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ABSTRACT

Purpose: Little has been published about the application profiles and development patterns
of open source software (OSS) in health and medical informatics. This study explores these
issues with an analysis of health and medical informatics related OSS projects on Source-
Forge, a large repository of open source projects.
Methodology: A search was conducted on the SourceForge website during the period from May
1 to 15, 2007, to identify health and medical informatics OSS projects. This search resulted
in a sample of 174 projects. A Java-based parser was written to extract data for several of
the key variables of each project. Several visually descriptive statistics were generated to
analyze the profiles of the OSS projects.
Results: Many of the projects have sponsors, implying a growing interest in OSS among orga-
nizations. Sponsorship, we discovered, has a significant impact on project success metrics.
Nearly two-thirds of the projects have a restrictive license type. Restrictive licensing may
indicate tighter control over the development process. Our sample includes a wide range
of projects that are at various stages of development (status). Projects targeted towards the
advanced end user are primarily focused on bio-informatics, data formats, database and
medical science applications.
Conclusion: We conclude that there exists an active and thriving OSS development commu-
nity thatis focusing on health and medical informatics. A wide range of OSS applications are
in development, from bio-informatics to hospital information systems. A profile of 0SS in
health and medical informatics emerges that is distinct and unique to the health care field.
Future research can focus on 0SS acceptance and diffusion and impact on cost, efficiency
and quality of health care.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction hospital information system, practice management, a central
data server, and a health exchange protocol is under devel-
With the renewed urgency to adopt health and medical infor- opment in Europe. The software is distributed under the GPL

matics applications, open source approaches [31] are gaining (General Public License). Another effort, openEHR, is sponsored
attention in the health care industry [9,12,17,19]. For example, by the openEHR Foundation (http://www.openEHR.org) and
an open source project called Care2X, with four components: promotes the “development of an open, interoperable health
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computing platform, of which a major component is clinically
effective and interoperable electronic health records (EHRs).”
Additionally, the Journal of Digital Imaging recently published
a special issue on open source applications in imaging infor-
matics [19]. Oyri and Murray [20] discuss the potential of open
source in nursing informatics. These and similar initiatives
have the potential to create low cost tools for physicians and
other health care providers.

On a grander scale, government agencies (the predominant
payers of health care bills) are looking to open source as a
vehicle for health care transformation. Their primary objec-
tives are lowering costs and enabling connectivity [22]. Canada
Health InfoWay, funded by federal and provincial grants,
started an open source initiative in 2005 to develop software
that hospitals and developers could use to ensure the reliable
exchange of patient health records [32] among various entities
(http://www.infoway-inforoute.ca/en/home/home.aspx). The
U.S. government has placed its Vista an integrated hospital
software package in the public domain, enabling such projects
as OpenVista to provide adopters with open source software
[9]. These steps suggest that the open source development
approach is a viable means of developing health care appli-
cations.

0SS adoption and diffusion in health care have garnered
proponents across the spectrum [6,9,12,17]. Indeed, a search of
MEDLINE reveals many papers are being published about 0SS
applications in medicine (primarily bio-informatics). How-
ever, while studies have addressed several research issues
in open source [10,14,21,29], few have systematically ana-
lyzed the nature of OSS in health and medical informatics.
It is difficult to gather information about what OSS is actu-
ally used for in health and medical informatics, by whom
it is used, and how. What features characterize the OSS
applications? What is their functionality? What are the
profiles of OSS applications in health and medical informat-
ics?

This exploratory study aims to shed additional light on
0SS projects in health and medical informatics. In particu-
lar we are interested in examining the general profiles and
patterns of OSS development. We performed detailed descrip-
tive statistical analysis of a large sample of OSS projects in
health and medical informatics publicly available at Source-
Forge (http://www.sourceforge.net). Specifically, it reveals the
nature and magnitude of projects from across the world.
We differentiated the projects according to several criteria,
including but not limited to ‘sponsorship’, ‘license type’, and
‘downloads’. Benefits are envisaged (limits, too), yet to be
able to comprehensively assess and determine the profile
of 0SS, it is essential to study a large sample of projects,
critically synthesize the data, and from this synthesis gain
solid insight into the OSS development process. While OSS
is expected to accelerate the diffusion of health and medical
informatics applications into health care delivery organiza-
tions, achieving this goal will largely depend on functional
capabilities, sponsorship status, license type and other fea-
tures.

Therefore, our research questions were twofold: what types
of health and medical informatics applications are being
implemented as 0SS? And what are the characteristics and
descriptors of these applications?

