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Abstract 
 
Over a decade ago, we introduced Anne O’Tate, a free, public web-based tool 
http://arrowsmith.psych.uic.edu/cgi-bin/arrowsmith_uic/AnneOTate.cgi to support user-driven 
summarization, drill-down and mining of search results from PubMed, the leading search engine 
for biomedical literature. It has been deployed continuously, serving a wide range of biomedical 
users and needs, and over time has also served as a platform to support the creation of new tools 
that address additional needs. Here we describe the current, greatly expanded implementation of 
Anne O’Tate and invite the scientific community to explore how it can assist in analyzing 
biomedical literature, in a variety of use cases. 
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Introduction 

PubMed is the most used, and arguably most advanced search engine, for retrieving 
biomedical literature [https://www.ncbi.nlm.nih.gov/pubmed/, accessed May 15, 2020]. It has 
sophisticated automated features such as mapping queries to Medical Subject Heading terms, 
imputing articles written by the same individual, spelling correction, and other tools that assist a 
wide variety of users who range from physicians and bench scientists to patients and their 
relatives. Despite this advanced user-focused engineering, the output of a PubMed query is a 
simple list of articles, and users have few options for summarizing or mining this output further.  

 
We developed Anne O'Tate to be an integrated, generic tool for summarization, drill-down and 
browsing of PubMed search results that accommodates a wide range of biomedical users and 
needs [1]. Briefly, Anne O’Tate allows the user to carry out a PubMed query. After displaying 
the list of retrieved articles, the user can choose to visualize multiple aspects of the articles to the 
user, according to pre-defined categories such as the "most important" words found in titles or 
abstracts; topics; journals; authors; publication years; and affiliations. Clicking on a given item 
opens a new window that displays all papers that contain that item. One can navigate by drilling 
down through the categories progressively, e.g., one can first restrict the articles according to 
author name and then restrict that subset by affiliation. Alternatively, one can expand small sets 
of articles to display the articles that are most closely related to the set as a whole.  

 
Over the past decade, Anne O’Tate has acquired a steady community of regular visitors and has 
been reviewed by others [2]. As new needs have become apparent, we have added new facets for 
summarizing and drilling-down the results of queries. We have also used Anne O’Tate as a 
platform to support new, more advanced text processing programs. In this report, we present a 
status update and overview of the tool as it exists currently.  
 
Results 

Suppose we enter the query [Alzheimer AND treatment] into the Anne O’Tate query 
interface (fig. 1). The query box is simplified compared to the PubMed home page but retains 
hotlinks so that the user can specify query Limits, and see and edit the exact query Details as 
processed by PubMed. The query is passed to PubMed, which processes the query and returns a 
list of 42,600 articles in reverse chronological order (fig. 2). Each user session is given a unique 
job ID and is saved in the webserver for approximately six months; the user can return to the 
most recent processed query by entering the Job ID into a separate query box on the homepage 
(fig. 1).   
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Figure 1. Screenshot of the Anne O’Tate homepage.  

 

Each displayed article (fig. 2) has two hotlinks on its right side: “Related articles” opens a new 
tab that displays a ranked list of the most related articles as computed by PubMed using the 
PubMed related article algorithm which is largely based on word usage similarity [3]. The 
“Citations” hotlink opens a new tab that displays the Citation Cloud surrounding that article (see 
below).   
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Figure 2. Screenshot of the list of articles retrieved from PubMed using the query 
[Alzheimer AND treatment]. 

 

Buttons for focused summarization, drill-down and analysis.   

On the left side of the page displaying the list of articles, there are 12 hotlinked facets or 
“buttons” that the user can choose to mine the set of retrieved articles further (fig. 2). Those 
buttons which are new or modified since the previous report on Anne O’Tate are marked with 
asterisks in the following paragraphs. Each button opens up a new tab that displays a processed 
result. This can be viewed or processed further. We will discuss each button in turn:  

