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ABSTRACT

Bibliographical data such as title, author, affiliation, and abstract are crucial for indexing biomedical journal articles. The Medical Article Records System (MARS) has been developed at the National Library of Medicine (NLM) to automate bibliographical data extraction for MEDLINE®, the NLM’s premier database of citations to the biomedical literature. The automatic extraction of bibliographic data involves the process of assigning logical labels (title, author, affiliation, and abstract) to homogeneous regions or zones on page images. While an OCR- and rule-based labeling module (called ZoneCzar) in MARS can reliably label medical journals with regular layout styles, it cannot accurately label the journals with arbitrary or unusual layout styles, and new rules have to be manually created for these journals. Furthermore, the OCR zoning errors, particularly merging errors, can greatly affect the labeling accuracy of ZoneCzar. In this paper, we describe an algorithm for automatic generation of robust features that are used by the labeling algorithm to perform style-independent labeling.

Keywords: MARS, MEDLINE, style-independent labeling, rule-based algorithm, string matching.

1. INTRODUCTION

In MARS [1], an OCR- and rule-based labeling module (called ZoneCzar [2]) has been developed to automatically label title, author, affiliation, and abstract zones in the page images of medical journal articles. While the module can handle pages with regular layout styles, it cannot reliably label those with arbitrary or atypical layout styles. The regular layout styles [3] typically encountered are shown in Figure 1. An “arbitrary” layout style is defined as any style that is not one of the styles shown in Figure 1. Figure 2 shows two examples of document pages with arbitrary layout styles. New rules have to be manually created for page layouts of these types. In this paper, we describe a module (called ZoneMatch) for automated generation of robust geometric and non-geometric features such as the distributions of font size, font attribute, and bounding box from raw OCR data for each of the important fields (title, author, affiliation, and abstract) to be extracted. The ZoneCzar module then uses these features to perform style independent labeling. 

Figure 3 shows a portion of the MARS system that includes a labeling module [2], a reformat module [4], and a reconcile module. The labeling module, called ZoneCzar, labels the zones created by a previous page segmentation stage. The Reformat module modifies the content of the labeled zones according to MEDLINE® conventions. Finally, text verification operators use the Reconcile module to correct any errors from previous modules, thereby generating groundtruth symbolic text for each important field.
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While the output of the Reconcile module is groundtruth text, it does not contain certain features such as font size, font attribute,
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and bounding boxes since operators do not verify these features in the normal operation of the MARS system. On the other hand, the output of the ZoneCzar module contains these features in addition to the text. The ZoneMatch module matches the outputs of ZoneCzar and Reconcile to generate robust features. This module consists of two major functions: string matching and feature distribution computation. In the following sections, we will first describe these functions in detail, and then explain how the ZoneCzar module uses the generated feature distributions to perform style-independent labeling. Since the prior zoning step is not ideal, there are merged zones as well as over-segmented zones. We will introduce a string-matching algorithm that can split the vertically merged zones as well as merge the over-segmented zones.

This paper is organized as follows. In Section 2, we describe our string-matching algorithm. In Section 3, a feature generation procedure is proposed. A rule-simplification process is described in Section 4. Finally in Section 5, we report experimental results and discuss future work.

2. STRING MATCHING
In order to extract features for important fields (title, author, affiliation, and abstract) from article pages, we match the groundtruth text from the output of the Reconcile module with the raw text from the output of the ZoneCzar module. Figure 4 shows an example of the matching procedure. We base our string-matching algorithm on edit distance of strings (deletion, insertion, and substitution) and a dynamic programming approach [5]. 
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Common Dermatoses of Pregnancy

Awareness of pregnancy-related skin changes can facilitate improved care of women during preg-
nancy by identifying those skin changes that require further evaluation. Women experience sig-
nificant endocrine and metabolic changes during pregnancy that can cause both physiologic and
pathologic alterations in the skin, nails, and hair. This review discusses the physiologic changes
and pruritic dermatoses that are specifically associated with pregnancy. The effect of pregnancy on
preexisting skin diseases and safe treatment options for usage during pregnancy will be provided.
Key words: dermatoses, hair changes, nail changes, physiological changes, pigment changes,
pregnancy, pruritic, skin changes, structural changes, vascular changes

