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ABSTRACT: Web scrapping has been a popular method for collecting data
from websites. This is because data on the internet is updated frequently thus
making it a good source for getting accurate information. However, the non-
homogeneous nature of each website may cause the data from the different
internet web sources to have different data making the quality of the data
inconsistent. Previous study has proposed the use of record linkage method
to merge data from multiple websites. The record linkage method proposed
by previous study used deterministic technique to match data which match
the string of matching variable to merge data. However, deterministic
technique requires the matching variable to be an exact match to be able to
match. This study explores the use of fuzzy matching technique as an
alternative technique. A comparison in this study found out that fuzzy
matching has a slightly better performance in merging web data. However,
the main drawback of fuzzy matching is that it is hard to determine the
threshold to trigger a match. Therefore, the future work should focus on
exploring an optimal method on determining the threshold for fuzzy
matching to making the process more streamlined.

KEYWORDS: Web scrapping, Data Merging, Deterministic Matching, Fuzzy
Matching

1.0 INTRODUCTION

The internet is a huge repository for information. As we progress
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through the era of Internet of Things, the information on the internet
has grown enormously. For most users, the internet nowadays is
displayed in a user-friendly interface which is easy to understand. The
potential of the internet is boundless due to the useful raw information
in it. However, obtaining information can be tedious for a normal
human due to the sheer size of the internet a person needs to navigate.
Web scrapping is a technique that used to scrap web data from the
internet which is introduce in 1994. It can scrap any form of data such
as image, text, documents, video, or sound. Web scraper can extract
web data with relatively less time and low cost compared to manual
extraction.

Web scraping is widely popular in the field of market research and
business intelligence. The ability of web scraper to collect large volume
of data is very useful for company to collect information that are
beneficial for their business. The most prominent application of web
scraping is the usage of web scraper in collecting online market price
for market research and other different application that require mass
data collecting [1] [2]. Despite the advantages of web scraping, studies
has stated that this process are challenging to manage due to the non-
homogeneous nature of each website[3]. These inconsistencies in data
can cause the quality of data to degrade [4]. These implications can be
solved by using data sources from different web sources as supplement
using data fusion which also known as deterministic matching
technique. However, deterministic matching technique requires the
matching variable of to be exact same for matching to occur. This can
be a detriment for merging data from web sources as web data are often
not organized. Despite normalizing the data can resolve these
problems, web data have different data representation or data structure
in different website. This can make normalization task a difficult
process [5]. Therefore this will explore an alternative technique to
deterministic matching knowns as fuzzy matching to be used in web
scraping.

2.0 RELATED WORKS

Data fusion also plays an important role in data science and can be used
to combine data from different data sources. A data fusion study
conducted in 2004 [6] propose the use of statistical matching technique
which match both dataset with their common variable as shown in
Figure 1. This approach can be compared to k-nearest neighbour with
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donor as the training set and recipient as a test set. Some element from
the recipient set of k best matching donor will be selected and the
matching distance will be calculated through standard measure such
as euclidean distance. Réssler also mentioned that some variable
between donor and recipient must be 100% match so it will become a
critical variable. Critical variable is important in this statistical
matching as it can prevent some misclassification. For example, the
variable of men will not bet matched women to prevent women
characteristic such as ‘pregnant’ to be predicted. This technique has
been proven useful in a non-parametric statistical dataset [7]. This
study uses Micro Statistical Matching (MiSM) to perform data
integration between primary and secondary data of agriculture data.

Apart from combining data, data fusion process can also be used
handle missing data. These can achieved by merging information from
multiple data source. In a study merge the data is merged from
multiple sources into a single database[8]. The data fusion is conducted
via imputation with implicit model such as nearest neighbour. The
main idea of the technique is to give the variable of the receiver from
the whole vector of donor as show in the imputation scheme. The
imputation scheme works optimally on numerical data by using
various method such as nearest neighbour to handle the missing data.
However, the imputation method cannot work if the missing data is a
categorical data. Lewaa, et al. mentioned that Statistical Matching (SM)
technique is effective at completing data file from different source that
does not contain the same unit as shown in Figure 2 [9]. Lewaa, et al.
also stated that SM can be an interesting method for market researchers
to combine data as this can save a lot of time while providing richer
data source for decision making.