Important Words*. This computes the words that are significantly over-represented in the 
retrieval set (here, 42,500 articles on Alzheimer AND treatment) compared to MEDLINE as a 
whole. They are ranked in order of their “importance”, i.e., the degree to which the word is over-
represented [1, 4]. The list can be further filtered using a button to restrict the terms to one or 
more semantic categories (taken from the UMLS [5] as described [1]). clicking on any one 
initiates a new query restricted to articles that mention that word in any field of the article’s 
PubMed metadata (title, abstract, or other metadata field). The important words are displayed in 
stemmed form [6] – for example, the listed word “amyloid” in Fig. 3 comprises mentions of both 
“amyloid” and “amyloids”. Accordingly, clicking on the hotlinked term “amyloid” initiates a 
new, more restricted PubMed query: [Alzheimer AND treatment AND (amyloid [all fields] OR 
amyloids [all fields])], and the resulting list of 13,858 articles is displayed in a new tab (Fig. 4). 
The list of Important Words together with their Importance scores [1, 4] can be filtered according 
to UMLS semantic category, and can also be exported as a CSV file for use in text mining.  
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Figure 3. Screenshot of Important Words calculated for the query [Alzheimer AND 
treatment]. 
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Figure 4. Screenshot of the list of articles that mention “amyloid” or “amyloids” within the 
original query.  

 

Important Phrases*. This runs the TopMine algorithm [7] to identify phrases that are important 
within the titles and abstracts of retrieved articles (without comparison to their frequency in 
MEDLINE). For the [Alzheimer AND treatment] query, we see phrases such as “Alzheimer 
disease”, “cognitive function”, and “oxidative stress” (Fig. 5). Clicking on any phrase initiates a 
new restricted query [Alzheimer AND treatment AND “exact phrase” [tiab]] whose results are 
shown in a new tab. Note that, unlike Important Words, Important Phrases are not stemmed and 
they are mined only from titles and abstracts, not all fields of the PubMed record. The list of 
Important Phrases can also be exported as a CSV file for use in text mining. 
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Figure 5. Screenshot of Important Phrases calculated for the query [Alzheimer AND 
treatment]. 

 

Topics. This displays the Medical Subject Headings (MeSH terms) [8] indexed in the set of 
retrieved articles, ranked by document frequency.  

Authors. This lists author names (defined as lastname, firstinitial) ranked by order of document 
frequency within the set of retrieved articles. No attempt is made here to disambiguate different 
individuals sharing the same name. However, each author name on each PubMed article has been 
disambiguated in a separate project, Author-ity [9, 10]. The Author-ity 2009 release has been 
linked to Anne O’Tate: Each author name on each article in the displayed list is hotlinked ,and 
clicking on it opens a new tab which displays the predicted individual if that article is present in 
the Author-ity 2009 dataset. (The most recent Author-ity beta release contains articles through 
2018, but has not yet been disseminated in final form publicly.) 

Author count*. This button displays the distribution of the number of author names on each 
article, over the set of retrieved articles. This allows one to choose, for example, only those 
articles that are sole-authored, or those having many co-authors. Editorials and reviews are often 
written by senior individuals as sole-authored papers, whereas clinical trials, genomics projects,  
or experimental physics papers often are conducted in large teams.   

Affiliations. This displays chunks of text that are delimited by commas in the Affiliation field of 
the PubMed record. For example, “University of Illinois” or “Cold Spring Harbor Laboratory” or 
“USA” are typical chunks that correspond to institutions, cities, or countries. These are ranked in 
order of document frequency.  
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Journals. This displays the names of journals in the set of retrieved articles ranked by document 
frequency.  

Year. This displays the distribution of publication dates by year for the set of retrieved articles. 
The list can be displayed as a histogram and downloaded if desired.  

Publication types*. This displays the distribution of publication types as indexed by MEDLINE 
or assigned by PubMed for the set of retrieved articles. The publication types are grouped into 
categories: Problematic publication types include Retracted Publication, Published Erratum, 
Retraction of Publication, and Corrected and Republished Article. Clinical Trials comprises 10 
different types of articles that include the word “trial” (e.g., Pragmatic Clinical Trial) as well as 
Multicenter Study. Article Types list all other articles (e.g., review, case report, practice 
guideline, etc.) in descending order of document frequency. Finally, Research Support lists 
sources of research support (e.g., NIH, Extramural or Non-U.S. Gov’t) in descending order of 
frequency.  

Clustered by Topic. This runs an algorithm which partitions the set of retrieved articles into 12 
different topical categories as evenly as possible in terms of the number of articles in each 
category [1]. This can be useful in surveying the range of topics that are covered in the set, 
without being unduly influenced by the most common or the most rare.  

