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ABSTRACT
Molecular and computational biologists develop new insights
by gathering heterogeneous data from genomic databases
and leveraging bioinformatics tools. Through a qualitative
study with 17 participants, we found that molecular and com-
putational biologists experience difficulties interpreting, com-
paring, annotating, sharing, and relating this vast amount of
biological information. We further observed that such in-
teractions are critical for forming new scientific hypothe-
ses. These observations motivated the creation of G-nome
Surfer, a tabletop interface for collaborative exploration of
genomic data that implements multi-touch and tangible in-
teraction techniques. G-nome Surfer was developed in close
collaboration with domain scientists and is aimed at lower-
ing the threshold for using bioinformatics tools. A first-use
study with 16 participants found that G-nome Surfer enables
users to gain biological insights that are based on multiple
forms of evidence with minimal overhead.
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INTRODUCTION
Over the past two decades, Human-Computer Interaction
(HCI) research has generated a broad range of interaction
styles that move beyond the desktop into new physical and
social contexts. Key areas of innovation in this respect are
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tangible, tabletop, and embodied user interfaces. These in-
teraction styles share an important commonality: leverag-
ing users’ existing knowledge and skills of interaction with
the real non-digital world such as naı̈ve physics, spatial, so-
cial and motor skills [11]. Drawing upon users’ pre-existing
knowledge and skills of interaction with the real non-digital
world, these interaction styles are often unified under the
umbrella of Reality-based Interfaces (RBIs) [11]. By basing
interaction on pre-existing real world knowledge and skills,
RBIs offer a more natural, intuitive, and accessible form of
interaction that reduces the mental effort required to learn
and operate a computational system and supports high-level
cognition [11].

While these advances in Human-Computer Interaction have
been applied to a broad range of application domains in-
cluding problem-solving, education, and entertainment, lit-
tle HCI research has been devoted to investigating RBI in the
context of professional scientific research. However, it is im-
portant to study RBI in this context where reducing the men-
tal workload associated with accessing information and sup-
porting collaborative high-level reasoning could potentially
lead to new scientific discoveries. Those RBIs that examined
the possibilities of supporting scientific discovery in fields
such as molecular biology [8], chemistry [4], and geophysics
[6], highlight the potential contribution of RBIs to support-
ing scientific discovery, but focus on the representation and
manipulation of information that has an inherent physical or
spatial structure such as proteins, molecules, and maps. We
are interested in a broader use case, investigating whether
reality-based interaction techniques can enhance scientific
discovery in areas where vast amount of abstract information
is accessed and manipulated. Examples include molecular
energy levels, aggregated physiological data, and genomic
information.

Advances in genomic technologies have led to an explosive
growth in the quantity and quality of biological information
available to the scientific community. The ability to simulta-
neously collect detailed information about the structure and
activity of multiple genes has fundamentally changed the
way molecular biology research is conducted. Rather than
focusing on small scale, lab-based experiments, researchers
often conduct large scale experiments in which information
from multiple genes is simultaneously measured, recorded,
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and stored in a database. The need to analyze such large and
complex data sets has driven a change in the tools used in bi-
ological research: next to having a pipette and a pen, a web
browser is currently the most widespread tool available for
biologists as it provides access to powerful computational
and statistical tools [21]. Web technologies have been mas-
sively adopted by molecular biology software developers to
allow easier access for biologists who are not computer ex-
perts. However, existing web-based genomic tools show se-
vere limitations in terms of persistence, usability, and sup-
port of high-level reasoning [3, 15, 23].

Through a study of molecular and computational biologists
we observed that to develop insights, biologists gather a wealth
of heterogeneous data from genomic databases and lever-
age a diverse set of bioinformatics tools. However, they
experience difficulties interpreting, comparing, annotating,
sharing, and relating biological information. We further ob-
served that these manipulations are critical for developing
deep insights and forming hypotheses. These observations
motivated the creation of G-nome Surfer, a tabletop interface
that provides collaborative and fluid interaction with hetero-
geneous genomic data. G-nome Surfer supports searching,
comparing, annotating, and relating large amounts of ge-
nomic information.

The rest of the paper is organized as follows: the next sec-
tion summarizes our study of molecular and computational
biologists. Following that, we present the two other contri-
butions of this paper. The first is G-nome Surfer, a tabletop
interface for collaborative exploration of genomic informa-
tion that was designed based on findings from the observa-
tional study. The second contribution is a first-use study of
this system and the lessons we learned. The study demon-
strates that G-nome Surfer enables users to gain biological
insights that are based on the multiple forms of evidence it
provides, with minimal overhead.

