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Outline of Presentation

Archival quality in an archival context
Selective findings (more with poster and on website)

Implications for practice and theory

Project Website: http://hathitrust-quality.projects.si.umich.edu/
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Archival Quality - A Value Proposition

Archival nature

1939 on : distinguishing characteristics of archives

2000 on: significant properties of digital objects
Preservation

1961 on : media longevity [e.g., microfilm and acid-free paper]

1985 on : processes to protect against loss [archival processes]

1990 on: digitization image quality [archival master]
Reliability [InterPARES]

1995 on : completeness and process control

“... degree of completeness and degree of control of the
procedure of creation are the only two factors that
determine reliability of records.” [Duranti 1995, p. 6]
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Archival Quality in Archival Theory

Seamus Ross : digital libraries are digital archives
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Terry Cook: context of creation

ociety

“This new paradigm for [has] a renewed focus on the context,
purpose, intent, interrelationships, functionality, and accountability
of the record, its creator, and its creation processes,

wherever these occur.” [Cook 1997, p. 48]

Geoffrey Yeo: boundary objects & persistent representation

“Records are “persistent representations of activities...
or other occurrents... created by participants or observers
of those occurrents or by their authorized proxies...” [Yeo 2008, p 136]
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Archival Quality is Archival Science [Thomassen 2001]

Object of Archival Science:

defining the nature of “process-bound information,” which is
“information itself and the processes that have generated and
structured that information.”

Aims of Archival Science:

“the establishment and maintenance of archival quality,
that is to say: of the optimal visibility and durability of the records,
the generating work processes, and their mutual bond.”

Methodology of Archival Science:

“maintaining the formal quality of process-bound information, by
ensuring its availability, readability, completeness, relevance,
representativeness, topicality, authenticity and reliability.”

Thomassen, Theo. (2001). “A First Introduction to Archival Science,” Archival Science 1: 373-385.
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Research Environment - Digitization

New preservation reality: from vertical integration to distributed
management

Preservation programs used to exercise end-to-end control of
reformatting

Now: preserving digitized content: “take what we can get”
End-user trust turns on validating “fitness-for-use”

Two Research Questions for our project
What is quality? [definition, measurement, distribution]

What difference does lack of quality make for users? [barriers, acceptance
testing]

HATHI
TRUST

Testbed: HathiTrust Digital Library

[http://www.hathitrust.org/]
Andrew W. Mellon Foundation [planning]

IMLS NLG [research, reporting]
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Rethinking Quality for Preservation and Access

Zachary Kanin, The New Yorker, November 7, 2011. %
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Research Workflow [2011-13]

Podium Talk!

\

2. Measurement

4 N

*Read online
 Collection management

« File to print transform
« Text-Image prediction

(“Error model . N 2011-12
« Quantity and severity of
EHROr L « Population sampling
« Inter-rater reliability «Sequential sampling
« Data-gathering system procedures
« Distribution of error
« Co-occurrence of error
. + Correlation with traits
1. Metrics
o
2011
Poster!

3. Use studies
2012-13

\

Next Year!
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Phase 1 120111 - Metrics of Digitization Error

Level of Abstraction

LEVEL 1: DATA/INFORMATION

11
1.2
1.3
1.4
1.5

Text: thick text [fill, excessive]

Text: broken text [character breakup]
[llustration: scanner effects [moiré, gridding]
lllustration: tone, brightness, contrast
lllustration: color imbalance, gradient shifts

LEVEL 2: ENTIRE PAGE

Possible Cause of Error

Source or post-processing

Source or post-processing

Scanning or post-processing
Scanning, post-processing or source
Scanning, post-processing or source

2.1 Blur [distortion] Scanning or source
2.2 Warp [text alignment] Post-processing
2.3 Skew [page alighment] Scanning, source or post-processing
2.4 Crop [gutter, text block] Source or post-processing
2.5 Obscured/cleaned [portions not visible] Scanning or post-processing
2.6 Colorization [text bleed, low contrast] Source or post-processing
LEVEL 3: WHOLE VOLUME
3.1 Fully obscured [foldouts or objects] Scanning
3.2 Missing pages [one or more] Source or scanning
3.3 Duplicate pages [one or more] Source or scanning
3.4 Order of pages Source or scanning
3.5 False pages [not part of Original Content] Scanning or post-processing
222" MUseUMueLibrary
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Phase 1 [2011] - Error Severity Scale

0 - Error is undetectable on the page.

1 - Error has negligible affect on Original Content.

2 - Error alters appearance of Original Content.

