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INTRODUCTION 
The challenge of building new technolo- 
gies has often been described as the prob- 
lem of bridging the divide among tech- 
nical and social expertise. Sometimes this 
divide is bridged when the innovators of 
a new technology are sheltered from the 
outside world. Eventually though these 
innovations must be offered to  the  
broader social world - in order to be- 
come truly great - and as a consequence 
the development community becomes 
exposed to powerful social forces that can 
potentially destroy it. 

This article describes one community who 
exploited the shelter provided to them and 
built a truly new technology. ARPA and 
research traditions provided a shelter that 
protected a community we call Netville. 
The shelter helped Netville to establish 
and maintain the values of intellectual 
curiosity, informal meritocratic reward 
structure, and egalitarian presumptions 
that allowed them to overcome their geo- 
graphic distribution and develop an en- 
tirely new technology [2]. Together the 
people of Netville built the Internet. 

As with all truly great inventions, even- 
tually they are discovered by the outside 
world. One consequence of this find was 
the slow erosion of the very shelter that 
had protected Netville and nurtured this 
development. This paper also describes the 
inevitable downfall of Netville as the 
Internet started changing from a research 
to a commercial venture. 

THE RISE OF NENILLE 
It is hard to say precisely when the 
Internet was first developed; however, by 
the late 1960's a small community of re- 
searchers had begun to develop ways of 
getting computers to communicate with 
each other. The desire to have inter-com- 

puter communication came from two 
sources, the electronic mail systems of 
timeshared computers and the push by 
the Advanced Research Projects Agency 
(ARPA) to create a network. 

A single timeshared computer allowed a 
number of individual users to use the 
computer, either sequentially or at the 
same time. Electronic mail was developed 
for these machines as a way of allowing 
the users of the machines to talk with each 
other. However, e-mail was limited to the 
machine itself, and messages could only 
pass among users of that machine. A 
number of these timeshared machines ex- 
isted in research enviror~nlents and re- 
searchers using and supporting more than 
one of these machines at their site had 
started to experiment with ways of get- 
ting the machines to talk with each other, 
so that all local users could share e-mail. 

At the same time ARPA was interested in 
building a network for two reasons. First, 
as a Department of Defense (DOD) re- 
search agency they were engaged in the 
mission of protecting the United States 
from technological surprise. The network 
ARPA wanted would be a robust com- 
mand and control network that would be 
capable of surviving a nuclear attack 
(Newlin, 1995). Second, ARPA owned 
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computers that were spread among a 
number of research organizations across 
the country. It also wanted a network to 

link these computers together so that re- 
searchers working on  ARPA funded 

projects could share and access resources. 

ARPA and research institutes had a tra- 
dition of working together, so it was not 
completely novel that they might form 
such a coalition and protect and nurture 
Netville. ARPA had two ways of working 
with research institutes. First, they had 
procedures for contracting out research 
work, and they used these to provide 
funds and equipment for the network 
development. Second, they focused on 
results and left the researchers free to 
pursue any innovative directions that they 
chose. 

ARPA's support gave Netville the re- 
sources and the opportunities to work 
together to build the network, but they 
did not help the research-developers to 
find their commonality. That was pro- 
vided by the research institutes that the 
members of Netville belonged to. Netville 
was and remains a highly disaggregated 
community, geographically and techni- 
cally, but they found common social 
bonds through their association with re- 
search institutes. 

Netville members came from research in- 
stitutes across the United States, and sub- 
sequently across continents. However, 
typical members of Netville were socially 
bound together by their ties to these re- 
search institutes as undergraduates, 
graduates students, systems administra- 
tors, and faculty or to the military or com- 
mercial firms that were working on the 
network. Other members of Netville, high 
school students, former graduates. and 
colleagues managed to pursue systems 
administrators in these institutes to give 
them access to resources. Netville mem- 
bers also had access to a wide variety of 
hardware and software. The common 
bonds that tied the community together 
also made them recognize this heteroge- 
neity and support it rather than shut it 
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out and force people to conform to cer- 

tain hardware and software standards. 

