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Abstract

With databases and information systems playing
an increasing role in large scientific research projects,
there is a growing stake in understanding how to
design a useful information system and in broadening
our understanding of what constitutes the scientific
work involved in building these systems.  Both
experience and theory indicate that non-technical
considerations,  such  as  management  and
communication structures, are as important as
technical decisions in system development. We examine
four case examples of environmental information
system development: the Ocean Biogeographic
Information System, the Long Term Ecological
Research  Network, the California Cooperative
Oceanic Fisheries Investigation, and
SeamountsOnline. We then draw from a wide
interdisciplinary literature, including science and
technology studies and social informatics, to identify
common myths and misconceptions about system
development and consider alternatives. Our goal is
both to provide a set of concrete models and a
theoretical foundation useful to other projects.

1. Introduction

Some of the most critical science and management
challenges facing marine ecology today are large scale,
long-term, and/or interdisciplinary. Examples include
predicting climate change impacts, describing and
understanding hotspots of biological diversity, and
managing ecosystems instead of individual fisheries
stocks. By nature, these topics cannot be addressed
within a single research project but instead must
integrate data and knowledge across many studies and
sources. Such broadly relevant topics can be supported
by development of federated data systems.

Information systems (e.g. data access, web
services, and communication technologies) are
increasingly  important tools for ocean and
environmental research (e.g. Bisby 2000, Porter et al.
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2004). Individual researchers and laboratories are
making models and results available through websites.
Diverse institutions such as museums and fisheries
management organizations are creating systems for
accessing their data resources remotely; National
Ocean Data Centers and large-scale oceanographic
programs such as the Joint Global Ocean Flux Study
(JGOFS), Global Ocean Ecosystems Dynamics
(GLOBEC), and Global Ocean Observing System
(GOOS) are investing in information infrastructure.

As these efforts increase, there is a growing stake
in understanding how to design and implement an
effective information system. Developing these
systems is neither easy nor straightforward (Kaplan &
Seebeck 2001). They tend to be delivered late, over
budget, or lack functionality. Rather than focusing
solely on technological aspects, we consider the
organization and social dynamics of these projects in
order to identify characteristics that foster success, and
also present working examples of mechanisms that
projects are using to promote these characteristics.

Conclusions are presented not as abstract
management generalities but as the lessons learned
from existing environmental information system
development projects that provide four different,
concrete models of organization. In our combined
experience in reviewing oceanographic, biological, and
environmental information system development
proposals from the US and Europe, it is common to see
project management plans that include, for example,
timelines, regular meetings, and steering committees.
But we have rarely seen proposals that plan for design
or enactment activities, cite social science or
management literature, or make use of experience of
past projects other than their own.

In the second part of the paper we present a series
of information system design myths, along with
alternative perspectives drawn from the literature. The
goal is not to be comprehensive but rather provide an
entryway into a few topics in this widely relevant field.

A much broader set of literature than that covered
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in the myths section can inform information system
implementation. The developing field of information
system research is beginning to identify relationships
between information systems, methods, and values that
reflect particular ethics and epistemiologies (Boland &
Hirschheim 1987, Lyytinen 1987, Boland & Tenaski
1995, Hirshheim et al. 1996). Less common are
discussions of system failures (Rocheleau 1997, Sauer
et al. 1997, Lyytinen & Robey 1999). Many are
emphasizing the information system as a process rather
than as a product, a perspective further supported in
science and technology studies and social informatics

in the short-term) and broad talent and technical
expertise are far from sufficient to guarantee that a
project meets its goals (e.g. Stonebraker 1994, Thorley
& Trathan 1994, NRC 1995, Star & Ruhleder 1996,
Tomlinson et al. 1998, Hale et al. 2003, Schnase et al.
2003). Within the US, reports from multiple National
Science Foundation program areas (computer science,
engineering, biology, environmental studies and social
sciences) on planning cyberinfrastructure have all
recognized the importance of “the social” (Hayes et al.
1995, Atkins 2003, Futrell 2003, Woolley 2005,
Berman and Brady 2005). This is not to imply that