SEMI-STRUCTURED INTERVIEWS WITH BIOLOGISTS
To understand the current work practices of genomic researchers,
we conducted a series of interviews with 17 molecular and
computational biologists (eight female, nine male) from lead-
ing genomic research institutions, industry, and an under-
graduate research institution. The title and research area
of each participant are listed in table 1. Most interviews
took place at the researcher’s primary work place (except
three that took place in our HCI laboratory). The inter-
views were semi-structured and lasted 45-60 minutes. Dur-
ing the interviews, we asked participants to educate us about
their research goals, their work practices, and the computa-
tional tools they use. We asked each participant to walk us
through a particular instance of research work. We collected
data by audio-taping the interviews, taking pictures of part-
cipants’ workspace, collecting relevant work samples, and
saving screen captures of participants’ computers as they
were demonstrating how they perform various tasks. The
second author of this paper, a bioinformatician with experi-
ence building commercial genomic analysis tools, aided our
need-finding efforts and directed us towards issues most crit-
ical for genomic researchers. Two additional authors have

background in biology. We analyzed this data by identifying
common high-level tasks and themes. We then distilled de-
sign implications for genomic exploration tools. Following,
we describe our findings.

ID Title Research Area
P1 Faculty Developmental Genetics
P2 Faculty Evolutionary Biology
P3 Faculty Animal Physiology
P4 MSc Student Metagenomics
P5 Faculty Cell Biology and Genetics
P6 Industry Researcher Cancer Drug Therapy
P7 Postdoc Viral Infections
P8 Faculty Neuroscience
P9 Faculty Proteins Structure
P10 Industry Researcher Next Generation Sequencing
P11 Research Assistant Evolutionary Biology
P12 Postdoc Genetic Networks
P13 Student Researcher Animal Physiology
P14 Student Researcher Protein Structure
P15 Faculty Bacterial Systems
P16 Faculty Proteins Structure
P17 Postdoc Computational Genetics

Table 1. The background of study participants. All participants were
interviewed individually except P3 and P13, and P9 and P14 who were
interviewed in pairs.

Information Tasks and Bioinformatics Tools
We found that although our subjects are interested in find-
ing answers to a diverse set of biological problems, they use
similar techniques for accessing and analyzing genomic in-
formation. Specifically, we identified five basic information
tasks that are commonly performed by our subjects:

• literature searching: presents what is already known about
a gene, a condition, or a biological function.

• locating a gene on a genome: verifies the structure of a
gene and its relationship with neighboring genes.

• retrieving a genomic sequence: provides the base-pair or
amino-acid sequence of a gene.

• searching for similarity between sequences: highlights
the similarity between the researched sequence and other
sequences.

• annotating genomic information: adds finding and con-
clusions so that the researcher or other team members can
further explore and query the information.

Databases
While some of our subjects maintain their own database for
storing and managing molecular data and experiment results
(mainly for confidentiality reasons), there exists a large num-
ber of public online databases for depositing and import-
ing genomic data. Public databases are used by all of our
subjects on a frequent basis. Such databases range from
those that contain genomic information of a specific organ-
ism to large databases that contain DNA sequence data for
many different organisms. Also useful in designing exper-
iments and forming hypotheses are literature databases (i.e.
PubMed) and ontology databases (e.g. GeneOntology). The
National Center for Biotechnology Information (NCBI) web
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site is typically a starting point for researchers looking for
resources. All of these databases provide access through a
web browser but implement different methods and tools for
storing and retrieving information.

Genome Browser
A genome browser [5] is an online tool that visualizes the
spatial relationships between different pieces of genomic data.
In genomics, because spatial relationships often indicate func-
tional relationships, a genome browser aims to help users
form hypotheses about the function of different genomic el-
ements. A genome browser displays several collections of
data (i.e. tracks) that are aligned in respect to the genomic
sequence. Often, the most important tracks are those that
indicate genes, but tracks could also contain other informa-
tion. Users can pan left and right on a genomic sequence as
well as zoom in and out. For example, a user may request
to view TP53, a human gene that is known to be related to
cancer. A genome browser then represents the gene as a rect-
angle along a chromosome. The coordinates of the rectangle
represent the location of the gene on the chromosome. The
user may also pan left and right through the chromosome to
view other genes in the region. Upon zooming, a gene is
represented as a series of rectangles and arrows. Rectangles
represent exons (areas of the gene that code for proteins),
arrows represent introns (areas of a gene that are not trans-
lated to proteins), the direction of the arrows represents the
direction in which the sequence of a gene is read (because
the DNA is double-stranded, some genes are located on the
leading strand and are read from left to right while others are
located on the lagging strand and are read from right to left).
Figure 1, shows a screen capture of the widely used UCSC
Genome Browser. The center of the screen displays the gene
track which shows the structure of the TP53 gene in terms
of exons and introns. The top part of the screen shows a pic-
ture of the chromosome and highlights the area on the chro-
mosome that is currently displayed. The bottom part of the
screen displays the expression track, which uses color cod-
ing to convey the expression level of the TP53 gene in differ-
ent tissues. Most current web-based genome browsers (e.g.

Figure 1. The UCSC Genome Browser. In the center, the gene track
shows the structure of the TP53 gene. At the top, a figure of the chromo-
some highlights the viewed area. At the bottom, the expression tracks
use color coding to convey the expression level of the TP53 in different
tissues.

