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Abstract. Technological advancements in the life sciences have enabled biolo-
gists to generate high volumes of heterogeneous, multimedia data. The chal-
lenge today lies in correlating and integrating the information in ways that pro-
mote a holistic understanding of the underlying biological phenomena. This pa-
per presents our research in designing an experiential information interaction 
environment for query-exploration of complex biological information. This en-
tails development of a unified presentation-query-exploration environment that 
incorporates and relates multimodal data repositories and views. Specifically, 
our interface captures textual, sequence, and structural views of biological enti-
ties and presents semantic correlations between them using Gene Ontology an-
notations. Additionally, the system extracts and displays the spatial-temporal 
characteristics of the data to facilitate querying and discernment of relation-
ships. The different views of the data are interactive, in order to facilitate in-
formation exploration and assimilation. Experiments and examples demonstrate 
the system’s features, efficacy, and ability to facilitate both concept discovery 
and information querying. 

1   Introduction 

Recent technological advancements in the life sciences have enabled researchers to 
generate vast quantities of data about various bio-chemical entities and phenomena 
from genes to therapeutic drugs. These technologies have also induced a major para-
digm shift in biological research. Gone are the days of detailed analysis focused on a 
few entities in isolation. Instead the research paradigm today seeks a more holistic 
view and is based on a multitude of experimental methodologies which probe the 
domain of interest from multiple perspectives. The various types of information gen-
erated as a consequence present interesting challenges towards development of sys-
tems meant to support querying, interaction, exploration, and assimilation of such 
data. This challenge has striking overlaps with issues in management of physical and 
logical heterogeneity which is currently a central focus of the multimedia and data-
base research communities. Consider for example the problem of developing new 
therapeutics. The necessary research today requires among others: (a) exploration of 
the available literature in the area to ascertain, for instance, disease-gene relation-
ships, (b) exploration/query/analysis of the associated genes, and (c) research  
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involving structural information associated with the disease (such as structure of pro-
teins, enzymes, and small molecules associated with the disease). Even though the 
aforementioned steps cover but a portion of the associated research spectrum, facili-
tating these steps requires solving a significant set of critical problems which include: 

• Access to multiple repositories each with their own storage structure and 
logic. Additionally such systems must support handling the large volumes of 
data present in these repositories. 

• Support for interacting with heterogeneous data types, such as textual data, 
genomic data, and structural data.  

• Support for users to assimilate this complex information by exploiting se-
mantic correlations in the data, preserving data and user context, supporting 
efficient query-retrieval, and aiding in data exploration.  

The past few decades have witnessed significant development in databases for life 
sciences. One comprehensive collection of repositories is the set of NCBI databases 
[1], which include PubMed, a literature index containing over 15 million citations. 
NCBI also maintains databases of non-textual information, among them, databases 
containing protein sequence and structure information, such as Protein and Structure. 
These databases may be searched, singly or collectively, through the Entrez web 
query interface [2], whereby results for each database are generated separately and 
accessible through hyperlinks. The retrieved documents on each results page are also 
accessible through sets of hyperlinks, and frequently contain links to related informa-
tion in the other databases. 

The development of the NCBI resources has been a significant milestone in sup-
porting access to information related to the life sciences. Further, as part of this effort, 
paradigms and interfaces to interact with specialized data types (genomic and struc-
tural data) have also been developed. However, these solutions only partially address 
the challenges enumerated earlier. For instance, while the Entrez interface does sup-
port unified (keyword-based) querying across multiple repositories, it provides mini-
mal functionality in terms of utilizing semantic correlations that may exist between 
hits originating from within a single repository as well as those originating from dif-
ferent repositories. This results in deluging a user with data and the user typically has 
little recourse beyond following each link. The hyperlink-based information traversal 
strategy often leads to context switching, thus increasing the cognitive load on users 
[3]. Additionally, there is no effective mechanism by which to search for multiple 
entities simultaneously to determine relationships or similarities between them. Fur-
thermore, there is no provision to utilize meta-data such as the temporal or spatial 
characteristics of the information, which can not only be useful to support rapid ac-
cess [4], but also to explore spatial-temporal and evolutionary trends in the data. 
Compounding the problem is the sheer volume of data researchers may encounter. For 
example, a biologist searching for a particular gene on PubMed will often obtain 
results in the hundreds or thousands. However, it is possible and beneficial to utilize 
the wealth of data from the NCBI databases as well as others to reveal substantial 
latent biological information, as we describe below. 
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2   Research Approach 

