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IMPACT

THERE’S MUCH DISCUSSION about 
being open, with topics such as open 
source software, open innovation, open 
research, and open education. Will the 
whole world be open, and, if so, what 
was all closed in the past? Many people 
credit software with starting the open 
movement in 1983 with Richard Stall-
man and the GNU Project. Others credit 
Linus Torvalds with starting the move-
ment when he put the � rst version of 
Linux online in 1991. Here, we analyze 
the similarities and differences between 
the open movements we’ve been part of 
and come up with expectations for soft-
ware’s future.

Open Source Software
Software often starts as embedded soft-
ware: it works only on a speci� c device 
and isn’t separately charged. Next, it 
appears on the invoice as proprietary 
software but works only on the same 
company’s hardware. IBM was the � rst 
company to enter this stage when it be-
gan selling software separately from its 
hardware in 1969. As software use ex-
pands, companies can’t afford to de-
velop all the required software them-
selves. This often leads to an industry 
or open standard, such as MS-DOS and 
Windows. The computer industry en-
tered this stage when Compaq launched 
its PC in 1983, enabling startups such as 
Microsoft to sell their software on hard-
ware from multiple vendors.

The next stage in software prolifera-
tion is open source.1 Here, software is 

developed only once and then shared 
with the world. Some open source soft-
ware is created by volunteers. This al-
ternative is also attractive for companies 
that face increasing software develop-
ment costs and aren’t in the software 
business. Open source has changed 
software development in many indus-
tries. Whereas an engineer once might 
have started a project with requirements 
or an overall design, the � rst step now 
might be to look for open source com-
ponents that do more or less what the 
requirements prescribe. Of course, the 
open source code’s licensing conditions 
must be fully understood.

Today, many open source products 
are among the market leaders in their 
� eld, both visible and invisible to us-
ers. Examples include Firefox, Android, 
Linux, and Apache. IEEE Software’s 
Impact department has described four 
open source products: RealPlayer,2

YAWL (Yet Another Work� ow Lan-
guage),3 Bayesian networks,4 and EYE.5

Open Education
In 2001, MIT announced its intention 
to make all its learning materials freely 
available through the Internet. A 2002 
UNESCO conference in Paris coined 
such digital learning materials Open 
Educational Resources (OER). This de-
velopment was also one of the drivers of 
Creative Commons—an organization 
that de� nes and maintains an open li-
cense framework for all creative expres-
sions. According to Creative Commons, 
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the number of works published 
worldwide under that license has 
grown from 50 million in 2006 to 
882 million in 2014.6 Exactly how 
many of them are learning materials 
is unknown, but the number exceeds 
many millions.

In 2011, Sebastian Thrun and 
Peter Norvig made their residential 
Stanford course on artificial intelli-
gence available for participants out-
side Stanford. This attracted 160,000 
participants, of which 23,000 fin-
ished the course, earning a certificate 
of completion. This marked the start 
of the massive open online course 
(MOOC) movement. A MOOC pro-
vides a complete learning experience: 
content delivered in chunks by short 
videos, quizzes with immediate au-
tomated feedback, and an online 
examination. With an adequate per-
formance, the learner earns a certifi-
cate. There are an estimated 3,000 
MOOCs worldwide, often offered 
by renowned universities (see www.
class-central.com). Companies such 
as SAP (openSAP) and organizations 
such as the International Olympic 
Committee also offer MOOCs.

David Wiley characterized the 
“Open” in OER as freely available 
and permitting the user “5R” rights: 
the right to retain (make a local 
copy), reuse (as is), revise (alter the 
learning materials), remix (mix the 
learning materials with other com-
ponents), and redistribute.7 Many 
MOOCs provide only free availabil-
ity and keep the learning materials 
closed. However, learning materials’ 
adaptability is important to make 
them fit the local educational context.

OER ultimately aims to provide 
higher-quality education. Its effect 
can be direct—for example, by mak-
ing more digital learning materials 
accessible and creating more oppor-
tunities for new forms of pedagogy. 

Other direct effects are OER’s im-
provement by peers and the oppor-
tunity to adapt OER to the specific 
educational context. An important 
indirect positive effect can be that 
teachers get inspired just by brows-
ing OER materials. Another well-
known effect is that the OER de-
velopers might pay more attention 
to quality because the materials are 
openly published and are reviewed 
by peers. Studies have verified this 
claim of higher quality.8–10

Open Research
Unquestionably, open source as a de-
velopment model has revolutionized 
software development. It has become 
a true cooperative movement pro-
ducing software often of the highest 
quality and without which the Inter-
net simply wouldn’t run in the same 
way. Perhaps lesser known but no 
less important has been its impact on 
scientific research.

