Journal of the American Medical Informatics Association, 25(3), 2018, 337-344

doi: 10.1093/jamia/ocx134 /\ M | /\

Advance Access Publication Date: 30 November 2017 nroruncs eroressionacs. Leaoma e wav
Research and Applications

Research and Applications

User needs analysis and usability assessment of
DatalMed - a biomedical data discovery index

Ram Dixit,” Deevakar Rogith,’ Vidya Narayana,' Mandana Salimi," Anupama Gururaj,’
Lucila Ohno-Machado,? Hua Xu, and Todd R Johnson'

1University of Texas Health Science Center at Houston, School of Biomedical Informatics, Houston, TX, USA and 2University of
California San Diego Health System, Department of Biomedical Informatics, La Jolla, CA, USA

Corresponding Author: Todd R Johnson, 7000 Fannin Street, Suite 800, Houston, TX 77030, USA. E-mail:
Todd.R.Johnson@uth.tmc.edu. Phone: 713-500-3913

Received 30 May 2017; Revised 16 October 2017; Editorial Decision 19 October 2017; Accepted 27 October 2017

ABSTRACT

Objective: To present user needs and usability evaluations of DataMed, a Data Discovery Index (DDI) that allows
searching for biomedical data from multiple sources.

Materials and Methods: We conducted 2 phases of user studies. Phase 1 was a user needs analysis conducted
before the development of DataMed, consisting of interviews with researchers. Phase 2 involved iterative us-
ability evaluations of DataMed prototypes. We analyzed data qualitatively to document researchers’ information
and user interface needs.

Results: Biomedical researchers’ information needs in data discovery are complex, multidimensional, and
shaped by their context, domain knowledge, and technical experience. User needs analyses validate the need
for a DDI, while usability evaluations of DataMed show that even though aggregating metadata into a common
search engine and applying traditional information retrieval tools are promising first steps, there remain chal-
lenges for DataMed due to incomplete metadata and the complexity of data discovery.

Discussion: Biomedical data poses distinct problems for search when compared to websites or publications.
Making data available is not enough to facilitate biomedical data discovery: new retrieval techniques and user
interfaces are necessary for dataset exploration. Consistent, complete, and high-quality metadata are vital to en-
able this process.

Conclusion: While available data and researchers’ information needs are complex and heterogeneous, a suc-
cessful DDI must meet those needs and fit into the processes of biomedical researchers. Research directions
include formalizing researchers’ information needs, standardizing overviews of data to facilitate relevance judg-
ments, implementing user interfaces for concept-based searching, and developing evaluation methods for
open-ended discovery systems such as DDls.
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INTRODUCTION

As the number, size, and public availability of biomedical datasets
grow, so do the opportunities for new forms of research to advance
biomedical knowledge.'”> However, the heterogeneous nature of
biomedical data, the complexity of data-intensive research, and the

lack of data discovery infrastructure pose significant challenges for
researchers to take advantage of this opportunity.* Fragmented
data environments, lack of data standards, and poor documentation
are key issues that limit the direction and scope of data-driven re-
search, often in the initial discovery phase."*~” Data must be better

organized to facilitate the advancement of biomedical science.'>*
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Figure 1. Diagram showing UCD process for DataMed. Phase 1 research was conducted prior to the development of DataMed; Phase 2 evaluations were

conducted on versions 0.5 and 2.0 of DataMed.

