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Introduction

Terms and Definitions

I Web Archiving: the action of storing websites to preserve them as
a historical, informational, legal, or evidential record

I Web Archive: a system that contains such records

Example of a web archive:
Climate change and environmental policy web archive
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Introduction

The Digital Dark Age

In a conference for the International Federation of Library Associations
and Institutions, Terry Kuny referred to the future as a “Digital Dark
Age,” an “era where much of what we know today, much of what is
coded and written electronically, will be lost forever” (Kuny, 1997).

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 6 / 87



Introduction

Timeline of Web Archiving

1996 Internet Archive is founded with the mission of creating a
universally accessible digital library. National Library of Australia
inaugurates the first-ever web archiving program by a national
library

2000 Library of Congress began its Minerva Project (now the Library of
Congress Web Archives)

2003 International Internet Preservation Consortium (IIPC) is founded
with the mission of “improving the tools, standards and best
practices of web archiving while promoting international
collaboration, broad access and use of web archives for research
and cultural heritage”

2004 British Library launches the UK Web Archive
2006 National Library of France launches the French Web Archive
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Introduction

Web Archiving in the American Context

2016 Survey on web archiving in the United States, conducted by the
NDSA. Over 100 American institutions that had web archiving
programs in place:

I 63% colleges and universities
I 15% federal, state, and local governments
I 12% archives

(Bailey, Grotke, McCain, Moffatt, & Taylor, 2016).
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Introduction Types and Severity of Quality Problems

Good-Quality Archived Website

A good-quality archived version of the UNT Athletics site from 2007
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Introduction Types and Severity of Quality Problems

Medium-Quality Archived Website

An archived version of the UNT Admissions site from 2007, missing
the styling of the original
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Introduction Types and Severity of Quality Problems

Low-Quality Archived Website

An archived version of the UNT Campus Map from 2004, almost
unusable
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Problem Statement

Problematic Definition of IQ in Web Archives

In the field of web archiving, there has been only one definition of
Information Quality (IQ) in a web archive, put forward by Masanés.
Quality in a web archive is made up of the following elements:

1. the completeness of material (linked files) archived within a target
perimeter

2. the ability to render the original form of the site, particularly
regarding navigation and interaction with the user

(Masanés, p.39)

Definition is too centered on the technological tools needed to archive
websites, and is not grounded on research with humans.
System-centered and not human-centered
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Problem Statement

Lack of Models, Theories or Frameworks for Web Archiving

The technical developments in the field have far outpaced the
development of proper theoretical tools or models. Over two decades
into its history, web archiving still lacks a theoretical underpinning.
Essentially, we have technological tools to build web archives, but no
conceptual tools to understand them
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Purpose

Purpose

To build a theory of IQ for web archives that is grounded in
human-centered data
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Research Questions

Research Questions

RQ 1
What is the definition of information quality (IQ) for web archives?

RQ2
How can IQ in a web archive be measured?
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Research Questions

Outline

A study that is both descriptive and experimental.

Phase 1: (RQ 1)
Use a Grounded Theory (GT) approach to create a theory of IQ for
web archives. Iteratively refine it

Phase 2 (RQ 2)
Use the theory to determine how IQ dimensions can be operationalized
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Contributions to the Research Area

Significance

1. Begin the work of establishing a much-needed theoretical
groundwork for the field, which will help its development and
growth

2. Allow practitioners in the field of web archiving to apply it to
measure the quality of their own web archives and improve the
Quality Assurance processes for their organizations
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Literature Review IQ in Information Science

Taylor: Value Added Model

1. Accuracy: a guarantee of a true copy, but is independent of the
truth value of the information.

2. Comprehensiveness: the completeness of coverage of a
particular subject or discipline.

3. Currency: recency of the data acquired by the system and the
capability of the system to reflect current modes of thinking in its
access vocabularies.

4. Validity:degree to which the information or data presented to users
can be judged as sound.

5. Reliability: the trust a user has in the consistency of quality
performance of the systems and its outputs over time. Taylor
states that reliability is the summation of many aspects of quality.

