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Concerned parents noticed an abnormally high incidence
of leukemia among River Valley High School graduates,
in Marion, Ohio. After investigating their hunches, they
learned that leukemia rates had increased 122 percent be-
tween 1966 and 1995. The parents then learned that the
high school was built near a World War II bomb-making
plant that had leaked cancer-causing chemicals. Relating
disease clusters to environmental factors occurred through
personal recollections of friends and family of the cancer
victims. It took almost 30 years for the community to ac-
cumulate the evidence to tie their hunch to a suspected
cause (adapted from Rieppenhoff and Woods [1997]).

Interoperability among epidemiological, Department of
Defense, and Census Bureau information systems could
have facilitated making these correlations faster and easier,
perhaps saving lives.

While technology offers great promise for improving
government, it is also true that every important new tech-
nology invariably poses a challenge to the status quo and
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puts a strain on existing social contracts on “who gets
what.” In the River Valley case, collecting information
about cancer-causing agents would have made it much
easier to anticipate potential problems. But is this some-
thing that is central to the mission of the Department of
Defense? How does the Environmental Protection Agency
(EPA) make the case to the Department of Defense that it
should provide this information to the EPA?

This article argues that interoperability is more than
getting bits and bytes to flow properly—fundamentally,
the goal of interoperability is the much more difficult prob-
lem of getting people and organizations to share informa-
tion in an information-technology environment.

To really understand the possibilities, it is important to
see the big picture of the opportunities for improving gov-
ernment through the appropriate use of technology. In the
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span of some 50 years, our computing technology has al-
ready gone through three significantly different genera-
tions of computers (Andersen and Dawes 1991).1 We are
now living in the fourth generation of computing technol-
ogy—the networking of computers. The introduction of
the World Wide Web is the most visible of the many new
fourth-generation technologies.

The third generation of computers—personal comput-
ers—increased the ability to collect and store information
on each person’s desktop. Yet with this exponential growth
in the power of personal computers, the fourth generation
of computers is even more impressive because it lever-
ages the power of each of these powerful desktop comput-
ers. The leverage is gained through the networking of com-
puters. Theoretically, networking makes it possible for the
information and processing power on all of these desktop,
mainframe, and super computers to become available on
each individual’s desktop. In practice, the problem of
“interoperability” is how to make this promise a reality.

This article begins with two illustrations of attempts to
improve interoperability. The literature review then builds a
comprehensive list of the major threats and opportunities to
interoperability, including prior work which has discussed
the problem or a proposed solution.2 The literature review
examines the many dimensions of the interoperability ques-
tion, including previous work on interoperability as well as
relevant work on information-technology management, in-
tergovernmental relations, and innovation, information, and
information technology policy.

After the literature review, the methodology section
discusses several phases in the research design. A key
element in obtaining rigorous results was the use of a
“tight” learning loop—every new insight or practical rec-
ommendation learned was immediately included in the
set of working findings and recommendations so that it
was tested in the next cycle. For example, where inter-
views were used, each person was asked, do you agree
with our working set of findings and solutions? Is there
anything else we should know? The use of this tight learn-
ing loop was necessary to ensure the validity and reli-
ability of the findings and recommendations.

The results section accumulates and integrates what was
learned from the case studies, interviews, and policy-in-
frastructure analysis into four basic themes:
• Interoperability is best understood as the sharing of in-

formation.
• There are critical success factors in the development of

interoperable systems.
• There is no strong federal/state architecture in place.
• In a technology-driven society, technical standards are

another kind of public law.
The conclusion then simplifies and organizes the find-

ings of this research (see figure 3). One of the more impor-

tant contributions of this research is to highlight and detail
the need for an infrastructure to support information shar-
ing. This infrastructure includes technical support, a policy
architecture that is friendly to information sharing, and
institutional support for both informal and formal networks
on the sharing of practices. Finally, we introduce the next
set of questions that need to be held in mind, as both theory
and practice proceed. Chief among these is a closer inte-
gration of the legal, managerial, and policy approaches to
information sharing.

Benefits and Costs of Interoperability
Two cases illustrate the range and magnitude of ben-

efits that could be achieved through closer attention to
interoperability. These cases were part of the general study
of interoperability. For more case-study details, please see
appendix A, and for a full description of the case studies,
see the full report.3

Federal–State Cooperative Environmental
Information Systems

In keeping with the effort of reinventing government,
the EPA has declared its policy to reduce industry burden
and streamline regulatory programs by using data-trans-
fer technologies to reinvent the process of industry com-
pliance. The overall goal is to cut as much red tape as
possible.

One of the more interesting projects is the implemen-
tation of One Stop Facility Identification and Reporting.4

Traditional media-based regulations identify polluting fa-
cilities by any means relevant for that particular media.
The location of a discharge pipe, emitting stack, or the
street address are all typical means for identifying a fa-
cility. This leads to confusion over coordinating policy
and management. For example, it has been reported that
a facility was commended for waste reduction by one
program and simultaneously fined by another program,
unknown to the respective programs that were dealing
with the same facility.

Government Information Locator Service
People who surf the Web are often amazed at the wealth

of information available. But for those who are looking
for specific, relevant, and useful information, the experi-
ence is often disappointing. They often find something
close to what they want, but not exactly.

The abundance of information gets in the way because
of the amount of time required to sift through all of the
irrelevant material. As the Internet makes it easier to ac-
cess information, the important tools and skills will shift
from gaining access to information to knowing how to use
this information.
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Meta-data is an important building block to achieving
interoperability because it will make information easier to
use by providing context to data so that it can be more
easily shared across diverse information communities, and
by providing pointers to that information so that it is easier
to find.

A distinction is often made between data and informa-
tion. For example, “there are 1 million people unemployed”
is a datum. For this datum to be informing (information),
we need to know the context; for example, how much is
that figure as a percentage of employment, or is unem-
ployment rising or falling. Meta-data play a critical role in
providing, or pointing to, important contextual informa-
tion so that information can truly be shared and understood
among users.

Government Information Locator Services (GILS) is a
technology that not only provides pointers to contextual in-
formation but also makes it easy to locate relevant public
information.5 Like the library card catalog we learned to use
in elementary school, GILS collects important meta-data6

about the information. Some meta-data questions include:
• How was the information collected or computed?
• Who is the author of this document?
• Whom can I contact to gain more information?
• How much will it cost to obtain?

These instrumental questions go towards the more im-
portant questions:
• Is there relevant information out there?
• Is it quality information?
• Will it be useful, and can I gain that information and its

context?
GILS was chosen as a case study so that we can begin

to understand how meta-data systems support the construc-
tion of interoperable systems.