UCSC [22], Ensemble [7]) are implemented using HTML,
allowing users to navigate genomic sequences using form-
based controls. Thus, when users navigate through a region
on the chromosome, they proceed through a series of static

pages. These discontinuous page transitions often impair
users’ sense of location and context, leaving them wonder-
ing how the displayed data points are related [21]. Emerging
web-based genome browsers (e.g. [1, 21]) attempt to ad-
dress this problem by using Ajax technology to implement
continuous zooming and panning. Also, a genome browser
often serves as a gateway for a myriad of other web-based
sources of information. Our subjects often access the litera-
ture database PubMed through a genome browser as well as
search for ontology information. However, current genome
browsers do not provide means for organizing and relating
multiple forms of evidence. Thus, our subjects often develop
ad-hoc techniques for relating the information they collect:
three of our subjects maintain their own databases in which
they link related publications to sequence information, two
other subjects create visual networks of related genes where
they annotate the connection between two genes, while oth-
ers print out text files and publications and annotate them
manually.

BLAST
The Basic Local Alignment Search Tool (BLAST) finds re-
gions of local similarity between genomic sequences. The
BLAST tool is often accessed through a web browser. It
compares a nucleotide (DNA or RNA) or protein (amino
acid) sequence to sequences in different databases and cal-
culates the statistical significance of the matches. All the
matches that are above a certain threshold are displayed. Re-
searchers use BLAST for a wide variety of tasks. For exam-
ple, a researcher that plans to test a new cancer drug that
targets the TP53 gene may use BLAST to compare the se-
quence of the human TP53 with the mouse and rat genomes
in order to determine which of the animals is a better candi-
date for drug testing (one-to-many search). Or, a researcher
that designs drugs that target particular areas on a gene may
use BLAST to verify that this area has minimal similarity to
other genes on the human genome so that the drug will only
affect that particular area (one-to-one search). Finally, one
of our subjects uses BLAST to find the extent to which the
bacteria population in the human gut is genetically similar to
the bacteria population on the human skin. To do so he uses
the BLAST algorithm to compare all the genomic sequences
extracted from a sample of the gut with all the genomic se-
quences extracted from a sample of the skin (many-to-many
search). Existing web based BLAST tools present the results
of one-to-one and one-to-many searches visually so that the
matching sequences are aligned with the reference sequence
sorted according to a similarity score (see Figure 2). Fol-
lowing the visual presentation are the details of the match-
ing sequences (the matching score, location on the genome,
and length). It is important to note that a BLAST search
can return hundreds (or in some cases thousands) of results.
Some of our subjects find the visual display of BLAST re-
sults confusing, while others ignore the visual display and
only review the results in a text format.

Even though other bioinformatics tools are available for re-
searchers, the above tools are fundamental to accessing and
analyzing genomic sequences.
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Figure 2. A visual display of similarity search results (by the NCBI
BLAST). The human TP53 gene is represented by a red rectangle; be-
low this rectangle two short sections of the rat genome that are similar
to the human TP53 gene are represented by small red rectangles that
are aligned with the the human TP53 gene.

Data Explosion
In the last decade, the cost per reaction of DNA sequenc-
ing has fallen with a Moore‘s Law precision [14]. In 2005,
a person could sequence his whole genome for the cost of
350k, four years later several companies offer to sequence
human genome for 60k, and soon the cost mark of 5k or even
1k will be reached. Although subsistence DNA sequencing
is currently conducted at a single investigator, departmental,
or university facility setting, high-throughput DNA sequenc-
ing is currently only performed in a handful of sites. How-
ever, the recent introduction of next-generation sequencing
technology, capable of producing millions of DNA sequence
reads in a single run, is rapidly changing the landscape of
genomics. In the near future, such sequencing instruments
will become available for more researchers, allowing a sin-
gle lab to create in one year the same amount of data that
was held in all the NIH sequence databases just 3 years ago.
In the context of HCI, these advances present the challenge
of providing researchers with means for sharing, searching,
comparing, connecting, and organizing this vast amount of
data.

One of our subjects (P4) is involved in the Human Micro-
biome Project that seeks to sequence the human genome to-
gether with the genome of the entire human micro-bacterial
population. Every experiment that he conducts results in
hundreds of millions of short genomic sequences that to-
gether describe the several thousands of bacteria species that
populate the human body. The challenge he faces is how
to organize these complex data sets into a form that will al-
low him to learn about the similarities and differences in the
genomes of those micro organisms. In several cases, we ob-
served that the ability to visualize large data sets is extremely
helpful for biologists and can help them to understand and
generalize complex phenomena they were not capable of un-
derstanding before the visualization existed.

