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Citations play a valuable role when included in medical and scientific databases. They
indicate the association of the data with authoritative research reports or broader review
articles. Searches based on citations facilitate further inquiry into the literature. Tools and
methodol ogies (see web resources and below) that populated our database, Model DB(see
below), with citation information, are available for investigators and developers who wish to
include citation based tools in their databases.

The main purpose of ModelDB, a database of neuronal models publicly available at http://
sensel ab.med.yal e.edu/sensel ab/model db, is to make avail able the computer code that
describes amodel, the need for which has been addressed previously (Migliore et al., 2003;
Davison et d., 2003; Mirsky et al., 1998; Miller et a., 2001). Model DB has grown to
contain over 100 models. The usefulness of any database depends on the database being well
populated and on having search methods that help the user find the element(s) of interest
within that database. We provide several search methods to find models of interest on the
Model DB home page.

Through these search methods links one can arrive at the web page for amodel with just two
mouse clicks. The web-page for each model provides information about the model including
the source code, and tools for finding related models, among which is the * Citation
Browser’.

The Citation Browser link loads a page as seen in the top of figure 1. This pagein turn
allows the user to view an annotated list of the titles of (centered headers) and reference
bibliographies from (left column) the one or more papers that are associated with the model,
and alist of papers that cite the paper(s) (right column) associated with the model. Each
paper in Model DB that is cited by two or more papers in the database is highlighted in green
and has a hyperlink to the Citation Browser page for that paper. Each paper that has a model
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stored in Model DB is annotated by a bulleted, pink-highlighted hyperlink to that model.
Related papers and models may be found just by following the hyperlinks.

The Citation Browser supplies a convenient method for finding papers and models of
interest. In order to implement the Citation Browser, it is necessary for the citation lists of at
least model associated papers to be entered into the database. Such population would be
tediousif done by hand. The only complete electronic public source of citation information,
IS Web of Knowledge (web resources 1SI, 2003a), requires a subscription/license and does
not indicate if a paper's model is electronically available. There are research-oriented open
citation projects (web resources OpCit, 2003b, c), but they are till in preliminary stages. We
therefore devel oped a web-based interface to automate the entry of citation lists obtained
from the electronic versions of the origina articles (from PDF or HTML files, or from
scanning followed by optical character recognition (OCR) 1998)).(web resources Hewlett-
Packard, 1998). By leveraging open-source citation-parsing tools from the Open Citation
Project (web resources OpCit, 2003a), we were able to produce web form interfaces that
automate the process of entering citation data from these el ectronic versions of journal
articles, and that also validate the data when they are also in PubMed (PUBMED, 2003a),
providing quality assurance.

Automated reference parsing and reference validation using PubMed

The user interface for entering citationsisan HTML form (figure 1 B). In summary, the
procedure is as follows (see online supplement for asimplified flow-chart and online
supplement appendix for some PERL code excerpts):

e The paper for which the reference list isto be entered isretrieved from Model DB
using either its PubMed 1D, or its Model DB Object ID (the latter is for references
that are not in PubMed — mostly books and book chapters; see (Marenco et d.,
2003) for more detail on the architecture of ModelDB). If the paper ishot in the
Model DB database but has avalid PubMed ID, the paper is entered into the
database.

e Thelist of referencesis pasted into the text box. The principal formatting
requirement is that each reference be on asingleline.

» Each referenceis parsed to extract the list of authors, the name and volume of the
journal, and the starting page of the article.

» References that have been successfully parsed are sent as a batch to PubMed,
which returns, for each reference, either a PubMed ID or a message that the
reference was not found.

+ ThePubMed IDs are sent back to PubMed, which returns an XML file containing
datafor each reference. The XML is parsed, the data entered into Model DB, and
the reference linked to the original paper whose reference list is being entered.

» References that have been successfully entered into ModelDB are removed from
the text box. References that have not been successfully parsed or that are not in
PubMed are left in the box.

« If thereisan error in the reference, e.g. incorrect page number, this can be
corrected in the text box and the reference re-submitted to PubMed.

»  For references that can be found by manually searching PubMed but cannot be
successfully parsed, the PubMed ID can be entered instead of the reference string.

» Referencesthat resist parsing and/or are not in PubMed can be transferred to aform
that allows manual reference entry. After each submit of the manual entry page, the
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papers are searched-for in Model DB and if found a drop-down list box appears
with all the papers from the first author. The user may choose to select the paper if
it happensto already bein ModelDB.

Please see supplemental online material for implementation and paper scanning details.

