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This is a talk about how good data goes
bad, and how bad data gets worse



First, what is data?

e Pieces of information, with a
format

e Facts used for making decisions

e |[nformation stored in and/or used
by a computer



Data Is:

A representation of some aspect of the
world



Next, what is good data”?

Fit for its intended uses in operations,
planning, decision making






Why do we want good data? 272,52 4

Planning
Operations

Looking smart

Saving money

Decision making
Completing transactions

Jo Io°

2
227

10



Finally, what is bad data?

Not fit for its intended uses In
operations, planning, decision
making
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What can we assess to check if the data
might work for the intended purpose?



The Six Primary Dimensions for Data
Quality Assessment

Completeness
Uniqueness
Timeliness
Validity
Accuracy
Consistency
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PDF from UK International Data Management Association
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https://www.whitepapers.em360tech.com/wp-content/files_mf/1407250286DAMAUKDQDimensionsWhitePaperR37.pdf

Guidelines for quality assurance Iin
health and health care research

Acquisition
Entry
Cleaning
Storage
Analysis
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PDF from Amsterdam Centre for Health and Healthcare Research
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http://www.myravanzwieten.nl/pdf/pub_artikelen_hoofdstukken/Guidelines_AmCOGG_2002.pdf

11 Things to Look At

Dan Moyle creatvice commons 2.0 license
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https://creativecommons.org/licenses/by/2.0/legalcode




Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

/. Validity
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Acquisition/

Entry Cleaning |Storage |Analysis

Accuracy X

Completeness X X

Conformance X X

Consistency X

Timeliness X X

Uniqueness X X

Validity X
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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Accuracy

Have we stored the correct value?
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Nice to meet you,

Accuracy at Entry Reneel Can you tell us
more about you?

Signing up for When is your birthday?
airline rewards

program, | entered LR
my date of birth. What is your gender?
Super easy.

FLYING
BLUE

FOR ME
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Your personal information

B Ut Wa it © Incase you want to change your name

or date of birth, please send an e-mail
with a copy of your passport to Flying

Blue customer service.

Title
MS

First name(s)

RENEE

Last name

My birthday was not in PHILLIPS

the month they return... Date of bith
[ H 110

23



Ohhhh

The dreaded off by

one error.

 ‘

Nice to meet you,
Reneel Can you tell us
more about you?

When is your birthday?

December lay year
January

February

March

April

FLYING
BLUE

FOR ME
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Just to be sure

This really isn't
user error. August
31 happens in
every year...

Nice to meet you,
Reneel Can you tell us
more about you?

When is your birthday?

Date of birth
August w1
Please check the date entered and try again. [}

What is your gender?

Gendet

FLYING

BLUE

FOR ME 25



How does this happen?
e Bad UX/UI



What can we do?

e Jest the inputs when we design database
e TJalk to the Front End team
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catproof your computer » )

When cats walk or climb on your keyboard, they can enter random commands and data,

computer or have suddenly been called away from it.

PawSense is a software utility that helps protect your computer from cats. It quickly detects
and blocks cat typing, and also helps train your cat to stay off the computer keyboard.

« Every time your computer boots up, PawSense will _
automatically start up in the background to watch over
your computer system. &S z10pM ‘

« Even while you use your other software, PawSense constantly monitors keyboard activity.
PawSense analyzes keypress timings and combinations to distinguish cat typing from
human typing. PawSense normally recognizes a cat on the keyboard within one or two
pawsteps.

« If a cat gets on the keyboard, PawSense makes a sound that annoys cats.
This teaches your cat that getting on the keyboard is bad even if humans aren't watching.

https://www.bitboost.com/pawsense/
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How does this happen?

e Errorsin entry
e Unauthorized entry



What can we do?