In 2013, the National Institutes of Health Big Data to Knowl-
edge (BD2K) initiative issued a call to assemble data from multiple
sources into a discovery system termed a Data Discovery Index
(DDI).! A DDI aims to accelerate data-intensive biomedical science
by providing a mechanism for searching publicly available data.! A
prototype DDI, DataMed, was launched in 2015 by the biomedical
and healthCAre Data Discovery Index Ecosystem (bioCADDIE)
project.” DataMed uses a common model (DatA Tag Suite [DATS],
described elsewhere) to index metadata from biomedical data repos-
itories, providing researchers with a PubMed-like search engine for
discovering datasets relevant to their research interests.'°

Aggregating datasets poses challenges in information retrieval
and user interface design to enable the provision of meaningful
search results to users.''?> While information seeking in literature
indexes such as PubMed has been studied, biomedical researchers’
information needs in data discovery are poorly understood and the
conceptualization of data as an information resource in biomedicine
is still emerging. Existing work has partially addressed the complex-
ity and open-endedness of dataset search and evaluation, the diver-
sity of research purposes and expertise, and the importance of
context in understanding researchers’ information needs.*>!> Addi-
tionally, dataset retrieval differs from literature retrieval, because
the heterogeneous sources and types of data and metadata make tra-
ditional indexing techniques insufficient.'>'*

A successful DDI must meet researchers’ information needs and
fit into their research practices. User-centered design (UCD) ensures
that technology meets users’ needs through an iterative process of
design and evaluation.'® UCD aims to produce systems that are use-
ful, usable, and effective. Usable systems complement users’ knowl-
edge, skills, and contexts, improving the effectiveness and
satisfaction with which they accomplish their goals.!” Usability eval-
uation in UCD consists of both quantitative and qualitative meas-
ures. However, existing quantitative and formal methods for
evaluating information retrieval systems, such as precision and re-
call, do not adequately measure the subjective process of

1416 Qualitative methods such as user needs

“discovering” data.
analysis, which involves understanding users” work goals and priori-
ties, and usability testing, which consists of simulating representa-
tive tasks by representative users on system prototypes, are thus well
suited for guiding the design and development of data discovery sys-
tems.'®

In this paper, we present biomedical researchers’ information
needs as discovered through user needs analyses and a qualitative us-
ability assessment of DataMed. We share these insights to benefit
researchers and system developers working to facilitate biomedical
data science, highlighting the importance of understanding biomedi-
cal researchers’ needs for the success of the systems they build, and
suggesting promising areas of future research for the development of

successful biomedical data discovery systems. The protocols for our

studies are included as appendices to the paper that can be repur-
posed or used as a starting point for evaluating systems for searching
or exploring biomedical data.

MATERIALS AND MIETHODS

We conducted user analyses in 2 phases to understand researchers’
needs and guide the development of DataMed (Figure 1). In Phase 1,
we interviewed researchers to understand why and how they look
for online biomedical datasets. In Phase 2, we conducted “think-
aloud” usability evaluations to assess DataMed’s effectiveness at fa-
cilitating data discovery.'®

Potential users of DataMed were defined as researchers involved
in biomedical research with experience in biomedical data analysis.
Our sampling plan included researchers at various levels of expertise
(graduate students, postdoctoral researchers, and faculty members)
and various research domains to capture broad patterns of data dis-
covery. Demographic characteristics such as age, gender, and ethnic-
ity were noted during study sessions but not used as selection
criteria. Our study protocols were deemed exempt from review by
the University of Texas Health Science Center Committee for the
Protection of Human Subjects, since we did not collect personally
identifiable information and the study did not involve vulnerable
populations. Participants were compensated for their time.

Phase 1: user needs analysis

Participants in the user needs study were recruited by an e-mail sent
to various universities affiliated with the BD2K group and Texas
Medical Center. Thirteen researchers responded to our call and
were approved for the user needs analysis (Table 1).

Author VN conducted interviews, in person or remotely depend-
ing on the participant’s location and preference, lasting from 30 min
to an hour. Interview questions were developed by authors VN and
T]J as prompts to discuss researchers’ current data discovery practi-
ces and to identify user needs for a DDI (study protocol available in
Appendix Phase 1). During the interview, participants were intro-
duced to the bioCADDIE project and were asked to describe their
research area and their experience with 4 aspects of data discovery:
searching for data, metadata, data formats, and data visualization.
Additional questions were asked to clarify and probe topics brought
up by participants.