2. Review of 0SS

0SS is widely viewed as a way to accelerate the diffusion of
health information systems [1] and lower development costs.
Supporters suggest OSS prevents vendor lock-in, encour-
ages innovation, and increases application usage [2,20,31].
Open source is an “umbrella term”—at once a noun and
adjective—that describes a development method that allows
researchers to exchange algorithms and IT professionals
to share tools (http://en.wikipedia.org/wiki/Open_source) [19].
Open source software differs from proprietary software in
terms of development process [26] and software licensing.
Open source is developed in a collaborative and distributed
way leveraging the Internet for coordination. The collab-
oration of individuals and organizations gives rise to a
community, often referred to as open source community [13].
Participation in projects is voluntary and project teams are
self-organizing [5] and loosely coordinated by a core team of
developers who have the final saying on what piece of soft-
ware developed by developers is incorporated into the code
base and the latest release of the open source software [24,28].
Quality is ensured by a peer-review process facilitated by the
access to the source code.

All open source software applications are licensed
using an open source license. There are many open
source licenses, all certified by the open source initiative
(OSI—http://opensource.org/). Examples include GPL, used by
Linux, the Mozilla Public License, used by the Mozilla foun-
dation for its products (e.g., Firefox) and the Apache license
used by Apache foundation to license Apache the dominant
web server available. An open source license provides the
user with the right to use the software, access and modify its
source code, and redistribute the software. There are more and
less restrictive licenses [16]. The choice of license for OSS in
health and medical informatics is important because it deter-
mines the users’ rights and affects the incentives of developers
to participate in a project, the quality of development and
the incentives of users to adopt a software application as we
explore in our research.

Since open source refers to software developed using the
open source development approach and is licensed under
open source terms, it should not be confused with other open
technologies and concepts, such as open systems, which refers
to technologies with open interfaces, or open standards, which
are specifications that can be used by vendors that wish to do
so when they develop their products. In essence, open source
incorporates open standards, but it goes beyond the standard
specification, since it involves the actual development of a soft-
ware application through collaborative projects that produce
an output ready to be tried and deployed by users.

Traditionally, innovation has been the product of teams
working within organizational boundaries under manage-
ment supervision and control [30]. Open source innovation
is the result of self-organizing geographically dispersed com-
munities of individuals with shared interests and goals
that leverage the Internet, or the result of open collabora-
tion among organizations, dissolving innovation-restricting
boundaries. The open source model leverages ideas, creativity
and contributions from diverse developers, users and compa-
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nies that have an interest in supporting a project. Moreover,
open platforms such as Linux encourage innovation because
they strengthen the incentives of independent firms or com-
munities to develop more applications for the platform [7,8].
Open source promotes innovation because it makes easier for
the users to modify, customize and reuse the source code of
open source software to come up with new solutions.

0SS promises several other benefits in health care. It helps
users avoid vendor lock-in and dependence on proprietary
technologies and it increases choice, flexibility and interoper-
ability through openness. Users can try and experiment with
0SS before they are confident they would like to adopt it. Indi-
viduals can develop their skills and reputation by participating
in open source projects [23]. Organizations can participate in
open source projects to develop their internal expertise and
influence the direction of the project so that the software
addresses their needs better. In terms of costs, organiza-
tions save on software licensing fees, and often reduce their
hardware expense because they avoid proprietary hardware.
However, organizations need to develop their internal exper-
tise in adopting and managing open source. The lack of such
expertise increases implementation, maintenance and sup-
port costs and it may lead to higher total cost of ownership
(TCO) than proprietary solutions. Despite the phenomenal
success and high quality of Linux, Apache and other open
source solutions, open source does not necessarily mean a
superior quality solution. Organizations need to carefully eval-
uate the specific open source software they are interested in
using. They should look at things such as the availability of
support and vendors’ services and compatible software and
hardware, the maturity and activity of the project, the status
and quality of the output and the level of adoption by other
companies. Our research explores several of these latter cru-
cial factors in the context of health and medical informatics
projects.

3. Methodology

SourceForge has grown steadily and become one of the largest
web-based repositories of OSS. We searched for projects on
SourceForge, using keywords pertaining to health, medical and
bio-informatics projects and within the period from May 1
to 15, 2007. The search was conducted using SourceForge’s
‘topics’ menu starting with the topic ‘scientific engineering’
and further selecting the sub-topics of ‘bio-informatics’ and
‘medical sciences applications’. Cross searches using other
‘topics’ as keywords were also performed to cross check
the results. Our initial search identified 607 projects related
to health and medical informatics. We then excluded all
indirectly related projects (for example, those pertaining to
pure medical sciences and medical devices), and 258 projects
remained. More investigation of project descriptions’ resulted
in the exclusion of 79 projects not considered typical of
health and medical informatics. An additional 5 projects
were rejected because of duplication. The final sample of
174 projects related to mainstream health and medical infor-
matics, such as health record systems, health office support,
imaging, clinical decision support and utilities (e.g., interop-
erability).