(Taylor, 1986)
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Literature Review IQ in Information Science

Rieh: Five Aspects of Information Quality on the Web

1. Goodness: Good job, bad, better, excellent, fine, nice, great, best,
perfect,

2. Accuracy: Accurate, correct, right, precise
3. Currency: Current, recent, up-to-date, out-of-date, old, timely
4. Usefulness: Useful, useless, hard to use, informative, helpful,

doesn’t help,
5. Importance: Important

(Rieh, 2002)

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 19 / 87



Literature Review IQ in Information Science

Stvilia’s Framework for Information Quality

Stvilia (2006) developed a general IQ measurement and assessment
framework based on study of two large-scale collections: Simple
Dublin Core (DC) metadata records and Wikipedia articles

Three high-level categories of IQ:
1. Intrinsic: dimensions of IQ assessed by measuring internal

attributes/characteristics of information entities themselves in
relation to some reference standard in a given culture. Intrinsic IQ
attributes persist and depend little on context

2. Relational/Contextual: measures relationships between
information and some aspects of its usage context. These
characteristics are not persistent with the entity itself

3. Reputational: measures the position of an information entity in a
cultural or activity structure, often determined by its origin and its
record of mediation
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Literature Review IQ in Information Science

Stvilia’s Dimensions of Quality I

Definitions given are for relational/contextual IQ dimensions
1. Accuracy/Validity: degree to which information object correctly

represents another information object, process or phenomenon in
the context of a particular activity/culture

2. Accessibility: speed, ease of locating and obtaining an information
object relative to particular activity

3. Complexity: degree of cognitive complexity of information object
relative to particular activity

4. Informativeness/Redundancy: extent to which information is new
or informative in the context of particular activity/community

5. Naturalness: degree to which information objects model and
content are semantically close to the objects, states or processes
they represent in the context of particular activity
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Literature Review IQ in Information Science

Stvilia’s Dimensions of Quality II

6. Precision/completeness: extent to which information object
matches the precision and completeness needed in the context of
given activity

7. Relevance (aboutness): extent to which information is applicable
and helpful/applicable in given activity

8. Security: extent of protection of information from harm in the
context of a particular activity

9. Semantic consistency: extent of consistency of using the same
values (vocabulary control) and elements required or suggested
by some external standards

10. Structural consistency: extent to which similar attributes or
elements of information object are consistently represented with
the same structure, format and precision required

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 22 / 87



Literature Review IQ in Information Science

Stvilia’s Dimensions of Quality III

11. Verifiability: extent to which the correctness of information is
verifiable and/or provable in the context of a particular activity

12. Volatility: amount of time the information remains valid in the
context of a particular activity
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Literature Review IQ in Information Science

Stvilia’s Dimensions of Quality, Operationalized

Dimension Metric

Accuracy/Validity Num. Broken External Links; Euclidean Similarity
Distance

Accessibility Throughput w/r of # Requests; Throughput w/r of
Amount of data

Complexity Flesch Reading Ease Score; Flesch- Kincaid Grade
Level; Fog Index; Average Sentence Length; Average
Word Length

Informativeness Kullback-Leibler Divergence; IDF/AverageIDF
Naturalness Cosine Angular Similarity Metric
Precision/ Completeness Ratio; FRBR Completeness
completeness
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Literature Review IQ in Information Science

Stvilia’s Dimensions of Quality, Operationalized II

Dimension Metric

Relevance NumberOfClicks; CitationCount; VectorSpaceModel;
AuthorityAndHub; PageRank

Security Break-ins Ratio
Semantic consis-
tency

Semantic Consistency Index

Structural consis-
tency

Structural Consistency Index

Verifiability Num. of URLs; Num. of References (citing)
Volatility LinkRot
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Literature Review IQ in Computer Science

Zhu and Gauch: Quality Metrics Appropriate for Automatic
Analysis

I Currency: how recently a web page has been updated. The time
stamp of the last modification of the document

I Availability: the number of broken links contained by the web
page. The number of broken links on a page divided by the total
numbers of links it contains

I Information-to-Noise Ratio: proportion of useful information
contained in a web page of a given size. The total length of the
tokens divided by the size of the document.