Integrated Workflow
To gain insight into complex biological systems, our sub-
jects often link together several data sets, each being han-
dled with a special bioinformatics tool. We observed that
subjects with background in biology often create a linear
workflow by manually fetching data from one spot, refor-
matting the data, applying the next bioinformatic tool, pars-
ing the results, reformatting the results, and so on. Often not
comfortable with programming, they only rarely automate
a workflow (typically by asking for help from a bioinfor-

matician) and instead repeat required steps as necessary. As
genomic sets grow larger, this method of operation becomes
more and more time consuming. Thus, there is a clear need
for providing means for easily linking both data and tools to
create a workflow that can be repeated across experiments.
In the words of one of our subjects:

We searched for NOS3 in the Zebra fish genome, and
when we got the DNA sequence we picked the largest
exon. Taking the sequence for that exon, we pasted it
into NCBI BLAST. Since it returned the NOS3 gene,
we proceeded to the IDT site to input our sequence
and get suggestions for possible primers for this exon.
(P13)

Subjects with background in computational biology typically
write scripts to execute a linear or parallel workflow. Our
subjects work with shell scripts, Perl, Python, Matlab, and
C. Some scripts are designed for single-use, other scripts are
designed to be used in multiple experiments and sometimes
by other users.

Multiple Forms of Evidence
Biological data is often noisy due to the complexity of living
systems and the imperfection of measurement technologies.
As one of our subjects describes:

Sequencing DNA is not black and white, and therefore
it is not so simple that the sequence we receive is 100
percent correct. Depending on the quality of the se-
quence, we need to adjust the acceptable level of agree-
ments. (P2)

To address this uncertainty, researchers often combine mul-
tiple forms of evidence, as well as examine evidence from
multiple resources. For example, because genes are detected
through experimental evidence, no data indicates ‘the genes’
unambiguously [5]. Thus researchers often combine evi-
dence from multiple gene data sources and view it in paral-
lel. Our subjects often combine multiple forms of evidence
not only to overcome uncertainty but also to discover con-
nections and casual relationships. For example, some of our
subjects often compare the genomes of multiple organisms
to infer evolutionary relationships. To do so, they display
the genome from each organism in a single genome browser
track (i.e. row). This sometimes results in displaying more
than a dozen tracks in parallel. Once inferring relationships
between multiple genomes, users are often interested in ag-
gregating the information and presenting their findings in a
single track (i.e. row). Some subjects often examine infor-
mation in different levels of granularity - moving back and
forth between viewing a large chromosome area containing
multiple genes and the base-pair level showing only a small
area of a single gene:

Since we don’t know the exact location sometimes, we
need to zoom in to the base-pair level, and zoom out to
the level of viewing 10 or so genes to see their context.
(P15)
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We found that existing tools often overwhelm users with the
amount of data presented on the screen, making it difficult
for the user to organize the information in a way that high-
lights the connections between multiple forms of evidence.
This observation is also supported in the literature [3, 15].
We thereby identify a clear need to support the display of
multiple forms of evidence while allowing users to compare
pieces of evidence, highlight the similarities and differences,
and aggregate comparison results.

From Novice to Expert
Our subjects differ in their level of expertise both in terms
of domain knowledge and of computer experience. Student
researchers typically have 2-4 years of experience in their
field of study, while researchers and faculty typically have
more than 10 years of experience in their field. Although all
of our subjects are comfortable using bioinformatics applica-
tions that have a GUI, subjects with background in molecular
biology typically use only limited functionality of bioinfor-
matics tools and are often cautious of trying new features.
Computational biologists on the other hand, are trained in
computer science and are expert users. When needed, they
develop new computational tools to solve a particular bi-
ological problem. We observed that bioinformatics tools
in general and genome browsers in particular have a high
threshold: they are powerful, but in order for one to really
take advantage of their power, they require both a broad do-
main knowledge and an extensive training. To support a
wider range of researchers and empower users to examine
new forms of evidence, there is a need for tools with lower
threshold that encourage exploration of advanced features.

Collaboration
In leading research institutions and in industry, biological
research is often conducted in multidisciplinary groups that
are made of biologists, computational biologists and bioin-
formaticians. We learned from our subjects that in such
teams biologists often come up with a biological question,
and computational biologists translate the question into a
process in which data is collected and analyzed. Communi-
cation in such teams is often the key to success. Our subjects
indicated that collaborative work is typically based on emails
and research meetings during which one of the researchers
presents slides or distributes hard copy of results. In addi-
tion, researchers store their results in a shared database so
that other group members can access the information. In
smaller labs that consist of faculty and student researchers,
several researchers often work together on the same com-
puter exploring, analyzing, and discussing biological data.
We found that despite the importance of collaboration in bio-
logical research, bioinformatics tools do not provide support
for collaborative exploration.

THE G-NOME SURFER SYSTEM
Our user study helped us define a set of user-driven design
goals for a visual computing tool for genomic exploration.
These goals include: 1) facilitating collaborative, immediate
and fluid interaction with large amounts of heterogeneous
genomic information, 2) lowering the threshold for using
advanced bioinformatics tools, 3) reducing mental workload

associated with accessing and manipulating genomic infor-
mation, and 4) improving current information workflow pro-
cesses in genomic research. Based on existing research of
tabletop user interfaces indicating that tabletop interfaces
support collaboration through visibility of actions and egali-
tarian input [10], facilitate active reading [16], as well as af-
ford distributed cognition (that could potentially lower men-
tal workload) [17], we decided to utilize tabletop interaction
in our system design. We thereby created G-nome Surfer,
a tabletop interface for genomic research with the intention
of meeting our user-driven goals. G-nome Surfer supports
the five information tasks identified in the study: searching
literature, locating a gene on a genome, retrieving genomic
sequences, searching for similarity between sequences, and
annotating genomic information.