What Are the Benefits of Interoperability?
As fourth-generation networked technologies become

more dominant, the benefits of interoperability cluster
around three fundamental benefits.

Effectiveness. While many federal agencies were cre-
ated to respond to the particular crises of the day—anti-
trust, drugs, labor, education—new policy approaches are
based on the understanding that most social and regula-
tory problems go beyond the jurisdiction of one agency or
bureau and require integrated policy approaches. More
effective government will require leveraging information
(Kraemer and King 1986), knowledge, and technology
across these agencies and their divisions to provide an in-
tegrated response to our more complex social problems.

Efficiency. Once information is collected electronically,
it becomes very easy to duplicate and manipulate. Thus,
interoperable systems have the potential to reduce the pa-
perwork burden on the public and private sectors.

Interoperable systems will allow fourth-generation com-
puter networking technologies to facilitate access to infor-
mation by all stakeholders. These new systems reduce
transaction costs, thus lowering costs and increasing par-
ticipation (Dawes 1996).

Responsiveness. Better access to information will allow
government to act faster and more effectively to identify
problems and respond to them (Reschenthaler and Thomp-
son 1996). This is sympathetic to the vision of the new public
management movement, with its focus on reducing rules
and encouraging entrepreneurial managers who are now
held accountable to goals and measures and given the free-
dom to devise ways to achieve those goals using their en-
trepreneurial talents, creativity, and information.

What Are the Barriers to
Interoperability?7

There are significant barriers to achieving interop-
erability on a broader scale. In some cases, these barriers
are based on quite legitimate concerns about how we should
realize our constitutional values. In other cases, the barri-
ers are the result of a mismatch between an older
generation’s way of doing things in tension with the prom-
ise of fourth-generation networking of computers. We draw
upon the work of Andersen and Dawes (1991) in sorting
the literature into political, organizational, economic, and
technical issues.

Political
Privacy.8 The Orwellian threat of Big Brother govern-

ment is always associated with a sophisticated government-
information system. Less well understood, but perhaps
more threatening, are the lack of controls on the private
sector (Federal Trade Commission 1998). Before an
interoperable government can be achieved, privacy rights
and their protection must be clarified. Beyond the difficult
problem of actually putting appropriate systems in place,
there needs to be much more—a genuine feeling of trust
and control by citizens—before it becomes politically and
operationally possible to have interoperable systems
(Harmon and Cogar 1998).

Ambiguity about Statutory Authority. Legally, agencies
cannot act outside the power delegated to them under their
authorizing statute. Derivatively, agencies cannot collect
information outside the subject delegated to them (Aman
and Mayton 1993). An open question for most agencies is
whether and under what circumstances information collected
by one agency can be shared by another agency. Agencies
that are hesitant to share information would prefer to have
explicit statutory authority to share information. More pro-
active agencies view narrow statutory guidance as an en-
cumbrance to their discretion (Dawes 1996). Ambiguities
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about federal agencies’ statutory authority to
collect and share information extend to federal–
state interoperabilities and information sharing.

While there is certainly ambiguity in any
statute, the large amount of ambiguity, and
even a lack of vision of “this information shar-
ing thing” invites abuses by overreaching ad-
ministrators or nonaction by timid bureaucrats.
This is clearly an area where a model code of
law needs to be developed to support lawmak-
ers and administrators.

Openness to Public Scrutiny. The devel-
opment of interoperable systems will allow
for heightened scrutiny. For many agencies, easy access to
information raises the spectre of exacerbating the “gold-
fish bowl phenomenon” (Bozeman and Bretschneider
1986) through more public requests for information, in-
creased micromanagement of the agency’s decisions, and
opportunity to attack an agency for motives other than bona
fide concern for the performance of the agency’s mission.

Organizational
Trust. Before agencies can share information, they must

develop mutual trust (Dawes 1996; Thorelli 1986; Will-
iams 1997). For example, a welfare services agency must
collect eligibility information, including the identity and
whereabouts of the father, from a client if that client is to
receive benefits. But the welfare intake officer often places
a higher priority on getting benefits to that client and will
only casually review information related to the father’s
identity and whereabouts. This may be because the mother
no longer wants contact with the father and refuses to pro-
vide accurate information. Ostensibly working with a wel-
fare agency, the child support and enforcement agency, on
the other hand, needs the information collected from the
welfare agency to pursue a paternity-establishment case
so the father will be held responsible for child support.
The child support and enforcement agency pursuing a pa-
ternity establishment must be able to place an extremely
high degree of reliance on the data because it must hold up
before a judge’s scrutiny. As a result, each agency collects
its own redundant information. How is trust established so
that the efficiencies can be realized and service to clients
can be improved?

Lack of Experience. Our field research indicates that
interoperable systems are very much the exception. Con-
sequently, an experience base and institutional memory that
reflects the benefits and costs of interoperability has not
yet developed. When faced with the unknown, agencies
prefer to attend to problems where there are relatively well-
known ways of solving them and a relatively clear under-
standing of the trade-offs involved (Weiss 1987). Dawes’s
(1996) model captures the experiential cycle by which

agencies incrementally increase their knowledge about the
benefits and costs and the “how” of information sharing
(see figure 1).

Lack of Awareness of Opportunities to Share. Good
information-resource management requires an inventory
of those resources (Caudle 1990). Most agencies have dif-
ficulty inventorying their own information. Even more dif-
ficult is learning about the existence and nature of other
agency information. Meta-data (such as the GILS system)
can provide pointers to potentially useful information.

Economic
Lack of Resources. Given the ever-increasing account-

ability of agency action combined with less resources, most
agencies are hard-pressed to pursue interoperability where
the benefits are ill-defined and the costs are unclear and
uncertain. Why should an agency expend its own scarce
resources to make information available for the benefit of
another agency when there are much more pressing and
concrete information system needs? (Strategic Comput-
ing and Communications Program 1998).

“Low-Bid” Procurement Methods. “Life-cycle” or
“best-value” procurement approaches are still the excep-
tion in purchasing information technology in the public
sector (NASIRE and NASPO 1996). Even more of an ex-
ception is the consideration of interoperability from a
governmentwide instead of an agency perspective. Often,
interoperability costs more in the short run, posing diffi-
culties for agencies oriented toward “low-bid” approaches
(Rosen 2000).

Technical
Hardware or Software Incompatibility. Technical in-

compatibility between hardware and software will always
be an important consideration to interoperability. Most
basically understood, it is getting a Microsoft Windows
program, for example, to read a Macintosh data set. On
some level, most of these problems can always be solved,
but the real question is how much cost will be involved
(Hack 1987; Landsbergen 1993).