We also gathered sponsorship information, if available, on
each project from the sponsored project website. A Java pro-
gram was written to extract the data for the key variables from
the web pages of each of the open source projects pertaining to
health and medical informatics. We replaced missing values
with “0” or the median of the population (which, incidentally,
was also “0”). Data was appropriately transformed to facilitate
statistical analysis [18,25]. Note that the project web pages on
SourceForge provide the data for the variables, that is, the vari-
ables already existed, with the exception of the ‘sponsorship’
variable which was determined using publicly available Web
data for the projects.

Descriptions of some of the key variables follow.

3.1. Sponsorship

A project is sponsored when it is initiated and/or actively sup-
ported by a health care organization or a firm providing health
related software. The organization may provide the tech-
nology infrastructure for the project; engineers that actively
work and contribute to the project may contribute to the
project code that was developed internally, and, may actively
support user adoption of the project output through public
announcements, marketing, etc. Economic theory suggests
that ‘sponsorship’ may increase the likelihood of a project’s
success [3] because of the provision of such resources as non-
volunteer developers, code [4], and/or tools. The introduction
of commitment to a process that is otherwise self-organizing
as well as the signal given by sponsorship that attracts other
developers and users implies that sponsorship improves odds
for success [27]. Additional research found that innovative
users who contribute to firm-hosted communities are either
hobbyists or responsive to firm recognition [11]. ‘Sponsorship’
is a categorical variable.

3.2.  Project rank

Projectrank measures the ‘rank’ of a project within the Source-
Forge database. The variable captures information about
traffic, communication and development of each project.!
Traffic reflects downloads and visits to project page. The value
of this variable is to facilitate direct project to project activ-
ity comparison. Development reflects commits to Concurrent
Versions System (CVS) repository and age of last release. Com-
munication reflects tracker, mailing list and discussion forum
activity. We used the twelve months’ mean of the project ‘rank’
for this study.

3.3.  License type

A software license defines the use, modification and distribu-
tion rights assigned to users [27]. The development of General
Public License (GPL) by the Free Software Foundation was fol-
lowed by a large number of other open source licenses, among
them “Lesser” General Public License (LGPL), Berkeley Soft-
ware Distribution (BSD), MIT and the Mozilla Public License.

1 For more information see: http://sourceforge.net/forum/forum.
php?forum_id=465092.
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Compared to closed (proprietary) licenses, GPL provides users
with the right to use or modify and redistribute software.
There are three main types of licenses [15,16], namely, strong
copyleft (highly restrictive), such as GPL which permits free
use of the software but requires that any modifications be
contributed back to the public domain; weak copyleft (restric-
tive), such as LGPL; and non-copyleft (non-restrictive), such
as BSD which provide the language and structure needed to
enable users to redistribute software and even sell it commer-
cially. Highly restrictive licenses are less likely to be usurped
by an organization that takes the open source code, modifies
it, and then commercializes the result. Prior research found
that restrictive licenses are used for projects targeted to end
users rather than developers, and for projects attractive to
consumers, such as games [16]. Earlier research also argued
that projects with restrictive licenses should attract more con-
tributors [26], but fewer users because of the restrictions and
license uncertainty [26].

3.4. Downloads

Downloads indicate how popular a project is with users. This
variable measures the number of ‘downloads’ of a project’s
code from its SourceForge page. Download is also a proxy of
usage. Note that ‘downloads’ are also captured in the project
‘rank’ variable. Here too we used the twelve months’ mean of
downloads.

3.5.  Development status

This variable captures the software development status (e.g.,
pre-planning, alpha, beta, etc.). The ‘development status’
characterizes the lifecycle of software development and would
impact the success metrics of the project. Data captured as
a means to track project team work during software devel-
opment includes source code commits to the project’s CVS
repository or sub-version repository, age of the last file release
made via the file release system, and how recently the

administrators of a project have logged-in to the SourceForge
site.

3.6.  Technological environment

We also examined various technological environment vari-
ables such as programming language (PL), operating system
(OS) and database (DB) environment as well as their relation-
ship to the project.

We selected ‘sponsorship’, ‘rank’, ‘license type’, ‘down-
loads’, ‘development status’, and ‘technological environment’
variables among others, because of their availability and their
significance. They provide a comprehensive profile of the most
important aspects of a project.

The extracted data was input into an Excel worksheet and
imported into SPSS statistical software for analysis. We then
performed several descriptive analyses of the data, resulting
in various types of visual diagrams and charts that were then
interpreted. These are discussed below.

4. Results and analysis

Key insights from the analysis of the data for the 174 projects
are discussed next. Several observations stand out from the
descriptive statistics. Consider, for example, the relationship
between license restrictiveness and project sponsorship in
Fig. 1.

