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1. Introduction

The National Science Foundation (NSF) is a UnitedeS government agency
established to promote research, development amzh&dn in science and
engineering. NSF funds scientific research throggiearch grants to universities.
Through this funding, NSF funds the Engineeringdaesh Center (ERC)
program. There are approximately 20 plus ERCs tittout the United States.
ERCs focus on the definition, fundamental undeditay) development, and
validation of the technologies needed to realinesb-defined class of
engineering systems with the potential to spawnlgrhew industries or radically
transform the product lines, processing technokge service delivery
methodologies of current industries. Also, ERCstrfuléill NSF's goal to
increase the diversity of the scientific and engiireg workforce by including all
members of society regardless of race, ethnicitgemder in all aspects of the
center’s activities. In an effort to fulfill thisission, ERCs produce an enormous
amount of data and information. This means the anolinformation to be
considered by this research has the potential &xbeptionally large. Just sheer
volumes can introduce an added complexity in dateng a solution for the ERC
information design problem. Therefore, systemssgsiiems, segmentation and
multiple approaches to breaking down the infornratice very appropriate for
this research. In addition to large volume datdlenms, researchers with an ERC
tend to do very little collaboration with other easchers in the ERC. Little or no
collaboration can lead to less productivity andlaapion of effort.

The purpose of this paper is to report the regiltee research carried out to
address the information design issues associathdonganizing and managing
large volumes of scientific information over extedderiods of time (e.g., aten
year period) within scientific centers. This datamagement solution is designed
to improve researcher productivity and collabomatibo support these
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information processing needs across different tgbesientific centers (e.g., medical,
manufacturing, environmental, etc.), the designtodthve a universal means of management
and presentation of the scientific informationameffort to address this goal, the primary agent
of design is an Information Design Pattern (IDR)eTDP was developed based upon a normal
scientific poster pattern, augmented with multinaechntent. A scientific poster is a document
that can be used to summarize and communicateypayof research information. Also, poster
patterns are not new or unproven but have beernegppy many different researchers over a
long period of time to efficiently communicate sdiéic information. Scientific posters can
provide the base for the development of effectoiergtific IDPs. The scientific IDPs proposed

in this research are expressed in terms of stredtayouts, short narrative discussions, images
(2D and 3D), graphics, diagrams, audio, and fultiomovideo. The proposed solution for the
scientific center information overload problem &idered as a website for researcher interaction
and information access.

2. Definition of Terms

Informatior’: data or facts that have been organized and corcated in a coherent and
meaningful manner.

Information Desigh is concerned with transforming data into inforimatand

making complex information easier to understanduse The information design process
considers the selection, structuring, and presentaf information in relation to the purposes,
skills, experience, preferences and circumstantéseantended users.

Information Systert: a data processing system that collects, procesdis, stores, transmits
and supplies data relating to a specific applicaticea.

Information Engineerin: a set of formal methods for planning, analysesign and
construction of an information system. The prose#isnclude the design and architecture of
user interfaces, databases, networks and web sites.

Object-Oriented Analysis and Design (OOAD)s a methodology for developing software
where models are developed of real-world problenassalved in real-world ways where the
analogy is carried from problem definition througiplementation of the application software.
Object-Oriented Modet: an abstraction built to understand a problem feeifmplementing a
solution. The model is structured using classesfibjand the relationships manifested between
classes. Classes are built around real-world atethas well as their real-world operations.
Object-Oriented Developménta conceptual process, independent of programraisey to
abstract and model problem and solution concegiammunicate them for greater problem
understanding.

Information Design Pattetnis a record of the design of information gainetigh experience
where this record systematically names, explaind,evaluates an important and recurring
information design.

Joint Application Development (JAD) Sessitra structured workshop where users and
developers come together to plan projects, desigipater systems, or make business decisions.
This workshop involves a detailed agenda, visuidg,a facilitator who moderates the session
and a scribe who records the agreed-upon requirtsmen
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Industrial Strength Softwale a sound robust piece of software that has beenugbly tested
in live user environments for extensive periods khasl built-in safeguards against system
failures.