Seven of our study participants participated in the iterative
development process of G-nome Surfer by providing feed-
back to a series of prototypes in increasing fidelity. Their
feedback informed the current design of G-nome Surfer that
is implemented on top of the Microsoft Surface platform.
Following, we describe G-nome Surfer‘s primary interaction
techniques and implementation.

Navigating Genomic Maps
G-nome Surfer supports the navigation of genomic maps in
multiple zooming levels. To access a genomic map, a user
first selects a clade, an organism, and an assembly, and then
specifies a chromosome, a range, or a name of a particular
gene. The gene is displayed in the center of a chromosome
track. The default zooming level captures approximately five
adjacent genes. An indicator that is shaped as a box below
the chromosome track shows what portion of the chromo-
some is displayed. Each gene is represented as an arrow
upon one of the two DNA strands. The direction of the ar-
row represents the direction in which a gene is read. The
coordinates of a gene represent its location upon the chromo-
some in terms of base-pairs (see Figure 3). Users can then
pan right and left through the chromosome simply by using
flick gestures. Continuous visual feedback maintains users‘
sense of location. When the user taps on a gene, its struc-
ture in terms of exons and introns is displayed in a structure
track below the chromosome. A polygon connects the gene
and its structure track to support the user‘s sense of location.
Exons are represented as rectangles upon the structure track.
Introns are represented by the empty space between exons
(see Figure 3). To display the DNA, RNA, or amino acid
sequence of a gene, the user taps on the structure track. If
the user taps on an exon, she can choose either to display
the sequence of the entire gene or only the sequence of that
particular exon. The sequence is then displayed in a separate
window that is connected to its source gene. Users can dis-
play multiple sequences of the same gene (e.g. a user may
display the RNA and amino acid sequences of a gene), each
sequence opens in a new window that is connected to its
source exon. Users can move, orient, resize, and arrange the
windows as well as annotate genomic sequences. To com-
pare two sequences, a user can overlay two windows and
align the sequences. Figure 3 shows the aligned RNA and
amino acid sequences of TP53.
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Figure 3. A genomic map of TP53. A chromosome track (top) shows
TP53 chromosomal environment. A structure track (center) displays
its structure in terms of exons and introns. Aligned RNA and amino
acid sequences of TP53 are displayed at the bottom.

Heterogeneous Information Upon Request
G-nome Surfer enables researchers to access and relate het-
erogeneous information. When holding a finger upon a gene,
the gene star-shaped context menu appears, allowing the user
to choose between ontology, publications, and gene expres-
sion information. Ontology displays a summary of the pub-
licly known information about the gene from the Entrez Gene
database. Publications displays the titles of publications re-
lated to this gene from the PubMed database. When tapping
on a publication, the abstract (with a link to the full paper)
opens in a separate window. Gene expression presents ex-
pression levels in different tissues. While the gene expres-
sion information is taken from the UCSC Genome Browser
[22], we created a new visualization that uses the accepted
color coding scheme (red for high expression, green for low
expression) but displays the information in hierarchical struc-
ture upon an organism‘s body. Figure 4 shows the gene con-
text menu and the different pieces of information that relate
to the human gene TP53. Each piece of information is dis-
played in a separate window so that users can move, orient,
resize, and spatially arrange the information upon the sur-
face.

To allow users to save all the information related to a par-
ticular gene, we decided to use a tangible test tube container
(see figure 5) that is associated with a particular gene. When
placed upon the surface, the tube attracts all the pieces of
evidence related to that particular gene, then when removed,
that information disappears. When placed upon the surface
again the information reappears on the surface. We selected
to represent storage with a physical tube because it is a fa-
miliar object - tubes are often used as a portable storage ob-
ject in the lab. In the future, we plan to allow users to place
multiple tubes on the surface to explore genes interaction,
as well as to move information between surfaces. We be-
lieve that the immediacy and persistence of tangible interac-

tion will enhance these tasks. A recent paper by Kirk et al.
[13] informed our design by highlighting design considera-
tions and tradeoffs of choosing between physical and digital
representations. Currently, we pre-assigned a limited num-
ber of tubes to represent a pre-defined set of human genes.
However, we are developing a mechanism for dynamically
coupling tube objects to genes.

Figure 4. The gene context menu and heterogeneous information re-
lated to TP53 (structure, publications list, expression, ontology, and
various papers).

Figure 5. A tangible test tube container stores all the heterogeneous
information related to a particular gene associated with the tube.