Approximately 110 projects (60%) did not have a pri-
mary sponsor such as an organization. However, 64 projects
(40%) did have a sponsor indicating the growing interest
in OSS among health care organizations. As OSS in health
care evolves, continued ‘sponsorship’ by stakeholders (users,
developers and managers) may lead to wider adoption of OSS
in health and medical informatics. Also to be noted is the pro-
portion of the restrictive vis-a-vis the non-restrictive license
patterns. Nearly two-thirds of projects were of the restrictive
license type. (Note that highly restrictive is plotted along with
restrictive in Fig. 1). As discussed previously, the restrictive
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type such as GPL is commonly used because the commu-
nity wants the developers and users to contribute back to the
project community.

A Pareto analysis of the ‘development status’ data revealed
that only 4 of the 174 projects were in a mature state while
one project was inactive. On the other hand, there is a good
count of projects in the other development modes imply-
ing a thriving community that worked actively on various
projects. Note though the ‘development status’ data was
unspecified for approximately 20% of the projects. Another
Pareto analysis of the ‘operating system’ with regard to the
‘technological environment’ used showed 25% of projects
did not disclose a primary operating system. However, con-
sistent with the objective of OSS, several projects (N=>56)
were described as ‘operating system’ independent, and atleast
eleven projects were described as using open source operat-
ing systems such as Linux. Several projects (N=17) indicated
the use of Windows implying a vendor-driven approach to
0SS development. The repeated use of a specific ‘operating
system’ over a period signals the likelihood of better main-
tenance and troubleshooting support for the project. It also
provides stability over the various versions and releases of
the project.

The Pareto analysis of the ‘programming language’ used
showed that 20% of the projects did not indicate the use of a
specific programming language for implementation. Among
the projects that indicated a language, Java was the clear
leader with over 33% of projects (N =58) using it. A combina-
tion approach using multiple languages was the second most
popular alternative. This seemed to imply a growing success
of the .NET platform usage among OSS developers, particu-
larly in providing a framework for the integration of modules
developed in multiple languages. Although Java has been in
use since 1995, the more recent .NET platform supports the
Windows operating system. The combination of Windows and
.NET offered a robust alternative environment for OSS devel-
opment.
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Next, a Pareto analysis of the project ‘downloads’ was
conducted. This variable is considered as a metric of OSS
success. The ‘downloads’ of projects with multiple program-
ming languages was very high, with a download rate three
times (>75%) that of the download rate of all other program-
ming languages combined (<25%). This finding confirmed the
earlier observation that developers used a combination of
multiple languages. It is likely that projects were being devel-
oped to meet the requirements of the users of the various
languages; alternatively, there may be an inherent objective
to mitigate risks of development in a particular language
only.

The relationship between ‘sponsorship’ and ‘downloads’
of a project vis-a-vis the ‘database environment’ (code) used
was next examined. The ability to attract developers to an
open source project is important and is a crucial variable of
0SS success [5,19]. Identifying the key variables that influence
that ability would help organizations attract good develop-
ers. Our analysis revealed that the ‘downloads’ of sponsored
projects created in mixed database environments were very
high when compared to those that were not sponsored.
The high volume of ‘downloads’ displayed in Fig. 2A, in
all likelihood suggests users’ tendency to gravitate towards
sponsored projects. Also, the number of ‘downloads’ for spon-
sored projects that used a mixed database environment of
open source and non-open source (or other) was higher com-
pared to the database environment in either open source or
non-open source alone. This finding indicated a conservative
approach to the underlying database environment with the
implication that although the project itself is open source,
its database is a combination of both. Overall though we
interpret these findings with caution since a high number of
‘downloads’ may indeed be indicative of numerous developers
downloading versions of the project during the development
process.

Fig. 2B shows the ‘downloads per developer’ variable
instead of the ‘downloads’. The data indicated that the ‘down-
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Fig. 2 - (A) Downloads under projects sponsored and non-sponsored vis-a-vis database environment. (B) “Downloads per
developer” under projects sponsored and non-sponsored vis-a-vis database environment.



Table 1 - Application projects and intended audience.

Topic Intended audience
Advanced end user Industry, scientific Customer Developers  Education Endusers Governmentand Unspecified Total
organizations and service non-profit
research
Count and % within
intended audience
code
Artificial intelligence 1 1 1 3
2.00% 3.22% 25.00% 2.85%
Bio-informatics 1 11 3 1 16
33.33% 22.00% 9.67% 100.00% 15.23%
Content 1 1 6 1 9
2.00% 100.00% 19.35% 9.09% 8.57%
Customer relationship management/ 2 2 4
scheduling/finance and resource booking 4.00% 18.18% 3.81%
Database 1 4 6 1 12
33.33% 8.00% 19.35% 25.00% 11.43%
Enterprise 6 1 1 8
12.00% 3.22% 9.09% 7.62%
Front-end applications 3 1 1 5
6.00% 3.22% 25.00% 4.76%
Information analysis 1 1 2
25.00% 9.09% 1.90%
Medical science 1 17 10 2 3 2 35
applications 33.33% 34.00% 32.26% 50.00% 27.27% 50.00% 33.33%
Office/business 5 2 3 10
10.00% 6.44% 27.27% 9.52%
Project management 1 1
3.22% 95.00%
Total 3 50 1 31 4 11 4 1 105
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
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Table 2 - Utility tools’ projects and intended audience.