REGNANCY is a time during which

women experience significant endo-
crine and metabolic changes. These
changes can cause both physiologic and
pathologic alterations in the skin, nails,
and hair.»* Awareness of these pregnancy-
related changes is important to facilitate
improved care during pregnancy and
identification of those skin changes that
require further evaluation. Any dermato-
logic condition found in the nonpregnant
state can develop during pregnancy.?
Likewise, skin diseases developed be-
fore pregnancy may worsen or improve
during pregnancy.”? There are also cer-
tain skin diseases that are unique to the
pregnant woman and are not considered
abnormal unless they occur in an exces-
sive degree.® This review discusses the
physiologic changes (see the box “Phys-
iologic Changes in Pregnancy”) of the
skin during pregnancy and describe the
pruritic dermatoses (see the box “Pruritic
Dermatoses of Pregnancy”’) that occur only
during pregnancy. The effect of pregnancy
on common preexisting skin diseases (see
the box “Pregnancy’s Effect on Preexist-
ing Skin Diseases”) and safe treatment

J Perinat Neonai Nurs 2000;14(1):1-16
© 2000 Aspen Publishers, Inc.
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The American Journal of Occupational Therapy

In this qualitative study of managed health care and occu-
pational therapy practice, participants described how their
practice had changed, suggested that students be educated 1o
communicate the value of occupational therapy and to nav-
igate corporate medicine, and expressed ethical concerns
regarding reimbursement versus therapy goals. In-person,
individual, focused interviews were conducted with 25
therapists in the southeastern Atlantic states. Participants’
perceptions of pervasive changes in practice due to managed
health care reflected three themes of meaning: the “pushing
against it” personal—professional struggle; the “going with
it” businesslike perspective, and the “making the best of it”
optimistic outlook. These findings provide insight into ther-
apists’ occupational adaptation to managed health care.

Walker, K. F. (2001). Adjustments to managed health care:
Pushing against it, going with it, and making the best of it. American

Journal of Occupational Therapy, 55, 129-137.

ealth care reform (Kongstvedt, 1997; Ziegler,
H 1998) of the 1990s was initiated to stem the esca-

lation of U.S. health care costs that were project-
ed to reach 18% of the gross domestic product by the year
2000 (Finkle, 1996). The health care marketplace was sys-
tematically restructured and “managed” to integrate
finance with delivery of “health care that transfers financial
risk associated with utilization and clinical outcomes from
payers to insurers and providers” (Ziegler, 1998, p. xiv).
Fragmented, fee-for-service, provider-dominated health
care was replaced by a system of comprehensive services,
capitation reimbursements, and payer-dominated health
care. Similarly, hospital-based care rendered by subspecial-
ty physicians that focused on medical care was reduced in
favor of ambulatory service provided by nonspecialist
physicians toward the ideal of health maintenance and pre-
vention. Accountability measures entailed quality assurance
and utilization review. Financial incentives rewarded mem-
bers who used designated providers and providers who ren-
dered cost-efficient services (American Occupational
Therapy Associatioh [AOTA], 1996). Nearly every aspect
of health care in the United States, including occupational
therapy (Abreu, 1996; AOTA, 1998; Crist, 1997), has
been affected by health care reform.

AbBreu (1996) identified four major issues that con-
front occupational therapists and other health care
providers in managed care: financial gain versus humanis-
tic care; service delivery to persons with chronic conditions,
limited financial resources, or both; outcomes research; and
professional role and practice changes. To address role and
practice changes in managed care environments, other
writers have suggested that occupational therapists align
traditional occupational therapy values with managed care

129

o
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Conference Report: Qualitative
Evidence-Based Practice

n innovative and exciting confer-

ence took place recently at

Coventry University in May
2000. This first Qualitative Evidence-
Based Practice Conference brought
together qualitative researchers and evi-
denced-based practitioners from through-
out the United Kingdom and around the
world. The conference emerged from two
main motivations. The first was our real-
ization that few places existed where
those interested in qualitative evidence-
based practice could share their ideas and
their research. We were excited to learn
from colleagues that many were doing
qualitative research but disappointed
about their struggles with gaining accep-
tance within the quantitative domain of
evidence-based medicine. The second
was a desire to begin to grapple with the
possibilities for such research at a time
when there is an increasing demand for
occupational therapists to undertake such
activities as quality assurance and out-
come-based practice.