Important MeSH pairs*. This considers pairs of MeSH terms that co-occur on individual 
articles within the set of retrieved articles. For those pairs which co-occur on at least four articles 
within the set, it displays and ranks those pairs according to the odds ratio (i.e., the frequency 
within the set divided by frequency within MEDLINE as a whole).  MeSH pairs often represent 
either frank relations (e.g., aspirin TREATS headache) or implicit relationships (e.g., a paper 
discussing the impact of an earthquake on Puerto Rico may be indexed with both “Earthquakes” 
and “Puerto Rico”). This may help to characterize the kinds of relations studied within a set of 
retrieved articles, and to drill down more precisely than if one were choosing individual topics.  

Mine the Gap!*. This button runs a tool that identifies “gaps” within the set of retrieved articles, 
i.e., pairs of MeSH terms that do NOT co-occur on any article within the set, even though the 
individual MeSH terms occur in more than 10% of the set, and the predicted co-occurrence just 
by chance would be > 10 articles within the set [11]. Finding gaps in a literature may help to 
predict which new lines of research may be undertaken in the future. Generally, one only finds 
gaps satisfying those criteria in sets that contain at least several hundred articles. Clicking on the 
Mine the Gap! button starts a program that identifies and displays gaps, along with some of their 
features [11]. An optional button carries out Arrowsmith two-node searches [12, 13] on each 
gap. This allows the user to view and analyze terms that may bridge the gap [13], and calculates 
the pR ratio for each gap -- this is a measure of the amount of implicit information shared by the 
pair of MeSH terms [12]. The tool and its underlying model have been described elsewhere in 
detail [11]. 

 

Drill down and expansion of queries 

It is an important architectural feature of Anne O’Tate that any new tab displaying a list 
of articles can be further processed according to any of the 12 buttons on the left side, facilitating 
easy, progressive, multi-faceted “drill-down” and “slice-and-dice” of the retrieval set as desired. 
For example, if one would like to find authors who have written recent review articles, one can 
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do the topical query, then click on the Publication Types button, then choose the Review button, 
then click on the Year button, then choose a given year, and then click on the Authors button to 
display the list of authors who satisfy all the chosen criteria. 

 

Conversely, any list of displayed articles which is smaller than 50 can be expanded to add new 
articles that are highly related to multiple articles in the original set. Clicking on the “expand” 
button at the top of the page runs an algorithm that employs the PubMed related articles 
algorithm [3] in batch mode[1].   

 

The Citation Cloud* 

This tool should greatly enable the study of citations by the scientific community. 
Clicking on “Citations” next to any displayed article opens a new tab that allows the user to 
visualize the “citation cloud” around that article: That is, the set of articles cited by it; those 
which cite it; those which are co-cited with it; and those which are bibliographically coupled to it 
(Fig. 6). To say that article A and B are co-cited means that A and B are both cited by one or 
more articles Ci [14]. Co-citation is a measure of similarity not based on textual or topical 
similarity. Note that the co-citation relationship is not fixed but can vary over time depending on 
how many newer articles cite both A and B.  In contrast, bibliographically coupled (BC) articles 
cite some of the same articles in their reference lists [15]. This is also a measure of similarity that 
is not based on textual or topical similarity, and has the distinct advantage that the BC 
relationship can be calculated for any two articles regardless of when they are published. As 
well, the BC relationship is stable and will not change over time. Clicking on any box opens a 
new tab that displays the list of articles in the box. The Citation Cloud tool employs a large 
dataset of open citations, including iCite [16] as well as other sources. The tool, and some of its 
typical use cases, are described in detail in a separate publication [17]. 
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Figure 6. Screenshot of the citation cloud for the target article: Rainer et al., Desmin 
Phosphorylation Triggers Preamyloid Oligomers Formation and Myocyte Dysfunction in 
Acquired Heart Failure. Circ Res. 2018 May 11;122(10):e75-e83.  See [17] for a detailed 
description of the Citation Cloud tool. 
 

Finally, note that a message on the starting page says that Anne O’Tate processes the most recent 
25,000 articles from any query (fig. 1). This is to avoid slow-downs that may be caused from 
users entering huge, poorly formed, or malicious queries. However, the situation is a bit more 
nuanced: The initial query returns an unlimited number of articles from PubMed. Although most 
of the buttons are limited to processing the most recent 25,000 articles in the list of displayed 
articles, the Year, Publication Types, and Citation Cloud functions are all unlimited.  
 

