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Motivation and traditional approaches Motivation
How many ways to spell " Britney Spears”?
Traditional approaches

Data cleaning

Data cleaning is often required before statistical processing of the
following information is possible:

geographic entities: countries, districts, counties, cities, etc.
occupations/specializations, educational degrees

products’ names and brands, e.g. software products

movie titles, music performers

skills, talents, duties, diseases

other open-ended questions
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Motivation and traditional approaches Motivation

How many ways to spell " Britney Spears”?
Traditional approaches

Data cleaning

More and more people are asked to fill-in the questionnaires themselves,
which increases the probability of an error.

Typical errors include:

o Typos: Kazakjstan - j instead of h, wrong key pressed

@ Spell-as-you-hear, typical for foreign words: Kazahstan instead of
Kazakhstan, Yvette Gilber - instead of Yvette Guilbert

@ Recall errors: "I don’t remember what was that software that we
worked in the 70s, BMDP? or BRDP?”

@ OCR errors during scanning and recognizing printed forms
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How many ways to spell " Britney Spears”?

According to Google: 592 (about 23% of all searches within a 3 months period were spelled
incorrectly)

The data below shows some of the misspellings detected by our speling correction system for the query [ brimey spears =
1, and the count of how many different users spelled her name that way. Each of these variations was entered by at least
two different unique users within a three month period, and was corrected to [ britney spears | by our spelling correction
system (data for the correctly spelled query is shown for comparison).
Return to Gooy jobs pages F

25 brivemany spearz 8 brivanay speszs S breataey speass @ mrasmeny speazs

25 mrasseany meszs  § bmisimamy mpesrs S brosmy spe 3 mricnesey spases

26 bizeney spoars 5 irioner spenzs S bnigney rpesee 2 mrinaly speare

26 breicney spears 5 bricnegn spears 5 bricemey spears 3 bracmesy spears

& beinicy speees 2 briceney speses S gricney speses 2 bricnecey peses

& nrinenay spens 5 breiny peor: S Tpranmay speats 2 mrionen sposes

6 brivneys spears S breistney spesrs 4 biteny spears & bracnepec spears

26 brisean mpears 5 breny spears 4 Enricney spesss [ ——

26 brvime spears 5 bryeny cpencs 4 randy tpoics 3 mrineny speare

26 beaccany spears 5 mbitney spears 4 brbritney spears 3 bracnyey spears

24 beieney spenes [ — P — 2 briced e

24 mizeeny spears © bavhmey peare 4 meuny speses 2 mrivmacy spesce

24 brigheney spears  © brateany spesrs 4 breciney spears & brictaney spesrs

4 brincing spears [ 4 Eeficney spenss i ——

4 mrionny speane & breceny rpen 4 bmimiany pears 3 beisyen spess

4 bricemny spears B brigneny spears 4 brieteny spears 4 briyeney spesrs

24 britini speacs B brintey spascs 4 bricty speses 2 krltney speses

26 mrasmey spears © brinsery rpesss 4 miaeny cpeeas 2 mroveny spesrs

25 pracens spesrs © briotncy spears 4 brisoeany spears 0 breamey spears

26 britinie tpears B britanys spesxs 4 Brinie spears Eetiiony speass

21 bizioney spence & briviey rpare 4 mimmeney pers 3 beviney mpesss

21 bizsany spears © brisnegs spears 4 brincne speszs & bresnney spears

L biteny peses © britnrey speses [y S——— 3 brtiteny speass

2 nraunay spests © britmey rpars 4 riency peene 2 mreineny speare

1 brivent spesrs B bricener spears 4 brisainey spears 3 brsmes spears

21 britanie paar © brotteny speses 4 britinie speacs 2 bryeiny spesss

21 braveany pence 7 barisney rpese 4 imivime; fpers 3 bumay speans

21 bracsay spears 7 baracey spears 4 bricmney spears 8 dristney spears jl

21 brittiney meszs 7 bitemey speare 4 britnea: speas 2 pretney zpears

i ’
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Motivation
How many ways to spell " Britney Spears”?
Traditional approaches

Motivation and traditional approaches

Actual dataset examples

photoshop

lotus notes

corel draw

photo shop
photo-shop
foto shop
fotoshop
foto-shop
fhoto shop
fhoto-shop
fhotoshop
potoshop

lotusnotes
lotus-notes
lotusnotus
lotus notus
lotus-notus
lotes-notes
lotesnotes
lotes notes
lotos

carel draw
orel draw
coreldraw
corldraw
corel-draw
corel draw
coral draw
corral draw
c.draw

Source: dataset from Kazakhstan containing self-reported knowledge

of software by job-seekers.

