
development. ODBC was phased out in favor of
RogueWave's DBTools.h++ [5] with its associated.SQl.
Server driver. Subsequently, the design and content of
the database continued to evolve as many complicated
design issues were resolved. Rogue Wave/C++
wrapper classes for most database tables were coded
and incorporated into a shared library used by Zone
Checker and other modules. Windows NT became the
platform target for both database and clients.

5 Recent GUI Improvements
A number of usability enhancements have occurred
within the last six months.

5.1 Redesign of Main Menus and
Workflow

A Gill redo [Figure 5] streamlined and refocused the
application towards production. The items within the
main "File" menu were parceled out into separate new
"Issue", "Page", and "Setup" topics. The latter merged
File's setup options [Section 3.3.3.] with those (seldom
appropriate to change, such as scale-to-gray) of
"Preferences", and sequestered them from production
operators. To reflect their non-production status, "Edit"
and "Image" were renamed" EditTools" and
"ImageTools" and moved to the right side of the
window frame; EditTools got the various print-related
functions from "File". The new "Zones" menu (used as
an example in Figure 6) absorbed general-use
operations from "Annotations", leaving behind
researcher-only functions. The main toolbar was split

into "Main" and "Specials" (as shown in the earlier
figure), and a show/hide feature for the latter added to
"View". Subsequently, View became the repository for
general-user options, such as mini-icons [6] on the
menus [Figure 6] and toolbar button size.
An important workflow improvement was to move
away from generic {File/Open, File/Close} processing
to an {Open Issue, Go to Next Page} paradigm for both
file-system-only and database configurations. But the
original random-image-access method is still available
for special research purposes, now as Page/Open.

Figure 6. Mini-Icons on Menus. Every menu item
that has a corresponding toolbar button is decorated
with a small version of the same image. The user
exercises View/Options to tum this feature on or off.

Original

Production User.

Novice:

Advanced: I ;[ssue I I rage I

~oom

yiew I~oom I

~ones

IWindow I IHelp I

Administrator I ;[ssue I I rage I ditTools IYlew I I~oom I I~ones I ~etup IWindow I IHelp I

Research: I ;[ssue I I rage I~ditToolsll Yiew I I~oom I
"--=------'

I~ones I I~etup I IY:[indow I I Help I
Figure 5. Redesigning the Top Menu Structure and its Accessibility by Class of User. The top row has the
originalleft-to-right menu order. The "novice" versus "advanced" production distinction is so far only theoretical.
A domain group was established for research users, and the current user's membership within it checked at Zone
Checker startup. Appropriate features are disabled for non-researchers. In addition, the Setup menu solicits a
special administrative password. This approach was taken so that a production user with a setup problem could ask
the local manager to intervene without requiring the user to log off. Note that operations with the MARS II database
require user pre-registration.
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5.2 Ways of Visualizing Zone Types
For a long time, the single fixed zonescape (label
palette) discussed earlier was the only feedback to the
user as to zone type. The total palette mapping could
be viewed within on-line help or as a color print.

5.2.1 A User Designed Zonescape
Users may differ in their color acuity and preferences.
To accommodate this, as well as facilitate usability
testing to optimize the default zonescape's colors, a
second, user-definable zonescape was invented.
Management of these two zonescapes occurs in the new
View/Options dialog [Figure 7]. Further zonescapes
may be added in the future.

5.2.2 Zone Types Shown as Text
When in "adjust label" mode, it was felt that textual
feedback in addition to colors would be helpful. Figure
8 shows one very early idea. Another was placing a
check next to the zone-side popup menu item (but this
is less useful with a multilevel menu). A third
possibility was having a toolbar palette of color
swatches and zone labels, analogous to our zonescape
setting property page, but always visible.

The direction pursued was instead to have "fly-over"
help when moving the cursor over a zone. While the
text, e.g., "Abstract", could have been put into the
status bar, it was decided that a tool tip rectangle
immediately below the cursor would lessen eye
transversals. Since this appears and disappears
automatically, and is repositionable by moving the
cursor, it doesn't get in the way of the underlying
bitmap text.