(Becker 1998, Greenbaum & Kyng 1991). technical factors are unimportant, but, to date,
Table 1. Summary of Example Project Characteristics - as of 2005.
OBIS LTER CalCOFI SeamountsOnline
Age 5yrs 25 yrs 56 yrs 4 yrs
Participation 10 regional nodes; 22 26 sites; 1200 participants; 3 institutions; 500 1 investigator, 2 part

organizations providing data

26 information managers; 95
organizational attiliations

individuals on
conference email list

time staff

Management Structure

International Committee
(steering); Management
Committee (regional node
coordination); Technical
Committee, Editorial Board
(quality assurance)

Executive Committee;
Information Management
Executive Standing
Committee; Network
Information System
Advisory Committee

CalCOFI Committee
(steering)

single investigator

Main Data Type(s)

Biological (species occurrences)

Ecological interactions
(species, communities,
physical)

Biological (species
occurrences), physical

Biological (species
occurrences), habitat
descriptions

Scientific Focus Biogeography Ecosystems Fisheries Management | Seamount Ecology
Geographic Scope of Data Global us California Global
Geographic Scope of International National State Local
Management

Serving Method Distributed Distributed & Centralized & Centralized

Centralized

Distributed

Organizational and management theory bring
integrative approaches and resources to community
science, with research on design characteristics and
trade-offs, complex and adaptive systems, information
flows and the nature of knowledge. Studies of
collaboratories (Finholt & Olson 1997, Finholt 2004)
are beginning to document the range and complexity of
distributed collaboration, and system scientists are
exploring holistic theories and practical approaches to
information systems and communities (Senge 1990,
Checkland & Holwell 1998). Research using the
metaphors of an “information ecology” and the “social
life of information™ highlight the interdependence of
the diverse system factors involved and foreground the
emerging concepts of knowledge and how its
management might unfold (Davenport 1997, Nardi &
O’Day 1999, Brown & Duguid 1991).

In the few published case studies of environmental
or oceanographic information system development,
several have highlighted that adequate funding (at least

technical design and implementation have received
substantially more planning and attention in project
development than enactment and articulation work.

2. Case Examples and Lessons Learned

The examples below are necessarily brief so
illustrative case examples rather than full case studies.

Ocean Biogeographic Information System. OBIS is
an international federation of distributed data providers
(http://www.iobis.org, Grassle & Stocks 2000, Zhang
& Grassle 2003; Costello et al. 2005). The scope of
the data (at least to date) is narrowly defined: records
of particular species being observed or collected at
particular locations. OBIS arose from a series of
community workshops organized by the Census of
Marine Life in the late 1990°s to identify projects that
would most advance the field of marine ecology.
Organizationally, OBIS is managed by 1) an
International Committee that acts as a steering
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committee to guide overall direction (and acted as the
sole management body early in OBIS’ development),
2) a Management Committee that runs the operation of
approximately 10 regional nodes around the world; and
3) a Technical Committee that guides technical
development. It also has a secretariat headed by the
chair of the International Committee and portal
development staft at Rutgers University. An editorial
board is under development to provide quality
assurance through expert taxonomic and technical
advice and to assist with identifying quality datasets
and tools.

Long Term Ecological Research program. LTER is
a US federation of twenty-six independent research
teams, each with dozens of researchers focused on
understanding the structure and interactions of a
particular terrestrial, coastal, or aquatic ecosystem
(http://lternet.edu; Hobbie et al. 2003). LTER involves
more than 1800 scientists, students, and staft collecting
long-term data on ecological phenomena. Initiated in
1980 with funding from the National Science
Foundation for six sites, it actively promotes
regionalization of local efforts, cross-site collaborative
and interdisciplinary research. LTER is a loosely
coupled network with a coordinating committee and an
affiliated international network (ILTER,
http://www.ilternet.edu). An information manager
working at each site facilitates documentation,
preservation, and access to heterogeneous datasets
(Karasti and Baker, 2004). They provide support for
site science, local technology implementation, and
network activities (Baker et al. 2000).

