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Advancing PubMed? A comparison of 3"-party
PubMed/MEDLINE tools

INTRODUCTION

The first step of a systematic search is planning the search and in this step, systematic review authors can
especially benefit from collaboration with librarians (Foster, 2015). Librarians’ assistance surpasses general
instruction in how the interface to the bibliographic database supports the methodological demands to the
structure and scope of the search, the sensitivity of the search, bias and selection of articles. Our expertise in
information and knowledge management facilitates critical appraisal activities. Rather than applying this
expertise for our own professional practice, the medical librarian has the unique opportunity to inform the
library users on the theoretical aspects of carrying out systematic searches and produce up-to-date critical
appraisals of biomedical search software that are suggested as better ways of synthesizing medical evidence
(Booth and Brice, 2004).

Since bio-medical researchers need to interpret an increasing quantity of data (Islamaj et al, 2009) and the
publication rates of scientific articles are exploding, there are increasing demands on text mining technology
to improve the relevance and precision of searches in the biomedical literature (Coccia, 2009). This demand
has led to the development of third-party applications aiming to improve the efficiency of searching the
millions of indexed papers (referred to as citations in the PubMed terminology) in PubMed (Keepanasseril
2014; Lu 2011: Connor, 2010). Medline data and NCBI Entrez Programming Utilities (the Global Query
Cross-Database Search System that powers PubMed provided by the National Center for Biotechnology
Information) are freely available for developers from academia and industry and allow the creative
development of third-party tools complimentary to PubMed. These tools are designed to simplify the search
modalities of PubMed, thus decreasing the problem of information overload and syntactic correctness in
PubMed searches (Coccia, 2009). Ultimately, they aim to improve the specificity and sensitivity of
exhaustive searches and ensure highly relevant replies to medical queries (Islamaj et al, 2009).

Keepanasseril (2014) and Lu et al (2011) present reviews of third party web tools to access, search and
process Medline citations. These reviews presented 28 and 24 tools respectively, overlap 13, but do not test
the functionality of these choosing instead to list the key features, technical developments and processing
capabilities of each tool. In this paper, we compare the search functionality of third party web tools to
PubMed, specifically in identifying, retrieving and exporting biomedical literature as part of a systematic
search process.

The systematic search is a scientific methodology used to create medical systematic reviews. The method
sets requirements to the process of the search. The search has to be exhaustive to capture all the available
evidence so that conclusions based on the literature retrieved in the search are unbiased, it must be
methodological, transparent, the rationale of the search defendable and importantly, the search must be
reproducible so that it can be repeated and conclusions verified (Lefebvre et al, 2011). PubMed is
traditionally the main database used for searching biomedical literature and constructing systematic reviews,
but to search systematically requires the user learn how the interface works on par with an information
professional (field descriptors, Boolean logic, combining search blocks, index terminologies, database
structure, mapping and matching functionalities, filtering, limits, etc.). Hence developers of third party tools
are keen to assist the novice user by simplifying the technicalities of the search and enhancing user-
interactivity through advancing visualization and manipulation of results.
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PubMed: contents
Available since 1996, PubMed includes over 25 million citations (time coverage 1946 to present) from the

biomedical literature. It includes:

the Medline database,

in-process records of articles yet to be quality controlled and indexed with MeSH (Medical Subject
Headings),

ahead-of-print citations that precede the article’s final publication in a Medline indexed journal,
pre-1966 citations that have not yet been updated to current MeSH or Medline status

citations to full text articles in PMC (PubMed Central),

books on the NCBI Bookshelf and

manuscripts published by NIH-funded researchers (National Institutes of Health).

PubMed: search interface

PubMed supports block searches, Boolean logic, truncation, masking, and tagged field searches that limit the
search to specific bibliographical fields indexed in the database. The search can be limited to methodological
variables, e.g. date range, language, species or clinical study type and results filtered using several ranking
and sorting parameters.

Results are displayed in a variety of formats: summary, abstract, Medline format (which is the tagged field
format used to export citations into citation management programmes), XML and PMID list (PubMed’s
unique article identifier). Results can be sorted by reverse date order, first author, last author, journal, title or
relevance.