3. Brief Description of Figures

* Figure 1: Information Design Pattern (IDP) Defimit— gives a formal definition
of the information dgsipattern structure.
Figure 2: Base Graphical Information Design Pat@bject Structure shows
an information design pattern with a breakout @sggments.
» Figure 3: Information Design Pattern Building BkadDbjects—gives a list of the
possible objeesed for creating design patterns
* Figure 4: Object-Oriented Information Design Paitélodel — shows the class
and objects usedefine the object-oriented model of the IDP.
» Figure 5: Research Methodologya flow diagram of the activities performed to
analyze, design andlenmgent the research information design solution.
» Figure 6: Scientific Information System — the stilc information system solution.
» Figure 7: OODB For Information Design Patterns ®hdtimedia — depicts the
OODB used to archive theimniation design patterns and multimedia
data.
» Figure 8: Keyword search schemes — diagram sho®/egample search schemes for
an OODB.
» Figure 9: Ten Year Scientific Information Systemchive — diagram showing a
10 year reseanthive and the researcher interface.
» Figure 10: Scientific Information System Websdedepiction of a scientific
information veste.

4. Objectives

The primary objective of this research study ideéwelop a solution for the ERC information
overload problem as it relates to researcher conmation and collaboration through intelligent
information design and presentation techniques.gfads addressed by this research are
outlined below:

1. Develop an information design patt&rh® ®that:
» uses scientific poster technology as a base,
» reflects the input of ERC scientists,
* is usable across all ERCs,
* increases the communication, collaboration, andytivity among ERC
scientists.
Develop software that automates the design padi&valopment process.
Use information design patterns as a window or i the details (e.qg.,
publications, reports, manuals, video clips) ofrescientist’s research.
4. Develop a product capable of storing 10 years o€ E&search information design
patterns which can be searched and provide higlityjussults available for
researchers within/without each ERC.

wn
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5. Develop an ERC website where researchers can thueistudies of other scientist in
their field within/without an ERC.

5. Solution Description
5.1. Scientific Poster Patterns

In an attempt to find some commonality among the @ascientific poster patterh& °(i.e., 100
poster patterns covering a 2 year period), thegpgsttterns designed by researchers at Johns
Hopkins University (JHU) were analyzed. In thiseasch, no commonality surfaced, however, it
became clear that the poster structiteelf was the solution we were searching for gsosed

to a common pattern. It was this realization tleally gave direction to the research. Not that the
poster was the actual solution, but it could bectimeebase for a solution. For example, the
poster is a universal structure used to communiegearch results. It is a structure that can
normally be fully read in less than 10 minutes ¢hgrefficiently communicating information.
Also, designs for scientific posters are not newrmproven, they have been used to
communicate scientific information over a long pdrof time, researchers are very familiar with
the process used to develop scientific posterssaiettific poster do not describe any specific
implementation of scientific research. As a meamsrformation design across many different
ERCs, engaged in all types of research, a sciemifster structure seemed to be a natural for an
information design pattern.

5.2. Information Design Pattern (IDP)
Expressing proven techniques as IDPs makes them awgeptable within a community of

users. The scientific poster pattern structure ides/this acceptability for an ERC IDP. The
ERC IDP is defined by the structure outlined be({figure 1).

1. Name of IDP

2. Graphical IDP Structure

3. Definition of IDP Building Object Segments

4. Object-Oriented Model of Graphical IDP Structure

Note: The Scientific IDP’s proposed in this research are expressed in terms of
structured layouts composed of segments of short na rrative discussions, images
(2D and 3D), graphics, flow diagrams, and full moti  on video (i.e., composed of full
multimedia technology).