The paradigm of experiential computing has recently been proposed [3], in multime-
dia research to develop systems that support assimilation of complex information. 
Such systems are characterized by: (1) Directness in terms of interaction with the 
data, (2) Unified query and presentation spaces, (3) Support for user and data con-
texts, (4) Presentation of information independent of the source, and (5) Facilitation 
of perceptual analysis and exploration. We note that the characteristics of experiential 
systems correspond well with many of the issues we have outlined earlier. For in-
stance, relevant biological information can easily reside in multiple sources. Addi-
tionally, such information inherently includes interrelationships between entities (e.g., 
protein interactions and gene-disease connections) as well as multiple modalities 
(such as textual, genomic, and structural). This makes desirable presentation of data in 
manners that are source-independent and that simultaneously display and correlate 
heterogeneous data types. Moreover, the support for information assimilation es-
poused in experiential systems through direct interactions with the data, context sup-
port, and facilitation of perceptual analysis are essential to interacting with complex 
data such as that in the biological domain.  

In this paper, we present the results of our ongoing investigations in developing an 
experiential system for managing and interacting with information from research in 
the life sciences. Towards this end, we propose a unified presentation-exploration-
query interface that encompasses various modalities of biological data in a reflective 
manner. Specifically, we provide for a multiple perspective “view” of the information 
by combining textual data from the literature with Gene Ontology (GO) [5] code 
assignments and gene/protein sequence data, as well as a graphical representation of 
relationships and any corresponding structural information (Fig. 3). The various views 
are reflective, that is, that interactions in one view are instantaneously reflected in the 
other views. This serves not only to mimic real-life interactions (and thereby to allow 
users to maintain context) but also to provide a perspective on the interrelationships 
that exist in the information. Additionally, we introduce useful meta-information in 
the form of spatial-temporal characteristics of the information that display location 
and publication dates of the retrieved documents.  This can be used to support intui-
tive access to the information as well as analyze the development of knowledge. Fi-
nally, our approach uses available manually-assigned GO codes of entities to reveal 
semantic correlations between them according to a fixed vocabulary of bio-
chemically relevant concepts. 

A number of techniques have been developed for automated processing of the lit-
erature in order to extract meaning from the vast quantity of available information. 
These efforts include document clustering [6] and extraction of gene and protein 
names and interactions [7,8,9,10]. A typical shortcoming of such text-analysis sys-
tems, however, is that they are standalone, namely that they do not extend beyond 
relationship extraction to encompass effective presentation of results, much less inter-
action. The TransMiner system [11] overcomes this limitation by combining extracted 
relationships with a graph visualization tool to suggest indirect relationships between 
entities. While it does include effective visual representation of relationships, interac-
tion is minimal, being limited to user selection of association strength thresholds. The  
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Fig. 1. The system architecture 

ALFA architecture [12] enables user-guided information extraction from literature as 
well as non-textual data in an integrated representation. While it includes an impres-
sive suite of tools for user interaction, its emphasis on user-driven selection of informa-
tion precludes exploration and full reflectivity of the various components of the inter-
face. 

Our system differs most fundamentally from related research due to its combina-
tion of attributes, namely multiple perspective information search/exploration (by text 
(literature), sequence, and structure), support for text-based biological information 
analysis, inclusion of spatial and temporal characteristics of the information, andsup-
port for experiential user-information interactions. The proposed approach seeks to 
underline relationships in the data and facilitate its exploration through reflective 
interfaces that provide interlinked multiple-perspective views of the information. 
Such a system can therefore not only be used for query-retrieval, but also for informa-
tion analysis, and ultimately for hypotheses generation and information exploration. 
Integrated support of this type is especially necessary given the modern paradigm of 
systems biology that seeks to span disciplines in an environment of increasing spe-
cialization. 

3   System Description 

The system consists of five major modules: Data Retrieval, Relationship Extrac-
tion/Display, GO Code Extraction/ Mapping, Location Extraction/Display, and Time 
Extraction/Display (Fig. 1). Most data is retrieved through dynamic access of the 
NCBI databases, PubMed, Gene, and Protein, in particular, using the efetch utilities 
[13]. Protein structures are obtained from PDB (Protein Data Bank) [14]. 