Relevance is based on an algorithm that weights terms dependent on their frequency and position in the
indexed document. The relevance of a document in a single word query is dependent on the number of times
the word appears in all documents (global weight), in a specific document (local weight), the weight of the
field the word appears in and the weight of the publication date. As user queries typically include more than
a single word, the resulting weight is calculated as a sum of the weights of the individual words included in
the document. In order to optimize performance, the list of documents in the result set is generated first using
a Boolean bit-vector operation (NCBI, 2015, p.85).

PubMed also offers links to similar articles. Here, similarity is a vector score measured as the frequency of
words documents have in common, adjusted for document length using a Poisson correction and again the
weight of the field the term appears in, for example title words are weighted higher than abstract terms which
are weighted higher than MeSH terms.

The search can be saved in the Search History so that search statements can be combined or re-run at a later
date and results verified. Search results link to free full-text papers in PMC or to the publishing journal,
however if the user is searching PubMed through a subscription service, links can be provided to journals
and articles in this collection. Search results can be exported in different formats to a citation manager, CSV
file, email, text, and more. Documentation of database contents and search tutorials are easily accessible and
up-to-date.
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PubMed: search functionality

From a search perspective, single words or phrases entered in the PubMed search box (that have not been
tagged with field descriptors, quotation marks or asterisks) are matched in the order of Subjects (using MeSH
Headings), Journals, Phrase List and Authors to several translation tables. When a match is found for a word
or phrase in a translation table, the mapping process is complete and the word or phrase is searched
according to the parameters set for this table. The search does not continue to the next translation table. If no
match is found in any of the translation tables, PubMed breaks apart the phrases into individual words and
repeats the automatic mapping process until a match is found. If there is no match, the individual words will
be combined (ANDed) together and searched in all fields (Smith, 2004). If these words or phrases are tagged
with field descriptors, the system modifies the search by removing the field tags and then searches each word
in all fields (NCBI, 2015). The automatic mapping is powerful, translating for example “heart attack™ into
“myocardial infarction” and searches simultaneously for these synonyms. Thus importantly, the user can see
this process at work in “Search Details” and can turn this mapping function off by either using search syntax
or by editing the search directly in the query translation box, as turning the mapping off stops the automatic
exploding of the terms and narrows the search.

METHOD

Selection of Third Party Tools
Third party tools identified in the reviews by Keepanasseril (2014) and Lu et al (2011) were selected and

supplemented with tools identified through a PubMed search using the terms PubMed AND
(software[MeSH] OR "Systems Integration” [MeSH] OR "User-Computer Interface"[MeSH]) NOT (dental
OR dentist* OR genetic OR protein OR drug) Limits year:2000-2015. The “similar articles” function was
used on relevant citations to find related articles missed in the search. Seventy-six potentially relevant tools
were identified.

We selected third party tools for assessment based on the following 4 criteria, summarized in Figure 1:

Tools were included if:

1. the tool searches the broad medical content offered by the PubMed/Medline database
2. the tool provides free access to searching the database. Tools requiring login but not
payment are included.

Tools were excluded if:

the tool is limited to fit one bio-medical discipline.

The tool did not operate on online PubMed/Medline content.

[UNSERT FIGURE 1 HERE]

Table 1 provides an overview of the 16 included tools included in the comparative assessment, Table 3 the
31 excluded tools while Table 4 presents 29 potentially relevant third party tools that we were unable to
include in the analysis because these were either under construction, closed projects or dead-links.

© Emerald Group Publishing Limited
This is a pre-print of a paper and is subject to change before publication. This pre-print is made available with the understanding
that it will not be reproduced or stored in a retrieval system without the permission of Emerald Group Publishing Limited.



Downloaded by TASHKENT UNIVERSITY OF INFORMATION TECHNOL OGIES At 22:15 15 November 2016 (PT)

[INSERT TABLE 1. MAIN FEATURES OF THE 16 THIRD PARTY TOOLS INCLUDED IN THE
ASSESSMENT]

Comparison of Third Party Tools

Each tool was given an unique identifier and compared across 11 basic aspects that should be present in a
robust and methodological search process, Table 2. These aspects support the search, manage the citations
and document the search process (Lefebvre et al, 2011). Accordingly the tools are assessed:

1) on their ability to support a search structure that requires a subject search for a population and intervention
together with methodological field codes, filters and limits. Further, the ability to combine concepts,
synonyms and blocks of the search with Boolean operators is assessed.