FIGURE 1: INFORMATION DESIGN PATTERN (IDP) DEFINITION
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Using Object-Oriented Modeling and
Design Methods to Select Middleware for
Distributed Medical Devices
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FIGURE 2: BASE GRAPHICAL INFORMATION DESIGN PATTERN OBJECT STRUCTURE
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FIGURE 3: INFORMATION DESIGN PATTERN BUI LDING BLOCK OBJECTS
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FIGURE 4: OBJECT-ORIENTED INFORMATION DESIGN PATTER N MODEL

The structure is defined by four entities, a naangraphical structure (figure 2), a set of building
block objects (figure 3), and an object-orientetindgon (figure 4) of the IDP. The graphical
structure pictorially defines the details of thePlDrhe building block of objects used to develop
IDPs provides a means for each ERC to customizBRrno fit their needs. The object-oriented
model provides a structure for understanding the &dd conceptualizing the object structure for
the object-oriented database (OODB). This datadébsupport the website implementation.

Also, significant extensions to the scientific ppatterns will be supported by the OODB. For
example, extensions such as structured layoutst, shwative discussions, images (2D and 3D),
graphics, diagrams, hypermedia links (i.e., locdhiv the database or across the internet) and
full motion video.
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5.3. Research Methodology

The research methodology (figure 5) begins witkearadefinition of the problem to be
addressed. In this study, the problem is the manageof large volumes of scientific
information. However, a critical part of the prebi definition is an understanding of best
approaches for the design of scientific informatidlore specifically, the problem is the design
of an Information Design Pattern for the manageraeadtdissemination of ERC information. As
shown in figure 5, the problem definition and inf@tion design processes begins with the ERC
definition of their scientific poster patterns. Rwgatterns from year-to-year will be stored in a
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From Design Pattern of Complex Application Information Users
Scientific Poster Input Catalogue Information

— e — o ———— Scientific Design Pattern
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v
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|
|
|
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|
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|
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& Design Pattern
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Improve Solution, Website & Design Pattern & Solution
Final Information Pattern Design Implemented Through A
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¢ Intelligent Information Access
Information Dissemination

Solution & Website P
Evaluation D

FIGURE 5: RESEARCH METHODOLOGY

catalogue in a database. The catalogue will bet itgpthe poster development process each year.
Also, as shown, the Joint Application Developme#})" process will be used to clearly

define the problem being addressed as well astbemation design pattern. The problem
definition is modeled using object-oriented teclogy (i.e., using Unified Modeling Language
(UML) artifacts). The model defined at problem défon time will continue to be used through
the solution implementation step. The model isnei at the design and implementation stages.
The JAD session brings together the researchgpiication developers and any other interested
stake holders (e.g., physicians, in the case ofgaktDPs). After completion of the JAD

session, the problem definition model and the mition design pattern will be used to design
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the information management solution. The initiduion was delivered through a prototype
websité®. Researchers were able to interact with ERC sfiirtformation through this

prototype. In the final solution, the website valllow any researcher to access the information of
any other researcher. The website will make it iptesso disseminate the research information
for other researchers outside the ERC.

5.4. The Scientific Information System (SIS)

Although, this software research and developmdnttef/as carried out in a research
environment, it was addressed as an industriaigti” '8 software development effort. This
means researchers addressed issues of error flegazhnologies and industry security
standards. The software was designed to be dowaibbaérom an NSF website and portable
across all ERC's. An integral part of this resedscthe development of an industrial strefgjth
piece of software. To develop robust industriadmsgth software requires a structured approach
to development. The object-oriented developmeetdifclé? (figure 5) provides such an
approach to development. The essence of industragth software engineering is

to introduce engineering to software developmehis Theans setting problems in the context of
known solutions and not building a product fronstfiprinciples each time a new one is required.
Design pattern technologyhich uses known software solutions is being tisetore software
development efforts. This type of technology is imgwhe software development process
toward a mature software engineering environmeis flesearch focused on this type of
software development.