Author VN took detailed notes on responses to each aspect of
data discovery, and then coded them manually using standard word
processing software to identify existing practices for data discovery,
challenges or areas of difficulty, and design ideas. The coded inter-
views were summarized across participants to inform the DataMed
development.
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Table 1. Characteristics of participants in the Phase 1 user needs
analysis for DataMed

Research Domain Position Count
Clinical Translational Science Professor 1
Cardiology Professor 1
Genomics Postdoctoral Researcher 1
Biomedical Informatics Professor 4
Postdoctoral Researcher 1
Molecular Biology Postdoctoral Researcher 1
Neuroscience Professor 1
Mobile Health Postdoctoral Researcher 1
Public Health PhD Student 1
Anesthesiology Professor 1
Total 13

Table 2. Characteristics of participants in Phase 2 usability
evaluation of DataMed versions 0.5 and 2.0

DataMed Research Domain Position Count
Version
0.5 Molecular Biology Postdoctoral Researcher 2
Data-related Professional 1
PhD Student 1
Chemistry Professor 1
Biomedical Informatics  PhD Student 1
Library Science Data-related Professional 2
Total (Version 0.5) 8
2.0 Cancer Biology MD, PhD Student 1
and Genetics PhD Student 1
Cancer Genomics PhD Student 1
Public Health Professor 1
PhD Student 1
Genetic Epidemiology ~ Professor 1
Systems Biology Postdoctoral Researcher 2
Data Curation Data-related Professional 1
Medical Library Medical Librarian 1
Neuroscience Postdoctoral Researcher 1
Total (Version 2.0) 11

Phase 2: usability evaluations

We conducted usability evaluations of DataMed versions 0.5 and
2.0 following their releases. Participants were recruited by e-mail
and through flyers from universities affiliated with BD2K projects.
Interested researchers filled out a survey sharing their research area
and prior experience with DataMed to ensure that those who had
taken part in previous studies or had previously used DataMed were
excluded. Eight qualified researchers responded to the call for the
DataMed 0.5 study and 11 for the DataMed 2.0 study (Table 2).

Authors MS and RD conducted the moderated “think-aloud” us-
ability tests for versions 0.5 and 2.0, respectively.

The semistructured usability test plans (see Appendix Phase II)
were developed by each author along with feedback from T]J to sim-
ulate representative tasks on the interface and gather feedback on
specific design features. The sessions lasted 1 h either in person or re-
motely, depending on the participant’s location and preference. Par-
ticipants were given a brief introduction to DataMed, then asked to
search for datasets related to their research area or interest, stopping
when they had found relevant data or could not proceed further. Ad-
ditional questions were asked to clarify and probe specific topics or

issues. Finally, participants were asked to complete a standard us-
ability questionnaire for DataMed 0.5, System Usability Scale for
DataMed 2.0, and answer open-ended reflection questions about
their experience with DataMed.'**°

Both authors took detailed notes on participants’ use of the sys-
tem and feedback during each session; the notes for each session
were coded using standard word processing software to identify par-
ticipants’ information needs while exploring DataMed, as well as us-
ability issues that arose during their use of DataMed and
suggestions for improvement. These categories were synthesized
into recommendations for DataMed’s features and user interface.
To better understand participants’ data discovery processes, several
trade-offs were made in the analysis. Given the formative and ex-
ploratory nature of these studies, we focused on a detailed qualita-
tive analysis of volunteer researchers. This allowed us to
comprehensively analyze participants’ interaction with the system;
however, this also meant that the quantitative questionnaire results
lacked statistical power and did not play much of a role in our anal-
ysis. For these reasons, we have omitted the questionnaire results
and focus on the qualitative insights from these studies in the follow-
ing section. Additionally, many participants were from the biologi-
cal sciences (10 out of 19), which affects the representativeness of
our findings for other fields of biomedicine. However, this also
reflects the distribution of data indexed in DataMed and suggests
that data-intensive biomedical practices using publicly available
data may be skewed toward fields such as molecular biology and ge-
netics. As we report and discuss our qualitative findings, we empha-
size the perspectives of participants in the translational, clinical, and
public health fields as well.