2) on their ability to manage citations within the tool based on the interactivity the searcher has with the
presented output, suggestions for related articles and links to a representation of the article. The ability to
identify how many citations were retrieved in the search and the ability to export found citations to reference
management tools for further analysis is assessed.

3) on their ability to document the search, specifically to save, edit and update the search.

Test Search
A search designed to fit the PubMed database, on a topic known to the authors, was run through each of the

16 third party tools and PubMed in December 2015 through January 2016. The search strategy is published
in (Christensen et al, 2016), and is designed to fulfill the requirements of search according to the Cochrane
Handbook for Systematic Reviews (Lefebvre et al, 2011). The search is available as an appendix via this
link: http://tinyurl.com/h7nj4vu. Accordingly, we have a database of retrieved literature and a record of the
literature deemed clinically relevant for this topic. Assessment of relevance was undertaken by medical
physicians. Thus, this database is used as a benchmark to assess the specificity and sensitivity of the search
using third party tools included in this study.

RESULTS
The purpose of each tool and the tool’s main features are described in Table 1. The assessment across 11

basic aspects that support, document and manage the search process are reported in Table 2. Based on Table
1 and Table 2 we have the following observations of deploying the search and search interaction
functionality of third party tools compared to a baseline performance in PubMed.

[INSERT TABLE 2: COMPARISON OF SEARCH FEATURES]

Supporting the search

Field codes, filters, limits and Boolean operators
The test search was adjusted when necessary to fit the specifications of each tool. Nine tools ran the PubMed

search without adjustment, and were fully compatible with the pre-defined field codes, limits and Boolean
operators (ID 1-3, 6, 7,10,11,14 and 16). A clinical approach to searching was provided by the PICO tool (ID
9) where blocks of the search were combined using Booelan logic under the aspects “medical condition” and
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“intervention”. The full search for the PICO tool is available in the electronic appendix link:
http://tinyurl.com/h7nj4vu. Europe PMC (ID5) and PubVenn (ID15) required a simplified version of the
search, limited to a combination of Mesh and keywords: (peritoneum{MeSH Terms] OR peritoneum OR
peritoneal) AND (ascitesfMeSH Terms] OR ascites). The two semantic tools askMedline (ID4) and
askHermes (ID12) required the translation of the search to a plain language clinical question:”What is
currently the optimal type of tunneled catheter for treatment of recurrent ascites” (cited from the original
work of Christensen et al, 2016). Another semantic approach was the Medie tool (ID 13) which required
definition of the verb, object and additional MeSH and keywords (Verb: treat, stemming activated. Object:
ascites, stemming activated. Additional keywords: abdomen® MeSH: ascites, ascitic fluid; peritoneal
neoplasms, abdomen; paracentesis,; catheters; drainage).One tool was designed to support the search for
major concepts only, and here the keyword “ascites” was run, (ID 8).

Options for filtering and limiting the citations to increase the specificity of the results were limited. Tools ID
1,8, 11,12 and 14 -16 do not provide filtering options to further modify the search. Tools ID 4, 5 and 7 offer
filtering after language, document or study type, yet filtering by document type in PICO (ID 9) was
problematic, as the filter could only be used to include document types and not exclude unwanted ones.
PubReMiner provides the traditional filtering after year, journal, author, MeSH terms (ID 10), whereas
MedlineRanker (ID2) and Medie (ID13) provide alternative filtering options that build on the Bayes-
weighting scheme used in the presentation of citations. This gives the options to filter on a broad level
according to subject, object or UMLS semantics, and on a narrow level using discriminative words in the
citations title, abstract, method or conclusion. Go3R (ID6) presents a detailed ontology to limit the search
and RefMed (ID3) allows the user to push relevance feedback to iteratively modify the results.