California Cooperative Oceanic Fisheries
Investigation. CalCOFI is a more than 55 year-old
study of the southern California coastal ocean, making
it one of the longest-running ocean monitoring studies
in existence (http://calcofi.org; NRC 1995, Ohman &
Venrick 2003; CalCOFI, 1988). Its purpose is to gather
data needed to improve regional fisheries management.
Originally conceived in response to the collapse of the
California sardine industry, the program now focuses
on understanding and modeling the effects of
biological and physical variability on the ecosystem.
The core of the program is quarterly cruises during
which a standard suite of physical, chemical, and
biological samples are collected on a standard grid of
stations. CalCOFI cruises and data management are
carried out jointly by the Southwest Fisheries Science
Center of the US National Marine Fisheries Service,
Scripps Institution of Oceanography, and other
regional governmental, scientific, and conservation
organizations. Datasets are made available online.

SeamountsOnline.  SeamountsOnline is a small,

centralized database gathering information on species
that have been recorded from seamounts
(http://seamounts.sdsc.edu; Stocks 2004). It draws
data from the literature and from electronic datasets
provided directly by scientists after seamount
expeditions. It is essentially a one-person project, with
some part-time data entry and programming assistance.
SeamountsOnline is currently expanding to become the
information system for the Census of Marine Life on
Seamounts, an international research program.

Table 2. Characteristics that facilitate information system
development project outcomes. Although not exhaustive, the
list represents elements for which specific mechanisms have
been developed within the four case examples discussed.

Goal: Specific interdisciplinary communication

Mechanisms:

- create mixed technical and oceanographic/environmental
expertise on decision-making bodies

- support cross-trained project personnel

- establish interdisciplinary “theme” working groups

Goal: Strong community and participant support

Mechanisms:

- give wide public recognition of people and groups who
contribute in a variety of ways

- allocate seed funding to prompt local initiatives

- develop consensus, representational decision making

- develop a “learning environment” to foster ongoing
professional development

Goal: A useful system

Mechanisms:

- create clear project goals in collaboration with user communities

- interact with user communities throughout desigrn, development
deployment, and enactment cycle

- plan explicitly for flexibility and change making use of articulation

and enactment in system design

- consider community assumptions and myths

These four project examples span a range of
complexity and age, and the authors have in-depth
experience with each. Baker is information manager
with two LTER sites. Stocks has been the vice-chair of
the OBIS International Committee and leads the
SeamountsOnline project. Both have worked with
CalCOFI.

2.1 Characteristics of Success

Through comparing and contrasting these different
information system development projects (Table 1),
there emerge characteristics that have facilitated
project outcomes and deliverables (Table 2). They are
presented below, with examples of the specific
mechanisms used to support each characteristic.

Interdisciplinary Communication

Successtul information system development generally
requires, at minimum, collaboration between the
scientists in the domain for which the system is being
built (such as oceanographers, ecologists, or
taxonomists) and information technology personnel.
Larger projects can have several scientific domains
represented, several types of information technology
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experts (such as data managers, technologists,
computer scientists, and web developers), and can
expand to include experts such as education and
outreach specialists, instrument developers, and
science writers. We hypothesize that projects that
recognize the interdependence of the different project
facets devote more time (a valuable and limited
resource) to establishing and maintaining good
communication between domains. When each
participant understands constraints, goals, and
timelines of others, more informed decisions emerge.