RESULTS

Phase 1: user needs in biomedical data discovery
Participants reported significant effort and difficulty in finding and
evaluating relevant data online. One informatics researcher men-
tioned, “For all of [our] studies, we would like to integrate relevant
studies from other sources. One challenge is knowing what data out
there is relevant to what we are doing.” Common reasons for
searching online for data included to validate their own work (such
as the effect of an intervention on a cell line), enrich or guide their
analyses (such as translational research combining -omics and clini-
cal data), or access data they could not generate on their own (such
as hospital data). While many had established strategies such as
searching Google or specific data repositories, they found it chal-
lenging to know what potentially relevant data was available.

A common frustration was the lack of information in metadata
describing datasets. Metadata often contain only partial descriptions
of crucial information, such as the samples and techniques used in
generating the data. One molecular biology researcher commented,
“The metadata that I would like but usually don’t get from my
metadata sources is a clean description of tissues that the experimen-
tal results came from, the condition of that tissue, the methods of
analysis for the phenotypes of interest that were being studied when
the experiment was done.” Additionally, the variety of terminolo-
gies used to describe data, the lack of definitions, and poor docu-
mentation about the context of the data collection made it difficult
to assess its potential usefulness. In these situations, researchers ei-
ther had to download the dataset to inspect its contents or forgo us-
ing it altogether. Further, accessing data through various sources
was often fraught with poor documentation of processes required to
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Table 3. Summary of user needs analysis for biomedical data discovery

Topic Difficulties

User Needs

Searching for Data
poses

Poor documentation and protocols for accessing data

Metadata

Incomplete, inconsistent, and poor-quality metadata
Data Format

Availability of data at various degrees of processing: raw to

summarized
Visualization

Limitation of current methods for visualizing and exploring

large datasets

Time and effort spent finding relevant data for research pur-

Assessing validity and utility of dataset for secondary use

Data wrangling and compatibility with analytic methods

Manual work required for creating custom overviews of data

Centralized source for available data and tools for finding re-
search-related data

Standard documentation and protocols for data access

Standard metadata, vocabularies, and documentation of
datasets

Tools and guidelines for authors to create metadata

Documentation of data provenance

Availability of data for compatibility with analytic tools

Online visualization of datasets
New techniques for representing and exploring large datasets

download the data. This was especially troublesome for those inter-
ested in clinical data due to ambiguous institutional review board
approval processes. As a neuroscience researcher put it, “We usually
know what we want, but to get access is really like diving into the
ocean and trying to reach the other side of the world.”

The variability of data formats and levels of processing also re-
quired significant work to wrangle the data into formats compatible
with their processes and tools. An example given by a neuroscience
researcher about the limitations of data archives was, “If you had a
collection of image data and genetics. .. and you wanted to say, find
me all the people who have this particular brain difference and also
have these two SNPs, you can’t do that at all.” As with metadata,
standard information and proper documentation of how the data
was generated — its provenance — was necessary for evaluating the
potential utility of a dataset. Participants also recognized visualiza-
tion as a useful way to provide an overview of datasets, variables,
and analytic results. However, few online data sources provided
such visualization tools, and current visualization techniques were
often not flexible or scalable enough to meet their needs, often re-
quiring costly investment in custom visualizations.

Our analysis, summarized in Table 3, validated the concept of a
DDI and highlighted key issues with metadata, data standards, and
visualization in discovering biomedical data. These findings indi-
cated that researchers would benefit from a centralized source and
complete metadata documentation for finding and assessing poten-
tially relevant datasets. Additionally, they need clear protocols to
download the data, the ability to download in multiple formats, and
a means to visually explore datasets.