Managing the Search
Output

Results were presented as hyperlinked lists, similar to PubMed, with the same sorting options as in PubMed
i.e. publication date, first/last author and journal, primarily ID 1, 3, and 16. In seven tools the citations were
only displayed newest first (ID 4, 6-9 and 12). Other options included sorting citations after relevance using
a word-weighting algorithm (ID 2). Visualization of the relation between citations as sociograms based on
co-occurrence analysis was the preferred presentation in tools ID 14 and 15, these also provided standard list
presentations similar to PubMed as well. PubReMiner and Medie presented the results in sortable tables,
which the user can both sort the output in regards to a defined combination of year, journal, author, MeSH
terms (ID 10), or subject, objects or UMLS definition (ID 13).

Related articles and links to article representation
Related articles were only suggested in ID 1, 6, 7, 9 and 11. To access the citation as full text or

representation thereof, tools primarily sent the users over into the PubMed system (ID 1-7, 9, 12, 13 and 15).
Tools (ID &, 11, and 16) sent the user to the publisher or affiliated library collection whereas PubReMiner
(ID10) and PubNet (ID14) did not hyperlink to a full-text representation of the citation itself but rather to a
broader list of concepts related to the node or item identified in the tables or sociogram.

Number of citations on the result list
Each tool retrieved a different amount of citations ranging, where known, between a minimum of 226 and

maximum of 5409 citations. Tools Anne O’Tate (ID 1) and Unbound Medline (ID16) produced the exact
same amount and set of citations as the study control PubMed. Otherwise the number of citations varied even
when the exact same search was implemented (ID 2, 3, 6, 7, 10, 11 and 14). Tools, ID 8, 12-14, do not report
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the number of retrieved citations. PubMed returns by default 20 citations per page, but can be adjusted to
include 5, 10, 50, 100 or 200 citations per page. Refmed (ID3) offers these same options and similarly Go3R
(ID6) returns 20, 50 or 100 citations per page. Eight tools returned a fixed number of citations per page,
either 10 citations (ID13), 20 to 30 citations (ID 1, 4, 5, 8, 9 and 11) or the first 1000 citations, where access
to citations ranked after 1000 was not possible (ID 2). It was not possible in tools ID 7, 10, 15 and 16 to
identify how many citations were returned on a page because the result pages were dynamic and continually
added more citations towards the bottom of the page. For PubNet (ID14), which presented the results as a
sociogram, the citations were, depicted as nodes and edges, hence this assessment is not applicable.

Exporting the citations
Export of search results was not available in tools ID 1, 4, 10-13, 15 and 16. However even though the

remaining tools offer export, the functionality is limited. In three tools the citations could only be exported
one at a time (ID 7, 9 and 14). Two tools directed the user to PubMed to export the results (ID 3 and 10).
Tools ID 5, 6, and 8 offer bulk export in formats compatible with publically available reference managers
while ID 2 limited export to PMIDs (the unique number assigned to each PubMed record) as a text file or
discriminative words only as a table.

Documenting the Search

Saving the search and search history
Two out of 16 tools provided the option to save searches and/or view search history. These were PubVenn

(ID15) and Europe PMC (ID5), though this function was not working at the time the study was undertaken.

DISCUSSION

The limitations in filtering and export functionality of third party tools meant that the intended analysis of the
relevance of the retrieved citations compared to the PubMed study control was not viable. In tools that
allowed the bulk export of citations, the records could either not be filtered (ID 8), or the filters did not work
(ID5 and ID6), resulting in thousands of citations. Tools that provided innovative ranking and filtering
options did produce a useable number of citations and it would have been interesting to compare the
relevance of these citations to the PubMed set, yet the citations could not be exported or could only be
exported one-by-one from the tool’s interface (ID 1, 4, 7, 9, 11, 13, 15 and 16). Alternatively, tools directed
the user to the PubMed system to export the citations one-be-one (ID 3, 10, 12, 14) or via a list of PMIDs
(ID2), both reducing the flexible export options of PubMed and subsequently not supporting the user
effectively.