Discussion  

 A plethora of tools have been developed to assist in searching the biomedical literature 
(reviewed in [18, 19]). Few have been maintained as a free, public service continuously to the 
present. Although some of these tools do provide faceted summarization (e.g., listing author and 
journal names for a set of retrieved article) [2], no other tool offers the unique architecture of 
Anne O’Tate to drill-down progressively according to any of a dozen dimensions, or to expand 
up again. Nor do any other search web servers serve as open platforms for adding new tools that 
greatly enhance the ability of users to analyze literature in a sophisticated manner (e.g., Mine the 
Gap! which identifies research gaps in the set of retrieved articles [11], and the Citation Cloud 
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which displays the entire local network of citations surrounding any given article [17]).  We 
envision Anne O’Tate as a value-added layer on top of the PubMed search engine. We can offer 
tools that may be too specialized for the government to host, and can add or change items in a 
more nimble fashion.  
 
Use cases for Anne O’Tate arise on a daily basis. For example, to find suggested reviewers for a 
given manuscript or proposal, one can enter a topical query (e.g., keywords taken from the title) 
and examine the list of authors who have published PubMed articles on that topic. Similarly, to 
help decide which journal is best for submitting your own manuscript, enter a topical query and 
examine the list of journals which have published similar work. The Important Words and 
Important Phrases may help to suggest new keywords for refining queries during high recall 
retrieval projects such as accumulating evidence for a systematic review. Using the Publication 
one can identify relationships that are specifically studied in the set of retrieved articles. Types 
button allows a user to track articles in a given set that have been retracted, and the Citation 
Cloud to trace articles that have subsequently cited them anyway [20, 21]. Studies of scientific 
innovation may be interested to compare the characteristics of articles that have been single-
authored vs. published in collaborative teams [22]. Using the Year button, one can immediately 
see the trend of growth over time of a given topic. Using the Important MeSH Pairs, Conversely, 
to identify relationships that have surprisingly NOT been studied at all [11], one can use the 
Mine the Gap! button. 
 
We expect that Anne O’Tate will continue to evolve over time. For example, the new updated 
Author-ity author name disambiguation dataset (through 2018) has not yet been officially 
released; when it has, we expect to link it to the articles retrieved through Anne O’Tate so that 
any author on any article can be disambiguated. Also, we are in the process of developing a 
probabilistic automated classifier to classify each article in PubMed according to 46 different 
predicted publication types – this augments the official indexing which does not include the most 
recent articles nor articles which are not in MEDLINE journals. We plan to utilize the 
predictions of that model to improve the current Publication Types button, by displaying 
additional articles not indexed by MEDLINE but predicted with high confidence to have the 
characteristics of one or more publication types. Future changes will be driven by our own 
ongoing research, and by suggestions and feedback from the biomedical and informatics 
communities.  
 
Materials and Methods 

Many of the methods were discussed in detail in the original publications [1, 11, 17]. As one of 
the reviewers of Anne O’Tate pointed out [2], in the past Anne O’Tate tended to be slow in 
processing large queries. We therefore devoted considerable effort to optimizing the data 
retrieval techniques used for passing information between entities Anne O’Tate and PubMed.  
PubMed only allows a certain number of articles to be fetched in a single request, even when 
using an API key (to validate us as a known user) and functions optimally on numbers less than 
that maximum. 
 
PubMed also only allows a certain number of PMIDs (as a list) to be sent within a single query 
dictated also by maximum HTTP request size.  Internally within our server, the SQL database 
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that holds an internal parsed representation of all PubMed records also has a practical limit 
within queries. To overcome these limits, batch processing was used when necessary, operating 
within each component's limits within each batch yet still operating on the complete data set in 
whole, so that queries were processed smoothly by all components of the system. On two of the 
new buttons –- Year and Publication Types --  the user-facing client-side uses AJAX requests 
which allow for the long running processes to be more elegantly and efficiently returned to the 
end user. The end user in these cases sees immediate results to the screen in real time, as the data 
are pulled from PubMed and/or collected locally. The previous version used timed browser 
refreshes, which check with the server at each refresh to see if the server-side function has 
completed. These refreshes sometimes appeared to ‘hang’ when the server-side processes died 
inadvertently, leaving the client to refresh infinitely. The errors causing server-side processes to 
die were fixed, resolving the ‘hanging’ problem.   
 
Some other changes made to the original implementation of Anne O’Tate were the elimination of 
the system-level kill commands being issued on the background Perl daemon processes, and 
more granular batch processing of the data pipeline (as mentioned above). These made user jobs 
more stable, faster and less likely to hang and resulted in fewer server crashes. The Architecture 
supporting Anne O’Tate is comprised of LINUX Ubuntu Server 18.04 LTS, Perl 5 version 26, 
Python 2.7 and 3.6 and MySql 5.7. 
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