Fragment of an ad-hoc data-cleaning program that calls a
script to verify if any of the variants of spelling is present.

recognize_skill oldDbTextField3, generate(msaccess) ///
spelling("access” "acess” "acces")
recognize_skill oldDbTextFields, generate(msproject) ///
spelling("ms project” "msproject” "microsoft project” ", project,”
",project,” ",project ," ", project ,” "(project,” ", project)”)
recognize_skill oldDbTextFields, generate(msoutlook) ///
spelling("outlook” "wtlook” "out look” "outllook” "out-look”
"0tlook-Exspress”)
recognize_skill olddbrextrields, generate(buric) ///
spelling("lc” "1-c” "lic”
recognize skill u]dnbrexthaldz, generate(progepp) ///
spelling("cH+" "c + +)
recognize_skill oldDbTextFields, generate(autocad2) ///
spelling("autocad” "auto cad” “auto-cad” "avto cad" “avtocad")
recognize_skill olddbTextFields, generate(coreldraw) ///
spelling("corel drau" “carel drau” “orel drau® “coreldrau” “corldraw’
“corel-drau” “corel draw’ "coral drau’ “corral drau’ "c.draw")
recognize_skill oldobTextrields, generate(photoshop) ///
spelling("photoshop” "photo shop” "photo-shop" "foto shop" “fotoshop"
"foto-shop" "fhoto shop" "fhoto-shop” "fhotoshop” “potoshop")
recognize_skill oldobTextields, generate(foxpro) ///
spelling("fox pro” "foxpro" "fox-pro")
recognize_skill oldobTextFields, generate(lotusnotes) ///
spelling("lotus notes" "lotusnotes” "lotus-notes" "lotusnotus” "lotus
notus" "lotus-notus" "lotes-notes" "lotesnotes” "lotes notes" "lotos")
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Motivation and traditional approaches Motivation
How many ways to spell " Britney Spears”?
Traditional approaches

Typical ways of approaching the problem

Standard ways of approaching the problem:

@ 1. Prevent the problem from appearing in the first place. Create codes for all possible
answers (e.g. assign codes to countries or occupations) and let the respondent select
those codes. Not always possible, may restrict the answers.

@ 2. Mindless cleaning of the data: removing heading and trailing spaces, replacing multiple
whitespaces, etc. Recommended to do before any more sophisticated cleaning. See " Stata
Tip 64"

@ 3. SOUNDEX-like algorithms of data cleaning: allow determining if two words "sound
alike”; need a list of prototypes, against which to match.

SOUNDEX performance

"Microsoft” and "Macrosort” have the same code M262 and hence according to this algorithm
"sound alike” .

@ 4. Mindful cleaning the data - human operator reviews the responses and manually
corrects each answer. Typically a long, tedious, and boring assignment: mistakes can be
skipped when the operator is tired, new mistakes can be introduced.

We would like to minimize the load on the operator: pre-clean the data in some intelligent way
and let the operator decide in ambiguous cases.
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Internet-based search engines

General principles of use

What is good about using Internet search engines?
A word of caution

Search query

Online spelling correctors and search engines

@ hcpei spel Helpr - viiia Ficio S

Fie Edt View History Bookmarks Tooks Help

Aspell Spell Helper

Welcome to the Aspell Spell Helper. It goal is to help out all the bad spellers on the net by doing a really good job of
‘coming up with suggestions for misspelled words.

using | American [+ speling. [ Gol Advance Search F

Other Useful Webpages

+ Merriam-Webster OnLine

+ Wordsmyth - the educational dictionary-thesaurus

» Dumbtionary - A dictionary of misspelled words

» Dictionary of Same-Sounding Words

+ Aspel - the Open Source spell checker used to come up with the suggestions

Powered by Aspell. Copyright 2007 by Kevin Atkinson (kevina@gmu.org). When linking to this page please use this link.