I Authority: the reputation of the organization that produced the web
page. Based on the Yahoo Internet Life (YIL) reviews
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Literature Review IQ in Computer Science

Zhu and Gauch: Quality Metrics Appropriate for Automatic
Analysis II

I Popularity: how many other Web pages have cited this particular
Web page. The number of links pointing to a web page

I Cohesiveness: the degree to which the content of the page is
focused on one topic. How closely related the major topics in the
page are

(Zhu & Gauch, 2000, p.289)
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Literature Review IQ in Computer Science

Zhu and Gauch: How to Calculate IQ

The “goodness” of a site:

Gi = W i ∗ (a′′
s ∗ T i + b′′

s ∗ Ai + c′′
s ∗ I i + d ′′

s ∗ R i + e′′
s ∗ P i + f ′′s ∗ C i)

where W i ,T i ,Ai , I i ,R i ,P i are the means of information quantity,
currency, availability, information-to-noise ratio, authority, and
popularity of site i across topics relevant to the query, C i , is the
cohesiveness of site i, a′′

s ,b′′
s , c′′

s ,d ′′
s ,e′′

s , f ′′s are the weights representing
the importance of each quality metric. (Zhu & Gauch, 2000, p.291)
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Literature Review Research on Quality in Web Archives

The Notion of Archivability

I Banos and Manolopoulos (2015) introduced website archivability:
“sum of the attributes that make a website amenable to being
archived” (p.1)

I Archivability depends on five facets: accessibility FA, standards
compliance FS, cohesion FC , and metadata usage FM

I Website has a score for each facet, represented as a tuple. The
value of xk is either 0 or 1, which represents negative or positive
answer to a specific criterion

I Components of a single facet are assigned a weight (ωk )
depending on their significance. For high-significance
components, ωk = 4, ωk = 2 for medium-significance components
and ωk = 1 for low-significance components

WA =
∑

λ∈{A,S,C,M}

wλFλ
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Literature Review Research on Quality in Web Archives

Quality and Similarity at the Swiss National Library

I In 2014, the Swiss National Library (NL) began implementing a
system called the Visual Quality Indicator (VQI) to help their web
archivists better conduct QA

I VQI system uses Euclidean distance metric to compare the visual
appearance of an archived website in an ongoing crawl to A) the
live website and B) the most recent version of the archived
website stored in the library

I The greater the distance, the greater the difference between the
two images, and thus, the greater the difference between the two
websites

I If the distance is high enough, web archivists will perform QA on
the archived site
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Literature Review Research on Quality in Web Archives

Quality and Similarity at the Swiss National Library II
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Methodology, Data Collection, Analysis Methodology

Grounded Theory Methodology (GT)

I Introduced by Barney Glaser and Anselm Strauss in their 1967
book The Discovery of Grounded Theory

I The discovery of theory from data, systematically obtained and
analyzed

I Conceived as a reaction to then-prevalent trends; increased
emphasis on verification had caused a dearth of theories in the
field of sociology

I In the decades that followed, GT became a major methodology
used by researchers in a wide variety of fields. It has been further
clarified by Glaser and Strauss, and added to by researchers such
as Kathy Charmaz, Juliet Corbin, and Adele Clarke
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Methodology, Data Collection, Analysis Methodology

Differences between GT and Logico-formal Theory

Characteristic Traditional Approach Grounded Theory

Literature Review Before data collection Throughout data collection, analysis
Method Compare only “comparable" groups Compare any groups
Sampling Statistical sampling Theoretical sampling
Data Field notes, interviews, observations Wide variety of materials
Data Collection After theory is formulated At any time
Purpose To verify theory To generate theory
Goal To establish fact To establish structural boundaries of fact
View theory as A perfected product An ever-developing entity
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Methodology, Data Collection, Analysis Methodology

Lazarsfeld’s Qualitative Mathematics

1. Created by sociologist Paul L. Lazarsfeld, who pioneered the idea
of using mathematical reasoning as an aid to theory building in the
social sciences

2. Based on the premise that using mathematics does not lead to
new findings, but it can clarify relationships

3. Key concepts
I Variate/indicator: any classificatory or ordering device by means of

which distinctions can be made among people or collectives
I Variates are combined to form an index. A theory, whether

mathematical or not, is meant to express relationships between
indices.