The 3-day conference offered dele-
gates the opportunity to explore the
spectrum of qualitative research and to
discuss the role of qualitative approaches
in evidence-based practice. The confer-
ence was both multidisciplinary and
multiprofessional in nature, with dele-
gates from the fields of health and social
care, higher education, management,
and business studies. For us, the confer-
ence not only reflected an increasing
interest in qualitative evidence-based
practice, but also showed us that this
kind of research has not vet received
global acceptance. This lack of accep-
tance was evident from the many queries
from conference participants before the
conference about whether it was possible

230
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to have “qualitative evidence-based prac-
tice,” a debate many of us had at the
conference. Yet one final reflection from
an American delegate will always stand
out: “Thank you for taking a risk and
doing this conference; I feel I have just
spent 3 days in a sweet shop!”

What was fascinating about bring- .
ing together such an interdisciplinary
mix were the ways in which complex
issues about doing and managing quali-
tative research raised commgn issues and
concerns across all fields. For example,
many delegates raised concerns abour the
lack of acceptance and support for quali-
tative research, the struggles of data
management and the insufficient fund-
ing for qualitative evidence-based prac-
tice. These concerns became apparent
not only through a series of hands-on
workshops, where delegates could
explore and discuss the process of inter-

preting qualitative data and practice the
skills of critically appraising qualitative
research papers, but also through inter-
esting discussions that emerged from the
keynote speeches.

Delegates heard keynote lectures
from a number of eminent speakers.
Professor Mike Bury, a sociologist from
the University of London, argued that
the current research emphasis on client
or personal narratives can be seen to
stem from changes in morbidity pat-
terns, the expansion of information
about disease and illness, and public
debates about the effectiveness of medi-
cine. He then presented three types of
narrative form used in research:

1. contingent narratives that address
beliefs about the origins of a disease,
the causes of an illness episode, and
the immediate effects of illness on
everyday life;

2. moral narratives that provide
accounts of changes relating to the
interplay of the person (in terms of
his or her identity), illness, and
social identity; and

3. core narratives that reveal connec-
tions between a layperson’s experi-
ences and deeper cultural levels of
meaning atrached to suffering and
illness.

Although we agreed with Bury’s con-
cerns about using narrative analysis with
caution (he had argued that narrative
forms can be used simplistically and
without rigor), to some extent we
believed that occupational therapists
were already effectively and sensibly
using this approach in the context of
clinical evaluation and intervention and
as a research method. However, it seems
that in occupational therapy this form of
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We call this algorithm a character-based string-matching algorithm. This algorithm becomes a word-based algorithm if the unit of input strings X and Y in (1) is word instead of character. Furthermore, this algorithm becomes a hybrid algorithm if we use the character-based algorithm to compute minimum cost of word substitution in a word-based algorithm.

We use the hybrid string-matching algorithm for title, author, and affiliation fields and the word-based string-matching algorithm for abstract field. This is because title, author, and affiliation fields usually have a relatively small number of words and the characters in those words tend to have errors due to incorrect OCR conversion, and abstract field usually has a large number of words.

Due to non-ideal OCR zoning, zones encompassing different fields may be merged together, and/or the zone for a single field may be over-segmented into multiple sub-zones. From our observations, the majority of merging errors are in the vertical direction. This is especially the case for author and affiliation fields as shown in Figure 6a. An example of split errors is shown in Figure 6b. Merged and over-segmented zones are the major sources of errors in feature generation for important fields. We now formally describe a new string-matching algorithm that can handle both of these zoning errors. 






2.1 Split Vertically Merged Zones

We first describe the part of the string-matching algorithm that can split vertically merged zones. Let string 
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be the groundtruth text string (from Reconcile module) of an important label, let 
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 be an input string (from ZoneCzar module) that is the content of an input zone. From the associated OCR data, we can express 
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 in terms of a set of sub-strings each of which corresponds to a text-line, i.e., 
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 where all lines of the input string X are used for its computation. We remove a pair 
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with the least value from Equation (1). We stop this process until the score in Equation (1) is greater or equal to R. The algorithm is described as follows:
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, we split the input zones into those containing the remaining lines and those containing the removed lines. In our algorithm, we use a threshold of R = 0.83 for title, author, affiliation, and abstract fields. Figure 7 shows the rezoning result of a page with merging errors.