Among the example projects, several mechanisms
are employed to foster interdisciplinary
communication. In OBIS, there is overlap between the
committees: several technical experts sit on the overall
International and Management Committees, and
several scientists from oceanography and biology sit
on the Technical Committee. This approach yields
project members who can translate for their domain.
For example, the biological scientists on the Technical
Committee participated in the discussions on
implementing standards and thus fully understood why
a standard schema was critical to developing an
integrated system and was worth the extra effort
needed to implement it. These translators were then
able to explain these needs and decisions to the other
biologists who  were  developing  datasets.
Standardization efforts consequently met with less
resistance. In the LTER program, each site has an
information manager working as part of a team of
investigators. From these local positions, data
management practices and new technology are
introduced gradually but persistently.

In LTER, OBIS, and SeamountsOnline, multi-
perspective or “mediator” members perform critical
roles. These are individuals whose primary training is,
for example, in physics or biology, but who later
undertook substantial formal or informal training in
information technology. These roles provide
translation and communication work so may not fit
within traditional scientific measures of productivity
(i.e. data collected, papers published, or code written).
These roles illustrate a more general phenomenon of
the emergence of new specialties — system architects,
information managers, information officers, content
managers — valuable to interdisciplinary projects.

Incentives for Participation

A critical element of project sustainability is the ability
to retain personnel and engender support and
investment from the larger community. This is
particularly true as information system development
projects scale to multi-site, national and international
efforts: while some top-down coordination is needed,
bottom-up support is essential. The case examples

below demonstrate a variety of reward types.

Public Recognition. OBIS creates official titles for
people who have a variety of ongoing roles with OBIS,
and is developing an editorial board for those who have
less consistent contributions but who nevertheless
provide expertise in particular areas such as taxonomic
nomenclature and identifying available datasets.
Often, this level of participation is not a formal
commitment, and is frequently overlooked by projects.
In OBIS, the editorial board members will be
prominently featured on the website. Similarly, when
the European Register of Marine Species published a
journal article describing its system, it devoted a full
page to listing the many (unpaid) taxonomists who
contributed to reviewing name lists, and a half-page to
listing collaborating organizations (Costello 2000).
Note that maintaining a reputation for scientific quality
is essential for recognition to be a reward.

Seed funding. Small amounts of seed funding may
provide critical focus and can efficiently leverage
activities. Some seed projects promote local initiatives
and hence encourage local leadership; some may
shelter innovate high-risk prototypes at low cost. As
the European Register of Marine Species project
demonstrates, many  academics have some
discretionary time they choose to devote to projects
considered important or interesting (Costello 2000).
OBIS has found that a mini-grant can effectively create
an individual priority. LTER has arranged seed
funding at times, e.g. supporting small fellowships for
site participation in prototype designs that could scale
to network or community use. This approach produced
the LTER climate, hydrological, and site description
databases (Henshaw et al. 1998, Baker et al. 2002).

Open Decision Making. For projects where
participation is voluntary, individuals are most willing
to invest time and effort when they have a voice in
decisions and directions, in contrast to projects that are
led from “on high.” We define open decision making
as allowing for the input of diverse voices. This input
may take the form of continuing two-way
communications and/or effective representation.
Several of the example projects consider reaching
broad consensus a goal for their decision-making
process. OBIS has created a steering committee that is
a microcosm of the communities with which they
interact. Many of the projects that are the largest or
oldest data providers to OBIS have seats on the
committee, as do individuals who have devoted
enormous (and mainly unfunded) time to OBIS
development. To date, taking a formal vote has not
been needed; topics are discussed until a consensus
decision emerges. The LTER data management group
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similarly uses dialogue: products and procedures are
adopted by the group after continuing discussion and
modification. This is a slow process but often leads to
the voluntary adoption of common tools and standards.
If done otherwise, standardization can be either
strongly resisted or quietly resented. The LTER data
management group has further developed an elected
executive committee with rotating members. Reports
of monthly committee conference calls are distributed
through a brief summary email to the data management
group at large and reviewed at annual meetings of all
site representatives.