Figure 7. Zonescape Management. Only the set of 27 "major" zones (those with solid colors) are shown as
swatches that can be manipulated at this time. Pressing a button to the left of a zone brings up the standard
Windows "color chooser". A new color can be selected therein via several ways, unless the zonescape is the
read-only default one. The color chooser has a set of "custom color" boxes, which here is used as a most
recently-visited list. This makes it easy to copy colors between zone types or between zonescapes.
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'Effect of aging on renin activity I

Twenty normal subjects in each decade of life from
age 20 to 80 years were included in the study. Plasma,)
renin activity was measured with the subjects on a
normal sodium diet and after sodium restriction.
Plasma renin activity was quantitated by bioassay.

Plasma renin activity under both test conditions
declined with increasing age. especially those over 40. tl'
Response of renin actMty to sodium restriction was 73
per cent of that of the younger age group.

"arious laboratcrre s have noted that from 9 to 33 per
ent [1-8] of hypertensive patients have a value for

rlasma renin activity that is below normal value after
sodnun resmction.

Figure 8. The Early ''Ears'' Concept. In this
mockup, each zone was decorated with a two-button
"ear". One button holds a zone type abbreviation: "Ti"
for title, "Au" for author, "Af" for affiliation, "Bo" for
body text; etc. A suffix digit could also appear, for
instance, "Aul", "Au2" if there were two author zones
separated by a non-author one. "... " was used to
indicate, "this zone is a continuation of the previous
zone's label." Continuations were further indicated by
leaving the abutting top and bottom borders open,
except at the comers. (This style is not part of the
available Lead Tools repertoire; perhaps it could be
drawn by overlaying an opaque white line on a
rectangle's border.) The other ear button showed a
labeling confidence level, in the range 0 ..9. (Labeling
confidence values are not yet available.) An ear is also
a hotspot, so that the operator can override the guessed
value. In such a case, the confidence digit is replaced
by a checkmark. Current Zone Checker handles labels
and reading order as more distinct modalities than the
ears concept. But the implemented reading order
display, discussed next, is stylistically similar.

5.3 Reading Order
It's often necessary to determine the "reading order"
among certain zones, particularly those of the same
label type whose OCR text is to be combined
downstream. This is particular true for same-type
zones that are not adjacent, such as those containing
text flowing from one column to the next, and thus not
candidates for merging. The normal OCR system does
not deduce full-page reading order. There is an
optional mode to use Xerox's Textbridge engine to
attempt such a sort, but this is reportedly problematic.
In general, even with content understanding, it is
difficult for humans to always agree on the proper
reading order encompassing all text elements on a page.

Zone Checker would instead support manual partial
ordering, by letting the user define one or more zone
groups, and set the order within each. Zone Checker
would automatically provide a default full-page group.
Within this group, ordering is top-to-bottom by top
zone edge, then left-to-right order by left edge. This
ordering calculation is performed when zones are first
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read in, and on subsequent pertinent events such as
zone splits. Placing a zone in a user-specified group in
effect hides the default group ordering.

5.3.1 Initial Interaction Approach
The first implementation was as a new function within
the existing "select zones" mode. The user selects a
zone, then hits a "reading order" button on the main
toolbar. This brought forth a dialog box, with two
fields to view and set a "group number" (greater than
"1" for user-defined) and order within group. As this
proved extremely tedious, a third mode, ''reading
order", was conceived. Here, every zone would have
its own widget. This would display on its face the
value of its current reading order, and could be clicked
upon to alter it.: Displaying reading order as text
seemed more straightforward to present to users than
alternatives such as drawing arrows between zones.

5.3.2 Widget Choices - On the Button
As widget candidates, Lead Tools provides a number of
annotation types, such as stamp, note, or the familiar
rectangle. But most compelling seemed the button
annotation with the usual Windows beveled-button
look. The opaqueness of the button is helpful. Another
advantage is that it intrinsically responds to click
events, unlike rectangles for which one must maintain a
hotspot separately. (Internally, button events would be
associated with a particular zone rectangle by using a
programmer-defined numeric "tag", just like the
existing zone hot-spot/gell implementation.). A
button's text and the text color can be changed, but the
font and its size are that of the current system font. The
background color is the current Windows frame color.

