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The bulk of the documents that affect our lives are digital or born digital. Our laborious investigations
of layout, script, font and graphics, are turning into mere exercises with little influence on pursuits out-
side the Document Analysis and Recognition (DAR) community. Recent performance improvements on
such tasks, even if based on deep learning and Al, are as much the result of advances in computer hard-
ware as of breakthroughs in document research. It is time to automate tasks beyond transcription. This
Commentary addresses our mission, our approach to some technical issues, and the role of Al in DAR.
Opportunities for a wider role for document analysis include more pervasive application of statistical de-
cision theory, integrated genre analysis, summarization, interpretation and information extraction, bolder
goals in content analysis, and alternative modalities, induced by the open source movement, for sharing
research results. Importantly, expanding the scope of our research incurs increased responsibility for re-
taining human prerogatives in critical decision making and preserving essential human skills like good
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writing and discriminative reading.

© 2023 Elsevier B.V. All rights reserved.

1. Alert

Given a few factoids - true or false - in the form of tables
or lists, an Al' text generator can convert them into grammati-
cal, and even stylish, prose. Given the narrative, another Al app
can extract the factoids and stuff them into a database. The cycle
of structured-data-to-narrative-to-structured-data can be extended
ad libitum. Computers writing for computers! According to recent
evidence, Al may be more reliable, and certainly faster than hu-
mans, at separating verified facts from rumors, conjectures and
outright falsehoods. These and other advances in reading and writ-
ing tasks fairly compel the Document Analysis and Research com-
munity (and our IAPR relatives) to expand our technical horizon
and also stake out an independent and indispensable role for hu-
mans.

2. Note

This is a commentary, not a technical or scientific report, a sur-
vey, or a review. Instead of detailed references, it has only a bibli-
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ography of about fifty items that prompted or shaped these reflec-
tions. Many entries point not to technical articles but to newspaper
or magazine articles or web postings that may reflect immature
and evolving ideas.

3. Documents

While there is a long history of changing perspectives on what
a document is or is not, the Wikipedia’s broad (and lengthy) def-
inition is well aligned with our proclivities. It includes written,
drawn, presented, or memorialized representations of fictional and
nonfictional thought, as well as their electronic embodiment in
computer files. An older and more abstract definition, any concrete
or symbolic indication, preserved or recorded, for reconstructing or
for proving a phenomenon, whether physical or mental, would also
serve. Most current applications of document processing can be
found on the ICDAR, DAS and IJDAR web sites, and on the CFP for
this special issue.

Types of documents unfamiliar to 19th C librarians include
email, short text messages, electronic journals, eBooks, blogs, pod-
casts, videos, visualizations, and computer art. The rapidly shifting
nature and role of documents suggests a complementary shift in
research paradigms. Instead of categorizing documents by appear-
ance and encoding (i.e., by language, glyphs and formating), which
are all mutable in the digital world, we should consider document
content characteristics that are more directly related to higher-level
human endeavors like planning, decision making and knowledge
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discovery. None of the corresponding document processing objec-
tives listed below is entirely new, but they have hitherto seldom
surfaced in DAR.

4. A brief history

The first successful application of document processing was Op-
tical Mark Recognition (OMR). Automated symbol recognition did
not surpass human ability until the advent in the 1950’s of the
durable MICR E13B font for bank checks. Electronics, and then
computers, progressed to OCR-A, OCR-B, monospaced and pro-
portional typewriter fonts, typeset text, incunabula, illuminated
manuscripts, hand-printing, handwriting, signatures, logos, tables,
graphics, comics, and scene-text, in Latin and other scripts.

Postal recognition evolved from ZIP codes to complete address
reading. Among the earliest targets of information extraction from
semi-structured text were factoids from obituaries and used-car
ads. Narrative summarization hit a snag because the available
ground truth was so poor. There were few attempts at goal-oriented
summarization of free-flowing text. Human summaries often con-
sisted only of a few sentences lifted from the Introduction and the
Conclusion. Current authors (or their software?) still resort to this
inappropriate expedient in preparing their Abstracts, thereby sub-
stituting motivation for substance.