As projects scale in size, not every participant can
be on the decision-making body, but leadership can
still be representative. None of the example projects
have a steering committee solely made up of scientific
experts in the domain (e.g. established taxonomists
when building a taxonomic information system). A
group with diversity, including, for example,
technologists and information managers, brings new
perspectives to leadership, avoids an “us and them”
dichotomy, and holds the potential to prompt
innovation (Brown and Duguid 1991, Lievrouw &
Livingstone 2002). More time is needed, however, to
consider heterogeneous perspectives and discordant
views. Themed working groups are used within LTER
as a mechanism for lateral communication crossing site
and/or disciplinary boundaries. A working group on
ecological disturbance or habitat heterogeneity, for
example, may draw ecologists, students, information
managers, educators, technicians, technologists and
program representatives from multiple sites.

Learning Environment

Both oceanography and information technology are
rapidly changing fields. Their practitioners need and
want to learn about new methods, technologies and
theories. Large projects can provide forums through
which participants can keep each other up-to-date and
seek advice. Such a “Community of Practice” (Lave &
Wenger 1991) provides an efficient and collegial place
for ongoing professional exchange and learning. The
LTER program has successfully built a community of
practice for data managers through support for annual
meetings, by organizing an informal newsletter for
opinions and discussion on technology (Databits), and
by actively supporting participation in working groups.
LTER data managers, who are geographically
distributed across sites, develop a sense of camaraderie
from annual meetings. A willingness to devote time to
advising and helping fellow managers is created —
essentially an informal capacity-building mechanism
across sites that vary in their technical expertise and
approaches. A concrete demonstration of this
unofficial mentoring is the set of papers self-organized

by the LTER information management community for
two sessions at an international conference. Several
papers had a co-author for whom this was the first
experience with publication preparation, professional
manuscript review, or public presentation — all unique
planning, learning, and synthesis activities.

Conducting thoughtful, repeated joint assessments
as a group is another method to build a shared
understanding.  Assessment involves  gathering
feedback in order to gain a measure of understanding
of the current state of an endeavor and to adjust plans
in relation to goals. Assessments take a variety of
forms. An exercise as simple as diagrammatically
capturing a discussion of community relations on a
whiteboard makes larger contexts visible and elicits
information on local semantics, worldviews, and
unspoken priorities. It takes practice and a shift in
perspective to recognize such work as a learning
opportunity rather than another administrative burden.
The field of education, facing analogous challenges to
prompt and measure learning, has explored and
developed concepts and tools of interest for effective
assessment (Wiggins 1998).

System Usefulness
The CalCOFI program was designed to provide data
that fisheries managers use to predict fish production.
In essence, it gets the right data to the right people in
the right way. SeamountsOnline has a small-scale
approach to meeting a similar end: the primary
developer is a seamount biogeographer using the
system to do research. In addition, the project
collaborates with a small set of other seamount
ecologists also using data in the system, receiving
frequent input on desired expansions and problems.
Within LTER, site data systems have developed and
transformed over time as use by scientists creates new
ideas on system function. Originally tasked with
creating a data repository, changes in technology,
networking, and local scientists’ expectations have
created calls for data access and, more recently, for
queriable data and, ultimately, interoperable datasets.
One lesson from these examples is the need for
clearly stated, focused vision and goals with broad
input from a defined user community. Input from the
user community is critical — project managers may
think they know the needs and interests of a particular
community, but often there is unarticulated work and
tacit knowledge (Choo 1995, Davenport & Prusak
1998, Whitley 2000). The development of an
Ecological Metadata Language (EML) is a case in
point (Jones et al. 2001). This project, led by a group
of ecological and technical experts, employed an
informal requirements specification phase to meet the
needs of multiple communities, including LTER. The
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tools for working with EML fit the needs of some data
providers though not all the diverse communities and
did not easily accommodate legacy systems.
Subsequently, development continues on EML, a
‘working standard” with software fixes identified and
informed in part by an ongoing multi-year, multi-tiered
enactment  period (Millerand and  Bowker,
forthcoming).