Like all annotations, the button object is inserted into
the "annotation container" that holds the zone
rectangles. Thus, zooming the image, which re-scales
all container objects, resizes the button itself. But, as
noted, not the text. Thus, the button size must be
chosen to be large enough so that centered text won't be
clipped at the edges when an image is zoomed out and
the button appears tiny. The size specified is currently
independent of text. (Further improvement to button
sizing, possibly with font metrics lookup, is possible.)

The default zone-relative placement of buttons
should obscure as little "important" bitmap text as
possible. It might be inside or immediately outside the
border. The worst place inside is probably the upper
left comer. The right edge appeals over the left, since
text is usually left-justified, but often not right-justified.
Arbitrarily, the buttons are placed in the upper right
comer; lower right or the centroid might work, too.

The use of numerals for both reading group and order
within group was problematic. After experimenting
with a "[2] 3" notation, capital letters were substituted,
leading to a "A3" notation for group A, order number 3.
"A" is the first user-selected reading group (internal
number 2). A missing letter denoted the default group,



e.g. "3". The dialog box was altered to reflect this style
(Figure 9). On the buttons themselves, the default
group text is in black, the user-set groups in red. (It
might be interesting to color code each user-set group
differently, to see if that is helpful or confusing.)

5.3.3 Expedited Interaction
Within the "reading order" mode, it would be better to
just touch each zone in turn to set the order, and let the
system assign the order numbers. Rather than add this
to the button functionality, it is touching the non-button
part of the zone that does this. Then button presses are
merely for corrections, a slower but infrequent process.

This is a little complicated, given our two-part
reading-group/reading-order bifurcation. It was
decided to program the interaction this way: the first
time one enters reading-order mode for a given image,
zone touches cause sequential numbering within group
"A". One leaves that reading group by going to one of
the other modes besides reading-order. Re-entering
reading-order mode moves to group "B". This

approach, while a little awkward, avoids introducing
more controls, and seems reasonable when in the
projected usage, few images will have more than one
user-defined reading group.

If a zone is tiny, the fixed-size button placed strictly
in the upper right comer totally obscures it, denying
access to any non-button zone area to click on for order
setting. A related problem: a small zone at the bottom
or left edge has its button clipped at the image bounds.
For these cases, button placement is shifted sideways,
and/or aligned with a different zone comer.
Nevertheless, each button is positioned independently,
so buttons of adjacent zones can overlap. This may not
be a problem in practice, since tiny or near-border
zones seldom require user concern about reading order.

6 Further GUI Developments in Progress

6.1 Correction of Zone Types
In adjust-labels mode, clicking on a particular zone

Figure 9. Displaying and Setting Reading Order. In this example, the two paragraphs near page bottom
were assigned their own reading group "A" using the "expedited interaction" method of clicking the body of
each in tum. If the user then had second thoughts about the right-most paragraph, clicking on its button brings
up the dialog box shown, for correction. Selecting "blank" in the reading group field makes the order field
read-only and automatically fills in the default ordering value (evidently 15 or 16 in this case).
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brings up, immediately to its left, a popup menu. This
predominately 2-level menu offers the entire set of
possible zone types. Again, we face the issue of a rich
versus sparse representation. With a large set of
available zones, finding the ones in this menu of most
importance because more problematic. In the long run,
making this menu's contents dynamic, thus settable at
runtime, instead of compile time, would allow both
flexibility and concision. A tree control has been
prototyped that reproduces the rich menu hierarchy and
would allow a user to mark each zone type therein as
skipped (hidden), optional, or required.

6.2 Zone Splits and Other Manipulations

From a Gill-design perspective, the area of greatest
difficulty may be in splitting zones horizontally or
vertically, or otherwise extracting portions of a zone.
Splitting cannot happen at any arbitrary pixel, but only
where the underlying OCR data permits. Furthermore,
for vertical splits, it appears that some awareness of the
underlying OCR data needs to be brought to the user's
attention in a dynamic way. Zone "direct
manipulation" [7] for splitting may be better done via
mediating devices, such as sliders, that can be easily
paired with OCR data display. Mediated horizontal and
vertical splitters are being prototyped.