File A

Unit | Gender A Educatian Purchasing Infarmation about View Information about
H Age | Educs = - -
& Cereals | Wines Daily Soaps | News [ .......
1 Female | 40-45 Low 1 Kg 1
2 Male | 30-35 High None 2 Missing Data
ile B

. . . . Purchasing Infarmation about View Infarmation about

Unit | Gender | Age | Education - - -
Cereals [ Wines I Daily Soaps News
1 Female | 40-45 Low Regular No
2 Male | 30-35 High Missing Data No Regular

Figure 1: Statistical matching in combining data from different dataset [10]
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Common Z Specific X Specific Y

Figure 2: Matching Variables [8]

To combine the data extracted from web sources, previous studies had
study the approaches of using web scraping with record linkage to
merge data from multiple sources. Record linkage is a statistical
technique use in the domain of database to match record using the
common variable such as name, data and etc [10]. Record linkage
match record by using deterministic matching which is done by
comparing two strings for a match as shown in Figure 4. Its simplicity
made it widely used in data related study for merging data into an
integrated dataset.

R il | commony | x

CLLCU  oataset2 | Commony | v

!

M Rl oateset1 | commonv | x| v |

Figure 3: Record linkage method for merging data

Inputl = “Google Analytic” Inputl = “Google Analytic”
Input2 = “Google Analytic” Input2 = “Google analytic”
Result = Inputl = Input2 Result = Inputl = Input2
Output: Output:

True False

Figure 4: Process of deterministic matching

Record linkage is widely used in data related field like web scraping to
match data from different data sources for merging data[10-15]. Record
linkage was also used on creating synthetic data set to assist in data
mining and data analysis. This approach was use by Namazi-Rad et al.
in creating geo specific census and survey data using individual data
such as wealth index and household data [12]. This approach is used
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create a reliable data for a smaller area as national statistical agencies
cannot capture the data in a specific area while using a direct estimate
bas on high level region. However there is one disadvantage of
deterministic matching is that it does not account for spelling mistakes,
missing words, spacing or letter cases. Therefore deterministic
matching can be sensitive to typos or incomplete identifier as shown in
Figure 5. This can be an implication on extracting data from internet as
data extracted from the internet are not consistent[14].

As a conclusion, data merging can be done by using a matching
variable in a data to match with other data using deterministic
matching. However, deterministic matching require the matching
variable to be an exact match for a matching to occur. Therefore, this
study will explore an alternative technique to merge data.

21 Fuzzy Matching

Fuzzy matching is also known as fuzzy string matching is a data
matching process that match data by using the approximate pattern of
strings. The similarity of the string is measured in regard of the edit
distance by using distance measuring metric such as Levenshtein
distance as shown in equation 1 to measure the difference between two
sequences of words. It uses the minimum number of edits use to change
a word such as insertion, substitution, or deletion [16] as shown in
Figure 5. This make fuzzy match can find match even if there is misspell
in the words. In a practical application, a ratio function will be used to
compute the similarity threshold. A predetermined threshold will be
set depending on how similar a pair of strings will be matched[17].

max(i,j),if min(i,j) =0 (1)
levg, (i—1,7) +1
mins levgp(i,j —1)+1 ,otherwise
levg,(i—1,j—-1)+1

leva,b (i,j) =
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Changes from ‘Sit’ to ‘Eat’
Sit == Sat (substitute i’ with ‘@)

Sat == Eat (substitute ‘s’ with ‘F’)

Total of 2 edits.