I Interchangeability of indices
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Methodology, Data Collection, Analysis Methodological Issues

Methodological Issues, Auditing the Dissertation

Purposeful peer review:
I Committee members were periodically invited to audit the entire

research project, including the codebook, preliminary findings,
and core categories. Employees of the Internet Archive were also
invited to see the findings

I Summer of 2017, the researcher presented the theory and her
preliminary findings at the doctoral consortium of the Joint
Conference of Digital Libraries, where she received feedback from
her peers and other IS researchers

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 35 / 87



Methodology, Data Collection, Analysis Methodological Issues

Methodological Issues, Lazarsfeld’s Panel Analysis

Original intent to use Lazarsfeld’s panel analysis method to
operationalize the dimensions of quality was not entirely successful

I Panel analysis approach makes heavy use of time as an important
variable to take into account

I While time is indeed an important variable that should be
considered for web archives, it did not arise as a category (indeed
it rarely surfaced) in the data

I According to the rules of CGT, a category cannot be created if it is
not present in the data, and thus it was not included in the final
theory

I Despite these issues, Lazarsfeld’s general principles of qualitative
mathematics proved invaluable while operationalizing the
dimensions of quality
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Methodology, Data Collection, Analysis Data Collection and Analysis

Phase 1: Building a Substantive Theory of Quality in a Web
Archive

The Internet Archive’s Archive-It (AIT) is a subscription-based web
archiving service that helps organizations build and manage their own
web archives.

1. Negotiated a researcher agreement with the Internet Archive to
obtain a large cache of AIT support tickets

2. Cleaned the data using several Python programs and Linux
command-line scripts that I created. Imported the clean data into
Nvivo software package

3. Used open coding and theoretical memos to identify the main
concepts and categories present in the data

4. Created a preliminary theory of IQ for web archives
5. Used the constant comparison method to refine and improve the

theory
6. Performed literature review
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Methodology, Data Collection, Analysis Data Collection and Analysis

Sample AIT Support Ticket I

AIT client
In the collection, there seems to be a problem with the way the

.com is being captured–when I try to access it through Wayback,
all I get is a blank page (see attached). Does the way the .com
site is built that makes it uncapturable? I did a test run before adding it
to our collection, and don’t remember this being a problem. Thanks!
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Methodology, Data Collection, Analysis Data Collection and Analysis

Sample AIT Support Ticket II

AIT employee
Hi , It looks like most of the content from the .com site has
been captured, but display is a bit tricky due to the extensive use of
javascript and flash on this site. For now, you can view the archived
content for this site by disabling javascript in your browser while you’re
browsing through the site in wayback.
It may not have the exact look and feel of this site on the live web, but
you should be able to see most of the archived content. I will also send
this along to our engineers to look into a more long-term solution to
allow users to more easily view this content, and we’ll update you
when we have more information.
Please let me know if you have any further questions!
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Methodology, Data Collection, Analysis Data Collection and Analysis

Sample AIT Support Ticket III

AIT client
Thanks ! I can see most of the content when I disable Javascript
as you suggest–but would love a more long-term solution! I’ll wait to
hear if/when more information is available.
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Methodology, Data Collection, Analysis Data Collection and Analysis

Phase 2: Identifying the Operationalizable Dimensions of Web
Archive Quality

1. Explored the relationships between aspects of IQ
2. Constructed operational definitions of each IQ dimension
3. Performed additional literature review
4. Further refined and modified the operational definitions
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Scope and Limitations

Scope and Limitations

I Not all dimensions of IQ can be easily measured quantitatively.
Some IQ dimensions such as “usefulness” are impossible to
measure because they depend entirely on the user’s opinion

I Some measures of IQ, such as correspondence, might not be
available. For example, if the original site has been lost, there is
no way to compare it to the archived version

I Focusing on only those dimensions of IQ that can be
operationalized would limit the scope of the theory

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 42 / 87



Scope and Limitations

Scope and Limitations of the Theory

I This is a substantive theory, that is, it is specific to the context of
web archiving and not meant to describe the construct of IQ in a
more general form