These results informed the initial development of DataMed. While
researchers currently use generic search engines such as Google,
DataMed is intended to aggregate metadata across multiple reposito-
ries to provide both broad coverage and effective data-specific retrieval
tools, accelerating researchers’ exploration of and exposure to poten-
tially relevant data.”' The DATS model was implemented as a common
metadata standard to address the disparity of metadata across reposito-
ries. Information retrieval techniques were applied to address the vari-
ability in terminology and provide an efficient user interface.”

Phase 2: DataMed evaluation

This section describes the combined results of usability evaluations

of DataMed v0.5 and 2.0 (Figure 2) following their public release.
Participants encountered difficulty generating queries in the sys-

tem to describe their information needs. While the search bar on the

homepage suggested an intuitive search interaction like PubMed or
Google, it was not clear how this interaction would work for complex
queries. One researcher commented, “I would love to search for
phenotypes. . .. For instance, you could search for headache, but I'm
not just interested in headache, I'm interested in genes. ... How do you
search for both?” Participants’ information needs were thus multidi-
mensional, layered depending on whether they had specific research
questions they wanted to find data about or were exploring what data-
sets were available in a domain or for an analytic technique.

Participants also faced difficulties assessing the relevance of data-
sets returned in DataMed (Figure 3). The most significant problem
in assessing the utility of a dataset was inconsistent, incomplete, and
poor-quality metadata. Upon searching for a specific cancer, one re-
searcher said of a returned result, “This doesn’t give you any
information. ... [ wouldn’t even know what this is about at all. . ..
What does that mean?” Participants looking for combinations of
biomedical concepts and data provenance items found the informa-
tion about most datasets in DataMed insufficient to determine
whether they would be useful. When asked what metadata they
would need to evaluate the relevance of a dataset, participants men-
tioned items included in their information needs, and also added
characteristics such as ownership, research organization, and publi-
cations based on the data. Common metadata needs across partici-
pants are summarized in Table 4.

Overall, while participants found the concept of a DDI valuable,
they faced difficulty in understanding the scope of DataMed; it was
not immediately clear to them who or what DataMed was intended
for and whether it contained data relevant for their research topics.
One public health researcher’s initial thoughts upon seeing
DataMed were: “This makes me think it’s more of a bioinformatics
type thing. ... The numbers make me scared. ... Can I do this, can |
not do this?... Do I need a person from a bioinformatics side?”
Users were confused about whether returned results were data or
publications (“I don’t know what I'm looking at. ... [Is this] a paper,
or a grant, or a project?”). Additionally, information retrieval tools
such as query expansion, faceted filtering, and advanced search did
not support participants as they explored results due to metadata in-
consistency across datasets in indexed repositories. Finally, even
when potentially relevant search results were identified, participants
had to investigate related publications, the dataset repository’s data
description, or the data itself to gather additional information or un-
derstand the terminology necessary to determine its relevance.

Major suggestions for improving DataMed included embedding
domain knowledge and concepts into the organization of the system.



Journal of the American Medical Informatics Association, 2018, Vol. 25, No. 3

34

dataﬁj&?

biomedical and healthCAre Data Discovery Index Ecosystem bIECADD| E

Engaging The Community Toward a Data Discovery Index (DataMed v2.0)

= Search for data set Search for repository

Advanced Seqrch heip

New Features
W Febr 28, 2017, v2.0
» MICTRA5E COVErnge 1o mora repositories
» Duplicats datasats display feature
» isability enhancerments based on user leedback
and user interviews

» Userregorted issues regolved

B Nov 23, 2016, v1.5
» Incrensed coverage to wice the muimber af
repositedies
= Tetal number of datasets doubled
= Visualization of results via timeline .