Flexibility in System Design

It is difficult to get everything right from the start when
designing a new system so the ability to re-design and
adapt is critical. In LTER, an informal system of
multiple prototyping has emerged as a result of the
independence of sites. Development at one location
starts, for example, with a bibliographic citation
application.  This informs participants via regular
information manager meetings, where in-progress
reports are given. Efforts may coalesce, or other sites
may suggest elements important for their local needs.
Over time, one approach may become a standard
across more sites. The strategy of multiple initial
prototypes promotes dialogue, innovation, and
community understanding. A focus on design,
enactment, and articulation work promotes community
development (Baker and Millerand, 2007).

In contrast, the SeamountsOnline project achieves
design flexibility through being small and centralized.
The developer is able to try different configurations
sequentially on a development site. Because changes
do not propagate through a larger system, there is less
associated overhead. While this approach does not
fully scale, the concept of modularizing system
development, of initially growing modules on a smaller
scale, can foster flexibility even in larger projects.

3. Interdisciplinary Perspectives: Myths and
Assumptions

At first glance there appear to be a host of
common myths regarding technology and technology
development in the case examples, e.g. “a paperless
office is imminent” and “the more data the better”.
Working to identify assumptions provides impetus to
examine more closely issues contradicted by everyday
experiences such as "once a system works it will
continue to work™ and “computers make your work
easier”. Information technology assumptions are less
typically recognized perhaps because IT development
experience is relatively new. Below, we expand on
several of today’s statements of mythic stature. Each
is presented in our words, but we draw on the literature
to explain concepts and suggest alternative views. In
some cases, these statements and their alternatives may
seem obvious and well known though difficult to
change in practice.

In contemporary work arenas, are we able to
recognize assumptions or to choose our myths in order
to facilitate information system development? The
power of myths has been described as self-renewing
and transformative: “A myth is something that never
happened but is always happening™ (Campbell, 1988).
Considered by some as unfulfilled expectations, myths
may also be viewed as overarching themes.

3.1 Myth 1: System development is linear, and
involves  design, implementation, and then
production. Star (1991) speaks to the heterogeneity of
knowledge and its representation, which ultimately
precludes “getting it right” in a linear fashion. In part,
this is due to complex interdependencies and feedbacks
that exist in a system with many, interacting
components. These dependencies are such that no one
piece can be finished before the next is started. This
phenomenon is in part a result of the constant change:
new technologies develop, funding resources shift, and
collaborations coalesce. In part because design
decisions involve negotiations between what is to be
represented and how best to do so, there is no single
‘right’ path.

A. Waterfall Model

; Reflect and
requirement
[requirement | o
2 Siaa
(mpmenatin
A4 Devel
B cvclop Evaluate
Alternatives Alternatives
Figure 1. Two models of information system development:
linear waterfall model and iterative spiral (Boehm 1986).

B. Spiral Model

Determine
Objectives

In response to linear development scenarios, such
as the waterfall model (Fig la.), alternative models
have been proposed. One of these is the iterative,
spiral model of Boehm (1986) (Fig. 1b). In this
approach, a project prepares for repeated cycles of
planning,  determining  objectives,  evaluating
development options, and implementing selected
options. A key difference between the two models is
that a project using an iterative approach would be able
to plan, create, and sustain mechanisms for periodic re-
assessment. This carries an administrative cost but is
more likely to achieve an effective outcome.
Additional models of information system development
and their trade-offs are offered by the fields of system
design (Jirotka & Goguen 1994, Bowker et al. 1997),
ecological design (Odum 1998, Orr 2002), and meta-
design (Fischer 2003). Participatory design brings
expected end users into the whole development process
not just evaluating the end product, in order to benefit
from their experience and understanding throughout
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(Schuler & Namioka 1993; Letondal & Mackay 2004).
As with spiral design, it requires the project be able to
adapt to suggestions for change throughout the design
process. It has the benefit of identifying gaps or
problems early, when there is less cost to changing
approach than if identified in a near-final, beta version.
As LTER has found, having information managers
closely connected to local user community of scientists
— working jointly on long-term site science, and
providing ongoing demonstrations of the system's use
—  fosters critical, often tacit, bidirectional
communication about users' needs and technical
considerations that guides local development.