3 - Error has affects readability of Original Content.

4 - Error requires significant inference to read Original Content.

5 - Error renders Original Content undecipherable.
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Error Type - Broken

Error Type - Thick
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Error Type - Warp

Error Type — Crop
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Error Type — Obscured Error Type — Obscured

(Material — Foldout not opened) (Processing)
b : B AMICO DI SANDRO
N
’ﬁé‘;’::;c

cccccc
LLLLL
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Phase 2 [2011-12] - Error Detection, Coding, Analysis

Random Samples of Digital Volumes
Populations: pre-1923 N= 1.3 million post-1923 N=6.5 million
Samples: 1,000 volumes per study
Google (pre-1923, English)
Google (post-1923, English, no serials)
Internet Archive (pre-1923, English)
non-Roman scripts (250 volumes in four alphabets)
Systematic sampling strategy within each volume
Up to 100 pages per volume, evenly distributed front to back
Up to 25% of a volume, evenly distributed

Coding: page-level, whole volume, physical inspection
Coding of 456,217 page-images [for 11 errors]
Double coding of 10% of each sample [ ca. 45,000 page-images]
Coding of 2,000 whole volumes [for volume level errors]

Coding of 1,490 physical volumes for book/bib. characteristics | 5

INSTITUTE of
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Findings: Comparison of Most Frequent Errors

Total coding of 178,297 page-images digitized by Google

Severity =0 Severity =1 Severity =4 Severity =5
<< 1923 >>>> <<<< 1923 >>>> <<<< 1923 >>>> <<<< 1923 >>>>
Text
Thick 62.04% 67.52% 25.66% 21.00% 0.19% 0.40% 0.11%  0.42%
Broken 61.00% 73.37% 29.96% 19.18% 0.19% 0.41% 0.25% 0.36%
Page
Crop 99.37% 98.85% 0.27% 7.05% 0.02% 0.04% 0.15% 0.25%
Warp 29.22% 45.78% 60.18% 48.93% 0.04% 0.04% 0.05% 0.06%
Obscure 16.88% 56.83% 78.05% 41.69% 0.08% 0.02% 0.46% 0.16%
182,205 490 972
Portion of Total Error (pre-1923) 96.9% 82.5% 87.9%
113,682 795 1,077
Portion of Total Error (post-1923) 90.5% 87.9% 86.5%
Mﬁ?gij}fﬁfmhbrary
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Findings: Comparison of Most Frequent Errors

Total coding of 85,535 page-images digitized by Internet Archive

Severity=0 Severity=1 Severity=4 Severity=5
<<<< 1923 <<<< 1923 <<<< 1923 <<<< 1923
Text
Thick 93.23% 4.12% 0.01% 0.00%
Broken 81.71% 11.77% 0.19% 0.10%
lllustration
Tone 69.00% 24.65% 0.17% 0.01%
Page
Crop 99.61% 0.22% 0.02% 0.07%
Warp 41.13% 57.00% 0.00% -
Obscure 56.93% 39.61% 0.02% 0.07%
Colorization 47.56% 45.22% 0.00% 0.03%
Skew 90.24% 9.33% - -
Blur 94.22% 4.28% 0.04% 0.03%
95,293 199 206
Portion of "Big Five" Errors 57.40% 52.00% 77.40%

") ,-':: INSTITUTE of
g Museum...Library
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Findings: Distribution of Severe Error

Proportion of volumes with severe error
Level 4 or 5 severity in any error type on any page-image

Pages w/ Severe Error ‘ Number of Volumes Cumulative Percent
Google ‘ Internet Archive Google
<<<< 1923 >>>> <<<< 1923 >>>> <<<< 1923 <<<< 1923 <<<< 1923 >>>>
0 0 555 637 876 93.19% 59.55%  69.16%
1 1 167 131 43 97.99% 77.47%  83.39%
2 2 76 50 7 98.51% 85.62%  88.82%
3 3 39 29 2 98.72% 89.81%  91.97%
4 4 24 11 0 98.72% 92.38%  93.16%
5 5 12 8 3 99.04% 93.67%  94.03%
6 6 12 6 3 99.36% 94.96%  94.68%
7 7 8 3 0 99.36% 95.82%  95.01%
8 8 3 2 99.57% 96.46%  95.33%
9 9 2 0 99.57% 96.57%  95.55%
10 10 4 3 0 99.57% 97.00%  95.87%
11to 21 11to 28 20 28 1 99.68% 99.10%  98.97%
22 to 68 38 to 168 8 10 3 100.00% 100.00% 100.00%