The system is initialized through entity identifier-based queries to the user inter-
face. These may be one or more Gene IDs or Protein IDs. The Data Retrieval Module 
issues the query to the appropriate database using the efetch utility whereby the docu-
ment for each entity under investigation is obtained. This document generally in-
cludes PubMed references for the gene or protein and sequence data as well as the GO 
codes assigned to gene or protein (when available). Both the relevant PubMed IDs 
and GO  
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Fig. 2. The interface with spatial, temporal, and relationship visualization overlaid 

codes are extracted and stored for display on the user interface as well as for correlat-
ing the information about the different genes or proteins. For queries of proteins, a 
diagram of the protein structure (when available) is obtained from PDB as well. 

In the next step, the literature for each entity is accessed using the aforementioned 
PubMed IDs in conjunction with the efetch utility. The document thus obtained is 
parsed for information relevant to the views of the data in the UI, namely the title of 
the literature reference and its spatial-temporal data. Additionally, when a single en-
tity is queried, the MetaMap Transfer Program (MMTx) [15] of the UMLS Metathe-
saurus is used to map the text to a controlled vocabulary of biological concepts, spe-
cifically, to extract names of related genes or proteins for display as a network of 
relationships (using [16]). When multiple entities are queried, the graph displays each 
as a node with edges representing GO codes shared by entities (Fig. 2). (It is notewor-
thy, however, that the visualization may be extended to encompass relationships be-
tween different entity types, such as genes and diseases.) Extraction of the spatial-
characteristics of the information requires parsing of the data (specifically, the “af-
filiation” field) and cross-referencing the terms therein with an index of locations. 
Once found, the city and country names are used to determine the latitude and longi-
tude values of the location by which they are displayed on the map. 

Temporal information of the documents is used to indicate each on the timeline 
and is, in contrast, much easier to obtain, as it is given in the “date published” field. 
However, since spatial-temporal information is not fundamental to biological under-
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standing, the timeline and map views are displayed as pop-up windows rather than 
having dedicated space on the interface (Fig. 2). 

The user interface is populated with various panes displaying a plethora of infor-
mation about the entities of interest. The leftmost pane lists the entities along with 
their literature references, as represented by the title of the publication. Elsewhere, the 
sequence data of the gene/protein is displayed, possibly with the structure as well for 
proteins (using Java Molecular Viewer [17]). The upper right-hand pane shows, in 
graphical form, gene-gene or protein-protein relationships suggested by the literature. 
Lastly, the middle panels contain the GO codes associated with the entities of interest. 
The lower of these shows the GO codes extracted from the entities, while the higher 
one lists the entities themselves. 

Whether a single or multiple genes or proteins are searched, the graph visualization 
and displayed GO codes may be used to infer relationships between or co-
functionality of entities. As stated above, support for data context entails changes or 
interactions in one view being reflected in all views. While there are multiple ways 
that this may be implemented, our system does so mainly by highlighting the informa-
tion in the other views that corresponds to the selection in the active view. With re-
spect to the GO annotations, for example, selecting an entity in the literature view 
would show its GO codes only in the lower pane, as well as all of the other entities 
queried sharing one or more of the codes in the upper pane. Selecting one of the 
seemingly related entities would serve to highlight those of the GO code(s) it is de-
scribed by to shed light upon the nature of the similarity or relationship between the 
entities (Fig. 3) and may be used for functional clustering of entities. 

The other views of the data are also reflective. For example, the proteins encoded 
by the selected gene are highlighted, and its nucleotide sequence displayed in the 
sequence viewer. In addition, the locations and times corresponding to the selected 
gene’s documents would be highlighted on the map and timeline. Furthermore, select-
ing an area of the map or timeline would in turn cause the document(s) corresponding 
to that location or date to be highlighted. This capability allows users to observe spa-
tial-temporal trends in the research. 

In accordance with the experiential paradigm, the various features of the system af-
ford users a view of the data from multiple sources and perspectives as well as allow-
ing users to directly interact with the information. As such, users may go beyond 
simple querying to explore the data and the various trends and relationships present 
therein. In addition, the unification of the views and query space into a single inter-
face minimizes context switching, thereby easing the cognitive load on the user. 