Topic Intended audience
Advanced end user Industry, scientific Customer Developers Education End users Government and Unspecified Total
organizations and service non-profit
research
Count and %
within intended
audience code
communications 2 4 2 8
18.18% 33.33% 66.67% 28.57%
Conferencing 1 1
9.09% 3.57%
Data formats 1 1 1 3
100.00% 9.09% 8.33% 10.71%
Graphics 1 1
8.33% 3.57%
Interface 1 !
8.33% 3.57%
Internet 1 1
9.09% 3.57%
Security 1 1
9.09% 3.57%
Simulation 1 1
9.09% 3.57%
Site management 1 1
8.33% 3.57%
Software development 1 1 2
9.09% 8.33%
Testing 1 1
8.33% 3.57%
XML 2 2
16.67% 7.14%
Other/non-listed 2 1 1 4
18.18% 33.33% 100.00% 14.28%
Desktop environment 1 1
9.09% 3.57%
Total 1 11 12 3 1 28
100.00% 100.00% 100.00% 100.00% 100.00% 100.00%
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Table 3 - Programming language versus database environment.

Programming language

Database environment

Open source Non-open source Both open source Other  Unspecified Total
(proprietary) and non-open source

Count and %

within database

environment
Multiple (.NET, JavaScript, 14 1 7 3 23 48

C++, etc) 28.60% 25.00% 63.60% 33.30% 22.80% 27.60%
C++, C, MUMPS, VB.NET 1 1 8 10
25.00% 11.10% 8.00% 5.70%

Java 25 2 4 3 24 58

51.00% 50.00% 36.40% 33.30% 23.80% 33.30%
Perl, Python, PHP, TcL, XSL 9 1 12 22

18.40% 11.10% 11.90% 12.60%
Unspecified 1 1 34 36

2.00% 11.10% 33.70% 20.70%
Total 49 4 11 9 101 174

loads per developer’ was slightly higher for non-sponsored
projects than for sponsored projects in two categories, namely
“open source” and “unspecified” database environment. How-
ever, in two other categories, namely, “others” and “both OS
and Non-OS” database environments—the ‘downloads per
developer’ of sponsored project was much higher than the
non-sponsored projects.

Projects in our sample were then analyzed by the project
type (‘project topic’) and the target audience (‘intended audi-
ence’). For this purpose, each project type was categorized
either as an ‘application’ or a utility ‘tool’.

Table 1 shows the cross tabulation of ‘intended audience’
and ‘application project’, and reveals some very interesting

insights. As noticed, 105 of the 174 projects under study
belonged to the ‘application’ category. Fifty projects out of
these 105 targeted ‘industry, scientific organizations and
research’ audience imply a growing interest in open source
community in industry. The next major group of ‘intended
audience’ for the application projects is ‘developers’ indi-
cating the interdependence of developers in OSS. Further,
projects targeting the advanced end user were primarily lim-
ited to three topics, namely, ‘bio-informatics’, ‘databases’,
and ‘medical science applications’. Interestingly, the num-
ber of projects divides equally among these three topics.
Similarly, the projects whose ‘intended audience’ was ‘edu-
cational institutions’ were concentrated in the three topics of

Table 4 - Language vis-a-vis database environment.

Language (translation)

Database environment

Open source Non-open source Both open source Other  Unspecified Total
(proprietary) and non-open source

Count and %

within database

environment
English only 16 3 2 3 27 51

32.7% 75.0% 18.2% 33.3% 26.7% 29.3%
Non-english 5 1 1 4 11

10.2% 9.1% 11.1% 4.0% 6.3%
Multiple (english + other) 4 5 2 12 23

8.2% 45.5% 22.2% 11.9% 13.2%
Multiple 2 1 3
(non-english) 4.1% 11.1% 1.7%
Unspecified 22 1 3 2 58 86

44.9% 25.0% 27.3% 22.2% 57.4% 49.4%
Total 49 4 11 9 101 174

100.0% 100.0% 100.0% 100.0% 100.0% 100.0%




Table 5 - License versus operating system cross tabulation.