Figure 1 Theoretical Model of Interagency Information Sharing
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Public or Private Property? Interoperability is also hin-
dered in contractor-developed systems where the contrac-
tor retains the property rights to the underlying database
schemas. While the government technically owns the “soft-
ware system,” often the contractor has no obligation to tell
the agency how to move data in and out of the database
other than through the contractor’s software (Rosen 2000).

Data-Sharing Standards. One of the most difficult and
widespread barriers to interoperability are differing data
definitions (Andersen, Belardo, and Dawes 1994). If or-
ganizations have different definitions for data, it is hard to
know how to connect information of one organization with
another. Are clients identified with social security num-
bers, client numbers (which may or may not match up), or
are they identified by case numbers, which could be dif-
ferent for each contact with an agency? Organizational
processes are built up around a definition of information
and coordinating definitions may require a change in pro-
cess—a cost that is often too high for agencies to under-
take, especially when it is strictly for the benefit of an-
other agency. Even if the change in process is minor, legal
impediments may require changes in statutory language.
For example, table 1 lists the various definitions of “haz-
ardous waste” found in researching legal definitions for
the EPA case study.

Summary
While this listing of benefits and barriers provided a

useful starting point, several questions still remained: 1)
are all of these problems equally prevalent; 2) is there a
simple way of organizing and understanding these prob-
lems; and most importantly 3) what are the leaders in
interoperability now doing to manage their way through
these concerns and opportunities?

Method: Integrating Policy Documents,
Interviews, Case Studies, and Prior
Research 9

Research Phases
The research employed several phases (see figure 2). It

began by reviewing previous research concerning
interoperability as well as information-resources manage-
ment, information technology in the public sector, and in-
tergovernmental operations (Phase One). A working list
of barriers and solutions was developed that provided a set
of criteria for selecting the case studies and reviewing the
documents relating to interoperability (Phase Two).

The third phase of the study developed an interoperability
policy model. Although listed as the third phase, the devel-
opment of both the de jure and de facto descriptive model
of the federal law and policy governing interoperability was
commenced soon after the literature review revealed which
law would be important to research. In developing the find-
ings and recommendations, both direct and indirect barri-
ers10 to interoperability were sought out by analyzing the
relevant laws on interoperability; that is, the statutes, ad-
ministrative rules, Office of Management and Budget
circulars, and executive orders. A descriptive model of fed-
eral policy was then developed to comprehensively identify
potential legal and policy barriers to interoperability.

The fourth phase of the project involved the use of case
studies. Our strategic choice was to eschew a broad—and
necessarily shallow—survey, in favor of an in-depth probe
of selected case studies. Our focus was less on what the
average agency thought of interoperability and more on
what the innovators and experts could explain and recom-
mend. The case studies allowed the research to focus on
particular state approaches to observe the microdynamics
and interplay of state attitudes towards technology, poli-
tics, and policy.

Two case studies11 were chosen to study the most criti-
cal aspects of interoperability: 1) cross-agency regulatory
enforcement where significant penalties could incur (en-
vironmental reporting)12 and, hence, significant conflict
over access to information could be expected; and 2) draw-
ing upon the studies of scientific- and technical-informa-
tion dissemination, innovation, and technology transfer,

“For the purpose of this section, the term ‘hazardous
substance’ includes radioactive waste and mixed
radioactive and hazardous waste.”

“The term ‘hazardous substance’ means (A) any
substance designated pursuant to section 31 1 (b)(2)(A)
of the Federal Water Pollution Control Act (33 USCS
Section 1321 (b)(2)(A), (B) any element, compound,
mixture, solution, or substance designated pursuant to
section 102 of this Act (42 USCS Section 9601), (C) any
hazardous waste having the characteristics identified
under or listed pursuant to section 3001 of the Solid
Waste Disposal Act (42 USCS Section 6921) (but not
including any waste the regulation of which under the
Solid Waste Disposal Act (42 USCS Sections 6901 et
seq.) has been suspended by Act of Congress), (D) any
toxic pollutant listed under section 307(a) of the Federal
Water Pollution Control Act (33 USCS Section 1317(a)),
(E) any hazardous air pollutant listed under section 112
of the Clean Air Act (42 USCS Section 7412), and (F)
any imminently hazardous chemical substance or
mixture with respect to which the Administrator has
taken action pursuant to section 7 of the Toxic Substance
Control Act (1 5 USCS Section 2606).  The term does not
include petroleum, including crude oil or any fraction
thereof which is not otherwise specifically listed or
designated as a hazardous substance under subpara-
graphs (A) through (F) of this paragraph, and the term
does not include natural gas, natural gas liquids,
liquefied natural gas, or synthetic gas usable for fuel (or
mixtures of natural gas and such synthetic gas).”

Table 1 Differing Statutory Definitions of
“Hazardous Substance”

Law Definition

42 USCS
7274d

42 USCS
9601
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the researchers identified the use of meta-data (data about
the data) as an interesting case study (GILS) on the prob-
lems and opportunities of building an information infra-
structure for government. GILS was also interesting be-
cause it required interoperability to implement, but it also
facilitated interoperability. A summary of the case studies
can be found in appendix B, while the full case studies are
discussed in the original report.13

We decided to conduct both the GILS and the environ-
mental reporting case studies in the same states to control
for the unique characteristics, laws, and history of each
state. We selected states based on: 1) whether GILS and
environmental reporting had been implemented to a fairly
significant degree so that we could learn from the lessons
of implementation; 2) the state had secured a grant to par-
ticipate in the EPA One-Stop Reporting program; and 3)
we also wanted to maximize differences in size and have
some regional representation. We decided on five states:
Kansas, Massachusetts, Ohio, Texas, and Washington.

In Phase Five, we took the lessons learned from Phases
Two through Four to see if a more general statement about
problems and solutions to the interoperability question
could be made. In these interviews (outside of the GILS
and environmental-reporting interviews) we asked whether
our findings about interoperability corroborated what man-
agers and policy makers saw. After each interview, the
working model describing barriers and solutions was up-
dated and tested anew.

To begin the interview process, the research team de-
veloped a generic list of government information-technol-
ogy positions to be interviewed, including chief informa-
tion officers, persons in charge of enterprise architecture
planning, individuals responsible for managing meta-data,
and state librarians. The goal was to find those informa-
tion-technology professionals and managers who had ex-

perience with both the technology and policy
spheres and who could comment on federal/
federal and federal/state interoperability.