4   Experimental Results 

While the system is designed primarily to facilitate exploration of information, some 
of its components (in particular, the location and time modules) can in fact speed up 
information extraction. As such, the proposed system was evaluated from two per-
spectives, that of information discovery and information extraction. The former,  
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Table 1. The test set of genes, comprising 4 clusters (from [20]) 

GROUP GENES FUNCTION 

1 nmda-r1 glur6 ka2 glur1 glur2 glur4 glur3 ka1 
Glutamate receptor  
channels 

2 
dopamine beta-hydroxylase, tyrosine hydroxylase, phenethanolamine N-
methyltransferase, catechol- O-methyltransferase, dopa decarboxylase, 
monoamine oxidase A, monoamine oxidase B 

Catecholamine  
synthetic enzymes 

3 alpha-tubulin, beta-tubulin, dynein, actin, alpha-spectrin  Cytoskeletal proteins 

4 
tyrosine transaminase, chorismate mutase, prephenate dehydratase, 
prephenate dehydrogenase 

Tyrosine and  
phenylalanine synthesis 

though essentially qualitative in nature, was assessed by demonstrating the system’s 
ability to facilitate information exploration and discovery by presenting an example of 
display of entity relationships. In contrast, the latter analysis quantifies the contribution 
of the system’s features towards improving performance of information extraction. 

In order to meaningfully assess the value of the system vis-à-vis information dis-
covery, it is necessary to compare entity relationships suggested by GO code correla-
tions with known information. As such, we ran a test set of 24 human genes consist-
ing of 4 well-defined functional clusters (Table 1) to gauge the degree to which genes 
within the same cluster appear more related than those between clusters. 

The results (Table 2) seem erratic at first glance. Genes in the first cluster have, on 
average, over 10 GO codes in common with other genes in the same cluster, while 
having nearly zero GO codes in common with genes outside of the cluster. Con-
versely, the remaining three clusters show no such difference, with average values 
ranging between zero and one codes in common both within and outside the cluster. 
These values, however, point not to a lack of coherence within clusters, but rather to a 
paucity of data. It is noteworthy that no definitive negative correlation is observed. 
When available, the data may indicate strong relationships between entities, however, 
the approach suffers from the lack thereof. 

In the second evaluation, the performance of the system in the realm of information 
extraction was evaluated by comparison with searches of the NCBI databases through 
Entrez. In particular, four queries were formulated with information goals constructed 
in such a way as to gauge the efficacy of the map and timeline modules, with per-
formance determined by two methods: counting the number of mouse clicks and 
measuring the accession time until the information goal was reached. The results are 
shown below (Table 3). 

Table 2. GO codes as indicators of functional coherence 

  Average Number of GO Codes in Common 

Cluster Within Cluster Between Clusters 

1 10.8 0.4 

2  0.8 0.8 

3  0.6 0.7 

4  0.0 0.2 
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Table 3. Comparison of information extraction using NCBI and our system 

NCBI Proposed System Query 
No. of clicks Access Time (s) No. of clicks Access Time (s) 

1 8 67 2 27 

2 12 85 2 32 

3 2 33 2 29 

4 2 46 2 31 

The first information goal was, for a given protein, to find a reference that was pub-
lished in Japan. The second query was similar, but had as its objective the country that 
produced the most publications about another protein. It is evident that our system is at 
a clear advantage for queries involving geographical information, with information 
access accelerated by a factor of 3 to 4 using both time and number of clicks. 

The third information goal was to find the number of reference articles published 
after 2000 about a certain protein, while the fourth was the year in which the most 
articles were published about the same protein. In this case, there is no clear advan-
tage in speed of information extraction as a result of the timeline module. This is 
likely due to the fact that the year an article is published is often given along with its 
title. As such, the temporal information is readily visible and accessible, which is not 
the case for relevant spatial information. However, despite the ready availability of 
the date, the timeline provides more intuitive access to the data, and a better sense of 
its distribution. 

5   Conclusion 

In this paper, we have presented a novel metaphor to facilitate search of biomedical 
information. Development of approaches such as these is critical at this juncture in the 
field due to the proliferation of data. Tools for analysis and synthesis of data have not 
kept pace with those for its generation, which serves to drastically limit the informa-
tion that may be derived therefrom. Our approach seeks to aid in the exploration and 
assimilation of knowledge using an experiential paradigm. As such, users are pre-
sented with an interface that combines query and presentation capabilities with inter-
active views of the data. Moreover, the data itself is derived from various repositories 
and multimodal in its nature, to further allow the user to “experience” the information 
from multiple perspectives. Additional features of the system include display of se-
mantic correlations between entities via common GO codes as well as display of the 
spatial-temporal characteristics of the data. Examples of queries submitted to the 
interface demonstrate the ability of the system to promote retrieval, exploration, and 
discovery of information, and thereby illustrate the promise of the approach. 
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