A notable GNU-licensed specialized spelling suggestions system
is ASpell (http://www.aspell.net)

S.Radyaki

There is a number of websites that allow
spell-checking online, most are oriented on
humans and dictionary search. Typically allow:

@ verifying the word is in the dictionary or
not

@ obtaining one or more spelling suggestions
if the word is not in the dictionary

@ obtaining a list of the related
words/synonyms

Typically limited to the dictionary words, e.g.
do not recognize Photoshop or AutoCAD.
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Internet-based search engines

General principles of use

What is good about using Internet search engines?
A word of caution

Search query

Online spelling correctors and search engines

Users of the modern search engines enjoy the spelling correction/search suggestions features:

[Brittany spears

Google

Web [ Show options

0idyoumean {Bimey spear ]|

News results for Brittany spears

Biitney Spears former boyfrisnd pleads no contest to leaing ... -
34

Britney Spears former boyfrisnd pleaded no contest today to
leaving the scene of an accident ater he allegedly drove his car

toward a man .

s Angeles Times - 267 related a
Spoors domands drugtests - S

Brtney Spears demands random g tests o cr oy Gt aur
NEWS.com.au

Britney Spears - official web site and blog
Oct 12,2009 .
direct fom Britney on her offcial blog
Tour - Photos - Videos - Oficial Radar” Music Video
E neyspears com - 5 hours ago

Britney Spears Photos

YaHoO!,

We have .ncludedresults Show only brintey spears

ney Spears - Official Site
ars.

Get More Pics With Less Digging. A
Decision Engine Makes Search Easyl
. Bing_com

‘Access Biitney Spears photos, galleries and videos. Get the latest news

THE CIRCUS STARRING BRITNEY SPEARS 2009 TOUR INFORMATION

Buy your tickets and read the latest news about THE CIRCUS STARRING BRITNEY SPEARS
9 Toue.

Break The lce
phoioc] lore Britney Spears song:
sumers Britney Spears - News Resuts

ics Britnoy Spears - Spears Orders Drug Tests For Tour Staf

Briney Spears orders crugtests for tour staf
Al Pacino sold his body: Amy Winshouse admitted to hospital Britney Spears

orders.

ritney Spears

Britney Spears

@ rittany spears - Google Search - Mozilla Firefox . "N @ pears - Yahoo! Search Results . ez

File Edit View History Bookmarks Tools Help File Edit View History Bookmarks Tools hewr

Web Images Videos Maps Nows Shopping Gmail more v Search settings | Sianin “ M 1. Guest | sgnn | Hep £
Web _images Video Local Shopping More

|

What would it take to correct our datasets in a similar fashion in Stata?

ata cleaning in Stata using internet search engines




General principles of use

What is good about using Internet search engines?
A word of caution

Search query

Internet-based search engines

What is good about using Internet search engines?

Internet search engines have the following desired features helpful in data
cleaning:

@ Proper nouns: unlike many spelling correctors, search engines like
Google and Yahoo can suggest common spellings for: places, names,
brands, software titles, etc, which are often of interest in the
open-ended questions.

e Continuous self-perfection: Internet search engines’ databases are
constantly updated, and their suggestions are automatically revised,
as they discover new web pages in the Internet.