Federal officials were fairly easy to locate
by searching federal Web pages and through a
series of phone calls. To help in identifying
the state officials, the National Association of
State Information Resource Executives14 fur-
nished us with a list of names for the officials
identified above. This list was expanded by
asking, at the end of each interview, who else
could comment intelligently on the kinds of
questions that were just discussed. A full list
of interviewees can be found in appendix B.

Before each interview, a statement on the
general thrust of our research was faxed or e-
mailed. It included a short description of the
Intergovernmental Enterprise Panel and the

Technology Policy Group at the Ohio Supercomputer Cen-
ter. This was accompanied by a working set of findings
and recommendations. To secure the interview and assure
that it would not take too long, it was made clear that the
interview would not cover every point; the goal was to
obtain their most salient reactions—what was most horri-
bly wrong and what was the most energizing insight. It
was explained that these were working conclusions, and
the purpose of the interview was to receive comment on
the conclusions most salient and relevant to their work.
Despite the proffer to discuss only the most salient points,
interviews usually touched upon most of the general find-
ings. The interviews lasted an average of 1 hour, though
some were as short as 45 minutes and one lasted 2.5 hours.

A research judgement was made to conduct the inter-
views pursuant to an understanding that specific comments
and/or recommendations would not be attributed to spe-
cific officials, states, or agencies. The decision was to err
on the side of obtaining a richer conversation about the
difficulties and opportunities in achieving interoperability.

Findings and Recommendations
This section presents the final results of our research

and develops a model that builds on the work by Dawes
(1996) for agency-to-agency information sharing (see fig-
ure 1). The principal contribution of this model is to argue
for the development of infrastructure to support more agen-
cies in sharing information. The infrastructure builds on
the ad hoc individual effort and experience of these pio-
neering agencies and bureaus.

The findings and recommendations reveal four distinct
themes: 1) a vision that interoperability really means the
sharing of information; 2) identifying and working with
critical success factors in the development of interoperable

Figure 2 Research Design
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systems; 3) developing a strong federal/state architecture
to support interoperability; and 4) recognizing that in a
technological society, technical standards are another kind
of public law, and better systems need to be in place to
support government standards setting where that is impor-
tant to sharing information. All of these components are
necessary to building an information infrastructure that can
support real information sharing.

Interoperability Means Sharing Information
Interoperability among federal, state, and local infor-

mation systems is more than “plumbing”—that is, making
sure the information pipes fit together through compatible
hardware and software. The interviews revealed that de-
spite the current popular focus on hardware and software
compatibility, fundamentally, interoperability is really “the
sharing of information.” According to these experts, the
technical plumbing issues, while not trivial, are receding
in importance relative to the information-management is-
sues. In other words, because the technology is allowing
some degree of interoperability to occur, a host of infor-
mation-management issues are now appearing.15

This focus on information sharing implies a much richer
set of political, organizational, and economic issues be-
cause now the focus must be on the ultimate goal of shar-
ing information. Sharing information can be any of the
multiple uses16 of information that is generated from an-
other organization to improve policy or management. This
reframing implies a whole infrastructure that must be in
place to support effective information sharing. Agency in-
formation policy makers and managers must make this first
conceptual leap before any real progress in improving
interoperability can take place.

There are several practical implications that directly
result from reframing the definition of interoperability.
Once policy makers and managers focus on interoperability
as information sharing, it becomes easier to generate ap-
propriate operational subgoals and success criteria. The
operational subgoals of interoperability should include the
extent to which the tools that enable information sharing
are in place. These tools include: 1) meta-data about the
information that will allow a user to identify the existence,
nature, and quality of information so that the prospective
user can assess the utility of the information; 2) clearer
law and policy for when and under what conditions orga-
nizations should make their information available; 3) eco-
nomic and budgetary mechanisms to support the identifi-
cation of costs and benefits associated with sharing
information; 4) success criteria to show the extent to which
information is shared; and 5) managerial tools to provide
incentives and controls over the sharing of information.

Another simple but important practical recommenda-
tion is that once interoperability is seen as a problem in

sharing information, interoperability projects should not
automatically be delegated to strictly technical teams.
Stated positively, teams working on interoperability should
include persons who understand the strategic information
needs of the organization and how technology can be used
to get them there.

Identifying Information Identifies What the Organi-
zation “Knows.” Information-sharing needs must also be
driven by a clear understanding of what the organization
“knows,” which is essential to the process of continually
improving policy and management (Wildavsky 1972). This
understanding should begin with an inventory of the in-
formation in the possession of the organization. It then
moves toward the organization’s knowledge as captured
by policy documents but then quickly moves outward, us-
ing networking technology, to the knowledge shared in the
policy networks among people in sister organizations in
state and local government, to stakeholders in academia,
industry and the non-profit sector (Milward 1982; Powell,
Koput, and Smith-Doerr 1996). Policy documents contain
the implicit statements of the programmatic goal(s) of a
program, how resources are translated into program out-
comes and whether they, in fact, have achieved their in-
tended goals. Identifying these documents is a statement
about what the organization “knows” and this identifica-
tion process is a first step in sharing that knowledge and
information with the public.

The Prevalence of Ad Hoc, Informal Contracts to Ne-
gotiate Agency Needs. The research revealed the exist-
ence of many informal agency “sharing agreements,”
memoranda of understanding, and informal contracts to
specify how information is to be shared. Questions re-
main as to whether these informal contracts are legally
binding, but it is clear they do provide expectations about
how to share information. For example, environmental
protection offers many instances of intraagency coopera-
tion agreements as agencies transition from media-based
data collection and storage systems (air, water, etc.) to a
facility, one-stop form of information management.17

lntraagency pooling of information and information tech-
nology typically have a common supervisor (maybe as
far up as the director of the agency). Additionally, re-
sponsibilities for environmental protection are typically
spread over several state agencies (typically agriculture,
health, natural resources, fish and wildlife, occupational
safety, and the like). Further complicating matters, states
often have local or regional authorities with responsibil-
ity for a particular coastal area or river region that also
must interface with environmental information systems
and needs. Coordinated environmental protection agen-
cies in adjacent states also have common environmental
needs (for instance, Ohio River matters are relevant to
six bordering states). Ad hoc sharing agreements were
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one solution to coordinating the information-sharing ef-
forts of these many agencies and divisions.

Unfortunately, the interviews also revealed that, in
many cases, agencies go through the process of develop-
ing interoperable systems alone. This results in unneces-
sary duplication of time and resources as each sharing
agreement is individually negotiated anew. Moreover, the
complexity can also be a severe disincentive for smaller
agencies. Ad hoc approaches invite the creation of in-
consistent policies and practices across agencies and lev-
els of government.