Star and Ruhleder (1996) further underscore the
need for designing flexible systems and maintaining
ties with user communities. As users, in our case
ecological and oceanographic researchers and program
managers, learn to recognize and to articulate data
needs, new system requirements and priorities are
generated. For example, in LTER the original vision
of a technical repository for field measurements grew
over time to a delivery mechanism that can selectively
order, group, and document data. In CalCOFI the
vision of supporting fisheries management as well as
local research has broadened to include providing data
for a wider audience of interested users.

3.2 Myth 2: Data management is just technical
work. In a traditional, hierarchical view of the
workplace, high-level leadership performs the planning
and management tasks that require conceptual
development, contextual knowledge, and management
skills. Staff then carry out the project production
work. Blomberg et al. (1996) illustrate this approach
with a triangular arrangement whereby a base of
routine work supports knowledge work at the top (Fig.
2a). Technology increasingly has led to a "flattening"
of workplaces, as a blend of skills and judgment are
needed by all project personnel (Fig. 2b). Indeed, such
changing conditions suggest shifts in how roles are
viewed or develop over time (Boland & Tenkasi 1995,
Zemke et al. 2000, Karasti & Baker 2004, Lamb &
Davidson 2005, Friedman, 2006).

The lesson for information system development
projects is that all members, from programmers to
project administrators, are daily making a myriad of
design requirement changes, management negotiations,
contextual integrations, process optimizations, and
alignment repairs that significantly impact a project's
overall development and function. In flattening the
hierarchy, not only is expertise throughout the system
recognized, but those individuals from the upper levels
traditionally divorced from the actual function of the
project are brought into the development process
previously considered production or ‘routine work’.

Another perspective is provided by action
researchers and ethnographers who highlight "invisible
work" and "silent voices" (Argyris et al. 1985, Star &
Strauss 1999, Karasti 2001). Invisible work includes
everyday work practices with their messy work-
arounds, undocumented negotiations, and ongoing
communication efforts. Silent voices — which often
include technical mediators, information facilitators,
and social or organizational managers - are
participants whose efforts are invisible because of their
very functionality. For example, few notice the effort
involved in the routine work of system maintenance
until the system goes down. The nature of these
organizational operations is such that the perspectives
and knowledge of maintenance workers are often not
drawn upon until a breakdown occurs, whereupon
putting out the fire is a reactive task rather than a
proactive endeavor.

knowledge
work

Integrated routine
Q and knowledge
work

routine
wark

a)Traditional hicrarchical structurc  b)Intcgrated lateral structurc

Figure 2. Workplacc organizational models (after Blomberg ct al.
1996). a) A traditional hierarchical structure, with knowledge
work isolated in a top strata; b) An integrated lateral structure
showing blended routine and knowledge work. The lateral
organizational model is consistent with the flattening of
information arenas and the em ergence of new workplace roles
(e.g. system architects, information managers, chief information
officers, content managers).

3.3 Myth 3: Technology is objective. Another myth
is that technology is a distinct entity, an object that,
once created and explained, can be adopted by an
organization. To put it colloquially, this is the “you
build it and then they use it” model. An alternative
view recognizes that enacting technology is a dynamic
and continuing process: not only do users adapt to new
technologies (Fountain 2001), but new technologies
can be informed by existing user practices. Thus, both
the user's work practices and the technology itself co-
evolve. So if being widely adopted and integrated into
a user community is the goal of an information system
project, planning a means to continue assessment,
articulation, and adjustment (after traditional beta
testing when the product is generally considered
finished) can be critical.