200k 200k 300k 400k

Number of Datasets

Statistics Top B Repositories
I
= ‘> Swiss-Prot
— ClinVar
66 reposiTORIES 15 pata TYPES BioProject
FOB
Dryad
& Ornies
ArrayExpress
1375587 4 PILOT PROJECTS Dataverse
DATASETS
o BDk
Pilot Projects
=
GWAS Finder ISEE-DELVE

Search literatures for *Genome-Wide

‘Search Visualization project for Big Data. Bead
Association Studes”. fiesd hiore Mot

Figure 2. The homepage of DataMed version 2.0 as of May 8, 2017.

dataﬂfg

—

DataRank

Find must suilable datassts for you. Bead Mote

Data Citation Discovery

Citation and Dala Access Melrics Development
applied to RCSB Protein Data Bank. Bead Mare

edical and healthCAre Data Discovery Index Ecosystem bﬁ CADD| E

calcium regulation melanogaster

* Search fordataset  Search for repositary &ddvan rch belo
calcium regulation melanogaster
Displaying 20 of 20 results for “calcium regulation melancgaster® 20 Per Page =
Data Types Results by year
First < . *»  lam =3 Send To
O Protein (6)
O Unspecified (4) Sorted By: Relevance =
O Clinical Trials (4)
[ Gene Expression (3)
g I[:“r:mi: D;‘:tizt}” Analysis of genes regulated by Akirin and Brahma upon IMD pathway
4ing activation in drosophila 52 cells
iD: PRINAZ38018
i o Gene
B - Access Type: download
()
g E‘I?:c(all'l'rlels gav {4) Analysis of genes regulated by Akirin and Brahma upon IMD pathway
O ArrayExpress (3) activation In drosophila 52 cells
O BioProject (2) iD: E-GEOD-54915
O ICPSR (2) fon: This y helps 1he function of Akirin, a nuclear
Ol OmicsDI (2) protein with unknown domains, & putative interacting partner, in the transcripti Recent Activity
ol i)
.RDIE of inlm?l::EIIuIal calcium in Drosophila larval growth and viability [ e P
& ELERpaEe . melanogaster(data)
T Description: Intraceliular Ca2+ release through the Inasitel 1,45 Triphosphate
il Receptor {InsP3R) is a feature of all multicellular organizms in which it shapes th...
See more and save search query
O Downboad (16)
Analysis of genes regulated by Akirin and Brahma upon IMD pathway
activation in drosophila 52 cells [ sy
¥ onyms
Gl 54915
bcitaticn iD; E-GEQD

Date Released. 11-07-2014

W Factor IV, Coagulation

OINane (14) This mi y helps

M Renistration (31

the function of Akirin, a nuclear

protein with unknown domains, a putative interacting partner, in the transcripti...

Figure 3. An example of search results for the query “MRI patients Parkinsons” in DataMed version 2.0.

Many suggested providing support for query generation, through in-
teractive ontologies or a “conceptual map,” to help them under-
stand how DataMed works and express their information needs
more explicitly. They also suggested organizing results by biomedi-
cal concepts to provide an overview of returned results, expose
DataMed’s search process, and improve the utility of faceted

filtering for narrowing down relevant results. They suggested more
consistent navigation, menus, and customization of metadata fields
to improve navigation. Preliminary analyses or summaries of the
data itself were mentioned as potentially useful in identifying what
findings or associations were discovered in the data and what it
could be used for. Finally, researchers appreciated links to other
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Table 4. Summary and examples of participants’ expressed metadata needs in searching DataMed

Metadata Field Examples

Biomedical Concepts

Data Type

Data Collection Technique
Data Format

Data Processing

Sample Description
Intervention/Study Design
Date of Collection
Variables

Instructions for Data Usage
Permissions and Ownership
Research Organization and Principal Investigator
Publications Based on Data

De Novo Acute Myeloid Leukemia

Gene Expression, Clinical Outcomes

Survey, Magnetic Resonance Imaging

Text, Comma-separated Values, Digital Imaging and Communications in Medicine
Raw Data, Abstracted Data, Secondary Data

Number of Samples, Species, Population

Case-Control, Cohort

January 2010 to January 2015

Cell Lines, Hormone Levels, Gene Knockouts

Data Processing Tools, Algorithms, Tutorials

Protected Health Information, Institutional Review Board, Commercial or Academic Research
University, Private Institute, International Data

Citations, Papers, Related Items

relevant data or publications that indicated other researchers’ use of
the data and its utility.

