the algorithms. It can also be observed that the value of recall 
is highly dependent on the type of error. The recall value is low 
for the wordlist having two errors in each word irrespective of 
language. From the results, it can be stated that the precision 

Table 3.  Precision and recall values of different algorithms for synthetic data - Spanish

Algorithm
Additional Character Double Error Single Error

Precision Recall Precision Recall Precision Recall

Soundex 0.029 0.1 0.019 0.02 0.026 0.127
Metaphone 0.18 0.05 0.3 0.01 0.17 0.07
NYSIIS 0.055 0.15 0.0305 0.025 0.013 0.187

Table 4.  Precision and recall values of different algorithms for synthetic data - English.

Algorithm
Additional Character Double Error Single Error
Precision Recall Precision Recall Precision Recall

Soundex 0.003 0.45 0.0034 0.27 0.0038 0.37
Metaphone 0.05 0.21 0.095 0.09 0.17 0.162
MetaSoundex 0.016 0.53 0.021 0.328 0.023 0.408
DMetaphone 0.0033 0.40 0.004 0.223 0.005 0.331
Caverphone 0.02 0.33 0.04 0.128 0.057 0.204
NYSIIS 0.01 0.337 0.0157 0.05 0.013 0.23
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of Soundex is least for any type of error in both the languages 
due to the retrieval of high false positives while the precision of 
Metaphone is high in all the cases.

For English, Soundex shows its high recall value in the sec-
ond place, followed by DMetaphone, NYSIIS and Caverphone in 
succession. Analogous to English, in Spanish Soundex shows its 
high recall value in the second place, followed by Metaphone.

The performance evaluation for different algorithms on 
the synthetic dataset of English and Spanish words is shown in 
Figure 3.

Figure 3.  F-measure of different algorithms on synthetic 
data for English and Spanish languages.

Figure 3 indicate a substantial increase in the efficiency 
of MetaSoundex algorithm over Soundex and Metaphone. 
Though Metaphone has high precision, it is less efficient than 
MetaSoundex due its low accuracy. From the experimental 
analysis, it can be clearly stated that MetaSoundex has better 
accuracy than all other algorithms for any data size and type of 
error, reducing the number of false positives and noise in the 
retrieved suggestions.

In English language, the highest value of F-measure of 
MetaSoundex is followed by Metaphone and Caverphone. Soundex 
and DMetaphone show the highest unnecessary overhead in all 
the considered arenas. Though DMetaphone has noticeable recall 
values, it has low precision similar to Soundex due to retrieval of 
suggestions for both the primary and secondary codes.

MetaSoundex has reduced unnecessary overhead along with 
the high recall value ensuring that the algorithm reduces noise 
and can be used in various applications where count of false posi-

tives plays a major role. For the synthetic data, based on the type 
of error, MetaSoundex shows high efficiency for the erroneous 
list having two errors, while it reflects low value for the words 
having additional character. Figure 3, it can also be inferred that 
all other algorithms show average F-measure for double errors 
for English words.

In the same way, in Spanish language, it can be observed that 
the results are dependent on type of errors. All the three algo-
rithms show least performance for the words with double errors 
while highest performance for the words with single error.

6.2 � Analysis on Real-World Data – English and 
Spanish

In addition to the analysis on synthetic dataset, the experimen-
tal analysis is also conducted on the real-world ill-defined data to 
check the efficiency of the algorithms. The data size of the real-
world English dataset is 4200 but for the Spanish language the 
size is nearly 100. The recall and precision values of different algo-
rithms for English and Spanish languages are shown in Table 5.

From the above, it can be stated that the MetaSoundex has 
the exceptional recall value showing its high accuracy on the real-
world data followed by Soundex while Metaphone has the lowest 
accuracy rate in correcting the misspelled words. The F-measure 
for different algorithms on the real-world dataset of English and 
Spanish words is shown in Figure 4.

Figure 4.  F-measure of different algorithms on real-world 
misspelled data for English and Spanish languages.

As shown above, for English language, Metaphone shows 
highest efficiency with a miniature difference to the MetaSoundex 
algorithm. In spite of low recall Metaphone shows better efficiency 

Table 5.  Precision and recall values of different algorithms for real-world data – 
English and Spanish.

Algorithm
English Spanish

Precision Recall Precision Recall
Soundex 0.003 0.8 0.033 0.2
Metaphone 0.096 0.575 0.136 0.14
MetaSoundex 0.012 0.845 0.103 0.24
DMetaphone 0.006 0.75 - -

Caverphone 0.046 0.62 - -

NYSIIS 0.009 0.69 - -
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due its high precision, reducing unnecessary overhead. The effi-
ciency of MetaSoundex has an exceptional increase over Soundex, 
showing that the state-of-the-art MetaSoundex has achieved 
high precision over Soundex. Though Caverphone has low recall, 
it shows a better F-measure due to its decent value of precision, 
which is followed by NYSIIS, DMetaphone, and Soundex.

By the same token, for the real-world data of Spanish lan-
guage, Meta-Soundex has the highest F-measure compared to 
other algorithms reducing the unnecessary suggestions. In spite 
of its high precision, Metaphone has the lowest accuracy of all the 
three compared algorithms. Soundex has the least efficiency as 
the precision is very less compared to other algorithms.

From the above analysis on synthetic data and real-world 
data, it can be clearly stated that MetaSoundex has better values 
of recall and precision. The accuracy of MetaSoundex is observed 
to be improved over Soundex as the dependency on the first let-
ter is removed in the MetaSoundex algorithm. Also, the high 
precision of MetaSoundex is due to the reduced false positives 
as the algorithm retains the sounds of vowels and diphthongs by 
the application of rules in Metaphone. As a result, the improved 
accuracy over existing algorithms and the improved precision 
over Soundex (which is considered as one of the more accurate 
algorithms) made MetaSoundex more balanced and efficient 
than other algorithms.

7.  Conclusions
In this paper, we presented an overview of various phonetic 
matching algorithms in English and Spanish languages. We 
explained how newly developed MetaSoundex algorithm is dif-
ferent from the existing phonetic matching algorithms. The 
functionality of different phonetic matching algorithms for both 
English and Spanish language is illustrated. Then, we justified the 
need to implement the state-of-the-art MetaSoundex algorithm. 
The main purpose of the proposed approach is to improve the 
recall and precision over the existing algorithms, thus increasing 
accuracy and reduce the noise in retrieved suggestions for mis-
spelled words from various sources.

To improve the recall and precision, a new hybrid algorithm, 
MetaSoundex, is proposed, whose implementation is mentioned 
in detail. The efficiency of this algorithm is evaluated and com-
pared with the existing algorithms such as Soundex, Metaphone, 
DMetaphone, Caverphone, and NYSIIS. The analysis is per-
formed on different datasets having three types of errors, namely, 
additional character, single error (substituted letter, missing of a 
letter), and words with double errors (more than one single error) 
along with the real-world misspelled data. From the experiments, 
it can be clearly affirmed that MetaSoundex has improved recall 
and precision over existing algorithms. Also, the implementa-

tion of distance factor in MetaSoundex algorithm facilitates to 
improve the precision over other phonetic matching algorithms.

In this paper, the analysis is performed on English and 
Spanish languages as both of them are most widely spoken lan-
guages across the globe (35)20. The development of phonetic 
matching algorithms and the application of MetaSoundex can 
also be extended to other languages based on the requirement, 
which can be considered as future work as it would require more 
observance and experimental analysis.
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