Knowledge Elicitation (talk to domain experts)
Set database constraints

Check anticipated vs actual values

Maintain security
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

/. Validity
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Completeness

Are there gaps between expected data and the
data we have?
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How does this happen?

e Incorrect sampling

e Incomplete understanding of the business
problem

e Not enough data available

35



What can we do?

e Ask more questions of domain experts
e Find additional data sets
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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Sometimes data is
discarded for
relevance or size

THE HAIRDRESSER

patricia m crea tive commons 2.0 license
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THE HAIRDRESSER

patricia m creative commons 2.0 license

Conner McCall creative commons 2.0 license
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How does this happen?

e Dataset is too large
e Dataset contains unnecessary columns



What can we do?

e Import selectively
e Screen data carefully
e Trim and filter as appropriate
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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Storage

smcgee creative commons 2.0 license
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https://creativecommons.org/licenses/by-nc/2.0/

Choose
the right
size

storage for
your
database.

United States Department of Agriculture License Creative Commons 2.0
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How does this happen?

e Storage size chosen incorrectly or not updated
e Storage location or equipment chosen poorly
e Column, table, or database dropped in error
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What can we do?

e Be realistic about data needs, assess frequently

e Have backups

e Trust your users, apply alerts and process to
prevent loss
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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C

ear Rich Bastard,



https://www.snopes.com/fact-check/dear-rich-bastard/

Dear Rich Bastard,

or maybe try

\pset null ' \\ (YY) /


https://www.snopes.com/fact-check/dear-rich-bastard/

How does this happen?

e Null is a black hole of data problems



What can we do?

Document the code

Be careful with null (Go see Laetitia’s talk about
Null Unknown)

Make NULL appear as something more
noticeable
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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Conformance

|s the data in a format that is expected and
acceptable?
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How does this happen?

e Errorsin entry
e Limitations in data collection/ availability
e Transforming from one data type to another
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What can we do?

e Jest the inputs when we design database

e Have multiple entries of subset of data, check for
consistency

e Search out additional datasets

56



Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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anilmohabir creative commons 2.0
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https://creativecommons.org/licenses/by-sa/2.0/
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How does this happen?

e Some databases have a year 0
e Money is a challenge



What can we do?

Beware of calendar challenges

Don’t use the money type

Know what jurisdictions recognize leap seconds
Daylight Savings

Offsets
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Sometimes data is m

)

achine generated

b . xfﬁ J t‘

LT -,

quisnovus creative commons 2.0 license
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How does this happen?

e |Improper machine calibration
e |Improper machine reading



What can we do?

e Set database constraints
e Ensure machine generated data is tested
e Ensure data collectors are well trained
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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NOTNULL



NOTNULL

People get creative






NULL

A black hole of data quality issues
Tony Hoar feels bad about it



How does this happen?

e Data entry is forced to provide a response
e Radio button or check boxes provided are not
sufficient to capture respondent needs

70



What can we do?

e Consult domain experts

e Provide free form “other” option and/or “unknown”
option

e Practice good knowledge elicitation
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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Valid literal values for the "true" state are:

TRUE

K
For the "false" state, the following values can be used:
FALSE

g

‘false’

n
lnol
‘off"’

IOI
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How does this happen?

e Text fields
e Integer fields



What can we do?

e Use BOOLEAN data type
e Cast BOOLEAN to TEXT or INT if you must
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Consistency

Does the database only change data in expected
ways?

Are there conflicts between data”?
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Camille Rose creative commons 2.0 license

77


https://www.flickr.com/photos/pinkpurse/5276937996/in/photolist-93iFPA-aqhCH8-hjbY5-49y5od-4LJRw5-Uw3ArC-gj2XMs-91YUFS-dCqTJ9-LA63c-pTW2dC-qyvNKi-qNDoh9-4daeG4-qQRNuN-X4NFZE-VeTFoD-3K8XJW-rmrhBJ-7E7gRk-4wkS1c-bp5x4u-8Hsrhq-bD66h8-rjwa4w-29DaG2X-oHsVNc-2dHzShr-b5RWvT-e85yN1-pTVYRo-WPABmG-4HxDnU-97u275-4hc3R-8ngSNd-acR23U-97u2nL-kXi3-gLxUeg-5CsZYq-97tZ3S-qfBi1x-JkcP6-8mDhzN-4hxC6S-dfDBen-6EGfcd-nQtwCS-97tXr3
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How does this happen?

e Selecting datasets for different areas of the
database
e Databases started with inconsistency
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What can we do?

e (Coalesce appropriately

e (Clean data with a documented, reproducible
method

e Set database constraints to check consistency
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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Changing granularity may make analysis
unreliable or impossible









How does this happen?

e Data models are changed
e Database system is changed
e Data is transferred inappropriately
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What can we do?