Levenshtein distance = 2

Figure 5: Example of calculating edits between 2 strings

3.0 METHODOLOGY

This study will employ record linkage on merging data from two
software review websites: 1) softwareadvice.com and 2) capterra.com.
This study will use the alternative approach to impute the
“Trialability” data from Capterra into the dataset from Software
Advice. The dataset from Software Advice will be use as the recipient
and “Software Name” will be use as the matching variable since the
data need to be imputed to the correct software. This study will
compare the performance of deterministic matching and fuzzy
matching techniques in web scraping. This study will use the
FuzzyWuzzy module (python module) to perform the fuzzy matching
process by computing the Levenshtein distance similarity between a
pair of strings to match them together. Figure 6 shows how fuzzy
matching techniques is implemented in the web data extraction
process.
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Information Fusion

Fuzzy

matching ™ Merge data

Integrated
Data

Figure 6: Data merging using fuzzy matching technique.

3.1 Determining the similarity threshold for fuzzy matching

Determining the best threshold for fuzzy matching is depended by
case on cases basis. In this study, the matches we consider true
positives in fuzzy matching are matches that has difference are letter
cases and spacing. In this study, the threshold is initially set to 0.9. The
output data of fuzzy matching will be compared to the output data of
deterministic matching. In the 0.9 threshold configuration, the
matching process merged additional 21 observations compared to
deterministic matching. Due to the nature of how fuzzy matching
matches data, not all the 21 observations are considered true positive.
Therefore the false positive data will be removed manually based on
the matching we considered as true positive. After removing all the
false positives, there are only left 5 observations that are consider true
positives shown in the Table. Thus, adjustment is made to the
threshold configuration (+1 threshold in each test) until the desired
result are met. Table 1 and Figure 7 shows that the threshold for the
desire matching for the data use in this study is between 0.95 and 0.97.
Therefore 0.95 will be use as the threshold for the fuzzy matching
process.

Table 1: Additional data merged using fuzzy matching technique compared to
deterministic matching technique.

. Additional Data merged
Stmilarity o d  to deterministi T itive additional dat
Threshold Ompa.re (o] eterministic rue pOSI 1ve a 1tiona ata
matching
0.90 +21 +5
0.91 +6 45
0.92 +6 45
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0.93 +6 +5
0.94 +6 +5
0.95 +5 +5
0.96 +5 +5
0.97 +5 +5
0.98 +4 +5
0.99 +4 +5
1.00 +0 0
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0

Number of additional data merged compared to

90 91 92 93 94 95 96 97 98 99

deterministic matching in each threshold

100

m Additional Data merged m True positive additional data

Figure 7: Graph of additional data merged using fuzzy matching technique
compared to deterministic matching technique.

3.2 Evaluating matching validity and comparing data merging
performance

Previous study has proved that performance of merging data is hard
to evaluate [18]. A study in 2020 stated that the main aim of data
merging is to create a synthetic dataset for statistical inference. Thus,
it is crucial for the donor data to become the subset of the recipient
data [19]. This study will use overlap index in equation 2 as measure
the overlap between two data sets by dividing the size of intersection
by the smaller size of the two data sets:
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X nY]| )

overlap(X,Y) = ——————
P min (X[, [Y])

To compare the performance of deterministic matching and fuzzy
matching, the output data information of each technique such as the
number of integrated observations into the primary data and
distribution will be used for evaluation.

4.0 RESULT

After the completion of statistical matching, the preservation of
variables are measured using Overlap index. The result of the
measurement shows that the overlap index equal to 1 (Overlap index
= 1). The result of overlap index is expected in this study as the
trialability variable from Capterra are merged with the data from
Software Advice. This merging process cause the data from Capterra
becomes a subset in Software Advice. Vijaymeena, M. K. and Kavitha,
K. stated that when a set becomes a subset of another set, the overlap
index is equal to 1 which can be applied to the case of this study [20].

A comparison is conducted between the output data of deterministic
matching and fuzzy matching in Table 5. The result is obtained from
merging the data of “Trialability” feature from Capterra dataset
(auxiliary data) into Software advice data (primary data). There are
341 observations in the Capterra data, with 271 “No” and 70 “Yes”.
Result in Table 6 also shows that using deterministic matching
techniques, 121 observations from Capterra are merged into the
primary data. On the other hand, fuzzy matching merged 126
observations into the primary data.