Netville straddled the divide through its 

shared values of: intellectual curiosity, 
informal meritocratic rewards structure 

and what we call an  egalitarian presump- 
tion. Intellectual curiosity meant that 
finding a new or  improved solution to a 
problem was  its own reward. Status 

within the community was assigned to 
members because of their contributions 
to the network development, as opposed 

to be given formally through managerial 
channels. People who developed solu- 
tions, and often maintained their code for 
years subsequently,  became 'gurus" 
within Netville [3]. The egalitarian pre- 
sumption was simply that anyone who 

had the skills to understand the problems 
faced by Netville, and help develop solu- 
tions was allowed to participate in net- 
work development. These shared values 
united Netville, and were encouraged and 
supported by the research institutes in- 
volved in the project and ARPA. 

EMBLEMATIC DEVELOPMENTS IN THE RISE 
OF NETVILLE: E-MAIL AND TCP/IP 

Netville's interest in exploring the tech- 
nological possibilities stands in sharp 
contrast to the classical model of most 
development efforts. The classical model 
of software engineering development 
works towards an  artifact by following a 
life cycle. The development of the Internet 
also had development cycles, but they 
were characterized by socio-technical so- 
lutions to new problems that emerged in 
the existing technological infrastructure. 
They were also characterized by high de- 
grees of collaboration among the mem- 
bers of the community made possible by 
ARPA protecting them from the pressures 

of competition. The development of elec- 
tronic mail and the underlying commu- 
nications infrastructure the Transmission 
Control Protocol and the Internet Proto- 
col (TCPIIP) along with the Domain Name 
Service (DNS] illustrate the unusual de- 
velopment life cycle, as well as the influ- 
ence of the institutional shelter on the 
work of Netville. 

FOOTNOTES 

111 
This article is based on (King, Grinter, 

and Pickering, forthcoming). 

121 
Netville is the name that we have given 

this community. 

PI 
In computer science a guru is someone 
known for their expertise with a certain 

machine or system. Often gurus make 
their status known, by mentioning 

in their signature files, or plan files, 
or more recently their WWW pages that 

they have "guru" capabilities. Guru 
was a natural word for the participants 

of Netville to adopt and use. 

t41 
A RFC begins lijie as a request for 

comments made by some members of 
the community regarding a charlge that 

they believe should be made to the 
network. The RFC is then discussed 
by the community at large. When 

agreement is reached these documents 
are kept as the standard documents that 
inform all of Netville about the change. 

Everyone is expected to observe the 
change. The informality of RFC's is well 

captured by Vinton Cerf: ' ln April 
1969, Steve issued the veryJirst 

Request for Comment. He observed that 
we were just graduate students at  the 

time and so had no authority. 
So we had toJind a way to document 

what we were doing without acting like 
we were imposing anything on anyone. 
He came up with the RFC methodology 
to say, Please comment on this, and tell 

us what you think. " (Cerf, 1993). 

Electronic mail was not in ARPA's origi- 
nal plan for the network. ARPA was much 
more interested in building a robust net- 
work capable of withstanding massive at- 

tacks. It also wanted a network that would 
allow researchers at different sites to share 
data through file transmission and remote 
login (which became ftp and rlogin respec- 
tively). However, members of Netville had 
seen electronic mail on their timeshared 
machines and had already started trying 
to share the messages among the differ- 
ent machines at their site. Collectively the 
members of Netville had the experience 
of networking their machines, and by shar- 
ing and combining their expertise they 
collectively developed electronic mail 
across the Internet. As a small group they 
used informal agreements to make sure 
that everybody could read and send mail 
to everyone else. 