932 921 940

Sese - INSTITUTE of
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Phase 1 120111 - Metrics of Digitization Error

Level of Abstraction

LEVEL 1: DATA/INFORMATION

11
1.2
1.3
1.4
1.5

Text: thick text [fill, excessive]

Text: broken text [character breakup]
[llustration: scanner effects [moiré, gridding]
lllustration: tone, brightness, contrast
lllustration: color imbalance, gradient shifts

LEVEL 2: ENTIRE PAGE

Possible Cause of Error

Source or post-processing

Source or post-processing

Scanning or post-processing
Scanning, post-processing or source
Scanning, post-processing or source

2.1 Blur [distortion] Scanning or source
2.2 Warp [text alignment] Post-processing
2.3 Skew [page alighment] Scanning, source or post-processing
2.4 Crop [gutter, text block] Source or post-processing
2.5 Obscured/cleaned [portions not visible] Scanning or post-processing
2.6 Colorization [text bleed, low contrast] Source or post-processing
LEVEL 3: WHOLE VOLUME
3.1 Fully obscured [foldouts or objects] Scanning
3.2 Missing pages [one or more] Source or scanning
3.3 Duplicate pages [one or more] Source or scanning
3.4 Order of pages Source or scanning
3.5 False pages [not part of Original Content] Scanning or post-processing
222" MUseUMueLibrary
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Whole Book Errors - Preliminary Findings [one sample]

Average number of pages per volume with whole book error.

Certainty of loss of Original Content on some part of a page.

Mean = 4.93
pages/volume

Mean = 5.56
pages/volume

20

Variable n Mean Std. Dev. Minimum Maximum
Pages per Volume 997 397.49 272.75 8 1628
Whole Book Error
Obscured Content 997 3.36 20.82 0 366
Missing Page(s) 997 0.67 6.529 0 155
Duplicate Page(s) 997 0.62 4.48 0 92
Out of Order 997 0.24 2.185 0 43
False Page (s) 997 0.04 0.343 0 8
Page-level Quality Errors in a Volume
Sure Loss 1/3 page 996 2.44 11.69 0 177
Sure Loss 2/3 page 996 0.72 4.22 0 68
Sure Loss all page 996 0.58 0.046 0 59
Unsure Loss 1/3 page 996 1.51 7.94 0 156
Unsure Loss 2/3 page 996 0.11 0.603 0 9
Unsure Loss all page 996 0.206 1.49 0 28
SAA Research Forum -- August 2012
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Impact of Physical Characteristics on Error

21

Chi-Square
Characteristic of Volume 1- 3 Pages = 7 Pages 5d
(p value)
T < 1860 70 19
Publication Year : 1866-1399 70 11 <0.0001
T 21900 110 7
. @ More than 1.0 cm 184 20
Gutter Margin 0.002
: Less than 1.0 cm 66 17
] : No 153 20
Graphic Content 0.004
: Yes 97 17
: No 241 37
Parts of Pages Missing 0.06
: Yes 9 0
: Fully Intact 190 27
! Loose 41 4
Binding 0.06
: Motintact 12 6
: Missing All/Part 3 o

Number of Pages per Volume with at least 1 severe error

SAA Research Forum -- August

2012

Next step in analysis: map physical characteristics to specific error types.
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More Data Gathering - 2012

Special focus on graphics and illustrations
Compile examples of digitization error
Get diagnosis from panel of imaging scientists
Explore options for correcting error

Digitization processes documentation and analysis
Google digitization/post-processing techniques
Internet Archive post-processing techniques
HathiTrust ingest and re-ingest routines
Costs and limitations of manual review of digitization error

s INSTITUTE of
i Museum...Library
22 SAA Research Forum -- August 2012 ' SERVICES



Study Phase 3 [2012-13]1 - Two Major User Studies

Reading online — Error threshold for user rejection

Concepts: Text legibility; illustration interpretability
Scholarship: IQ (intrinsic); Relevance clues (object); Readability

Population: Digital humanities scholars who use books as primary
sources

Goal: Identify thresholds of acceptability (Iimbo bar)

Managing library print collections

23

Concepts: Low cumulative error; completeness; redundancy
Scholarship: “Last copy” criteria and policy

Population: HathiTrust members: collection development and
preservation librarians

Goal: Certify individual volumes as “fit for use”(high bar)

'-.,-,. INSTITUTE of
i Museum.ncLibrary
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Study Phase 3 20121 - Process Study