Discussion

The task of manually entering a reference to a paper and its citations is tedious. We
developed aweb-based interface to automate the process of reference entry, interfacing with
PubMed for validation and standardization of citation data whenever available in PubMed.
When unavailable in PubMed the citations are validated manually using a further web
interface.

Model DB's semi-automated citation entry software has enabled us to populate Model DB
with 400 reference lists consisting of over 10,000 papers and 11,000 distinct author names
(Note that the bulk of computational paper references are to the experimenta literature).
Including the citationsin ModelDB allows us to construct a citation database that is focused
on the computational neuroscience domain. This modeling citation database allows
investigators to use our web application tool, the Citation Browser, to explore how models
were used by other researchers. The Citation Browser displays alist of references from the
bibliography of the paper(s) associated with amodel; each reference is an annotated
hyperlink to a paper or acomputational neuroscience model if that referenceis cited by
more than one paper in or has amodel available in ModelDB. The Citation Browser displays
papers that cited a modeling paper and indicates if the model from any paper isaready in
ModelDB. This resource is enhanced by our Citation Browser's unique capability to aid
researchers in finding models and papers of interest. We hope that this article will help
database devel opers create similar toolsto assist the importation of relevant references to the
developer's own context. Citations provide an invaluable resource for medical and scientific
databases, and indeed for any database that maintains data for which there is a substantial
associated literature. The research reports and review articles contain the authoritative
description of the item(s) stored in the database and provide the larger context in which the
usefulness of the item can be understood. The references in the Model DB papers al so
provide a starting place for searches based on citation indices, useful for finding and
understanding the work that the paper built upon, and also for seeing which work potentially
built upon the work under consideration (which cited the paper).

Citations, because of their varying degrees of relatedness to the article of interest (web
resources Garfield, 19944), are frequently the objects of search and retrieval engines.
PubMed is premised on this concept, as are online versions of most journa articles, and
indeed, most of modern Library Science. The Ingtitute for Scientific Information (1SI)
supplies notable citation search tools. They offer complete lists of citation relationships for
multidisciplinary analysis. A common use of citations is the ranking of the importance of
papers, individuals, institutions, countries, and journals (web resources |SI, 2003b; Garfield,
1994b) by the number of citations that point to each of these entities. Our citation databaseis
by comparison narrower in focus being limited to publicationsin the field of computational
neuroscience and the references contained therein. We have added value to our Citation
Browser's references lists by annotating them with a color coding that indicatesif a
publication has a model available in ModelDB. This can help investigators who are
interested in modeling to know that this paper may have specia interest to them.

Neuroinformatics Author manuscript; availablein PMC 2013 August 24.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Davison et al. Page 4

Future Directions

We are exploring tools that can identify model papers automatically from electronically
available journals (Crasto et al., 2003). These same tools will enhance the use of citations by
attempting to annotate them automatically with the keywords that we currently use to search
for models. Researchers could then more easily find papers on neuronal and network
modeling topics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Citation Relationships

Key: Link to o Model 8eference cited by sultpls papers

De Schutter E, Bower M { 1994) An active membrane model of the cerebellar Purkinje cell, 1. Simulation of
current damps in slice, J Neurophysiol 71:375—400 [pubMed]

References and models that cite this

References and models cited by this paper

Doiron 8. Lonatin A_Turner RW, Maler [

ModelDB

Reference List Entry

Here we enter papers into ModelD® linking them to one paper as its references,
If you wish to enter papers without inking them together

Thes tool uses the PubMed database from the Ll nfiors
Please read the NCBI's Disclaimer and Copyright notice befare using this toal.

PubMaed [0 of paper or Object 1D of paper {Object 1D takes precedenca) m

Chick "Submit” to check that the PubMedID you have entered above is valid, then pasts the kst of references (ane per ine} inta the
bax belaw and click “Submit® again.

If you do not know the pubmed id you can find the paper may already be in the datsbase under an object id. To find that search
herg and use the number in the URL of the reference.

If there is no pubmed id and no object id then use the manual entry button.

any references that do not result in a PubMed 1D number will ba left in the below box, S0 that you can adit them and try again. The
information that is parsed from the raw reference will be appended to the reference in the following format:
<| joumal | year | volume | firstpage |>
Edit the originsl reference, not the parsed informatien.
If you know the PubMed 1D for a reference, you can replace the reference fine with the D,

Fig. 1.

A. Example of the Citation Browser page. B. The ‘Reference List Entry’ page uses existing
PubMed IDs and reference lists from papers to automatically extract PubMed data and enter
it into our (Citation Browser) database.
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