@ Context and relevance: suggestions take into account the relationship
between the words in the query, not just spelling.
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General principles of use

What is good about using Internet search engines?
A word of caution

Search query

Internet-based search engines

A word of caution

Internet-based data cleaning is subject to some limitations:

@ not guaranteed to be reproducable: if you re-run your program next
month, you can obtain different suggestions (because the search
engine has changed the algorithm or renewed the database) or the
web-service may not be available anymore

@ not guaranteed to be 100% accurate: some spellings can be
recognized as correct when they are not, some correct words may not
be recognized as such

@ data transmission: by definition you need to send your data to the
remote system, which may be against the data license conditions

@ increases the load on the site servicing the requests: you may need a
permission to send automated queries - see the site use conditions for
a particular search engine or web-service
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General principles of use

What is good about using Internet search engines?
A word of caution

Search query

How to submit a query to the search engine from Stata and get it's response in a form undestandable by a Stata program?
A search engine may or may not have a specialized API (Application Programmer’s Interface) which describes the answer to the

above question:

@ : “YON -WezilaFreiox [ E=STEY

T Speling Suqgestion Documentation orYahoo! Search Web Servces -voN ez rrero SN

Fle Edt View Htory Bookmerks Tooks Help

¢ other Web

vice provides 3 pelling correction for a given term. See al

Iitp:/1search yahooapis lingSuggsstion

ISee information on constructing REST queries

Parameter  Value Description

The application ID. Se Application IDs for more information.

The query to gat spel for (UTF-8 encodad

ing: xmi (defaul), | The format for the ou
json, php in JSON format. 1 p
Sarializad PHP fo

string The name of the

ISample Request U

It 1serch vahoaois a

Fle Edt View Higtory Bookmerks Tooks Help

IThe schema documen

Ittp://search yahoos

Field Description

Contain

IThe folowing is a sample response for th

<ResultSet xmins: 3 orgl2001/XIILS

xsi-schemal ocation:

= hitp:/
miyahoo'srch

h
<Result>Madonna</Result>

<ResultSet>

RATE LIMITS
/eb Search senics is limited to 5,000 queries per IP address per day and to

2 information on rate limiting

[The Spalling

ercial

Inon

ERRORS

[Te Spelling ons Web Search senice returs the standard errors. There are no senice-specifc errors

Requires obtaining special application ID. Use of the spelling corrections is subject to a 5000 queries per 24hrs limit. Describes
the parameters necessary to submit a query: URL, query and output format.
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General principles of use

What is good about using Internet search engines?
A word of caution

Search query

Internet-based search engines

Communication with most of the search websites starts with a query, which describes what
information we want to retrieve, restrictions on the search, output format:

http://search.engine.com/search_command?query=our_search_term&parameterl=
valuel&parameter2=value2...

Query element Example (Google) | Example (Yahoo)
protocol http:// http://

search_engine_site www.google.com search.yahooapis.com
search_command search WebSearchService/V1/spellingSuggestion
? ? ?

query=our_search_term | q=chicaga query=chicaga
parameterl=valuel hl=en & appid=xjClkefV34...vf4a
& parameter2=value2 &source=hp

&parameter3=value3 &aq=f

&parameter4=value4 &oq=

&parameter5=value5 &aqi=gl0

see also http://en.wikipedia.org/wiki/Uniform_Resource_Locator
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General guidelines for implementation in Stata
New Stata commands
Implementation in Stata Comparison of Google’s and Yahoo's suggestions

1. use the website in the regular (human-operated mode). notice where you submit the
query, investigate how the query is formed. What parameters are submitted? which ones
are required? which ones are optional? Decide which parameters and values you will
submit in your program.

For example, Google

http://www.google.com/search?hl=en&source=hp&q=chicaga&aq=f&oq=&aqi=g10
E.g. here hl = en sets the English language for the search

q = chicaga is the query term

other options are irrelevant, but required - keep them

2. Submit your query from Stata using the -copy- command*; save results to a file (in
almost all cases it is an HTML file) and investigate it with a text editor.

3. Compare the HTML source with the output of the web page on the screen. Ildentify
where in the HTML code you see the suggestion. Identify the pattern/template of the
server's response.

4. Write a small program, that given a search term submits it to the website in the
determined query form, saves the response to a tempfile and reads it in, following the
identified pattern and returns the suggestion recieved from the web site.
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General guidelines for implementation in Stata
New Stata commands
Implementation in Stata Comparison of Google’s and Yahoo's suggestions

Use of the -copy- command

A common misunderstanding regarding the —~copy- command is that it "can only read
information from Internet, but cannot write”. This is not true.