One interesting possibility to address the prevalence
of ad hoc agreements is to accumulate existing sharing
agreements and develop a “uniform contract” or
“formbook” from which others can draw expectations
about future behavior.

One of a lawyer’s best kept secrets is the formbook.
If a lawyer has a problem to solve, chances are there
will need to be some kind of document to solve that
problem. If the lawyer has to go to court, s/he consults
a formbook for the many kinds of documents that must
be filed with the court. It may be as simple as selecting
the form and filling in the names of the parties. If a con-
tract has to be negotiated, the attorney can consult a
contract formbook, which provides all kinds of contract
clauses to solve all kinds of contract problems. The re-
sponsibilities laid out in a contract formbook have been
time tested as practical by the courts and are backed as
being the law. In the parlance of programmers, the
formbook provides a set of “object code” modules that
can be plugged into a contract.

The formbook approach provides practitioners with a
commonly understood set of practices. Over time,
interoperability agreements could become more routine
because the full list of concerns that must be considered
is made explicit, the respective responsibilities are made
clear, and useful tools, accumulated over time, are lo-
cated in one place. In the case of interoperability con-
tracts, the formbook approach might be indexed by the
many possible issues in sharing information identified
earlier. It would suggest clauses to anticipate those po-
tential problems so they could be avoided, or if they oc-
cur, how they could be mitigated. Interoperability must
move from an ad hoc development to a systematic strat-
egy with clear performance expectations.

General Attitudes toward the Sharing of Public In-
formation. A significant “cultural” barrier to sharing in-
formation is the belief that providing undigested data too
freely to the public will result in distortion and misuse,
perhaps by persons advancing a political agenda rather
than governance. In many cases, however, organizations
found the fear of distortion and misuse unfounded when
they actually began sharing more information. For po-

litically salient problems, where distortion and misuse
would occur regardless of the degree of information pro-
vided, agencies should provide more contextual informa-
tion and meta-data. Public access to even more informa-
tion corrects distortion.

Critical Success Factors in the Development of
Interoperable Systems

There are factors that tend to support the identification,
planning, and implementation of data-sharing arrange-
ments. This is the knowledge about how to share informa-
tion. If there is a natural learning curve, agencies can use
this knowledge to learn from the mistakes of others by
climbing the learning curve faster and more intelligently.
Our interviews identified several factors in managing this
learning curve:
1. Sharing is more likely when agencies have a history of

working together.
2. Sharing is more likely when there is unearmarked, cen-

tralized money than when agencies are asked to fund
sharing out of their own budgets.

3. Federal/state sharing will only be accomplished when
it is perceived to be in those agencies’ own self-in-
terest.

4. Multilevel or multiagency information-sharing arrange-
ments benefit by making all the interested organiza-
tions equal parties to the agreement.

5. Interoperability projects are more easily implemented
when the focus is on sharing transaction information
(as opposed to operational or strategic information)
since these are the processes where tangible benefits in
reduced costs and improved service can most easily be
documented and justified for budget reasons.

6. Interoperability projects are more easily implemented
when the projects occur within an agency, when bud-
get savings can be more easily shared, and when they
result in short, or even same-year benefits as opposed
to long-run benefits, and when all participants have
common executive leadership.

7. Crisis (real or created) is an essential catalyst and op-
portunity, for intergovernmental collaboration points
toward raising awareness and providing the political
capital necessary to sustain progress.
There are the beginnings of a federal policy architec-

ture to support information sharing,18 but law is not al-
ways sufficient to ensure implementation (Weiss 1987).
While there are strong policy statements in place, agen-
cies also need support mechanisms to understand the range
of economic, political, technical, and organizational issues
involved with information sharing and the range of best
practices to deal with these issues. The policies do not
implement themselves; there must be useful tools to sup-
port managers.
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State legislatures have suggested that agencies coor-
dinate their efforts, and there are other provisions that
allow agencies to cooperate and to share information tech-
nology (Caudle 1990). However, our reading of
interoperability policy has few specific provisions that
require cooperation or an examination of opportunities
to share information.

There Is No Strong Federal/State Architecture in
Place to Support Interoperability

At the federal level, legislation mandates a strong,
agency-centered strategic-planning effort, which lays the
foundation for smart strategic information planning. But
this strong emphasis on accountability (indeed,
“hyperaccountability”) that requires a clear, explicit con-
nection between resources and outcomes, measures for
success and a full set of reporting mechanisms, actually
has the perverse effect of excluding states because it fo-
cuses the federal agencies’ efforts on meeting their own
accountability requirements. Unfortunately, if states are not
included early in the planning process, there is little chance
for them to have a real voice.

State officials also expressed the hope that federal re-
quirements for providing data should be rationalized. Far
too often, states view these requirements as unfunded man-
dates because there are significant programmatic and fis-
cal responsibilities that come along with these informa-
tion requests. In some cases, the states are not sure the
information is even being used. State and local govern-
ments will need to see a benefit in providing this informa-
tion to the federal government. Finally, states are concerned
about the sometimes inconsistent data requirements—agen-
cies explicitly requiring different kinds of information from
states. It is essential that states be able to provide input
early in the federal information strategic-planning process.

In a Technological Society, Technical Standards
Are Another Kind of Public Law

While there are many formal procedures surrounding
the creation of public law, the procedures surrounding
the creation of technical standards are less clear. Techni-
cal standards are public law because they dictate, for the
indefinite future, the kinds of activities in which society
can engage.

Almost all of the standards organizations are private
sector, and this is appropriately so, but there is still a need
for the government to make sure that in some settings, the
government’s and the broader public interest should be
represented. While the federal government has made sig-
nificant progress in redefining how government partici-
pates in the standards process (National Technology Trans-
fer and Advancement Act [PL 104-113]; OMB Circular

A-119, Federal Participation in the Development and Use
of Voluntary Consensus Standards and in Conformity As-
sessment Activities), infrastructure and process must now
better support the policy (Landsbergen 1993; see also http:/
/ts.nist.gov/ts/htdocs/210/plan.htm). Most critical is ensur-
ing the continued adoption of open standards19 and ensur-
ing the standards that are adopted support the government’s
goal of sharing information.

Currently, there is sporadic representation by public
agencies in the standards-setting process. Where there is
representation on the federal level, the National Institute
of Standards and Technology (NIST)20 does most of the
representation to non-security-related standards discus-
sions, but NIST is limited by resources from doing more.