In Zone Checker, it is possible to create a new zone
from thin air, and to alter the shape (or delete) existing
ones. However, the degree of integration between
PRO-specified zones and resized/new zones is rather
weak. Specifically, changing a zone's shape has no
effect on the extent of its OCR data, nor do new zones,
used as overlays, inherit OCR data from their parent
zone. This is an area for future consideration. Of more
immediately need is the ability to merge adjacent zones.
This will be non-trivial when they are side-by-side and
individual OCR text lines must be aligned and
appended.

7 Conclusions

Zone annotations are convenient "handles" for
manipulating the underlying OCR data, and several
ways of doing so have been presented. In this matter,
as in many software design issues, much of the effort
goes into fmding the right balance between contending
goals. We have retraced one exploration, that sought
the balance between production and research needs,
between a focused versus extensive feature set, and
between engaging design concepts and implementation
pragmatics. The tool thus created has multiple prongs
and enjoys multiple purposes in furthering the next
version of MARS.
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Appendix. Built-in Auto-Labeling

Experience with these mostly-journal-independent "first
generation" rules (Table 2) indicate that they were quite
good at detecting white-out zones, albeit with some
mislabeling of in-border page numbers as such. They
were moderately good at the zones of most MEDLINE
importance, depending on the degree to which the
journal style is a common one. For instance, in a brief
test with 10 autozoned page images from a single "easy
format" journal issue, all title zones were correctly
auto-labeled, as were 9 of 10 author zones. However, 3
of 10 affiliations were tagged as authors. The main
abstract zones were correctly tagged in 10 of 11 cases,
but 3 abstracts had a short last sentence, separately
zoned, that was missed. The two mentioned problems
might be ameliorated by more extensive interzone
comparisons, and by further enlargement and
refinement of the word lists beyond those in Table 2.
The separately-developed "second generation" system
[4], which, for example, has a word list for Affiliations
based on historic data that is an order of magnitude
larger than Zone Checker's, shows the effectiveness of
these strategies. Other aspects that were nascent here
and full-bodied in [4] include a numeric confidence
value associated with label discovery and a multi-phase
convergence upon the set of labels for a page. But
perhaps most trenchantly, the advantages of aligning
algorithms more closely with specific journal styles is
manifest.



Table 2 (a-d). Built-in Zone Feature Recognition and Labeling Rules.

When an image's OCR and zone-location data is read into Zone Checker, the default label given to all
zones is "Unknown Content". An quick software screening sees if this consists only of MARS I's
manually-zoned title and abstract. Otherwise, auto-labeling analysis begins. Each zone is handled
independently until the very end. For each, a group of quickly-calculated features are found in
unnormalized and normalized forms. (The rightmost column of Table 1 in [4] enumerates those
normalized features selected for export to a neural net system; others calculated include zone order, number
of words, and number of initials, e.g., " A."). Next, a series of if-then-else tests proceeds (as given by row
order in the subtables below) until a label is assigned. The most important labels for MEDLINE are shown
in bold. A final limited revision step uses zone interdependencies: if no abstract was found above, one of
the unknown or general-text zones in a particular part of the page may be relabeled as abstract.

a. Zones with Few or No Valid Characters. A long, thin zone without characters may be a rule line or
similar separator. Otherwise, it's probably a "white-out blem", typically a-black gutter or page edge
artifact. "White-out Text" is most often text fragments on the facing page across the gutter. A page
number is another possibility.

Constraints on OCR Constraints on Zone Location Assigned Zone Label Type
Text in Zone
No characters Overlaps central 213rds of image; > 1" long and Rule Line/Separator

< 1" wide (either orientation)
otherwise White-out Blem (non-text)

Entirely low-confidence Fully within 1" of any image edge White-out Blem (non-text)
characters « 7 out of 9)
Single numeral Ditto Page Number
Other single character Ditto White-out Blem (non-text)
> 1 characters Fully within 1" of the left or right edge White-out Text

Fully within 1" of the top edge or 2" of bottom Page Number

b. General Cue Word Matches. The matching here and in (c.) is intentionally case insensitive. A
"delimited" cue word or phrase is on a line by itself, or followed by a space, semicolon, period, colon, or
dash. A few dozen common biomedical headings are recognized, e.g., "chemicals", "enzyme assays",
"experimental techniques", "growth conditions", "materials", "media", "methods", "mice", ''production
of', "reagents", "strains".