The software to implement the SIS contains 3 subsys (figure 6):

I Research Information Conversion Development

develo;ls

PowerPoint I Database Development I

I Design I I accels
Patterns required
Researcher input patterns & ; _red i
I rr:wltri’—media Conversion Tool inI)ut corlversion Database |nforme|t|on
Integrate — » Design <
I Design Pattern & I I Patterns & I
I Multi-Media I I Multi-Medial I
A ———— —— — —
view I .| Research I
research o opps | Multi-Media
information Data
e e e e e e ———————————— — — ]
display_information . |, _return_information
Design Patterns & «
Multi-Media Data request | Request
"] Design
I———-————————l Pattern
A fill-in I
I profile
form iput_form
— 1—> User » Spe:,rﬁc.g rIa —» Request
initiate_loggn Interface Information
Form request Request
I drill down | MultiMedia
I > Data
User Interface Development I
L e

FIGURE 6: SCIENTIFIC INFORMATION SYSTEM
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1. Information Design Pattern Conversion Tool: gubsystem converts the poster patterns
into information design patterns with the expandedtimedia functionality as well as the
object-oriented format required for the databases Subsystem reads input from any poster
pattern construct and parses the objects that mpltee pattern to provide the proper

structure for input to the database. Basicallys shibsystem implements a poster pattern
transformation process.

2. Database Management System: this subsysterpreilide the interface and

access to the OODB (figure 7). As shownguife 7, it is possible to search the database
using several different search schemes @i@)r There are 3 search schemes depicted in
this figure which have been prototyped irs tleisearch. One keyword search scheme is
defined as being a basic search where infaomé searched by IDP “Title”, “Problem”,
and “Solution”. Also, shown on the diagranarsadvanced search scheme where it is
possible to search the database by any catiamof the IDP object segments. There is a
third search scheme shown, where it is ptesgibbsearch for certain special multimedia
information. This part of the application wagplemented using an object-oriented
database management system (OODBMS). Thbatksaystem will archive 10 years

(figure 9) of IDPs with the associated nmkdia information linked through the design
patterns.

/\ Object-Oriented Database (OODB)
/

—

Audio

Video

Object

Animation Image

Object Rationale
Object

Object

FIGURE 7: OODB FOR INFORMATION DESIGN PATTERNS & MU LTIMEDIA
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3. Graphical User Interface (GUI): this subsystetthprovide the interface for researchers to
access their information design patterns as wahgssupporting multimedia information.
The GUI will be the gateway to a wealth of sciantihformation and knowledge. Therefore,

the GUI must implement an interface designed tgsttm secure and safe environment for
this knowledge base.

The product delivered from this research is a wel{figure 10). The website will provide
researchers the capability to access and analgzedlearch results of other researchers in their
ERC. As indicated above, the researcher will irtdiewath the information database through the
GUI. The data management subsystem will managtatdbase search activities. A prototype
system has been developed and is being evaluated.

Design Patterns
Information Design Space
Object-Oriented Database

Screen 2

Screen 1

Screen 1

esign Pattern5

Design Pattern2

Search

esign Pattern4

esign Pattern3

esign Patternl
Drill Down
Lung Prostate Screen 2 - Images
ent - Audio
- Video
Drill Down
- Screen 3
Screen 2 Images I
- Audio | [
- Video . =
CISST
Screen 3 i Home Page Researchers
; Human Body [ Interaction Pattern
Heart L 1
Lung
Prostate
Brain
Blood —

Information System Users

FIGURE 10: SCIENTIFIC INFORMATION SYSTEM WEBSITE
6. Findings

During this study, the research has led to a soiudesign that produced software which
converted poster patterns to objects in an objeetited database. Although in our initial design
a Relational Database had been proposed, howaeeresearch and use of the Object-Oriented
Database has proved to be the most successfuld&kign also produced search schemes and a
user interface for researcher interaction. A pggietof the user interface and search schemes
was developed and demonstrated. This prototypenataa final implementation and was used
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only for user feedback and partial demonstratioisofiunctionality. We are currently preparing
a focus group for researchers that will be usimggtoduct in order to get their feedback on
possible enhancements to the user interface desiginlatabase search schemes to support the
next phase of this research.
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