Most state agencies communicate their preferences for
technical standards directly to their vendors, but they feel
that other avenues to ensure good standards should be cul-
tivated. Alternatively, public servants communicate their
needs for technical standards through their professional
communities, but they agree that this results in a splin-
tered representation of public interests. States do not nec-
essarily want the federal government to become involved
in the standard-setting process on their behalf. They also
desire that standards should be established only when pi-
lot projects have proven the workability of those standards.

Often, standards practice is divorced from best prac-
tices and the specific needs of organizations. The inter-
views revealed that far better coordination could be
achieved by learning about best practices and then bring-
ing that knowledge to bear on the standards process. A clear-
inghouse that investigates best practices could also pro-
vide advice to the standards-setting process. The process
supporting adoption of a standard, the gathering of data on
best practices, and the actual implementation of a standard
that will uncover difficulties is a very delicate one and re-
quires close participation among the user and the standards
communities.

Conclusion
Information technology is one of the few exciting an-

swers to the question of how to improve governance. If
government’s great experiment with information technol-
ogy does not result in significant improvements, it will
owe largely to the fact that interoperability was too diffi-
cult to implement. At the same time, if interoperability is
realized, it will result in a fundamentally different way of
doing government. Interoperability is thus a key issue in
understanding how information technology will truly af-
fect the public sector.

Dawes (1996) discusses how individual agency-to-
agency decisions are made about whether and how to share
information (see figure 1). At this microlevel, the percep-
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tions of risks and benefits and how they are modified by
agency experiences dictates the pace of learning. We could
speculate that the first agencies to interoperate are driven
by relatively strong pressures to share information, that
they have very clear and tangible benefits, and that there
are strong political pressures to act. But relying on these
isolated occasions will not bode well for a continued pace
of innovation, especially given the pace of change now
being experienced. Our interviews revealed a strong need
for an infrastructure to support their efforts. Figure 3 col-
lects the findings made in this study and places it within
the context of previous and future work.

The Stage Two recommendations to implement a work-
ing interoperability architecture are based upon the expe-
rience of the Stage One agencies. Stage Three, still clearly
on the horizon, will benefit from the lessons learned as the
supportive architecture identifies the fundamental changes
in policy, law, and management need to take place. At some
point, interoperability will become so much a concern that
the inconsistent managerial, legal, and policy assumptions
and approaches will need to be harmonized (Dimock 1980).

These suggestions do not envision a centralized com-
mand of what and how information is to be collected, ana-
lyzed, and distributed. Rather, the vision is one that is best
compared to what Florida does to enrich the ecological
diversity of its coastal waters. Coral reefs are some of the
most diverse and rich marine ecologies. Instead of trying
to figure out which mix of fauna and flora should be intro-
duced to a new area, an old ship is just sunk off of the
coast. The secret of this simple solution is that the mere
introduction of a fixed structure to protect species from
currents and predators allows for the self-generation of
diverse ecosystems where there would otherwise be a sandy
bottom. In the same way, no centralized rules can possibly

be flexible enough to anticipate and support the informa-
tion needs of the many diverse policy networks in an in-
formation age—they must be self-generated. What is nec-
essary is a firm structure upon which these networks can
build interoperable systems.

Finally, as our society becomes more complex, attempts
to deal with the impact of complexity on effectiveness and
efficiency have been largely dealt with by placing deci-
sion making closer to the problem. There is even increased
research interest in the efficacy of self-organizing groups.
But the fewer centralized rules we impose and the more
we rely on an intergovernmental or self-organizing solu-
tions, the more we will depend on shared information (and
not rules) to coordinate our actions.
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Notes

Interoperability may alleviate the resource constraint by
doing more with less.

18. While we briefly mention the privacy issues involved with
interoperability, an adequate discussion of the topic is be-
yond the scope of this paper. A companion report to our
interoperability report was devoted exclusively to privacy.
Interestingly, interoperability concerns are at the heart of
many of the privacy issues. For more information on the
privacy issues, see Harmon and Cogar (1998).

19. A full description of the methods used and their rationale
can be found in the original report, http://ppm.ohio-state.edu/
ppm/~landsbergen/papers/.

10. Direct barriers are those policy statements that explicitly
prohibit an attempt at sharing information or information
systems. Indirect barriers are those policy statements and
agency practices that make it prohibitively difficult to shar-
ing information or information technology although it is not
expressly prohibited.

11. A third technical report on privacy and interoperability was
also funded but not reported here because of the scope and
size of that problem. For further information, see Harmon
and Cogar (1998).

12. Other interesting case studies for future analysis might in-
clude efforts in child and support enforcement, the criminal
justice system, geographic information systems, and the
Internal Revenue Service.

13. See http://ppm.ohio-state.edu/ppm/~landsbergen/papers/.

14. See https://www.nasire.org/.

15. For example, a whole issue of Information Infrastructure
and Policy is devoted to interoperability. Kahin (1995) is
entirely devoted to the political economics of hardware and
software as the “problem” in interoperability.

16. Use of information can include: 1) being directly used in
the decision process; 2) validating or refuting an already-
completed decision process; 3) instigating an organization
to act even if the information is never used in the decision
process; and 4) creating new information by combining data
from several sources (Leviton and Hughes 1981).

17. In the area of spatial data, the United States Geological Sur-
vey is collecting existing sharing agreements to provide
guidance to future partnership agreements. See http://
www.mapping.usgs.gov/www/i)artners/.

18. The National Performance Review (NPR), together with
Congressional legislation, specifically identifies
interoperability of government information systems as im-
portant to improving government. Executive Order 11013,
drawing upon the Paperwork Reduction Act, the Govern-
ment Performance and Results Act, and the Clinger-Cohen
Act, chartered the Government Information Technology
Services Board (GITSB), the Chief Information Officer
(CIO) Council, and the Information Technology Resources
Board (ITRB). The GITSB was charged with overseeing

11. A popular typology looks at the generations of computers
by focusing on the hardware employed: 1) vacuum tubes;
2) transistors; 3) integrated circuits; 4) VLSI chips; and 5)
parallel processing. While this may be useful for computer
scientists, the Dawes and Andersen (1991) typology exam-
ines the very different managerial structures that were de-
veloped to harness the power of each generation of comput-
ers (hardware and software) for public-sector applications.
Another powerful insight to be gained from this typology is
that the hardware and software technology are changing so
quickly that our organizational technologies cannot adapt
fast enough. The result is that in some organizations we are
using managerial and policy approaches appropriate to the
mainframe era (second generation), where there should be
plans to accommodate the arrival and growth of technolo-
gies like the World Wide Web.

12. There are two important aspects of the interoperability prob-
lem that this research does not address, international law
and practice and procurement policy and procedures. The
paper also summarily discusses the privacy implications of
interoperability because a more full treatment of the subject
is simply too large and complicated to be dealt with in this
paper.