Similarity Search
After a particular sequence is displayed on the surface, a user
can perform a BLAST search to find regions of local similar-
ity between that sequence and the genomes of other organ-
isms. To do so, the user places a tangible BLAST tool upon
the sequence (see Figure 6). A semi-transparent layer then
covers the surface (i.e. BLAST layer) and a BLAST context
menu is presented. We chose to represent the BLAST tool
using a playful tangible object to make this mode change im-
mediate, visible, and easily reversed. After the user selects
from the menu one or more organisms, the BLAST search
is invoked and search results are displayed. Because such
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search can yield numerous results, and considering the limi-
tations of current representations of BLAST results, we cre-
ated a new visualization for BLAST results. Figure 6 shows
the BLAST results of TP53 against the mouse, rat, and mon-
key genomes. Each Blast result (i.e. an alignment to a ge-
nomic region with a similarity score that crosses a certain
threshold) is represented as a rectangle in a shade of green.
The color of the rectangle represents the similarity score of
that result - the brighter the color the higher the similarity
score. Each rectangle contains further details about that par-
ticular BLAST result including the target organism, the ex-
act similarity score, the length of that genomic region, and
its location upon the genome. The results are organized in
a flower-like structure around a target organism so that tar-
get organisms with more results are displayed closer to the
bottom of the surface.

In order to align a BLAST result with the source gene, a user
taps a result. The result is then automatically aligned with
the source gene. The alignment is presented at the bottom of
the BLAST later. A user can align multiple results with the
source gene. Finally, upon locating a set of BLAST results
of interest, a user can save those results to the main G-nome
Surfer layer. When the user removes the tangible BLAST
tool, the BLAST layer disappears and the selected results
appear on the main layer.

Figure 6. Interacting with BLAST results of the human TP53 gene
against the mouse, rat, and monkey genomes. A physical BLAST
tool (shaped as a spacecraft) presents a star-shaped search menu when
placed upon the surface. Search results are organized in a flower-like
structure around a target organism, with bright results represent high
similarity score.

Reality-Based Interaction
The design of G-nome Surfer draws on users’ existing knowl-
edge and skills to provide a tabletop reality-based interface
[11]. Specifically, G-nome Surfer uses naı̈ve physics metaphors
such as inertia, transparency, and mass in the layout of chro-
mosomes and genes and in the representation of BLAST re-
sults. The interface also leverage users’ spatial skills, al-
lowing them to spatially organize information upon the sur-
face to express relationships between multiple forms of ev-

idence. Like tabletop interfaces in general [10], G-nome
Surfer draws upon users’ social skills and existing social
protocols to afford collaborative interaction: the system pro-
vides multiple points of entry (through multiple forms of ev-
idence that can be simultaneously manipulated), and makes
modes visible to all users through the use of visual and phys-
ical physical objects (e.g. the BLAST tool).

Implementation
G-nome Surfer is written in C# using the Microsoft Sur-
face SDK. It uses web services to draw genomic informa-
tion from various databases including UCSC, Pub Med, and
Entrez Gene. The BLAST search is implemented using the
Washington University BLAST (WU-BLAST) web service.
In order to improve the performance of G-nome Surfer, we
are currently working on implementing a local database and
BLAST search. Tangible objects are tagged with the Mi-
crosoft Surface fiducial tags.

Extensibility
G-nome Surfer was designed with extensibility in mind. For
example, additional forms of evidence (e.g. protein struc-
ture and gene family information) could be added through
web services, the star-shaped context menus could be ex-
tended using hierarchical organization to support additional
functionality, and the layer metaphor that is used for display-
ing BLAST results could be reused to support additional ser-
vices. We are currently extending the system to support the
display of multiple genomes in parallel (e.g. human next to
other organisms), and the display of isoforms (i.e. multiple
RNA sequence sections from the same gene). In addition,
we are currently developing a gene interaction layer that will
support the investigation of gene interaction.

SYSTEM EVALUATION
To evaluate the usability of our design, we conducted a first-
use study of G-nome Surfer. In particular, we were inter-
ested in validating that: 1) G-nome Surfer enables users to
gain biological insights based on the multiple forms of evi-
dence it provides, with minimal overhead, 2) G-nome Surfer
presents BLAST results in a way that facilitates rapid identi-
fication of relevant results, and 3) G-nome Surfer supports
smooth transition between the chromosome level and the
base-pair/protein levels.