DISCUSSION

Our study provides unique insight into researchers’ needs in biomed-
ical data discovery through the development and evaluation of
DataMed. While aggregating metadata into a common search en-
gine and applying information retrieval tools is a promising first
step, there remain challenges for researchers in finding useful data
due to the complexity of data discovery, the lack of metadata stand-
ards, and variability in needs across domains and levels of exper-
tise.”™ Here we identify these challenges and suggest promising
areas of future research for information retrieval systems to support
data discovery.

Challenges for information retrieval in data discovery
Supporting exploratory search

Search and discovery in open-ended information systems such as
DataMed have no predefined goal; rather, they are exploratory pro-
cesses motivated by complex information needs directed toward
items with characteristics that may or may not exist in the sys-
tem.*'%?% While DataMed provides users with access to a vast num-
ber of datasets, the heterogeneity of the information space and
ineffectiveness of retrieval tools makes it difficult for researchers to
find and evaluate relevant items.”'"'3?* These results corroborate
previous work and highlight gaps in current techniques for support-
ing exploratory search.*** Specifically, while user interface elements
such as the initial search bar are seemingly intuitive, researchers
were uncertain about what they were searching, what constraints
they could enter in the search field, and the degree of specificity
needed to express their information needs. Additionally, they were
unable to adjust their query or search strategy based on the returned
results due to the unclear presentation of results, their perceived in-
effectiveness of retrieval methods, and the opaqueness of the search
process.”” Indexing systems and user interfaces that organize the
complex multidimensional space of biomedical data and support
users in navigating it are interrelated technical and design challenges
for DDIs.

Evaluating data as an information resource
Our study of DataMed also shows that the relevance of a dataset as
an information resource cannot be determined solely from

summaries such as keywords, title, or an abstract, as has been sug-
gested may be the case for publications or websites.*'* Evaluating
the contents and utility of a dataset requires significant context
about the data’s provenance — its original purpose, characteristics,
processing history, and insights derived — to determine whether it
could be reused in a different context.”> Researchers looking for
combinations of biomedical concepts and data characteristics in
DataMed results encountered difficulty due to incomplete metadata
(missing information), poor-quality metadata (incoherent descrip-
tions), and inconsistency in metadata (available fields and terminol-
ogy) across datasets. Metadata issues also limited the effectiveness
of query expansion, faceted filtering, and advanced search features
in providing researchers with overviews and navigation tools for
identifying and navigating to items of interest. Thus, adherence to
standards for metadata representation and quality is another chal-
lenge DDIs must address.

Variability across research domains and levels of expertise
Participants’ experience and information needs in DataMed also
varied with their research domain and level of domain and technical
expertise. Novices in technical domains were intimidated by the
amounts of data available, while domain experts mentioned that the
interface should be more intelligent to understand their information
needs. Metadata issues were common across all participants: even
advanced researchers could not interpret datasets that had poor
metadata. Supporting users from a variety of research and technical
backgrounds and with a variety of purposes is an ongoing challenge
for any DDI.