I The theory is delimited because it is specific to small or
medium-size web archives that are focused on covering a single
topic or an event
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Scope and Limitations

Scope and Limitations, Assumptions

I Countable and finite: the original and archived websites form a
finite, countable set

I Closed World Assumption (CWA): all the elements of a website
are represented in the components, cn, of the set O or c′

n of the
set A

I Web page vs. website vs. web archive: the theory focuses on IQ
at the webpage level; however, some dimensions such as topic
and size relevance are more appropriately measured at the
website and web archive level
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Results: A Grounded Theory of IQ for Web Archives

A Look at the Data Analyzed

Number of Tickets and Interactions About Information Quality
Analyzed Per Year

Year No. IQ tickets analyzed No. interactions analyzed
2012 74 478
2013 65 492
2014 67 540
2015 58 528
2016 41 506
Total 305 2544
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Results: A Grounded Theory of IQ for Web Archives

Core Facets of IQ for Web Archives

1. Correspondence: similarity between the original and archived
websites. Good correspondence requires equivalence, or at least
a close resemblance, between the two

I Visual
I Interactional
I Completeness

2. Relevance: pertinence of the contents of an archived website to
the original. Archived websites must not contain off-topic content
(topic relevance) or content in quantity or volume that is
unexpected or excessive (size relevance)

I Topic
I Size

3. Archivability: intrinsic properties of a website that make it more
difficult to archive. A latent IQ dimension
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Results: A Grounded Theory of IQ for Web Archives

Dimensions of IQ in a Web Archive and their Frequencies

Counts in the sub-categories do not add up to the totals in their main
categories because many interactions were coded as belonging to
more than one core category and NVivo counts them as such.

Dimension No. of Mentions No. of Tickets
Correspondence 852 226

Visual correspondence 160 91
Interactional correspondence 72 49
Completeness 478 157

Relevance 451 127
Topic relevance 93 54
Size relevance 351 107

Archivability 101 78
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Results: A Grounded Theory of IQ for Web Archives

The Theory of IQ for Web archives, Visualized

Visual

Correspondence

Archivability

Relevance

Topic

Size

Interactional

Completeness
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Results: A Grounded Theory of IQ for Web Archives

Caveats of Operationalization

I Lazarsfeld notion of the interchangeability of indices: substituting
one index for another, or adding additional indices to the formula
is unlike to change the direction of the general relationship

I As a result, the researcher was able to pick a similarity measure
(say, cosine similarity) to explain an IQ dimension, but was also
able to say that other measures such as Jaccard similarity or
Euclidean distance would also prove useful

I Overall, Lazarsfeld’s methods, while not followed to the letter by
the researcher, provided flexible principles that enabled creative
and adaptable ways of operationalizing quality
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Correspondence

I Visual: similarity in appearance between the original website and
the archived website

I Interactional: degree to which a user’s interaction with the
archived website is similar to that of the original

I Completeness: degree to which the archived website contains all
of the components of the original

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 50 / 87



Results: A Grounded Theory of IQ for Web Archives Correspondence

Examples of Visual Correspondence

Example 1
“On the new http://www.stateu.edu/academics page we are not
capturing the background images. I cannot figure out why since we are
capturing other images from the same directory”

Example 2
“One thing related though, the page is not capturing its look and feel
well... Any suggestions? It’s missing the background and objects are
not in the right locations”

Example 3
“We’re having some trouble with our Facebook site captures not
displaying properly (or at all, really)”
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Visual Correspondence

1. Create screenshots of the original website and the archived
website

2. Divide each screenshot into 25 different regions
3. Calculate the average RGB values for each region
4. Calculate the Euclidean distance between the RGB values of

each screenshot. The greater the distance, the greater the
difference between the two images, and thus, the greater the
difference between the two websites
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Visual Correspondence II

Visual correspondence is inversely proportional to the Euclidean
distance between the original and archived webpages.