As a summary of the comparison, fuzzy matching merges slightly
more data compared to deterministic matching. This is due to fuzzy
matching match data by computing the similarity distance of 2 strings.
Therefore, fuzzy matching allows the match of observations by
considering spacing and letter cases as in the case of this study as
shown in Table 2 which shows the additional 5 observations that is
matched using fuzzy matching. This makes fuzzy matching more
robust in matching data extracted from the internet compared to
deterministic matching.
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Table 2: Comparison of number of data merged between deterministic
matching technique and fuzzy matching technique

Data merging
Capterra Deterministic matching Fuzzy matching
Count | Distribution | Count Distribution Count Distribution
No 271 0.794721408 84 0.694214876 88 0.701492537
Yes 70 0.205278592 37 0.305785124 38 0.298507463
Total | 341 1 121 1 126 1

5.0 DISCUSSION

This study explores 2 different techniques of merging data from non-
homogenous websites in web scraping which are deterministic
matching and fuzzy matching. The procedure of the proposed
approach for merging data are merging the data and comparing the
performance of merging data of two different techniques.

The record linkage used in the merging data from two non-
homogenous websites shows that record linkage can be used to merge
data from different websites. The overlap index computed after the
data merging procedure shows that the data from donor has been
successfully imputed into the data set of recipients thus becoming a
subset of recipient data set. This study explore 2 different techniques
of matching data which are deterministic matching and fuzzy
matching. Deterministic matching is a simple to use and proven
technique used in several previous studies[10-15]. The similar
technique was also use by Jamali-Phiri et al to address the data
deficiencies in assistive technology [19]. The study uses data from 2017
survey on Living conditions among persons with disabilities in
Malawi and the 2015-16 Malawi Demographic and Health survey for
statistical matching. The result of the overlap index from the study was
0.909 which was close to 1. This indicates that deterministic matching
technique can be used reliably to create synthetic data from merging
two data sets. However, there also studies stated that the main
disadvantage of deterministic matching is that the data need to exact
same match to be matched thus making it unable to match data that
has some dissimilarity such as letter case and spacing which are
common in the web scrapped data.
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Therefore, this study explores the techniques of fuzzy matching in
matching web scrapped data. The nature of how fuzzy matching
match data enables it to match data that is partially similar. This makes
fuzzy matching suitable to use in matching data that has no unique
identifier such as a data ID in a database. This practicability has been
proven by several studies which use fuzzy matching in profile
matching applications to match raw data that has no unique identifier.
This study also shows that fuzzy matching is suitable to be use in the
domain of web scrapping compared to deterministic matching. The
string in the data we use as match identifier have inconsistencies such
as letter cases and spacing. The ability of fuzzy matching to match
partial similarity enable it to match data in this case.

However, the main disadvantage of fuzzy matching compared to
deterministic matching in web scrapping is the computing complexity.
Compared to fuzzy matching, deterministic matching is easier to use
and understand. From the process of using both techniques in merging
data, the deterministic matching techniques can be simply applied into
the data merging process while fuzzy matching require us to
determine the suitable threshold for the desired result.

6.0 CONCLUSION

As a summary, this study explores an alternative data matching
technique known as fuzzy matching and A comparison of it
performance of merging web data with deterministic matching
technique is also made in this study. The comparison shows that fuzzy
matching technique can merge slightly more data compared to
deterministic matching which make a better technique to use in
merging the web data used in this study. However, fuzzy matching
requires user to determine the threshold of similarity which can be a
challenge as the similarity threshold is dependent on the usage of data
in different scenarios.

6.1 Future work

As the limitation stated in the conclusion, effort should be put into
future work to investigate the optimal way of determining similarity
threshold. This can ensure fuzzy matching is easier to be implemented
in different scenario of merging web data.
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