Exercise extreme caution when designing first

data model
Speak with domain experts
Use new column instead of changing existing

column
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

/. Validity
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How does this happen?

Improper database constraints
Database system is changed
Data is entered inappropriately
Data not available in emergency

89



What can we do?

Have access to multiple datasets for emergencies
Speak with domain experts to plan permission

Be clear in analysis when the change happened
and what that does to the analysis

Be able to correct entries after initial input

Use concurrency control in PostgreSQL

o https://www.postgresal.org/docs/current/mvcc.html
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https://www.postgresql.org/docs/current/mvcc.html

Timeliness

|s there more recent data that is appropriate to
the task?

Is the data accessible quickly enough?
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage
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5. Timeliness
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7. Validity
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Google Maps Lost a Neighborhood. Again.

Via Slashdot

Acquisition
Entry
Cleaning
Analysis
Consistency
Accuracy

=== Really, this story is just like

jeff creative commons 2.0 license

a greatest hits of problems.

93
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https://m.slashdot.org/story/353354

How does this happen?

e A newly discovered dataset is outdated
e A newly created dataset is not imported
e User is not aware of the age of data
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What can we do?

Check provenance of data

Actively search for additional sources
Combine datasets where appropriate
|dentify if more data is really needed
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

7. Validity
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https://www.flickr.com/photos/erinnsimon/5514725174/in/photolist-9pjpEw-p99dwN-B1Vr8-aErH4u-6hMJEj-m16DKd-a3SHmu-c1z2Fo-9CybpD-coxJPw-9Zne1H-678AxN-zDWeE-yGupn-2bCK6R-jb8zL-aEnRwv-LH7Tu-aErFiE-rByyjF-86ej8f-4pxBMG-6WZtb2-8Gnjtx-cX44Gm-kf47pf-6herCR-5BxAU7-bf7uBz-54iyPd-3zku-4nWnhW-5u2qFU-8VWhD-7cfTaX-5BxBAs-7TdZAg-ZooeFS-dXzC2M-Ejwu4-GZfaEz-2QkQLg-p4mjt-4Av1hx-7vc3xb-4GLf8H-bxrokY-6szJbi-gJDZz-pvoSK6
https://creativecommons.org/licenses/by-nd/2.0/legalcode
https://www.flickr.com/photos/jonathan_c/140138326/in/photolist-aBu6cV-oUZD8H-4sv17a-2C2u6m-FtL9L-FtNaZ-5rM3Ym-2BX55x-doff3-p7zHe-5Q6bvQ-5rGHEP-31eLSC-MdQnVE-NbwR5R-5rGJut-2hK6LE-9oj6d6-scaz-4LDZNE-5Rk3ye-p2QQ2y-jA7uK-aix2w-wd2K5-4pwskR-8KUpro-gmdt-8KRjG4-d4fqRm-aJLBc-tQCNE-nWAXjG-5Mitdc-aH8Jt6-d3cioJ-5Mit7F-7PBwf2-aCZr1-d4fqW3-ao4TWX-7PBwUV-9g3JpA-5ciJYy-5MnT83-q7yNPv-8TdnSQ-4ymbDP-c5TMjJ-3LkPbt
https://creativecommons.org/licenses/by-nc-nd/2.0/legalcode

How does this happen?

e Infrastructure limitations



What can we do?

e Ensure enough storage on collector
e Offline first design

99



Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

/. Validity
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i ok

Michael Brace creative commons 2.0 license
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https://www.flickr.com/photos/emaybe/26506408259/in/photolist-GohgGX-ebPtXM-4vh5Na-R8XQtk-2c3ZsvE-KZWDH3-apBifr-4uT3MJ-AmFZwd-oPnaCE-cCWsqS-dApmJX-8cUhNX-4uMQgN-9s4Uc1-4jBvJL-ehoAzw-6snoZ9-diRCC1-D8kBKQ-QGExb5-uBMTbx-FdE8VE-23E2Hsx-4qS2cw-N5vDhj-FYzSuG-FYzPU1-57jRDx-MVJpTd-ZNts3m-EoPTAc-PEnbiq-csNJ5m-66cGXE-VNYN4G-VNYNwf-WkGpgu-YFZEb-WkGnLf-2e82hU1-5Azkf5-VaDyFc-4jvkT5-6nx7ZZ-awJjcx-WBWe5t-tD2RB-4XyD5a-tD2Qf
https://creativecommons.org/licenses/by-nc-nd/2.0/legalcode

How does this happen?

e Data set is large
e Data security prevents access
e Data is stale
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What can we do?