As these innovations took off more re- 
searchers were attracted to the network 
and so the amount of machines hooked 
up grew. The original network, the 
ARPANET, was subsequently split into two 
parts, MILNET - the military network - 
and the ARPANET for research. The two 
became known as the Internet: a network 
of networks. Netville realized that as the 
user base grew these informal agreements 
would break down. Using the network as 
the venue for discussion Netville devel- 
oped an electronic mail standard (RFC 822) 
which became a standard for the messages 
on the network.[4] 

By standardizing on the lowest common 
denominator - the message itself - 
Netville preserved the rights to explore 
the numerous possibilities for mail han- 
dling systems. They also made it possible 
for people using different computers to 
build systems that worked well for their 
local circumstances. Subsequently, a 
number of mail handlers, MH, Berkeley 
Mail, and R-Mail were developed and 
electronic mail was able to pass between 

these systems easily. 

TCP/IP and DNS complemented electronic 
mail by providing the transportation 
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mechanisms between the different nodes 
on the network and giving the addressing 
capability. TCP/IP and DNS made it possi- 

ble for anyone on the Internet to commu- 
nicate with anyone else. TCP/IP originated 
as the protocol for passing packets of in- 
formation between the different comput- 
e n  on the network. It's adoption by the 
community a t  large was significantly 

helped when it was packaged with a re- 
lease of Berkeley Software Distribution's 
(BSD) UNIX 4.2. It was estimated that the 
release alone resulted in the conversion 
of 90% of the academic computer science 
departments to TCP/IP (Comer, 199 1). 

Once TCP/IP was a widely used standard 
and easily available the number of com- 
puters hooked to the Internet increased 
and so the demand for IP addresses grew. 
IP addresses define each machine on the 
Internet uniquely, so that packets can be 
routed to that machine. When Netville 
was small the addresses could be handed 
out to individuals as they joined the com- 
munity and everyone could maintain their 
own lists of these addresses, necessary so 
that they could send information to those 
machines. However as more institutions 
joined the network Netville could not or- 
ganize this assignment effectively. At this 
point ARPA stepped in and created the 
Network Information Center (NIC) who 
had the duty of assigning addresses. 

However, assigning IP addresses was not 
the only problem. As more machines 
joined the network the addresses became 
increasingly difficult to remember. This 
was a problem for two reasons. First, peo- 
ple wanted to remember addresses of ma- 
chines so that they send information to 
those systems. IP addresses look like this: 
128.0.4.56 which is not very memorable. 
Second, the machines needed to know 
about the other addresses so that they 
could check that they existed and were 
able to receive that information. Address 
tables were maintained manually by 
Netville members, and eventually it be- 
came enough of a challenge to maintain 
them that they decided to do something 
about it. DNS was Netville's solution. 
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DNS was a technical solution, a transla- 

tion between the numbers and a more 
memorable name like machine.depart- 

ment.institute.domain/country. It also 
embodied some social solutions that cat- 
egorized the Internet. Individual sites 
wanted the right to choose their own ma- 
chine names and institute names. DNS 
supported that by allowing any name as 
long as it had not already been taken by 

another organization. At the highest level, 
the Internet classified different organiza- 
tions by their country or enterprise type. 
This standardization of Internet addresses 
allowed individual institutions to create 
their own names but at the same time en- 
sured that the addressing schemes werc 
consistent and recognizable to others. 

Electronic Mail, TCP/IP and DNS did not 
follow a classical development life cycle. 
Rather these technologies and their ac- 
companying strategies solved the tech- 
nical and social problems that Netville 
faced in designing, building, and main- 
taining the Internet community. Together 
they designed patches for each others' 
software, discussed solutions to problems, 
and shared visions of the future direc- 
t ions for  the network. What makes 
Netville particularly fascinating is that it 
was sui generis: a computer supported co- 
operative work project that got its start 
as an effort to build the computer sup- 
port network through which the collabo- 
ration would take place. But behind these 
collaborations was the shelter, the insti- 
tutional factors, that enabled and argu- 
ably encouraged these innovations. 