The importance of the filter, save and export functions essential to a systematic search appears to be
overlooked in the third party tools evaluated in this study. This could be because we are using the tools in
systematic search context that they are not designed to support. For example, Anne O’Tate (ID 1) visualizes
for the user the many facets the search encompasses by clustering MeSH pairs and important terms, resulting
in an impression of the different facets that make up the set of retrieved citations. Likewise, Medie (ID13)
and MedlineRanker (ID 2) highlight important terms in the presentation of search results while askMedline
(ID 4) and PICO (ID 9) further enrich the result list by describing “the bottom line” of each citation' which
can aid determing relevance. HubMed (ID7) meanwhile enriches the search results by identifying

' 1BL (The Bottom Line) is the summarization of the conclusion section of journal abstracts, derived by applying computer
algorithms, not by summarizations performed by humans. If an abstract has no conclusion section, TBL results are derived by using
a word counting algorithm plus the last two sentences of the abstract.
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discussions and actors within the subject area by linking to Twitter and Mendeley to find out if the citations
have been picked up by news outlets, tweeted, or used on other social media and provides a demographic
breakdown of who is mentioning these citations.
The primary aim of Medie (ID 13), PubNet (ID 14) and PubVenn (ID 15) is to further explore the collection
of retrieved citations before returning to PubMed to improve the specificity and sensitivity of the search.
These tools are beneficial as they give immediate, dynamic visual assessment of relationships between
authors, topics and term hierarchies etc. in the bibliographic data, giving a strong starting point in evaluating
and selecting literature to include in a systematic review, as discussed in Workman (2011).

Clearly, some tools are still experimental. Specific functionalities needing improvement include pushing
feedback in RefMed (ID 3) which is intended to improve the relevance of the retrieved citation. In our study,
the relevance function resulted in an increase in the results from 785 to 40,119 citations or an error message.
In contrast, even though SLIM (ID 11) retrieved 560 citations, only the first 200 citations were displayed,
likewise askMedline (ID4) only returned the first page of results leaving the other pages blank. askHermes
presented innovative clustering of citations based on clinical methodologies e.g. survival days, insertion
location and shunt type but did not return up-to-date citations, the newest citation being from 2012; Medie,
Europe PMC and Go3R did not process Boolean logic correctly. We suspect terms are automatically ANDed
together, OR irremittently ignored and the Boolean NOT is not recognized; Europe PMC also limits the
number of characters in the search strategy to 1500 which restricts the methodological design of the search
and further the parenthesis used to group blocks of the search had only a limited functionality. iPubMed,
Europe PMC and Go3R each return thousands of citations and limiting the search was, respectively, not
possible, because limits were based solely on document type, an confusingly extensive ontology and dubious
implementation of Boolean logic.

CONCLUSION

The possibilities for search interfaces and systems that increase both the sensitivity and specificity of the
search in an ever growing pool of biomedical literature has led to a demand to change PubMed to better
serve its users. This in turn has led to a multitude of third party tools proposed as advancements to searching
and collocating evidence indexed in PubMed. Only 16 of the 76 third party tools assessed in this study offer
free literature searches in the same or enriched content as PubMed. In summary, the assessed tools limited
rather than supported the specificity of the search through field codes, filtering, use of limits and Boolean
logic. The searchers ability to manage the search was likewise restricted; especially the difficulty in
exporting citations to reference managers was increased. Only 2 out of the 16 tools permitted the search to be
saved and the history viewed, yet these functions were not working at the time we assessed the tools.

Therefore, we consider the PubMed interface still provides the superior tool to freely access and search
systematically the biomedial literature stored in the PubMed/Medline database. However, even though we
determine the 16 third party tools inferior to PubMed in supporting a systematic search methodology, when
the bugs are fixed, we look forward to retesting their performance. The innovativeness of these tools has to
be praised, and their endeavors to decrease the complexity of searching vast quantities of literature relevant.
What needs to be done to make the third party tools efficient in a systematic search, is to improve their
ability to support the search as a verifiable method where the innovative features are combined with the
conditional steps in a search for evidence in the biomedical literature. As a baseline, the tools must
effectively support the search, manage the retrieved citations and document the search.
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[INSERT TABLE 3: EXCLUDED THIRD PARTY TOOLS]

[INSERT TABLE 4: POTENTIALLY RELEVANT THIRD PARTY TOOLS: SITES UNDER
CONSTRUCTION, CLOSED PROJECTS OR DEADLINKS ]
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Figure 1. Search flow diagram, after (Moher et al, 2010)
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