Future research areas for biomedical data discovery
Structured metadata abstract

Our study of DataMed shows us that making data available is not
enough — researchers must be able to easily evaluate the relevance of
a dataset and access the data.>”'® Consistent, complete, and high-
quality metadata is vital to any data discovery system, and our docu-
mentation of researchers’ common metadata needs outlines essential
information for effective data discovery. To further this area of re-
search and support the development of effective discovery systems, a
common model for describing and evaluating data as an information
resource (eg, a “structured data abstract”) needs to be used. A struc-
tured data abstract containing common metadata fields such as
those we have documented in this study would facilitate data discov-
ery by providing consistent descriptions of the characteristics and
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context of data to enable the effective use of information retrieval
tools and allow researchers to easily evaluate datasets for their util-
ity. Similar efforts in bioscience, such as the Information Sharing Ar-
chitecture framework, are converging on a common model**; such
models must be expanded to encompass all domains of biomedicine
and refined to enable complex human and computer interpreta-
tion.”> The DATS metadata model'° is a first step toward this goal,
and has evolved considerably since the first prototypes of DataMed
were released.

Information retrieval for discovery

Researchers’ difficulty in using DataMed reflects a mismatch between
current retrieval methods based on specific terms and researchers’
needs related to biological or data concepts. These findings corrobo-
rate previous work regarding open-ended information systems and
have similar implications for the development of new methods and
user interfaces for exploratory search.'>'>%? Traditional search meth-
ods such as document-level keyword matching do not adequately pro-
vide relevant results for datasets — the information participants are
looking for about data are more complex and may be distributed
across multiple metadata fields, datasets, or associated publications.
Researchers’ suggestion to embed biomedical concepts into DataMed
is akin to using exploratory search guidelines to leverage the semantics
of indexed items to organize search and allow conceptual navigation
and discovery in the context of biomedical knowledge.?* Developing
retrieval methods that more closely match the semantics of users’ in-
formation needs is necessary to facilitate data discovery.

User interface design and visualization

In addition to retrieval techniques, another challenge is designing mul-
tifaceted, expressive, and concept-based interfaces that allow users
with varying backgrounds to learn from interactions and form a clear
mental model of the system. Findings from this study and previous
work indicate that support for and control over query expressiveness,
transparency about the search process and the format of the results,
and guidance on search strategies that provide an overview of search
results and foster exploratory behavior can support discovery in open-
ended information systems.'>?* Visualization techniques also have
the potential to support navigation and analysis of datasets, but cur-
rent methods do not support this kind of interaction at scale and must
be enhanced to support data discovery and dataset exploration.” The
design space for dynamic search interfaces that incorporate domain
knowledge and biomedical concepts to support exploration of data-
sets is an exciting area for future research.

Evaluation of open-ended discovery systems

Finally, our study is limited in its short-term evaluation of research-
ers’ discovery practices, the small sample of biomedical research
domains, and the evaluation of early-stage prototypes of DataMed.
While our qualitative and semistructured evaluations of DataMed
helped us identify crucial challenges for data discovery, these meth-
ods are limited in scope and scale, capturing rich details, high-level
descriptions, and short-term interactions with only a few individuals
who may or may not be good representatives of the biomedical sci-
ence community. Data discovery is a continuous process unfolding
over time in research contexts; more study is needed to understand
data-intensive research practices across domains of biomedicine and
to clarify notions of “discoverability” and “relevance.” New
quantitative or formal methods must be developed to investigate the
evolution of data discovery and to complement qualitative methods

for analyzing users’ search behaviors and system performance in the
user-centered design process for DDIs.*”

CONCLUSION

This paper presents findings from a user needs analysis and usability
evaluations conducted during the development of DataMed. The
user needs analysis validated the need for a DDI and highlighted
issues of metadata, data standards, and visualization in data discov-
ery. Usability evaluations of DataMed further validated the concept
of a DDI, provided insight into researchers’ information needs, and
identified unique challenges in designing a DDI. Making data avail-
able is not enough to facilitate data discovery: new information re-
trieval techniques and user interfaces are necessary for dataset
exploration. Consistent, complete, and high-quality metadata is vital
to enable this process. We emphasize the importance of understand-
ing researchers’ information needs in designing data infrastructures
to support biomedical data discovery. While available data and
researchers’ information needs are complex and heterogeneous, a
successful DDI must meet these needs and fit the processes of bio-
medical researchers.
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