Build or select better indexes

Use partitioning

Store less data

Evaluate roles and users

Update materialized views in transactions
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

/. Validity
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Unigueness

Are there duplicates in the dataset?
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Uniqueness

matthew venn creative commons 2.0 license
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https://www.flickr.com/photos/matthewvenn/5246452228/in/photolist-8ZBrsU-5MMocu-9kpPNn-7t8KhG-5V8VGn-pTqCos-94c9cu-dFA8mm-u3iX-25BAjCP-qyo2HU-RU3Gxi-dMZAep-7FRKGQ-S1tbLJ-aEPpt-23MMdaB-5KUVfa-7BWXPa-dB35Mi-dThJ4Q-4YQxcb-4fbGnk-4vBktS-dMZjxB-uTFrG-7NiBn-drpX5Z-qSri1m-7m7FP8-bpUkZK-R52Byz-21X9sqA-7o2nC8-91w6in-Q6sn2v-dQgbr7-ixxnJm-7tahDd-5MmEZF-doCrR1-5MHaHH-9Jckk-dyfwxK-dkkTFY-qkZ6kN-dN67yy-Qodw3c-r2ZPKY-oUgSPR
https://creativecommons.org/licenses/by-sa/2.0/legalcode

# SELECT DISTINCT fruit FROM fruits
ORDER BY fruit;

banana
banananana

grape




sergio santos creative commons 2.0 license
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https://www.flickr.com/photos/143707811@N07/40841722120/in/photolist-8XFe2U-25e3v5L-8HcbZn-zEbW9-6Lds1s-8J8tLf-bt29wL-KMGc5-CFkaS7-d9JJs1-4M234v-zVnGo-4nReui-ak9xY6-2e7RrtA-2eTJcUf-5Y1eYr-7ATAxT-JEE8-jJF1G1-DxE794-2b8Njch-5yqAji-Rgrmfy-3EmH8-hfLy5z-2888RPP-hfKenZ-ZLdwRQ-8SqXfL-7xTSuw-7VxfTn-qUFi1B-bmm8h6-695MbG-9YWWVQ-4ga7Dc-nbkyja-goZvU-MR94D-or1Rfw-2KbJn2-MZG6y-6s5vcw-nvpx19-74XWf6-boEydU-DVHjUE-8CLcws-ZLdqfJ
https://creativecommons.org/licenses/by/2.0/legalcode

How does this happen?

Assumptions about domain
Entry errors

Naming things

Duplicate entries
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What can we do?

Consult domain experts

Check entry

Set primary key

Clean based on information not instinct
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Validity

Are the format, syntax, and type correct?

Does the data have the potential to be accurate?
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Assessing Data Quality

Data Attributes Data Actions

1. Accuracy 1. Acquisition/Entry
2. Completeness 2. Cleaning

3. Conformance 3. Storage

4. Consistency 4. Analysis

5. Timeliness

6. Unigueness

/. Validity
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patient | birth | temperature
_________ o S S

Susan |5/12/84 | 101.4

Meg |1/12/90| 98.6

Julie | 1/12/90| 97.2

Fiona |[3/31/65| 970 ¢
Sally |4/3/01 | 111111  ¢u—



000861 == 861



How does this happen?

mporting from various sources
mproper data type selection
mproper format changes to data

NOTNULL
Data Entry errors
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What can we do?

e Select correct data type
e Set value constraint on column
e Figure out a solution for NULL?
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Acquisition/

Entry Cleaning |Storage |Analysis

Accuracy X

Completeness X X

Conformance X X

Consistency X

Timeliness X X

Uniqueness X X

Validity X
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