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ABSTRACT
We have developed a system and process of visualizing scien-
tific publication trends use the PubMed API to access recent
publications concerning a seed keyword. A histogram of the
number of papers published per year related to the seed key-
word demonstrates the growth and maturation of that material
or technique in the bio-medical field. Further understanding
of research trends is obtained by parsing the publication titles
and enumerating the associated words by time, showing the
temporal popularity of terms associated with the seed keyword.
Advanced analysis can be conducted by examining relative
popularity of common title terms per year using treemaps. The
outlined method guides a researcher in understanding and dis-
covering the history and development of past research, popular
current research directions, and future applications in a chosen
research field.

INTRODUCTION
Bibliometrics is a method of quantitative analysis of scientific
publications. Many current techniques in bibliometrics are
focused on citation analysis, looking at how scholars and
organizations cite one another in publications. From this data,
we can understand the networks and collaborations of scholars
and the development and focuses of scientific inquiry over
time.

The focus of the majority of bibliometric tools is to underline
the relational aspect of publications. In any popular area of
science, there are groundbreaking publications that instigated
the origin of the field of study. These pioneer publications are
almost always cited in any proceeding publication in that area.
As equally important, the most prolific writers of the area are
commonly cited.

The progress in scientific research is heavily dependent on
the previous works of other scientists and engineers. Specifi-
cally individual fields within science and engineering emerge,
grow and decline over time depending on a variety of factors.
Publications of research in scientific journals is a strong in-
dicator of the research interest for a specific topic. In most
cases there is always a "seed" paper that starts a field or topic
of investigation, leading to many other research projects that

stem and reference the original first paper. Visualizations of
paper genealogy have been completed in the past [1], with
global visualizations of entire databases also implemented [2].
However, none of these programs take into account how a
specific fundamental research topics (ex. carbon nanotubes,
graphene) first started and evolved to modern day applications.
As such, the focus of this paper is to develop a process of
visualizing how these important fundamental discoveries have
impacted the landscape of modern science and engineering.

For this project, we use the PubMed API to access recent
publications concerning a keyword. The publications can be
sorted by time, and the publication count over time shows us
the temporal popularity of research related to that keyword.
We also track the popularity of words used in the titles of the
publications found from the original keyword. This search
gives us the an understanding of topics and terminology typ-
ically associated with the seed keyword, allowing us to see
what are "hot topics" in this area of research. For a researcher,
having the capability to track the topics being researched in
a given scientific area is important in shaping that person’s
future directions of scientific inquiry. Most importantly, this
tool gives a summation of the newest developments in research
in order to stay on the cutting edge of innovation. Many biblio-
metrics are concerned purely with the strength of connection
between publications, professors, and keywords without an
emphasis of what is happening now. Those tools are often
skewed by the original research that instigated the whole field
of study. The following visualization maintains the ability to
determine the time of the onset of specific research, but offers
much more as a method to discover current research direction
and future applications.

PREVIOUS WORK
Tools such as PaperLens [3] and CiteVis [4] analyze influential
authors and references by analyzing the citation mapping. To
visualize these relationships, the connections are often demon-
strated using network graphs [3–6]. While these visualizations
contain a lot of valuable information, the graphical format is
not conducive of locating a specific paper within the network
to determine that paper’s specific contributions and connec-
tions. In general, the visualizations can be a mess of wires



and nodes that do not facilitate understanding of the relation-
ships. Chinchilla- Rodriguez [7] slightly remedies the mess
by grouping publications according to country and organizes
a spherical graph according to overall domestic and interna-
tional citations. However, this graphical simplification also
loses the ability to find connections between individual papers.

Tools such as Citeology [1] and CiteRivers [8] organize the
papers temporally. This enables the inclusion of individual
points for each paper along the time axis, allowing for further
analysis of specific papers. Laying out the publications along
the x- axis permits addition of a relational notation along the
y-axis. For example, Citeology includes wires that span the
y-axis to connect the references and citations between papers.
For the intended purpose, Citeology may be one of the most
concise yet informational visualization format.

To enhance the amount of information available, graphical
interactions can be included [8, 9]. Specifically, once the rela-
tionships between publications are mapped, we may be inter-
ested in reading and knowing specific details about a particular
influential paper. Giving access to the full citation information
of a chosen paper enhances the usability and usefulness of a
graphical visualization.

The previously cited works are primarily focused on analyz-
ing the relationships between papers and authors based on
citation analysis. While that objective can greatly facilitate
a researcher in delving into the literature of their project, the
overarching knowledge and view obtained from this foray
may be too narrow. To obtain a broader understanding about
the topics being studied in a scientific area, we propose or-
ganizing publications based on publication title words. By
searching a specific keyword and tallying the other associated
title words found in publications, we can determine popular
subareas of research over time. This offers a overview of the
research activity as a whole rather than concentrate on finer
detail interactions. By plotting the popularity of associated
title words over time, we can include interactions to also incor-
porate the paper-to-paper relationships that most bibliometrics
are concerned with.

METHODS
The National Center for Biotechnology Information (NCBI)
provides access to a plethora of biomedical and genomic in-
formation. The center also provides E-utilities to query for
specific scientific research, including the Esearch tool to down-
load universal identifiers (UIDs) and summaries of relevant re-
search. The data used in this SciTrend visualization is sourced
from Esearch queries of the PubMed database. We refine the
list of publications included in the visualization by querying
according to publication keywords (known as other text [OT]
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Figure 1. Process flow for data extraction and import. The keyword and
time parameters are used to query the PubMed database. The resulting
XML file of all of the search results matching the initial keyword query
are parsed into an JSON file and imported into Matlab.

in PubMed). As the authors are responsible for selecting key-
words that they feel are representative of the core concepts
and innovations of their paper, we argue using keywords as
a refinement metric produces a list of relevant and important
work.