VC(O,A) =
1

ed(O,A)
=

1√∑N
i=1 (ci − c′

i)
2

A high value of Euclidean distance would indicate greater differences
between the original and archived websites, and thus a lower degree
of visual correspondence.
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Examples of Interactional Correspondence

Example 1
“the interactive floorplan isn’t working as it should do - the text should
appear over the map when you click on it, rather than in a list
underneath”

Example 2
“When i click on it, it briefly flashes to the homepage and then it
displays a URL with the nationalscience URL in it twice”

Example 3
“I would like to know if there is any way I can capture the search
feature of the website, which is with the search box on the top right of
the site attached http://mishima.jp/”
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Interactional Correspondence, Network Requests

Sample of Network Requests that Generated Errors for the Archived
Version of the UNT Campus Map

File Name Cause Live Archived

StaticMapService. img 200 404
GetMapImage

ViewportInfoService. script 200 404
GetViewportInfo

AuthenticationService. script 200 404
Authenticate

ga.js script 200 404
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Interactional Correspondence, Definitions

Let us define the following sets:

Definition
1. NA is the set of network requests of the archived website
2. NO is the set of network requests of the original website
3. NO ∩ NA (or NOA)is the set of requests common to both the

original and the archived websites. Only this set is of interest
4. NE = {x : x ∈ (NO ∩ NA) and x has caused an error in NA}
5. N ′

E = {x : x ∈ (NO ∩ NA) and x has not caused an error in NA}
6. NE ∪ N ′

E = NO ∩ NA
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Interactional Correspondence, Formula

IC =
|N ′

E |
|NO ∩ NA|

Example
|NO| = 100, |NA| = 120
|NO ∩ NA| = 90
|NE | = 20 and |N ′

E | = 70
Using the formula IC is equal to 70/90 or 0.7. Therefore the archived
website has 77.78 % of the interactional correspondence of the original
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Interactional Correspondence, Weighted
Definitions

Use a weighted version that takes into account the importance of a
specific component

Definition
The set NE can be defined as NE = {x : x ∈ (NEH ∪ NEM ∪ NEL)},
where

1. NEH is the set of network requests in both O and A that caused
errors of high importance in the archived website; wi = 4

2. NEM is the set of network requests in both O and A that caused
errors of medium importance in the archived website; wi = 2

3. NEL is the set of network requests in both O and A that caused
errors of low importance in the archived website; wi = 1

4. NEH ∩ NEM ∩ NEL ≡ 0, that is, the three sets are disjoint
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Interactional Correspondence, Formula for
Weighted Version

IC =
N ′

E
NO ∩ NA

=
wi ∗ |N ′

EH
|+ wi ∗ |N ′

EM
|+ wi ∗ |N ′

EL
|

wi ∗ |NOAH |+ wi ∗ |NOAM |+ wi ∗ |NOAL

Example
|NOA| = 150, |NE | = 50 and |N ′

E | = 100
|NOAH | = 55, |NOAM | = 55, and |NOAL | = 40
|NEH | = 35, |NEM | = 12, and |NEL | = 3
|N ′

EH
| = 20, |N ′

EM
| = 43, and |N ′

EL
| = 37

weighted IC =
35(4) + 12(2) + 3(1)

55(4) + 55(2) + 40(1)
=

167
370

= 0.45
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Examples of Completeness

Example 1
“on all most every blog that we have captured from blogspot the
Wayback Machine does not include the subsequent pages beyond the
first”

Example 2
“It looks like in this case, the ‘Older Posts’ page was not captured
because it was blocked by robots.txt”

Example 3
“The News pages (which are located under each individual sport) are
being captured, but the actual articles that are listed and linked out are
not”
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Completeness, Cosine Similarity

We can operationalize completeness as the cosine similarity between
o, the original website and a, the archived website.
If we express o and a as bit vectors O and A that contain all the
components, c, of a website, such as text, images, video, etc, then the
cosine similarity becomes:

cosine(O,A) =
O · A

‖ O ‖‖ A ‖
==

n∑
i=1

ci ∗ c′
i√

n∑
i=1

ci
2 ∗

√
n∑

i=1
c′

i
2

O =< c1, c2, c3, c4, c5,, ...cn >
A =< c′

1, c
′
2, c

′
3, c

′
4, c

′
5,, ...c

′
n >
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Completeness, Assumptions

I In cosine similarity, the values of a vector can be binary, that is, 0
or 1. Let us assume that the value of each component, c, is also
binary. So cn = 0 if the component is absent, and cn = 1 if the
component is present.