Predicting error from text to/from page-image

Spatial mapping of error text landscapes [training set] with hOCR
text file [Google, IA, JSTOR]

Partnership with SI Professor Qiaozhu Mei’s research team

24
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The Beck case, the evidence on which he was con-
victed has become discredited to a point at which
no jury would maintain its verdict of guilty. Th@
reluctance is not to confess that an innocent ma@
is being punished, but to proclaim that a guilty
man has escaped. For if escape is possible de-
terrance shrinks almost to nothing. There is n@
better established rule of criminology than that it is
not the severity of punishment that deters,
but its certainty. And the flaw in the case of@
Terrorism is that it is impossible to obtain enough
certainty to deter. The police are compelled t@
confess every year, when they publish their statis-
tics, that against the list of crimes reported to
them they can set only a percentage of detections
and convictions. And the list of reported crimes
can form only a percentage, how large or smal@
it is impossible to say, but probably small, of the
crimes actually committed; for it is the greatest
mistake to suppose that everyone who is robbed
runs to the police: on the contrary, only foolis@
and ignorant or very angry people do so without
very serious consideration and @reat reluctanc@
In most cases it costs nothing t@
And a good deal to prosecut

In Heartbreak House, wh@

[36
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Deliverables [2013]

Report findings on website
Tables, analysis, links to data
http://hathitrust-quality.projects.si.umich.edu/

Publish peer-reviewed articles & proceedings
American Archivist, Archival Science, JASIST, IJDL, 1JIQ
JCDL, iPres, IS&T Archiving
College & Research Libraries, First Monday

Distribute Quality Review web-application(s)
Three tools that use sampling strategies
One tool for volume-by-volume certification

---,-:.-.. Museumandlerary
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Summary

What is quality?
Absence of page-image error relative to expected uses.
Presence of intrinsic character sufficient to inspire trust.
“Fit for purpose” — exploring the limits of “one size fits all”

How bad is it?
Very low incidence of very severe error?
Likely findable with automated processing
High incidence of low-severity text error (Google)
Very low incidence of whole volume error
Unlikely findable with machine processing algorithms
Very high incidence (likely) of scanner effects on book illustrations

Why does error occur?
Physical book characteristics have little or no impact
Faith of digitizers in post-scan image processing at scale

INSTITUTE of

----- ., Museumandlerary
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Implications for Practice

Lowering the bar on image quality is not necessarily an
ethical or professional compromise

New tools and techniques for measuring quality will
emerge from this study

Communicating error to users is important

Need for automated quality validation routines
Error models as first steps toward machine processing
Distinguishing errors that matter from those that don’t

Proposition: Certification of trustworthy repositories must
encompass the qualities of the content within.

-'.,.,. INSTITUTE of
------ Museum ~Library
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Implications for Archival Theory

An archival principal [archival quality] can be described
empirically.
Scoping the “intrinsic value” of copies [Boon 2010]
Reaffirm value of digital surrogates as preservable products
Preservation trumps access as a compelling archival rationale

Establish the archival nature of digitized surrogates
“Archivalness” derives from creation processes [reliability]
Provenance derives in part from digital curation
Appraisal of value through assessment of use

::,.,. INSTITUTE of
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Project Summary |

IN LESS THAN A DECADE the large-scale digitization of books has begun transforming the way we read and learn
and changing how research libraries manage and preserve their collections.

DIGITIZED BOOKS made by third-party vendors are being preserved in online repositories. In this new preservation
environment, the quality of what is preserved becomes an important factor in inspiring trust that digitized books are fit
for the purposes envisioned for them.

INNOVATIVE RESEARCH presented at this website is developing and testing methods for measuring the severity of
detectable errors in digitized books and validating the impact of error on the end-user. Here you will find information
on the project, selected findings, and links to the project’s reports, presentations, publications, and products.

HATHITRUST DIGITAL LIBRARY serves as a testbed of digitized books and serials for the project, which has three
overlapping phases.

« Phase 1(2011) - Define a model of digitization error and a severity scale for recording observed error
consistently and accurately.

o Phase 2 (2011-12) - Apply the research methodology to representative samples of digitized volumes.

¢ Phase 3 (2012-13) — Validate the results of the error analysis for specific use-case scenarios.

aboration with the
aesota Libraries. Ih

THE SCHOOL OF INFORMATION.3
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the University of Michigan is leading a multi-year coll




Questions?

Thank you for your attention!

Project Website: http://hathitrust-quality.projects.si.umich.edu/

Paul Conway, Associate Professor
University of Michigan School of Information pconway@umich.edu
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