To define an insight, we draw on Saraiya et al. [19] that view
insight as “an individual observation about the data by the
participant, a unit of discovery” (p. 444). They group bioin-
formatics insights into four categories: overview (overall
distribution), patterns (identification or comparison across
data attributes), groups (identification of comparison of groups
of entities), and details (focused information about a specific
entity). In our study, we asked subjects to find answers to
biological questions that require surface biological insights
from all four categories. Surface insights are based on in-
formation findings and typically answer “what” questions.
We define overhead as training time combined with the time
users spend on tasks that are not directly related to biological
research such as reformatting data, importing and exporting
files, and sorting data.
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Sessions were held at the HCI lab. In each 40-minutes ses-
sion we asked two participants to work together to complete
a task. The 16 participants (all female) included undergradu-
ate biology students with background in genomics and some
research experience. Some participants had limited previ-
ous experience with bioinformatics tools. We chose to test
the system with students because they represent an impor-
tant user population (i.e. student researchers) and were most
available for first-use testing. Following a five minutes intro-
duction to the Microsoft Surface and to the basic function-
ality of G-nome Surfer, we asked the participants to work
together to complete a task on their own: provide evidence
that the human gene TP53 is a candidate for the development
of cancer gene therapy treatment and select a model organ-
ism for testing the treatment. We modeled this task to mimic
a real scenario that we observed in our background study. To
accomplish this task, subjects needed to complete four sub-
tasks that include: gene location, evidence search, sequence
retrieval, and similarity search. We asked our subjects to
follow steps and record answers to biological questions that
reflect surface insights as they proceed toward accomplish-
ing the task. Following the task, we asked the participants to
complete a questionnaire with their opinion on the task and
G-nome Surfer. We also conducted an informal debriefing
with participants and examined their answers to the biolog-
ical questions. We observed the participants and took notes
during the session as well as videotaped each of the sessions.

Results
Following a brief training, all participants were able to com-
plete the task (and found correct answers to the biologi-
cal questions) within a reasonable time. Table 2, shows
mean times for completion, and mean confidence score (on
a 7-points scale where 7 is most confident) for the overall
task and for each of the four subtasks. In general, partici-
pants reported that the overall task was moderately difficult
(mean score of 5.3, where 7 is most difficult), that they were
fairly confident in their overall findings (mean score of 5.8,
where 7 is most confident), and that the task had a relatively
low mental workload (mean score of 2.5, where 7 is highest
workload).

Description Mean SD Confidence
Locating a gene and examining 6.2 2.3 6.4
its struture and environment
Gathering heterogeneous information 5 0.7 5.9
(expression, publications, and ontology)
Retrieving and exmaining genomic 3.3 1.2 6.1
sequences
Conducting and interperting 3 0.5 6.2
similarity search
Overall task- investigation of TP53 17.5 4 5.8

Table 2. Time for completion (in minutes) of the study sub tasks.

Identifying BLAST Results
All users successfully conducted a similarity search (BLAST).
The times for completion of the BLAST task (see Table 2)
indicate that users were able to rapidly identify relevant BLAST
results with high confidence level. In the debrief interview
participants mentioned that the “Blaster as an external tool

was great” and that “it is easy to compare different organ-
isms”. However, some participants reported that due to the
color contrast we used in the BLAST visualization, it was
hard to read the details of BLAST results with low scores.
Because some biologists are interested in further investigat-
ing results with low similarity scores, we plan to address this
issue promptly.

Transition Between Zooming Levels
The subtask of locating a gene and examining its structure
and environment required users to transition from the chro-
mosome level to the base-pair level and back several times.
All users successfully completed this task with high confi-
dence level (see Table 2). This includes correctly answer-
ing biological questions about the location, structure, and the
chromosomal environment of the TP53 gene. In the debrief
interview, participants mentioned that transitions are “easy
to follow” and that “it is easy to overlay amino acid / RNA
sequences”.

Collaboration
As expected, participants collaborated during the task. We
asked each participant to what extent she and her partner
were working together, and responses had a mean score of
5.9 where 7 is ‘we highly collaborated when exploring the
information’. We further observed that in all teams, both
participants were actively interacting with the information.
Some teams collaborated in a turn-taking manner, while oth-
ers worked in parallel. We also observed that all teams were
frequently gesturing and actively discussing the task, results,
and interaction techniques aloud as advised by the study in-
structions.

Summary
Overall, participants were excited about working with G-
nome Surfer, with a mean enjoyment score of 6.3 where 7
is most enjoyable. They described the experience as “fun”,
“hands on”, “easy to use, smooth, good response time” and
“visually stimulating”. We allot some of this excitement
to the novelty of the Microsoft Surface. More specifically,
participants liked the integration of information, flexibility
of moving and resizing screens, and searching for specific
genes and linking them to pertinent articles. During the de-
brief interview, one participant described G-nome Surfer as
“designed for multiple users but simple enough that one user
can also accomplish the task”. Another participant men-
tioned that G-nome Surfer “helped visualize gene location
and synthesized a lot of information in one place”.

Unfortunately, at the time of the study our mechanism for
deleting information from the surface was not stable, so mul-
tiple participants reported that their surface became too clut-
tered with information that they wished to remove. Partic-
ipants also suggested to add more text-based information
(e.g. adding coordinates on the structure track, exon length)
that will increase confidence level in results, as well as ad-
ditional functionality for searching within publications (e.g.
for keywords), sorting and annotating publications. We plan
to address these issues as we expand G-nome Surfer.
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Discussion
This study was intended as a first-use evaluation of our de-
sign. Its results show that G-nome Surfer supports the five
information tasks identified by our user study and sets a rel-
atively low threshold for using bioinformatics tools. This
study also demonstrates that G-nome Surfer provides a col-
laborative, immediate and fluid interaction with heteroge-
neous genomic information. However, an additional inves-
tigation is required to evaluate whether G-nome Surfer re-
duces the mental workload associated with accessing and
manipulating genomic information in comparison to current
GUI tools. Also, to distinguish the strengths and limitations
of G-nome Surfer in comparison to a collaborative GUI, a
comparative study is required: specifically, we are interested
in separating the limitations of current tools from limitations
that are inherent to conventional GUIs by identifying which
of the G-nome Surfer’s advantages are products of its visual
design and integrated workflow, and which are products of
a horizontal tabletop interface. To truly assess whether G-
nome Surfer improves current workflow processes, a longi-
tudinal study within a research lab is required. Finally, it is
important to note that all of our subjects in this study were
female. This eliminated a confounding variable of gender,
but does not represent most research settings of mixed gen-
der. In the future, we will look at male and mixed gender
groups.