3.4 Myth 4: Good communication involves just
talking and listening carefully. In practice, good
communication can be fostered with an awareness of
factors outside of the message content itself: the
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communicator’s background and frame of reference as
well as the unstated expectations, tensions, and
assumptions that underlie perspectives. For example,
some participants may focus on details of systems and
their characteristics, while others see the overall
system as the frame for discussion. Mutual consensus
is difficult when one person is speaking of the forest
and the other discussing the trees. Could this be one
reason the social sciences literature documenting direct
observations of technology development case studies is
largely untapped by projects actively developing
information systems? System developers are largely
focused on building the system in order to understand
the natural world; cultural or sociological aspects are
background concerns raised only when they must be
considered to understand the natural ecosystem or the
IT system. In contrast, with a figure-ground reversal,
social scientists see cultural ramifications as the central
focus with system development and the natural world
as parts of the human world (Redman 1999). Note, the
focus, interests, and even styles of writing differ
between the two perspectives, creating barriers to
communication.

science open-source
Yot
long-term \\ [ component
local standards \ \ reflection
- \ / v
\ 1/ -~

observed data « —— modeled data
- \ T~
action * VAVRERN global standards
¥ \ ¢
/
system ‘/ \ short-term

proprietary technology

Figure 3. An example of a tension diagram, indicating axes
along which perspectives and frames of reference vary.

Creating a simple diagram of the tensions within a
group is one tool for understanding their impact on a
project. Figure 3 provides an example, but the
particular axes will vary by project. Each tension, for
example between the need for short-term output and
long-term planning, or between maintaining local
flexibility and adopting community standards,
represents a spectrum along which choices are made.

Identifying often unspoken tensions can prompt
productive discussion, negotiation, and understanding,
if not consensus. When global, more generic standards
are then implemented locally, they require adaptation
to fit them back to local data and needs (Star &
Greismer 1989). This process of recontextualization
can represent a local increase in work and loss of
flexibility, thus contributing to a tension between local
and global standards development.

4. Planning for the Long-Term: Environmental
Information Systems and Community Design

The examples and myths presented above are
limited but serve as reminders of the multitude of non-
technical considerations in information system
development. These issues become more important as
information system projects, and science in general,
scale up from individual or small group products to
international and interdisciplinary collaborations. The
breadth and variety of perspectives required for
understanding how to create effective information
ecologies requires a kind of interdisciplinary
partnership not traditionally supported within existing
organizational arrangements. The extent and
complexity of collaborative  work, whether
interdisciplinary, local, regional, or global, is often
taken for granted but, when recognized, can become
part of a planning process for designing both
environmental information systems and communities.

Planning and budgeting for collaboration and
design is critical with scaled projects to ensure
sufficient time and resources for the processes of
exchange and assessment. We recognize that in an
environment where time and money are inherently
limiting elements, allocating these resources to goals as
intangible as “fostering communication” and
“developing a learning community” does not seem a
priority. Yet the lesson has long been reported: “project
management is a serious problem” (Stonebraker 1994).

In today’s research arena, there is an awareness
that ecosystem-scale questions require interdisciplinary
collaboration from biologists, chemists, physical
oceanographers, technologists, and other specialists.
We suggest that in stepping back to view the
information system and its community of users, we
benefit from stretching partnerships and arranging new
types of interdisciplinary collaborations involving a
larger system perspective by involving, for instance,
information, social and environmental scientists
together with  technology, organization and
management experts. Rather than a burdensome
requirement, this represents an opportunity for new
research that holds the potential to embed information
systems design approaches as an integral part of
community development, contributing to both short
and long-term community building processes.

Over the last decade the question “how to build a
data system” has broadened to “how to build an
information system that works™ but emerges today as
“how to build a community” — a community with
diverse voices and proccesses organized to identify,
address, and respond to the technical, social, and
organizational issues arising in the ongoing process of
information system design.
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