License operating system
Windows (proprietary) OS independent Mixed (prop +OS) Portable OS Open source OSX and OS Unspecified  Total
(e.g., Linux) independent + Win
GE
Count and % within
operating system
category
General public license (GPL) 11 34 17 5 8 2 5 82
64.70% 60.70% 54.80% 55.60% 72.70% 100.00% 10.40% 47.10%
Apache 3 1 3 7
5.40% 3.20% 6.30% 4.00%
LGPL “Lesser GPL) 3 6 5 2 1 4 21
17.60% 10.70% 16.10% 22.20% 9.10% 8.30% 12.10%
Berkeley software distribution (BSD) 1 5 1 2 9
5.90% 8.90% 3.20% 4.20% 5.20%
AFL, CFL, Eclipse, IBM, Mozilla, 1 5 4 2 2 4 19
proprietary, public domain, Python, 5.90% 9.00% 13.00% 22.20% 18.20% 8.40% 10.90%
SISSL, CDDI?
Multiple-public 1 2 3
5.90% 6.50% 1.70%
GPL or LGPL 1 1 2
1.80% 3.20% 1.10%
Unspecified i 30 31
1.80% 62.50% 17.80%
Total 17 56 31 9 11 2 48 174
100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

@ Academic Free License (AFL), CFL, Eclipse (open source development tool-Eclipse Foundation), IBM (allows IBM public license), Mozilla, proprietary license, public domain, Python, SUN industry standards source license

(SISSL), and common development and distribution license (CDDL).
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Table 6 - Profiles of top fifteen projects based on # of downloads (source: SourceForge.net).

No

Project description

Topic

Downloads
aggregated

Development status

Sponsored

License

OsiriX - 3D DICOM medical
viewer for MacOS X.
Complete DICOM viewer
with complete DICOM
network support! DICOM
DICOM.

HOSXP is client/server
hospital information
system using in 150
hospitals in Thailand.
HOSxP has many modules
which keep data of patient
image, symptoms, physical
condition, investigation,
diagnosis, treatment
including
procedure/medication, etc.
Integrated hospital
information system. PHP,
MySQL, PostgreSQL.
Surgery, nursing,
outpatient, wards, labs,
pharmacy, security,
admission, schedulers,
repair, communication and
more. Multilanguage,
WYSIWYG forms, user
config, embedded work
bots. Modular and scalable.
The DICOM validation tool
(DVT) is a software utility
and a set of .NET
components that will assist
in testing the
medical/healthcare
protocol DICOM. DVT
provides you the methods
to transfer and validate
DICOM objects.

Bio-Informatics, medical
science applications,
Visualization.

Enterprise, medical science
applications.

Bio-Informatics, human
machine interfaces,
medical science
applications.

Testing

10234

3509

2633

1325

6 — Mature

5 - production/stable

4 - Beta, 5 - production/stable,
6-mature

4 — Beta

Yes

Yes

Yes

Yes

GNU General Public License
(GPL)

GNU General Public License
(GPL)

GNU General Public License
(GPL), GNU library or lesser
GENERAL Public License
(LGPL)

GNU library or Lesser
General Public License
(LGPL)

99%
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GPL-licensed electronic
medical record and practice
management system for
medical providers that runs
in any web browser in
multiple languages. It
provides an XML-RPC
backend and multiple
import and export formats,
as well as reporting and
other features

Amide - a Medical image
data examiner Amide is a
tool for viewing, registering,
and analyzing anatomical
and functional volumetric
medical imaging data sets.
Patient runner is a mental
health medical records
system. Windows client
software written in Delphi 7
connects to a MySQL
database that contains
progress notes, diagnoses,
medications, and scales.
User customized templates
make note creation easy.
Mirth is an open source
cross platform HL7
interface engine that
enables bi-directional
sending of HL7 messages
between systems and
applications over multiple
transports.

A medical image
conversion utility and
library; hereby hoping to
lower atleast one barrier in
medical research projects.

Resource booking,
bio-informatics

Medical science
applications, visualization.

Front-ends, medical science
applications.

Data formats, interface
engine/protocol translator,
medical science
applications.

Graphics conversion,
medical science
applications.

1113

1092

1025

965

893

5 - Production/stable

4 - Beta, 5 — production/stable

4 - Beta

5 — Production/stable

5 — Production/stable

Yes

Yes

GNU General Public License
(GPL)

GNU General Public License
(GPL)

GNU General Public License
(GPL)

Mozilla Public License 1.1
(MPL 1.1)

GNU General Public License
(GPL), GNU library or lesser
General Public License
(LGPL)
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Table 6 (Continued)

No Project description Topic Downloads Development status Sponsored License
aggregated

897

10

11

12

13

BIOSIG is an open source
software library for
biomedical signal
processing. \r\nLibrary
works well with Octave and
Matlab. Special emphasis is
put on EEG/MEG/ECO0G, but
also on other types of
biosignals like ECG, EMG,
etc. are supported.
OpenVista is the open
source version of Vista,
which is an enterprise
grade health care
information system
developed by the U.S.
Department of Veterans
Affairs (VA) and deployed at
nearly 1500 facilities
worldwide.