While it cannot copy a file to a specified site, it can call the site engine and request it doing
something useful, for example, altering a web page or sending an email.

The limits are defined by the range of actions a site can undertake in response to the commands
sent from the Internet.

Constructing the query URL

URL may not contain whitespaces and some other special characters, which need to be replaced
before the query is submitted.
Use the -subinstr () - extended macro substitution to replace the characters that may not
occur in the query. For example for Google:

local search term ‘"‘:subinstr local anything " " "+", all’"’

Find the most reliable pattern

If APl is not provided and the Stata-implemented command relies on parsing the HTML output,
try to find the most reliable pattern of determining where the results are in the output. Search
engines periodically change the templates, which they use. This typically requires revising the
ado-code and changing a few "magic numbers”.
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General guidelines for implementation in Stata
New Stata commands
Implementation in Stata Comparison of Google’s and Yahoo's suggestions

Yahoo and Google

This is what the two Stata commands presented here are doing:

@ -yahoo- searches for a particular search term using Yahoo API and returns the correction
if suggested by Yahoo or the search term itself. Yahoo server returns the search results in
a well-formed XML format.

@ -google- searches for a particular search term using Google (not using API) and returns
the correction if suggested by Google or the search term itself (plus number of hits if no
correction is suggested, or O if the search term not found). Google returns the results in
the HTML format.

@ Both commands return the spelling suggestion in the r()-saved results, so it is easy to
derive other user-written commands on their basis. For example, -google_clean- cleans a
string variable by repeatedly asking Google for suggestions for each observation

@ -google- also returns the "hits" score, which allows comparing the relevance of the
search word to other words or selecting a proper variant in case of several possible
suggestions. It can also be used for missing values imputations, as in -google_compare-.
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General guidelines for implementation in Stata

New Stata commands

Implementation in Stata Comparison of Google's and Yahoo's suggestions

Some examples

Search word Google result Yahoo result
chicaga chicago chicago
firefiter firefighter firefighter

Microsoft Exel Microsoft Excel Microsoft Excel
Germania Germania Germania
softvare software software

Al Bukerke Albukerke Al Bukerke
Albukerque Albuquerque Albuquerque
Nashional National National
Geografic Geografic Geographic
Ciciety Ciciety Ciciety
Sosiety Society Society
Washengton Washington Washington
Washengtone Washengtone Washington

Washington

Vashingtown
research dept
Original manufacturer

Vashingtown

reserch dpt research dpt

Original manufacturer

Originall manufactur
Ukraina Ukraina Ukraine
Kharkiv National University Kharkiv National University Kharkov National University
Sergey Radyakin Sergiy Radyakin Sergey Radyakin
Time 5.31sec 2.30sec

Note: measured times do not measure respective web sites/search engines performance, they
measure performance of the corresponding Stata commands in their current implementation.

Highlighted words yield different suggestions.
S.Radyakin
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General guidelines for implementation in Stata
New Stata commands
Implementation in Stata Comparison of Google's and Yahoo's suggestions

examples

Data imputation with a

5 University of British Columbia search engine.

- Here is how we could try
to guess where a
particular university is
located if the respondent

% didn’t specify the city.

2

- The bar chart shows the
number of hits as
reported by the Google
search engine for the

a3 searches of a combination
T8 of "University of British

Columbia” and major
Canadian cities.

Most hits are reported
for the true location.

5000000

Toronto Montreal Calgary Ottawa  Edmonton  Mississauga  Winnipeg ~ Vancouver  Hamiton ~ Quebec City ~ Brampton
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General guidelines for implementation in Stata
New Stata commands
Implementation in Stata Comparison of Google's and Yahoo's suggestions
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@ Dornfest, Rael, Paul Bausch, and Tara Calishain " Google Hacks", 3rd Ed.,
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General guidelines for implementation in Stata
New Stata commands

Comparison of Google’s and Yahoo's suggestions

Implementation in Stata

It is explicitly forbidden by the author to store this presentation at any
document-harvesting web sites, such as, but not limited to:

@ http://www.docstoc.com
@ http://www.sunum.org

@ http://www.toodoc.com

S.Radyakin
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