Computation dominates the vast 
majority of scientific research. How-
ever, a fundamental principle of the 
scientific method, as promoted by the 
philosopher Karl Popper and others, 
is that the results must be indepen-
dently repeatable. Results that aren’t 
repeatable are, to put it bluntly, use-
less. For example, consider the infa-
mous 1989 Fleischmann– Pons ex-
periment reporting cold fusion.

The advent of large-scale compu-
tation has greatly complicated this 
simple but profound principle. In 
essence, as Darrel Ince and his col-
leagues discussed, the description of 
an algorithm is simply insufficient.11 
Instead, researchers must be able to 
access the complete means to repro-
duce the computational results. This 
includes the source code the original 
researchers produced and the source 
code of the support software they 
used, such as Perl or R, as well as the 

means to build it. (Even a different 
compiler switch can dramatically af-
fect numerical accuracy in certain 
circumstances.)

With the advent of GNU/Linux 
and the many support systems writ-
ten by enthusiastic volunteers world-
wide, including statistics packages 
such as R, it’s now possible to re-
produce computational results. This 
will likely pave the way for the next 
advances in scientific research, as 
we learn which of the many results 
produced are sufficiently reproduc-
ible as to be relied upon. However, 
until this practice becomes main-
stream, many scientific studies’ 
computational results will likely be 
contaminated with unquantifiable 
errors. They simply aren’t scientific 
in the classic sense of independent 
reproducibility.

Another important trend is 
the rise of open access journals. It 
started as an attempt to break the 
stronghold of some scientific pub-
lishers that had scientists writing 
for them for free while charging in-
creasing subscription fees. With the 
rise of the Internet, it became possi-
ble to collect, review, and distribute 
papers digitally at much lower cost. 
Research has indicated that publish-
ing in open access journals leads to 
more citations, which is one measure 
of quality.12–14

Will Being Open  
Take over the World?
We believe that, in the coming years, 
being open will take a larger place 
in the three fields we just discussed. 
The fact that we can now copy con-
tent for free and distribute it around 
the world for free allows the best 
content to travel to more consumers. 
Distribution has changed, and cre-
ation is changing as we speak. The 
worldwide distribution of software, 
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learning materials, and research 
products can be instantaneous and 
without cost.

However, this process still raises 
many economic and legal questions. 
The business models of being open 
and being free are unclear in many 
cases, and different license models 
don’t allow the mixing and matching 
that some creators (such as software 
engineers and lecturers) would like. 
And, of course, software companies, 
educational institutions, and sci-
entific publishers will do what they 
can to preserve their future. Some 
embrace the open future; others are 
trying to slow it down for as long as 
they can.

Sometimes valid reasons exist to 
keep things closed. For example, a 
company or institution needs to pre-
serve and guarantee its product or 
architecture. A software company 
might have to guarantee that safety-
critical software will work according 
to specifications and be willing to 
stand by its product in case of fail-
ure and any subsequent liability. A 
university will likely want to guar-
antee a consistent curriculum and 
offer a strong community of teach-
ers and alumni. Some research jour-
nals have taken a century to achieve 
their fame and generate more cita-
tions than many open access jour-
nals combined.

A lesser-known effect is that be-
ing open will lead to more transpar-
ency, more competition at a larger 
scale, and less need for creation. We 
need great software, learning mate-
rials, and papers, but probably not 
that many because the winners will 
likely take it all. The main differ-
ences will probably be on the con-
sumption side. Using software and 
software components shouldn’t re-
quire much support. That is, users 
in many fields won’t tolerate or even 

use software that requires them to 
take a course or read a manual.

In education, using open learning 
materials might remain less univer-
sal. A considerable amount of mate-
rials in fields such as law or history 
are still specifically national or local. 
Also, it helps to have a teacher with 
whom you can discuss course content 
and who can quiz you to assess what 
you understand and explain it again 
with additional examples, if neces-
sary. So, open learning materials 
might impede the local learning pro-
cess and not be accepted by teachers 
if they can’t adapt them. Also, most 
educational institutions don’t have to 
make a profit, so the need for global 
efficiencies might be less.

N evertheless, some argue 
that being open will lead 
to better quality. Two 

mechanisms that help this process 
are reviews and the many users who 
help find problems early on. The evi-
dence is being built continually, and 
although it’s not quantifiable yet in 
all areas, being open has a strong 
argument in its favor if it’s not only 
free but also better.
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