I Let us assume that the original website, O, always has all of its
components, so O =< 1,1,1,1,1, ...1 >

I The archived website, A =< c′
1, c

′
2, c

′
3, c

′
4, c

′
5,, ...c

′
n >, since we do

not yet know the values of A.
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Completeness, Substitution

Then we can proceed to calculate the magnitudes of the original site and the
archived site:

‖ O ‖ =

√√√√ n∑
i=1

ci
2 =

√√√√ n∑
i=1

12 =
√

n

‖ A ‖ =

√√√√ n∑
i=1

c′
i
2 =

√
c′

1
2 + c′

2
2...+ c′

n
2

As well as their dot product:

O · A =< 1,1, ..1 > · < c′
1, c

′
2, ..c

′
n =

n∑
i=1

(1)c′
i =

n∑
i=1

c′
i
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Results: A Grounded Theory of IQ for Web Archives Correspondence

Operationalizing Completeness, Generalization

Substituting these values into the equation, we get the following,
generalized version of completeness:

cosine(O,A) =

n∑
i=1

c′
i√√√√n ∗

n∑
i=1

c′
i
2

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 64 / 87



Results: A Grounded Theory of IQ for Web Archives Relevance

Relevance

I Topic: degree to which an archived website (or a web archive)
includes only content that is closely related to that of the original
website or the topic of the larger web archive

I Size: similarity in size of the archived website to the original
website
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Results: A Grounded Theory of IQ for Web Archives Relevance

Examples of Problems with Topic Relevance

Example 1
“The problem is, that a lot of unrelated content is being displayed: sites
we are not supposed to have in our collection, social network pages
like xing and facebook,porn and dating sites, some of them even with
illegal content, and so on”

Example 2
“the seed http://www.oakschools.org has tons of garbage URLs”

Example 3
“I noticed that we captured a message board that has a lot of
unwanted garbage posted on it”
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Results: A Grounded Theory of IQ for Web Archives Relevance

Examples of Problems with Size Relevance

Example 1
“The crawl took 12 hours and returned 103,173 documents and 3.1GB
of data. This can not be correct. Crawling the whole law.stateu.edu
domain with my contraints yields 20,300 +- docs”

Example 2
“There are only 170 photos on this site but I ended up with 15K new
URLs”

Example 3
“There were more than 300,000 URLs queued when my time limit ran
out! Looking through the queued URLs, it looks like this site is using
some jQuery tools (Colorbox, Superfish) that I’m not at all familiar with.
Have you seen any sites like this before? Any suggestion for what I
might be able to exclude without losing content?”
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Results: A Grounded Theory of IQ for Web Archives Relevance

Operationalizing Relevance

In traditional IR, the relevance of a document to a specific query is
determined through the following process:

1. Research subjects are presented with a query. This is often a
question or topic someone would like to know more about

2. Subjects are presented with a number of documents that might be
related to the query. They judge each document as being
“relevant” or “not relevant” to the topic. This human judgment is
regarded as the “ground truth”

3. The researchers then design an IR system that best approximates
human judgments of relevance
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Results: A Grounded Theory of IQ for Web Archives Relevance

Operationalizing Relevance II

This process is not applicable to the web archives for a multitude of
reasons.

I AIT interface, which clients use to create and manage their own
web archives, does not have a query interface that can be used to
execute topic-based queries.