RELATED WORK
Evaluation of Bioinformatics Tools
Several studies indicate that current web-based bioinformat-
ics tools show severe limitations in supporting users to find
answers to complex biological questions [23, 3, 15, 12].
To better understand the requirement for supporting deep
causal insights, Mirel performed a longitudinal field study
of biomedical researchers [15]. Her findings indicate that
using the tested tool, scientists could successfully pose and
answer “what” questions that are based on information find-
ings, but could not easily develop explanatory insights that
require answering “how” and “why” questions. Her study re-
sults further suggest that design choices of such tools should
support contextualizing relationships, highlighting biologi-
cally meaningful concepts, and flexible interactivity. These
findings informed our design.

Reality-Based Interfaces for Scientists
A number of systems illustrate the vast possibilities of sup-
porting scientific discovery through reality-based interaction.
Brooks et al. [4] developed the first haptic display for sci-
entific visualization. This display improved the perception
and understanding of force fields and was used by chemists
to investigate docking positions for drugs. Gillet et al. [8]
presented a tangible user interface for molecular biology that
used augmented reality technology to augment 3D molecular
models. While users collaboratively manipulate the physical
object, the system superimposes graphical information upon
the physical model. The system was only preliminarily eval-
uated with professional researchers. Schkolne et al. [20]
developed an immersive interface for the design of DNA
molecules that uses tangible objects to create and edit dig-
ital representations of DNA molecules. A user study with

scientists finds this system to be more satisfying for users
than a corresponding 2D system. While these systems fo-
cus on the representation and manipulation of objects that
have an inherent physical structure. We are interested in a
broader use case, where abstract information is represented
and manipulated. Labscape [2], is a smart environment for
the cell biology laboratory that helps biologists to produce
more complete records of their work. The system allows
biologists to easily record, relate, and share heterogeneous
information about their lab work. ButterflyNet [25], is a mo-
bile capture and access system for field biologists that inte-
grates paper notes with digital photographs captured during
field research. While addressing different needs and require-
ments, both systems share our challenge of organizing and
relating heterogeneous information.

To date, a few systems have been developed to facilitate col-
laboration among scientists across large displays and multi-
touch tables. WeSpace [24], integrates a large data wall with
a multi-user multi-touch table and personal laptops to pro-
vide group members equal access to touch manipulation as
well as live rendering and interactive visualization. Team-
Tag [18] is a tabletop interface that allows biodiversity re-
searchers to collaboratively search, label, and browse digital
photos. Finally, Involv [9] is a tabletop application that uses
the Voronoi treemap algorithm to create an interactive visu-
alization for the Encyclopedia of Life. Involv is the closest
to our work as it shares the challenge of creating effective
tabletop interaction for exploring massive data spaces.

CONCLUSIONS AND FUTURE WORK
This paper makes three contributions. First, we described a
study of molecular and computational biologists that iden-
tifes design requirements for supporting scientists searching
through and organizing vast amounts of heterogeneous in-
formation in order to gain biological insights. Second, we
described G-nome Surfer, a tabletop user interface for col-
laborative exploration of genomic data that employs multi-
touch and tangible interaction techniques. G-nome Surfer
enables users to gain biological insights based on the mul-
tiple forms of evidence it provides with minimal overhead.
It also facilitates rapid identification of BLAST results, and
supports smooth transition between the chromosome level
and the base-pairs level. As a result, it lowers the threshold
for using bioinformatics tools and encourages exploration of
multiple forms of evidence. Finally, we presented results
from a first-use usability study of G-nome Surfer.

We plan to expand G-nome Surfer so it will be suitable for
use in scientific and educational (college level) settings. This
includes improving G-nome Surfer’s performance through
local database and search, as well as supporting the display
of multiple genomes in parallel (e.g. human next to other
organisms), and the display of isoforms (i.e. multiple forms
of the same gene). We intend to further evaluate G-nome
Surfer’s strengths and limitations in comparison to current
state-of-the-art GUI based tools, and to collaborative GUI
with multiple mice. We also plan to conduct a longitudinal
study in both research and educational settings.
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While the domain of bioinformatics provides the frame for
this work, this research contributes to tabletop interaction in
general by demonstrating its application for supporting do-
main experts interacting with large amount of abstract, het-
erogeneous and complex information.
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