Full featured free PACS
based on ctn, demtk and
Mysql, with remote
administration using
Apache mod Perl and
imaging processing
capabilities using
ImageMagick, Grevera\’s
dcm2pgm DICOM converter
and AFNI, available in
Debian packaging format
for i386

Our mission is furthering
the cause of affordable
healthcare information
technology worldwide by
advocating, championing,
and employing the open
source paradigm to expand
the use and collaborative
improvement of the Vista
electronic health record.

Data formats, human 679
machine interfaces,

medical science

applications.

Database engines/servers, 617
bio-informatics, medical
science applications.

Medical science 593
applications.

Other/non-listed topic 523

4 - Beta, 5 - Production/stable

4 - Beta, 5 - production/stable

5 — Production/stable

5 - Production/stable

No GNU General Public License
(GPL)

Yes GNU General Public License
(GPL), other/proprietary
license, public domain

No GNU General Public License
(GPL)

Yes GNU General Public License
(GPL), public domain
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BSD license

Yes

6 — Mature

397

Medical science
applications.

ezDICOM is a medical viewer
for MRI, CT and ultrasound
images. It can read images
from Analyze, DICOM, GE
Genesis, Interfile, Siemens
Magnetom, Siemens Somatom
and NEMA formats. It also

14

‘database’, ‘information analysis’, and ‘medical science appli-
cations’. Projects targeting the intended audience groups of
‘industry’, ‘scientific organizations’, and ‘research’ (N =50) and
‘developers’ (N =31) appeared to be widespread across all the
topics followed by projects whose ‘intended audience’ was
‘end users’ (N=11).

Table 2 shows the cross tabulation of ‘intended audience’
and ‘utility tools’ projects, and provides interesting insights.
Projects targeting the ‘intended audience’ groups of ‘industry,
scientific organizations and research’ (N=11) and ‘developers’
(N=12) appeared to be fairly well represented across all the
topics. This observation clearly indicates that the target audi-
ences of these two groups appear to be the driving force behind
the growth of OSS.

In terms of the number of projects by topic, a large per-
centage of projects (23.6%) did not specify the topic (N=41). Of
these, a large number of projects had an unspecified ‘intended
audience’ (N=28). This was followed ‘by industry, scientific
organizations and research’ (N=6) and ‘developers’ (N=5),
asserting the dominance of these two groups of ‘intended
audience’.

Another dimension of the project profile correlates the
‘programming language’ to the ‘database environment’ (see
Table 3). Whereas 101 projects did not provide the details
of their database environment, 60 of the 73 that did,
employed an open source database environment (49 open
source only, 11 both), while 15 projects employed a non-
open source database environment (4 non-open source, 11
both). Nine projects employed other database environments.
It is conceivable that the projects that did not specify the
database environment are indeed using an open source
environment. With regard to programming languages, Java
emerged as the preferred language with 58 (33%) of the 174
projects.

From a global perspective of open source in health and
medical informatics, the project ‘language’ (spoken language)
was examined. While a majority of projects were written
in English, several are being developed in other languages,
such as French, German, and Spanish. This trend indicated
the global pervasiveness of OSS in health and medical infor-
matics. However, projects written in a language other than
English were relatively few. Furthermore, the projects writ-
ten simultaneously in multiple languages other than English,
regardless of the database environment, were even fewer.
Table 4 below shows the cross tabulation of ‘language’
(project translation) correlated to the ‘database environ-
ment’.

GNU General Public License

(GPL)

Yes

5 — Production/stable

391

Front-ends

1]

S =
=y L5 8t 2 e Next, the important variable of project ‘license type’ was
! o a3 8E8n . P
5 T .9 e 2 S %8 evaluated. Table 5 shows the cross tabulation of ‘license
> =2 8= R . . .
S g %‘2 @ §— ¢S > type’ correlated to ‘operating system’. The GPL license

E=} < - = . .
gé g,g g B g"ég S § type tallied the largest number with 47% (N=82) of the
© @D ' — . eqs s . . . . .
E g’o S . %::3 58173 E ) projects utilizing it. This license is used widely because
8 ¢ LE\‘” Evo=SE 5§43 development groups generally would like developers and
SEFCS888835 5% pren” groups seneraty pers &
$88E g% ~8g® L users to contribute back to the open source community
2 ’g ?E Eﬁ 32708 & 2 with the modifications and upgrades. This type of restric-
@ n «© . . .

EEAEZEESTT BE = tive license gives key developers better control over the

project.

We also extracted data to identify the profiles of the top
15 projects sorted by the number of ‘downloads’. Table 6
describes the profiles of these 15 projects. We examined

15
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the monthly average of ‘downloads’ over the twelve months
immediately preceding data collection. The number of times a
project is downloaded may indicate the popularity or success
of the project. These averages provide a unique perspective on
understanding OSS projects in health and medical informat-
ics. The table shows that OSS applications are being developed
in a wide range of health and medical informatics domains
including bio-informatics, digital imaging and medical record
systems.