I AIT clients do not query their own web archives in the traditional
sense; they judge whether an archived webpage or website is
relevant or not by looking at crawl reports

I In general, web archives rarely have full-text indexing
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Results: A Grounded Theory of IQ for Web Archives Relevance

Operationalizing Relevance: Depiction of a Website as a Link
Graph

s

c1 c2 c3

c4 c5

c6 c7 c8
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Results: A Grounded Theory of IQ for Web Archives Relevance

Operationalizing Topic Relevance, Definition 1

TR(ci) =
1

d(s, ci)

TR(c3) =
1

d(s, c3)
=

1
1
= 1

TR(c4) =
1

d(s, c7)
=

1
3
= 0.333

Higher values indicate higher relevance
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Results: A Grounded Theory of IQ for Web Archives Relevance

Operationalizing Topic Relevance, Definition 2

The seed domain is represented as a vector S. Other domains that are
linked to from the seed domain are represented as vectors D. The
topic relevance is the cosine similarity between S and D

cosine(S,D) =
S · D

‖ S ‖‖ D ‖

Example
Seed domain is www.loc.gov, which links to domain cdn.loc.gov
Seed domain is represented as vector
S =< 1,0,0,1,1,0,2,0,1,3,2 >, while
D =< 1,1,0,1,1,1,2,0,0,1,0,2 >
cosine(S,D) = 0.30
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Results: A Grounded Theory of IQ for Web Archives Relevance

Operationalizing Size Relevance

Archived website can be larger than the original website, but not much
larger. The difference in cardinality between |A| and |O| must not
exceed a certain user-defined limit, defined as k

|A| − |O| ≤ k

Each web archivist determines how much larger she thinks the
archived website can be when compared to the original
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Results: A Grounded Theory of IQ for Web Archives Archivability

Archivability

I The intrinsic properties of a website that make it more difficult to
archive

I In the data, archivability was a dimension of IQ that was perceived
by AIT employees (that is, web archivists), but rarely by AIT clients

I Web archivists need to know if a website is archivable before
capturing it in order to ensure a high-quality archived website

I Archivability is thus a latent dimension, because it is hidden from
most people
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Results: A Grounded Theory of IQ for Web Archives Archivability

Examples of Problems with Archivability

Example 1
“For Facebook, your site was archived, there is just an issue that is
keeping the archived page from displaying normally. Our engineers are
working on this and it should be fixed this week”

Example 2
“It looks like the site uses a fair bit of javascript to generate those
‘printer friendly’ pages, but I’m not sure how feasible capture is”

Example 3
“Because of their interactive nature, search boxes cannot operate in an
archived website in the same way as they would on the live web”
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Results: A Grounded Theory of IQ for Web Archives Archivability

Operationalizing Archivability

Archivability of a website is defined as a measure of dynamism DO, or
the number of dynamic components contained in the original website.
The higher the dynamism of a website, the lower its archivability.

Archivability =
1

Dynamism
=

1
|DO|

Example
A website has nine components, therefore |O| = 9
Two of these components are JavaScript files, and so are dynamic;
|DO| = 2
Archivability = 2/9 or 0.22

Reyes Ayala (UNT) IQ in Web Archives May 18, 2018 76 / 87



Discussion and Conclusions Unexpected or Surprising Findings

Unexpected or Surprising Findings

I In the final theory, completeness is a sub-dimension of IQ (part of
the correspondence dimension) rather than having its own
dimension

I AIT clients often made mistakes when judging whether or not
archived content was relevant, regularly flagging web content as
irrelevant, when it was actually relevant

I AIT clients were worried as much about the overabundance of
content in their web archives as about their completeness. This
directly contradicted the researcher’s initial assumption that the
size of a web archive would not be important for them

I Archivability was a latent dimension. Only AIT employees, not
clients, were able to determine a website’s archivability and judge
how it will affect the quality of its archived counterpart
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Discussion and Conclusions Future Work

Applying the Operationalized Definitions of IQ

1. Develop software that can apply the IQ metrics
2. Carry out experiments to determine which metrics perform best.

Ex: cosine or Jaccard similarity for completeness
3. Refine the metrics. Correct formula for an IQ dimension might be

more complex than originally stated. Ex: Visual correspondence

was defined as VC(O,A) =
1

ed(O,A)
. In reality, the formula might

be something closer to VC(O,A) =
α

ed(O,A)

The most difficult challenge lies, not in applying the metrics, but in
securing access to a dataset that would allow these metrics to be used
and refined
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Discussion and Conclusions Future Work

Other Research Directions

I Investigate in depth the mismatch between how humans perceive
web archives and how web archives are usually constructed

I Explore the notion of time and its effect on the IQ of a web archive
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Conclusion

Thank you for your time and support.
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