13. See http://ppm.ohio-state.edu/ppm/~landsbergen/papers/.

14. See “Environmental Council of States: Role in One Stop
and Facility Identification Initiative,” http://www.epa.gov.
reinvent/onestop.

15. For more information on GILS, see http://www.usgs.gov/
gils/locator.html.

16. In the parlance of information-technology professionals, it
is similar to a “database dictionary.” For academic research-
ers, it is similar to the information captured in a well-anno-
tated codebook. It provides the necessary information about
the data so that the data can be used.

17. Many of the problems identified in our interviews as being
“interoperability problems” really stem from problems en-
demic to the management of information technology in the
public sector: 1) inadequate resources to replace technologi-
cally obsolescent hardware and software; 2) difficulty in
attracting and retaining the best technical-support people;
3) the particular mix of environmental constraints in the
public sector, which make it uniquely difficult to plan and
implement projects, such as: a) the various political, issue,
and budgetary cycles that repeatedly disrupt the long-run
planning and implementation of projects; b) the high vis-
ibility of the public sector that makes the management of
risk problematic; c) the unique scale and scope of many
public-sector information system problems that make it dif-
ficult to find and adapt best practices from elsewhere; and
d) turf battles between agencies to secure resources and avoid
costs and risks. Nevertheless, part of the promise of
interoperability lies in its unique position as an answer to
many of the generic problems mentioned above.
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the implementation of the NPR information-technology ini-
tiatives. Specific activities included the formation of a work-
ing group including the Intergovernmental Enterprise Panel
(IEP), which was recently reincarnated into the Partnership
for Intergovernmental Innovation. In addition, the GITSB
comanaged an innovation fund to support multiagency
projects. Most recently (April 2000) the GITSB was dis-
solved and its initiatives were incorporated into the already-
existing CIO Council. The CIO council, chaired by the Of-
fice of Management and Budget (OMB), is made up of the
CIOs of federal agencies. It was charged with developing
agency policy on managing information resources includ-
ing interagency and interoperability issues. The ITRB sup-
ports interagency efforts by providing a “safe place” for
agencies to bring their projects to be evaluated by peers.

Executive Order 13011 also directed that the General Ser-
vices Administration be a clearinghouse for information to
state and local governments and offer support to the inter-
agency councils established by the executive order. Finally,
OMB is given general oversight responsibility under fed-
eral law for information resource policy and management.

The NPR initiative also includes the development of “re-
invention labs” (or projects) to experimentally implement
some of the ideas of the NPR. Some of these projects con-
cern multiagency sharing of information or information
technology.

19. An open standard is an agreement on how to technically
accomplish something that is not monopolized through copy-
right, trade secret, or patent law.

20. See http://www.itl.nist.gov/div897/ssg/ssg.htm.

21. See the Paperwork Reduction Act of 1995. Public Law 104-
13, 104th Congress, May 22, 1995, Section 3511.

22. See http://find-it.state.wa.us/compass.

23. Curiously, Washington has been able to establish a reputa-
tion in the GILS community (Find It! Washington) despite
the fact that there is no such legal mandate to implement
GILS. Instead, the Find It! Washington effort has focused
on providing the support and training to state agencies. But
when posed with the question of what the next steps should
be in implementing GILS, the answer was that statutory
authority would help with implementing GILS in a few re-
luctant agencies.

24. The term “information” is used loosely. In the federal GILS
world, the term “information” is used very broadly and can
include “not only books and data sets but people, events,
meetings, artifacts, rocks … for networked information,
GILS supports ‘hyperlinks’ for network access to the re-
source described or related resources.” See http://
www.usgs.gov/gils/faq.html#q_14.

25. See http://www.epa.gov/irmpoli8/strplan/.

26. See EPA Information Resources Management (IRM) Policy,
Standards, Guidance and Planning Documents,” http://
www.epa.gov/irmpoli8; and “U.S. EPA: National Perfor-
mance Measures Strategy: 12/22/97,” http://es.epa.gov/
oeca/perfmeas.

27. EPA 100-R-98-002, “Managing Information as a Strategic
Resource: Final Report and Recommendations of the Infor-
mation Impacts Committee by the National Advisory Coun-
cil for Environmental Policy and Technology, NACEPT.”
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Interoperability and Meta-Data
The two foci of this meta-data case study are the federal GILS system and
the derivative GILS systems developed in the states. The GILS system was
instituted to make it easier for people to locate government information by
using an electronic card catalog. The system is decentralized because it
relies on agencies to collect and maintain this meta-information while
using network technology to make it widely available.

The federal GILS system was mandated by legislation for federal agencies,
the Paperwork Reduction Act.21 States also found the GILS idea useful but
sometimes difficult to understand and to implement. As a result, some
states tried to achieve interoperability within their states as well as across
sister states as they refined the federal model. The state case study
examined here was an experiment by the State of Washington to
implement a “WAGILS”22 system (it is now called “Find It! Washington”).
Find It! was successful very early on and soon adapted its model and
worked with other states such as Illinois, New Hampshire, Oregon, and
New Mexico.

What has happened in the interim? Does GILS actually help with
interoperability? What are the problems in making GILS interoperable?
What light can the understanding of implementing GILS shed on
interoperability in general? Are there workable solutions to these
problems?

Workable solutions need not wait for yet another round of surveys—our
interviews with GILS experts indicated there is a range of success in
implementing GILS; therefore, much could be done to improve the
implementation of GILS as an infrastructure element supporting
interoperability.

The federal GILS initiative has a mixed record of success at the federal
level (Moen and McClure 1997) and a small but growing presence at the
state level. In the last phase of the research, when the interviews were
broadened to individuals outside the case studies, the interviews revealed
that some state agencies had not even heard about GILS or knew very little
about it. Our interviews with several states generated questions such as:
What is GILS? How do you start it? What factors must be considered in
maintaining it? Who should I talk to if I were to implement this good idea?
These questions were even raised by individuals in organizations that had
national reputations for their efforts to provide electronic information to the
public.

Paradoxically, while the authority establishing GILS rose to the level of a
clear statutory directive, no formal institutions were established to support
its implementation.23 Instead, the early implementation of GILS benefited
from the pioneering vision of a small, dedicated group of prophets. Our
interviews pointed to the necessity of transferring the role of supporting
GILS implementation from charismatic leaders to a more formal institution.
Our conclusion is that sharing best practices would help to establish GILS
more thoroughly.