OCR Text in Zone Constraints on Text Assi2Ded Zone Label Type•••
•••if one line of text I ..•if multiple lines

"received" or "first received" Begins zone; Can skip anyone Date Received Or Accepted
prefix character, like "("

"revised" or "accepted" Contained in zone
"abstract" Begins zone; Delimited Abstract Heading I Abstract
"keywords" or "key words" Begins zone; Delimited Keyword List
"introduction" Begins zone; Delimited Introduction Heading I General Text
Certain biomedical headings Begins zone; Delimited General Heading I General Text

c. Assignments for Central Zones. These final assignments are for zones that width-wise overlap the
middle 2/3 of the image. If a label is still not assigned at the end of this process, it is left as unknown.

OCR Text in Zone Constraints on Text Additional Constraints Assigned Zone
on Zone Location Label Tvne

"case report", "case reports", Begins zone; Delimited In top 25% (2.75") of Section Narne
"comentary", "editorial", image (if single line of
"opinion", or "notes" text), or Title
-- Average point size of top- In top 40% (4.4") of Title

confidence characters> 14 image
c. continued next page

OCR Text in Zone I Constraints on Text
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on Zone Location Label Type

Year, month (or its abbrev.), Contained in first line; In top 1.5 inches* Header*
'journal", "j.", "volume", "vol.", Delimited
"number", or "no."
See Figure Xd See Figure Xd Top edge below 1"; Affiliation

bottom above 50% (5.5")
"to whom correspondence" or Begins zone; up to 3 >3 Top edge below 6" Correspondence
"author to whom prefix characters can lines To
correspondence" or be skipped; Affiliation
"corresponding author" Delimited
Initials (e.g., " X.") or commas On average> 1 initials per 20 Fully in top 40% Authors
(or "and" counted as if a comma) characters or > 1 commas per

20. Not more than 1
occurrence of "and"

Highest confidence characters Average font size> 8 and < 13 General Text

* further subcategorized by size and position as Left, Right, Center, or Full Header

d. Cue Words for Author Affiliation. Affiliation zones are recognized by a coarse location screening
followed by cue word matching, with the heuristic that there must be at least two cue words found on
average per OCR line. A match constraint is that the first word of the OCR text must be capitalized (except
suffix matches). String routines were built that match in the face of OCR errors due to common character
misrecognitions [8]. Using reference books, a specialized cue word list was created, made up of the
following groups (with varying degrees of coverage of non-English words), each with at least the number
of items shown in the right column. NLM-indexed biomedical journal titles were used as a source for
bi . al fi ld f d [9]iomedic e so stu IV

Category Representative Subcategories, and Examples in Quotes Items

General nouns for geopolitical entities "Commonwealth", "State", "Republic", "Ville", "Town" 40
Specific geopolitical descriptors Country names, with variant spellings 300

States or provinces of US (including 2-letter abbreviations), 300
Canada, Mexico, and China.
Major cities (chiefly world canitals)
Common town suffixes (mainly US). ... "ton", "mouth", "stad" 50

General nouns for geographic features. Bodies of water and shorelines, e.g., "Rive", "Porto", "Springs" 180
These often appear as part of a multi- Terrain ("Mt.", "Valle", "Serra'') 100
word town or organizational name Human constructions ("Depot", "Church", "Mill") 40

General geographic adjectives Compass directions ("Western", "Ost", "Southeastern") 40
Relative position or size ("Upper", "Outer", "Mid", "Greater", 40
"Petit")

Specific national, regional, or body-of- "British", "European", "Caspian" 60
water adjectives and nouns "Scandinavia", "Atlantic"
Honorific titles. Here used as part of a "King", "Colonel", "Saint" 60
hospital or institutional name.
Common religious nouns, including "Order", "Mercy", "Maria", possessives like "Paul's" 60
proper names
Other Adjectives applicable to "Novo", "Royal", "Adventist", "United" 50
countries, towns, or hospitals, such as
denominational terms
Organization descriptors "Dept.","Colle,ge", "Hospital", "Center", "Universidade" 40
Biomedical fields of study and Nouns, e.g., "Surgery", "Pediatrics", "Genetics" 70
diseases Suffixes like " ...ologv" in several lanzuazes 5

Adjectives, e.g., "Health", "Prenatal", "Cellular", "Microbiol" 80
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