The performance of today’s automated story understanding
software is comparable with that of top high-school students. Con-
versely, text generators can now turn numerical weather data,
sports scores, and stock market quotations into narratives barely,
if at all, distinguishable from the product of human scriven-
ers.

With the currently available translation programs, or even with
just the common spelling, grammar and style checkers, fluency is
no longer necessary to write in a foreign language. Even techni-
cal knowledge is becoming dispensable for aspiring authors. With
large public repositories of test data and toolboxes offering an
infinite variety of algorithms, any computer-literate aspirant to
authorship can submit a plausible draft to a journal or confer-
ence.

5. Provenance

Authorship analysis has always been part of literature. On the
web, documents often lose their integrity and their links to their
authors. If the disconnect affects their credibility, then these doc-
ument fragments must be traced to their source. Already available
tools include signature and scribe recognition, encryption, foren-
sic typeface analysis, digital signatures and watermarking, and pla-
giarism detection. Adversarial learning improved spam filters. We
don't yet have measures of conceptual similarity that can distin-
guish shared origins from similar conclusions reached by indepen-
dent workers.

The effects of false provenance induced by malice range from
annoyance, misinformation and loss of privacy to outright fraud
and catastrophic malfunction. Document provenance monitoring
can be improved by including all available appearance, semantic
content, metadata and routing tags.

Can we still tell Al-generated text from human utterance? We
could build classifiers that do this, and even keep up with changes
in both human and machine writing as new samples of both are
posted on the web. What about machine translation from one
language to another vs. human translation? Computer vs. human
proofs of mathematical theorems and algorithm verification? Med-
ical and nutritional advice? Instead of passing the buck, perhaps
we can join the data-integrity efforts of Big Data consortia in the
health sciences, meteorology and astronomy.
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6. Genre recognition

Every document is created with some purpose that determines
its genre. An automated cataloguer should be able to differenti-
ate invoice from receipt, questionnaire from legal notice, biography
from novel, news from propaganda, science from science fiction,
prognosis from diagnosis, poetry from doggerel, or even erudition
from parody. Perhaps Al also needs to be endowed with a sense
of humor. Even more problematic is Al's sense of time, including
urgency (for author or reader) in the life of a document.

It may also be useful to recognize documents and messages
meant to influence, rather than to inform, entertain or annoy. Cur-
rent efforts on emotion assessment barely scratch the surface. Finer
classification would reveal whether the sought behavior is social,
political, or financial for both the source and the recipient. It is
understood that most such distinctions are ambiguous and intrin-
sically multi-dimensional. Fortunately we have ample experience
with multi-valued, multi-dimensional features.

7. Document synthesis

PC software has always generated hints, suggestions and error
messages. These evolved into spelling, grammar and style checkers,
next-word prediction, educational videos, infomercials and adver-
torials. They may be mediated by digital assistants like Siri, Cor-
tana, Google Assistant or IBM Watson, that (who?) can be difficult
to differentiate on chat platforms from pre-programmed humans.
Messages are customized not only according to one’s current ac-
tivity, but also yesterday’s or last month’s. How can we apply the
benefits of advanced techniques of document synthesis to improve
the human condition?

8. Integrated document processing

Decision-support systems have traditionally obtained all the in-
formation necessary to make a good call from a user-designated
database, collection of semantic triples, or ontology. A plethora of
useful facts, plans, and calculations may, however, be scattered in
other accessible venues. Automated systems must therefore learn,
as we do, to assemble their own reading lists.

Document processing programs must also learn on what (not
only whom!) to call for help when stuck, to network with other
document processing software, and to collaborate rather than com-
pete. Shades of classifier combination and of transfer-learning! Im-
mature apps should be able to get help from computer tutors
with no functionality besides serving as information conduits. Cur-
rently only the largest organizations can afford to develop inde-
pendent yet collaborative systems, but IAPR should think about it
too. Should we expect more from Al than from our fellow humans?
Reliable automated content analysis should not embarrass us any
more than accurate computer arithmetic. Al, after all, has speed
and memory on its side.