Another concern among states was the perceived and real costs of
becoming GILS compatible. We found a diversity of opinions: Some early
adopters worked toward establishing a GILS service but never received the
necessary resources. Some agencies resisted because the cost to comply
was not worth the benefits to the agency. Other interviewees indicated that
depending on how the GILS was designed and implemented, the costs
could be kept low. The state of Washington required that all of the meta-
data describing Web-page information be included as part of the Web
page. Once the agency does this, the Find-It “spider” will then search
through Web pages and collect the meta-data that is posted.

Future developments of this approach may automate the creation of meta-
data as part of the creation of “information.”24 A more systematic
evaluation of best practices would go far in providing guidance on the
different ways to implement GILS and the attendant costs.

Our interviews revealed the importance of showing federal and state
agencies that the costs could be minimized and that the investment
would, in time, yield large dividends in terms of cost savings. These
interviews stressed the importance of working as equal partners with
sister agencies and providing tools and methods to make it as easy as
possible to implement these services. This approach is far different than
the strategy of working very hard to get the GILS idea backed by the
power of law and then leaving it to agencies to figure out how do it,
since they must now do it.

Appendix A Summary of Case Studies

Another problem identified in previous research is the general disincentive
to share government information—the belief that providing information too
freely would expose them to all kinds of misuse of information. Our
interviews suggested that this was a perception widely held by agencies.
But for those agencies that actually developed interoperable systems, the
issue diminished in importance. Some interviewees indicated that the use
of meta-data could supply context to information and reduce the chances
for its misuse.

Finally, there is an ongoing discussion at the state level about the suitability
of the federal GILS model vis-à-vis other meta-data standards. The concern
is that they may buy into a standard that the market later ignores. When
asked how agencies deal with this uncertainty, they indicated that they
discuss their needs on a one-on-one basis with the vendors who are
providing these technologies. Clearly, standards will be better served by
accumulating and representing their interests to vendors and to the
standards-setting organizations. States are skeptical that this is an
appropriate role for the federal government. Overall, the impression is that
the federal government is not responsive, too directive, and that it is
always thinking about the next big idea but not paying attention to the
very mundane, but very real, implementation issues.

There was receptivity to the idea of providing funding for those state and
local government agencies that could not, unlike the federal government,
afford to send representatives to standards discussions. It was also stressed
that while standards need to be promulgated, it is sometimes hard for
states to proceed with a standard if they do not know what the cost
implications of complying with that standard would be. Although the
timing may be difficult, standards should follow empirically demonstrated
best practices.

Environmental Reporting
The U.S. Environmental Protection Agency’s (EPA) information resource
management (IRM) mission is to provide information to decision makers
and to protect human health and the environment. 25, 26 This mission is
supported by eight vision elements:

1. providing for public access

2. building upon a solid IRM foundation

3. providing EPA access to information

4. reducing reporting burdens on the regulated parties

5. providing improved data integration

6. fostering electronic management of information

7. improving environmental information

8. improving communications.

The EPA’s IRM is further refined by its operating principles: customer focus,
facilitation of data standards, treating information as a strategic asset,
taking a balanced approach to IRM, making use of designated information
stewards, and “staying the course”—namely, persisting in rational plan
implementation despite financial or political disruptions. Given these goals,
what has happened with One-Stop Reporting? What are the problems in
making One-Stop Reporting interoperable? Are there workable solutions
to these problems?

The EPA has expended considerable effort to make environmental
information accessible including an Environmental Data Registry
containing information about data elements in selected EPA information
systems, allowing retrieval of information about data elements and the
data-element concepts.

The EPA has not overlooked private efforts to bring uniform information
designations and retrieval to environmentally relevant data. In particular,
Chemical Abstracts Service (a division of the American Chemical Society)
has long been collecting, analyzing, and making available to interested
parties chemical information of considerable breadth. The EPA makes use
of these efforts in (among other places) Chemical Abstracts Service’s
Registry Number Data Standard.

The EPA has also solicited input from broad-based advisory groups as to
appropriate management strategies and techniques for managing
information and information technology. The National Advisory Council
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for Environmental Policy and Technology (NACEPT) is a public advisory
committee originally chartered to provide recommendations and advice to
the commissioner of the EPA on specific topics. 27

Recently, NACEPT provided recommendations relating to interoperability.
The recommendations liken interoperability concerns to the seat and three
legs of a stool. The seat is analogous to the information-management
mission—use information strategically to protect human health and the
environment, manage information as an agency asset, and manage
information as an essential element of programs. The three legs supporting
the seat are:

Partnerships

1. Aggressively provide information to the public

2. Aggressively pursue information-based partnerships with co-
implementers and stakeholders

Infrastructure

3. Develop, immediately implement, and enforce data standards

4. Develop data-integration policies and tools

5. Define data requirements and identify gaps in the data inventory

6. Reduce the burden on providers of information

Organization

7. Establish a CIO with mission critical responsibilities to maintain an
executive-level steering committee

8. Integrate the IRM planning process with the agency’s budget

9. Resolve organizational fragmentation

10. Strengthen program IRM implementation efforts

Older computer, data handling, and storage systems (legacy systems) not
only use old (frequently obsolete) technology, but such legacy systems are
roadblocks in the way of interoperability. Typical sources of staff frustration
include the complexity of many information systems; their advanced age
and inflexibility; variations in data quality, value, and completeness; and
the lack of sufficient integration.

The EPA is experiencing increasing demand for public access. Among the
questions to be considered are: Should government provide meta-data or
just the data? What is the appropriate role of government in providing
data or meta-data? How best to convey data accuracy and to ensure that
the information asked for is information needed? How to collect, store, and
distribute meta-data? Burden-reduction measures would include steps to
ensure gathering only the information needed and to eliminate redundan-
cies. An important component of burden reduction is to improve data flow
through reporting, electronic data collection, and posting on the Internet.

Program change now includes the recognition that existing stand-alone
systems do not support a modern, integrated information-technology
environment and sometimes hinder its adoption. Specific tasks include
taking an inventory of existing information to determine its content,
determing data completeness, accuracy, why the data is even collected
and the program goals supported by specific data, identifying the users
and uses, tracking data flow, and identifying and evaluating data-
stewardship procedures and access procedures. As data is moved from
older information systems to modern systems, steps are taken to ensure the
data will be “cleaned” and held to consistent standards of accuracy.

Opinions are to be solicited on the value of the data and what makes it
valuable, what additional data elements users would like and why, which
data are not useful, what additional uses to which available data might be
put and factors limiting the value and usefulness of data, and soliciting
changes users would like to see in existing data flow. Among the advanced
technologies to be evaluated are the uses of on-site telemetry and/or
videos for continuous monitoring of data.
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