We note that the top ranked project (in terms of down-
loads), with a monthly average of 10,234 downloads in the
immediate past 12 months, was downloaded nearly three
times as often as the second ranked project which was
downloaded an average of 3509 times monthly. While 10 of
the top 15 projects were sponsored, 11 were in the ‘pro-
duction stable’ ‘development status’ mode. The top project
was in a “mature” stage of project development. Thirteen of
the top 15 projects specified a GNU General Public License.
Lastly, Open Vista project, a widely publicized OSS, was
ranked 11th with respect to downloads over the past twelve
months.

5. Scope and limitations

With regard to scope and limitations of this research, data
for this exploratory study was gathered from SourceForge on
a specific date. Therefore, this study is a snapshot in time.
Two of the variables ‘downloads’ and ‘activity percentile’, for
example, used twelve-month averages that create a picture
at the end of a twelve-month period. Projects are added and
deleted at these web sites frequently, precluding long-term
conclusions.

We also recognize the fact that not all open source projects
are registered with SourceForge. Many are registered at other
websites, including Freshmeat (http://freshmeat.net/). Our
findings, therefore, may underrepresent the total number of
health and medical informatics OSS applications. Also, many
high profile projects, maintain their own developer sites (e.g.,
Apache, Perl, Sendmail, and Linux). But other large projects,
including OpenVista, are listed on SourceForge. Furthermore,
projects may have outdated or erroneous data in their list-
ings in addition to the missing data problem. An additional
assumption we made is that the projects on SourceForge
are the representatives of the open source movement, in
large part because of its popularity and the large number
of projects and developers registered there. Not all of the
available variables were analyzed in this study. To keep the
research within scope, we chose the ones that were most
likely to contribute to the insight into OSS projects in health
and medical informatics. The data and results appear to also
reflect the developers’ perspective more than the users’ per-
spective because the primary objective of SourceForge is to
provide an infrastructure to facilitate the development pro-
cess.

6. Conclusions

This exploratory study examined the breadth and diversity
of OSS applications in health and medical informatics. Sev-

eral profiles and patterns of OSS development emerge. Many
projects are sponsored, indicating a growing interest in OSS
by health organizations. Project sponsorship by organiza-
tions signals a commitment to the project, attracts developers
and other users, and provides crucial resources and sup-
port for the success of a project. Healthcare organizations
that have an interest in the output of a project should con-
sider becoming active project sponsors, rather than mere
users who stay on the sidelines of the development pro-
cess. Such organizations would stand to benefit from the
continuous improvement of the open source code. They can
also acquire skills that help them in open source imple-
mentation and management. Additionally, they can influence
design decisions to include functionality and features that
they need.

Nearly two-thirds of the projects have a restrictive license
scheme. The type of license is an important decision of
the core development team of an open source project.
More restrictive licenses make it difficult for a for-profit
entity to “hijack” an open source project and commer-
cialize a “fork” (version) of the project code. Our data
suggests that this is valued by healthcare organizations,
since it provides a guarantee that the output will remain
open source, with all the associated user benefits. More-
over, because of that protection, developers have stronger
incentives to contribute to projects with highly restric-
tive licenses with the expectation that their voluntary
contribution will not be exploited unscrupulously in the
future.

A thriving OSS development community is indicated by the
spread of a multitude of projects at various stages of develop-
ment (status). Projects targeted towards the advanced end user
primarily focused on Bio-informatics, data formats, database
and medical science applications. The vast majority of appli-
cations are in English.

Our research study was conceived to identify the average
profile of OSS development. While OSS adoption has poten-
tial, more research is needed to understand the nuances of
0SS development and the cultural and technological barriers
to adoption, particularly in the typical U.S. health care prac-
tice. The impact of introducing OSS into complex workflow
is not well understood and cannot be automatically equated
to improved clinical practice, quality of care or lower cost.
Additional research is also needed to study the impact on
quality and cost over a longer time frame. Further progress
towards adoption of OSS in health care would require the
embrace of standards for interoperability. It was impossi-
ble to gather this type of information for this study. Also,
the compliance status with laws such as HIPAA and stan-
dards such as HL 7 was not available. Further research may
also be needed to identify the variables that predict success
of OSS projects. Another study may survey user organiza-
tions to get the users’ perspective. So far, despite the short
history of OSS in health care, a significant body of knowl-
edge is developing and is available to developers and users
for assessing the viability of OSS. Additional studies will
help to build a deep corpus of knowledge related to OSS,
including but not limited to impact (on clinical practice),
cost effectiveness, acceptance and compliance with stan-
dards.
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