Can we develop a theory linking various types of computer-born
documents to their content instead of only conducting experiments
that improve some performance measure on an arbitrary selection
of traditional documents? We could make better use of ancillary
data and large-scale context instead of re-using established meth-
ods by converting computer-native images to pixel-arrays. Scene-
text reading might benefit from GPS data, from exposure and other
settings preserved with the image, from analyzing other photos on
the same camera-roll, and perhaps even from the web profile of
the clicker. Medical image analysis should also draw on properties
of other documents in the same collection (articles from a partic-
ular journal, cell images from the same laboratory run, and CAT
scans of patients with similar conditions).
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Open Source Software has given us Linux, LaTeX, python, Oc-
tave, (Apache) OpenOffice, LibreOffice, and most C compilers. Peer
review of proposed improvements in 0SS seems to be faster and
more open than in our publications. The product of these endeav-
ors is a comprehensive whole rather than a fractional contribution.
Some larger DAR goals would benefit from cohesive, large-scale,
long-term collaborations like the above.

9. Cost-driven classification

To remain relevant, DAR cannot stop at word error rates. The
DAR community has been too slow to explore broader relation-
ships between humans and documents. Most published classifica-
tion results are still based on error and reject rates, sensitivity and
specificity, precision and recall, the F1 score, Type | and II errors,
and the ROC curve, which were all designed for two-class prob-
lems. Modifying them for multiclass problems with highly unbal-
anced memberships and costs tends to be clumsy and ineffective.

Statistical Decision Theory (developed c. 1950) lets us consider
financial and social costs. It advocates minimizing risk (the ex-
pected loss) as the ultimate objective. This requires sound sam-
pling and class-specific cost functions. Are web tools already avail-
able to periodically construct a plausible document census from a
DAR perspective? Can search engines be modified to provide un-
biased samples of specific, countable document populations? Can
we collaborate with economists and with medical administrators,
museum curators, publishers and others with budgetary responsi-
bilities, to begin to fill the cost function lacunae in document anal-
ysis?

10. Reproducibility, generalizability and self-learning

Some definitions of reproducibility imply reproducing conclu-
sions of earlier work on new data by a different team. What is
the connection with the long-established pattern recognition and
machine learning notions of generalizability, adaptation, and unsu-
pervised learning?

11. Dissemination of research results

Research results on topics closely related to document analysis
are scattered among journals and proceedings in the Natural Lan-
guage Understanding, Linguistics, Information Retrieval, Knowledge
Extraction, Data Mining, Information Retrieval, Pattern Recognition,
Machine Learning and Neural Network houses of Al. Recent issues
prompted the emergence of Explainable Al (XAl), Fair, Accountable,
Confidential and Transparent algorithms (FACT) and Replicable and
Reproducible Pattern Recognition (RRPR). Balkanization appears to
be more prevalent in research on artifacts than in the natural sci-
ences.

Journal readership has been steadily declining in spite of the
publishers’ efforts to bring their offerings to our attention based
on our web profile and activity. The median number of readers
of a technical article is in the single digits, and that of confer-
ence papers is even less, How could it be otherwise with 1.5
million peer-reviewed articles published annually in some 30,000
academic journals? Elsevier and Springer each publish more than
2500 journals. Only a minority of the published articles are ever
cited. It is estimated (I don't know how) that about 20% of the ar-
ticles cited have actually been read by the citing author.

Like other vendors, publishers implore our feedback to im-
prove their marketing. Professional societies send us questionnaires
whenever we participate in their activities. Journals are adding
graphical abstracts, research highlights, video and audio to make
our communications more distinguishable. Premature conference
submission deadlines with onerous formating requirements are
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postponed repeatedly. Acceptance decisions are delayed. Proceed-
ings, that used to be available before the opening session, are
months late. Such practices do not reflect well on our foresight and
reliability. We cannot blame everything on COVID!

Appendices of journal articles, formerly a few pages of sup-
plementary information, are turning into vast on-line repositories
of computer code and data that are virtually impenetrable to in-
spection. The complexity of off-the-shelf Al software prevents re-
searchers from comprehending and presenting potentially impor-
tant aspects of their experiments. In the MATLAB Deep Learning
toolbox, for example, the critical parameters of the algorithms are
shrouded by layers of nested function calls. The code in the P-files
of the innermost layers, where most of the action takes place, is
invisible to mere license holders.?