Esearch returns a XML file of UIDs and a list of descriptors
for each publication. For this specific visualization, we are
mainly concerned with the publication date and title. Creating
a visualization from the raw XML introduces a long wait
time due to the large volume of data that is processed, so we
parse the XML file into a JSON file for manageability. In
introducing this processing step, we can isolate the publication
data that is necessary for the visualization and reformat the
data and syntax to be compatible with later Matlab processing.

The processing of large data sets generally require cleaning,
removal of stop words, and stemming. This is generally the
most time consuming component of data mining, and also
the most resource intensive for large datasets. We implement
a very basic stemming algorithm to combine plural words,
however more elaborate stemming programs exist that would
provide more accurate results. We then clean up the data and
remove

For our test case, we use our Perl PubMed API interface to
query the main keyword "carbon" with a time period from
2011 to 2016.

The final resulting sub-keywords and year data is then plotted
and mapped using Plotly. We visualize our keywords using
TreeMaps, which provide a visual representation of the distri-
bution of keywords as a function of area. The data is displayed
as nested rectangles for the hierarchical data.
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Figure 2. Process flow for generating a visualization from the JSON
data. The data JSON file is imported into Matlab using the JSONLAB
Library. From the generated structures, we extract and parse the titles
of the publications into singular words. Prepositions are removed from
the title word list, and the counts for plural and singular versions of
words are merged together. The title words that meet the user’s filter
are then displayed in a visualization.

RESULTS
For our test case, we query the parent keyword "carbon" for
a time period between 2011 - 2016. Each of our TreeMaps
had a total of 15 bins. It is easily concluded that the top two
sub-keywords for the entire time period are "nanotubes" and
"effects". Moreover, the secondary sub-keywords such as "ac-
tivated" and "dioxide" are easily attributed to carbon and can
be used to iterate the search for a deeper look at how the key-
words are connected. In Figure 4, we see that by plotting all
of the individual TreeMaps by year, we can see what trends
become more prevalent and what trends are not as important
over time. To plot each of the TreeMaps by year, we filter the
dataset by year and then extract all keywords by title. The
side by side comparison allows for an overall of the scientific
trends by year, while providing relative importance of each
keyword in terms of the size of the rectangle. A possible inter-
action to the TreeMaps would be weighing certain keywords
differently than other keywords based on a few potential algo-
rithms. It would also be interesting for the user to tag certain
sub-keywords that are related to the research topic investigated,
and running individual queries using the sub-keywords as the
main keywords. This is the benefit of using this system of
searching through trends, with simple iterations.

DISCUSSION
Another important visualization is comparing TreeMaps by
year, which gives the user a sense of how various trends change
over time. A downfall of using TreeMaps is that it is relatively
difficult to compare specific keywords across time. A his-
togram is a better visualization for comparing two or more

Figure 3. TreeMap of sub-keywords with the main-keywords bein g "car-
bon" for years 2011 - 2016.

sub-keywords across time. This is useful because it allows for
the user to see when certain trends start grow in comparison
to other sub-keywords. In Figure 5, we have the histogram
interface that has a main histogram(A) and sub-histogram(B).
Comparing individual keywords between TreeMaps is rather
difficult due to difficulties comparing area between maps. We
have implemented a histogram/bar graph representation that
shows various keywords as a function of year. As seen in Fig-
ure 5, subfigure A shows the total number of the main keyword
over time. Subfigure B shows the sub-keywords over time and
allow for simple and easy comparison between sub-keywords.

Figure 3 shows the TreeMap for the keyword "carbon" from
2011-2016. It is interesting to note that with a bin size of
15, we get a usable distribution of reference keywords. It is
possible to change the number of rectangles in the TreeMap,
which would give the user the ability to adjust the granularity
of the results. The year by year TreeMap also allows for
general trend identification, with focus on seeing if there are
any overwhelmingly popular keywords.

At this level the keywords are not weighted and are simply
shown as a number count. It would be interesting to weight the
keywords based on search popularity, journal impact factor, or
another metric that would allow for user control of weights.
Another interesting feature would be showing the connection
between certain keywords to other keywords, allowing for
linking and relationships.

CONCLUSION AND FUTURE WORK
The above mentioned method and visualizations guide a re-
searcher in understanding and discovering the history and
development of past research, popular current research direc-
tions, and future applications in a the various research fields.
This process gives us the an understanding of topics and ter-
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Figure 4. The use of TreeMaps as a function of different times, showing the changes in sub-keywords across years.
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Figure 5. The keyword histogram contains (A) multiple sub-keywords compared over each year and (B) the main keyword compared over each year.



minology typically associated with a seed keyword, allowing
us to see what are "hot topics" in this area of research. The
majority of bibliometrics are primarily concerned with delin-
eating the connection between publications, professors, and
keywords while this tool is unique in that its primary pur-
pose is to give a broader sense of the newest developments
in research. This process flow can be applied to a variety of
scientific areas to give seasoned researchers ideas for future
projects or to give new researchers impressions of the history
of their research area.

The full process flow and visualizations were operated on
publication title words sourced from PubMed data. This data
source was selected due to the existing API infrastructure for
querying and download paper descriptions. Future work may
include implementing a similar algorithm for other publisher
and journal access API to increase the utility of this method.
In addition, the visualizations presented are mainly focused on
words found in publication titles. While we have argued that
the words included in the publication titles are representative
of the core ideas and concepts presented in the papers, it may
be insightful to examine the other keywords used to tag the
queried publications. At this time, the Esearch utility does not
expose all keywords associated with a paper, but comparing
visualizations of the keywords versus visualizations of the
publication title words may provide significant perception of
past and current research trends.
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