THE FALL OF NETVILLE 
In the late 1980's two events changed the 
future of the Internet. First, new and pow- 
erful institutional forces that had not pre- 
viously known about or not found it use- 
ful started to see potential in the tech- 
nologies. At the same time ARPA signaled 
its intention to withdraw their financial 
support. The age of the Internet had ar- 
rived and it began a slow transition from 
a research network to a commercial one. 
This is a process that we call patron swap- 
ping. 
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Patron swapping does not happen over- 
night, and the Internet is still changing 
from its roots in research to its new life 
as a commercial enterprise. This can be 

seen currently in the development of the 
World Wide Web (WWW). The WWW 
began life in much the same way as most 
other technologies, a small project, shared 
among members of Netville who worked 
collaboratively to provided browsers, and 

the technology to support the WWW serv- 
ers. At the same time they also developed 
a set of standards for HTML the protocol 
language of the WWW using traditional 
Netville mechanisms, RFC's and on-line 
discussions. 

However WWW development also high- 
lights the presence of the newer institu- 

t ional  forces. Two companies  have 
emerged in a competition for the market 
of people wanting to purchase browsers, 
Netscape and Microsoft. The founders of 
Netscape left Netville, where they had de- 
signed a WWW browser called Mosaic to 
found the company and build a commer- 
cial browser. Microsoft was always a com- 
mercial vendor, and later on, when the 
WWW had truly taken off it joined the 
rush of companies to build browsers. Even 
as we write this, the two companics are 
competing intensely for the WWW mar- 
ket (Zuckerman, 1996). 

Although we cannot offer empirical proof 
of the outcome of this transition we can 
assess the ongoing changes in light of the 
effects that they will have on the values 
of Netville. Presumably as these values 
change, so will Netville. In this section we 
focus on three phenomena that will change 
Netville: proprietary fame, the loss of nov- 
elty, and the rise of path dependency. 

Proprietary fame gives developers finan- 
cial success for the development of tech- 
nologies, and it was not a reward for 
Netville developers. The development of 
innovative technologies was rewarded 
within the community by the status of 
becoming a guru or known for that de- 
velopment. Netscape is perhaps the most 
well-known example  of this. While 

Netscape was a technical step forward in 
comparison with older browsers, the fame 
the developers sought did not come ex- 

clusively from their achievements but also 
from financial returns. 

Proprietary fame has two ramifications 
for Netville. It makes sharing technolo- 
gies difficult, because the developers do 
not want to lose their market share. It also 
makes the generation of common stand- 
ards much harder, because it's in every- 
one's best interest to have the market 
standardize around their product exclu- 
sively. 

Netville were the pioneers of electronic 
communications and internetworking, 
and they were ildly successful. While the 
Internet still provides room for innova- 
tions, such as the WWW, many of thc re- 
search questions that attracted Netville 
members have been mined out. The new 
questions have a different character. A 
good example of this is the shift from be- 
ing concerned about how to make the net- 
work work to how to deploy the network 

on a large scale. Questions of how to make 
computers communicate excited the 
members of Netville. It is unclear whether 
they find as much satisfaction in answer- 
ing questions about the character of tel- 
ecommunications reform, and the appli- 
cation. maintainability and social impact 
of the network. 

Path dependency is a term coined by Paul 
David to describe the interesting phenom- 
enon of early technologies becoming so 
established in use that they cannot be dis- 
placed by newer and clearly better tech- 
nologies. Earlier we described the devel- 
opment of TCP/IP and DNS as two solu- 
tions to the problems of working in a het- 
erogeneous environment. Today Netville 
lives with those solutions, and innova- 
tions in Internet technologies must con- 
form to those standards. Recently domain 
naming and TCP/IP have started to reach 
their limits. Yet Netville cannot reinvent 
new solutions because  to^ many other 
players have far too much invested in 
these standards. 

CONCLUSION 
In a sheltered world the citizens of Netville 
built a truly innovative technology, one 
that continues to grow and remains an  

outstanding achievement. Once the net- 
work had been established these institu- 
tional patrons that had protected Netville 

began to withdraw their support. New pa- 
trons emerged with their own visions about 
the role of the Internet. The process of pa- 
tron swapping signaled a change for 
Netville, and its role in the development 

of the network. Proprietary fame, the loss 
of novelty, and path dependency present 
fundamental challenges to Netville, and 
their future will be greatly influenced by 
their ability to alter their own culture. 
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