Although there are plenty of statistics about social network de-
mographics and usage, it is difficult to find any estimates of the
fraction of messages actually seen by human eyes. Never having
joined a social network, I am bereft of ideas for research on these
vast channels and receptacles of contemporary thought.

Charges for open source publication and rapidly growing con-
ference registration fees are a major source of income for pro-
fessional societies, publishers and institutes. The costs are often
passed on to universities, research laboratories, and granting agen-
cies. In 2018, the international market for scientific publications ac-
counted for about nine billion dollars per year. Yet most of the
work (writing, peer review, editorial decisions, proofreading and
editing) is carried out by the researchers themselves, and the cost
of storing and disseminating electronic documents has never been
lower.

Having spent a lifetime in research and related reading and
writing, I am dismayed about this sorry state of affairs. There must
be more effective ways of consolidating and disseminating research
results than thorough our run-away journal and conference pro-
ceedings! | have no real solution to offer, and can only draw atten-
tion to a few plausible directions for DAR.

We can encourage posting preprints on public depositories like
arXiv and Zenodo. Most journals allow this practice. Some com-
munities have established volunteer and completely open peer re-
view systems (e.g. Peer Community In) for publicly accessible re-
ports. DAR is still small enough to allow launching such a project
quickly.

Given the reach of web search engines, we could dispense with
almost identical sections on prior work in experimental reports on
the same data. We could develop and deploy content analysis to
verify the relevance of each reference. This could be added to the
automated format checking and plagiarism detection software. We
should commission surveys that adhere to the rigorous standards
of systematic review and meta-analysis in the health sciences. Yet
we cannot even agree on family-name first or last in citation for-
mats!

Digital libraries and institutional repositories rendered our work
more accessible, Linked Open Data (LOD), Uniform Resource Indi-
cators (URI), the Resource Description Framework (RDF), machine
readable metadata, ontologies, and knowledge graphs -all under
the aegis of the Semantic Web and W3C - will make research re-
sults more discoverable. Is DAR pulling its weight to make all this
work? Technical communication problems are not unique to our
community, but we bear special responsibility because documents
have always been the vehicle for sharing knowledge.

Many industrial research labs have revised their reward struc-
tures to reduce gratuitous publication, but Academia just keeps
counting. Well-established senior members of our community
should exert their individual and collective influence to lessen

2 P-code files are an obfuscated, execute-only form of MATLAB code.
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the influence of the h-index and impact-factor games in evaluat-
ing research accomplishment. (The most reliable alternative that I
have seen are detailed and explicit letters of recommendation from
disinterested parties.) Conference travel reimbursement should be
made as available to those who listen as to those who talk. [ fear,
however, that senior researchers who made their way under the
existing system are likely to take a conservative stance against ma-
jor change.

12. Assigning responsibility

One person'’s recyclable may be another’s archival treasure. Per-
sonalized document processing is impossible without knowing the
characteristics of the recipients or potential recipients. Such char-
acteristics may include an individual's circumstances, disposition,
education, experience, and goals. If automated analysis is to help
decide what to read, study, share, and discard, then document fea-
tures must be combined with reader features other than propen-
sity to buy, rent, lease or pay bills on time. However, neither ques-
tionnaires nor covert surveillance are appealing ways of collect-
ing personal information. Under what conditions is it appropriate
to entrust document processing systems with our intellectual at-
tributes?

The distinction between Al and human thought is worth pre-
serving. Responsibility for judging humans (in education, employ-
ment, judicial jurisdiction) should never be delegated to comput-
ers. Nor should judging values in fine arts, music or literature. The
DAR community cannot neglect the human impact of its work.
We must find out how computers can help us without absolving
us from responsibility for their conduct. Document processing de-
serves no less serious attention to ethics than drug discovery or
programming robots that manipulate tools and weapons.
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13. Envoy

Fifty years ago | kept hearing and reading that OCR was a
solved problem. There may be those who believe now that DAR
is passé (though the US Chamber of Commerce estimates that the
Government spends $39 billion on processing paper forms). Who
are we and where are we going? Although I am uneasy with some
of the current developments, I am confident that the next gener-
ation will not suffer from a dearth of exciting quandaries. Docu-
ments may evolve, as they have for millennia, but they are here to
stay.
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