2.2 Merge Over-segmented Zones

We now describe the part of the string-matching algorithm that merges the split zones. Since the OCR zoning results are not ideal, the true text of an important field can be matched to more then one zone if the true zone of the field is over-segmented. We cluster the matched zones based on the minimum distance of their bounding boxes using an adjacency-list-based algorithm [6] and a distance threshold. One or more zone clusters may be generated and only one of them is selected as the final matched zone. The selection criteria are based on observed general features of the four important fields and are shown in Table 1.


	Label
	Selection Criterion

	Title
	Zone cluster with the largest font size

	Author
	Zone cluster with the largest number of characters

	Affiliation and abstract
	Zone cluster with the closest number of words to the groundtruth text


Figure 8 shows an example of the clustering process, and a real page where two zones are matched to the groundtruth title text, and two zones are matched to the affiliation true text. Since the two matched title zones are close, they are merged into one zone cluster and selected as the final matched zone for the title field. On the other hand, the two matched affiliation zone candidates are far apart, and only the top one is selected as the final matched zone for the affiliation field, according to the criteria stated above.





3. GENERATION OF FEATURE DISTRIBUTIONS

For the important fields (title, author, affiliation, and abstract) in each article of a journal, we compute distributions of three types of features: font size, font attribute, and bounding box. Following this computation, we normalize the distributions with respect to the total number of characters in the matched zones. We finally add these distributions over all first pages of the articles to generate final distributions for the journal. For the bounding box distribution, we merge the bounding box of the matched zone of each page over all pages in the journal into bounding box clusters based on the minimum distance of the bounding boxes. As shown in Figure 9, there are eight bounding boxes and three clusters; the probability of each cluster is computed as the fraction of the bounding boxes in the cluster to the total number of bounding boxes so that the probabilities are 3/8, 4/8, and 1/8.










4. RULE SIMPLIFICATION USING 

GENERATED FEATURES

The ZoneCzar module uses the generated bounding box distributions to eliminate style dependent rules, namely, zone location and relational rules. Only non-geometric rules based on the key words and text characteristics of important fields are used to label the zones. Figure 10 shows the rule elimination process for the affiliation field. Since we generated bounding box feature for affiliation fields, we can search possible affiliation candidates within the bounding box. The zone location and relational rules about different affiliation fields in the two journals are eliminated.




5. RESULTS

As shown in Table 2, experiments on 1,342 pages from 117 journals with arbitrary layout styles show that the labeling results of the ZoneCzar module are significantly improved when the generated features are used.


	
	Title
	Author
	Affiliation
	Abstract

	With features
	98.06
	92.32
	93.29
	92.62

	Without features
	93.44
	57.08
	77.65
	84.50


For each journal, we have used at the most three issues to generate the feature distributions. These feature distributions are then saved in database tables that are read by the ZoneCzar module. Figure 11 shows the labeling results of the ZoneCzar module on a page when generated features are not used (a) and when the generated features are used (b).  Since the bounding boxes of important fields are generated, only the zones that significantly overlap with the bounding boxes are considered as possible labeling candidates. The distributions of font size and attribute are used to remove noisy zone candidates. We plan to use more features (such as the percentage of capital letters) and better string-matching algorithms. We will also train and test our algorithm on larger datasets with arbitrary layout styles.
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Figure 6. Zoning errors: merge (a) and split (b).
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Figure 8. Clustering of split zones.
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Figure 3. A portion of the MARS system used by the ZoneMatch module to generate robust features.
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Figure 5. String-matching paths.
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Table 2. Labeling accuracy of the ZoneCzar module.1
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Figure 2: Document pages with arbitrary layout styles.1





Figure 1. Regular layout styles encountered in biomedical journals.1
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Figure 11. Labeling results when generated features are not used (a) and when generated features are used (b).





Figure 9. Bounding box clustering.1





Figure 10. Rule simplification for affiliation field.1
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Table 1. Zone selection criteria.
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Figure 7. Rezoning of merged zones. Left page shows original OCR zoning result and right page shows the rezoning result using the above algorithm. Note that author and affiliation are correctly segmented in the rezoning result.
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Figure 4. String-matching procedure.1
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