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The current challenge to utilizing data in new ways to provide
real-time data dashboards and retrospective analysis now rests
with the lack of technical human resources to create interfaces
across all organizations and information systems. Funding does
not exist at either the Communications Center or the EMS
Agency to support such a technical effort.

The largest data access barriers in the EMS system stem from the
health care facilities. Interviewees named the reasons that
hospitals do not grant access to data or provide selected data sets
to the EMS Agency including 1) privacy concerns (e.g., HIPAA),
2) lack of trust, 4) lack of incentives, 4) insufficient technical staff
to create interfaces, and 5) high costs associated with building
interfaces to legacy systems.

Interview respondents described their concerns regarding HIPAA
requirements. There still exists a lack of understanding about
what HIPAA means. And in an effort to comply with HIPAA,
health care organizations have become highly resistant to sharing
any level of data. The hospitals do share data however with other
agencies. But the majority of these data sharing activities are
required at the state level. For example, hospitals are mandated to
send hospital admissions data to the State of California. This
addresses the issue related to a lack of incentives for sharing data.
The EMS Agency director explained how the County of San
Diego had been working on legislation that would mandate
hospitals to send hospital admissions data to the county before
sending it to the State level. Such legislative action will be
pursued by San Mateo County as well. But beyond mandated
incentives, there is a need to understand other models for creating
information sharing incentives for health care facilities, such as
the potential decision support benefits that could be realized to
improve hospital performance.

5.1 End-to-End Performance Implications

As alluded to in the above discussion, participants in the San
Mateo EMS system discussed performance benefits due to
performance information access and integration. These include
reduced response times and increased quality of care due to 1) the
ability of the EMS Agency to evaluate system wide behavior
through analysis of pre-hospital ambulance response activity, 2)
the ability of communications dispatchers to monitor the activity
of paramedics in real-time and provide information for decision
making, such as hospital availability and directional data, and 3)
the ability of paramedics to conduct reporting in the online PCR
system during and directly after an incident, as opposed to the end
of the day.

Information access barriers to achieving enhanced levels of
timeliness and quality of care include 1) the lack of patient data
prior to or immediately upon arrival at a scene (e.g., demographic
data, medications, pre-existing conditions, health care provider,
etc.) to eliminate verbal information gathering on the scene, 2) the
lack of automated data collection systems (e.g., vital signs data)
that stream data directly to the PCR to eliminate manual data
entry, and 3) the lack of data structure for tracking patients across
pre-hospital and hospital environments that would allow for end-
to-end performance analysis and system improvement.

Understanding current performance benefits and barriers allowed
for participant discussion about overarching governance issues
that exists for the San Mateo EMS Agency specifically and

county EMS Agencies more generally. Participants discussed a
lack of an overall strategy and structure to guide organizational
and information technology access and integration improvements
to allow for more prevalent data and information. The following
section utilizes an architectural approach to explore how a
commonly accepted architecture (the National Intelligent
Transportation System (ITS) Architecture), could be utilized to
inform such a strategy for San Mateo.

6. APPLICATION TO EMS

ARCHTITECURE

The National Intelligent Transportation System (ITS)
Architecture “provides a common structure for the design of
intelligent transportation systems” and prescribes a general
framework that supports the development of many different
designs [13]. Contained within the National ITS Architecture,
there is a logical architecture and a physical architecture. The
logical architecture presents a functional view that consists of
process specifications that are used to perform user services. In
this view, the functions are represented in a set of data flow
diagrams. The physical architecture divides the logical
architecture functions into a number of high level classes and
many lower level subsystems. Further details of the National ITS
Architecture can be found in [14] and on a website’.

The National ITS Architecture provides considerable support in
the area of EMS — the Emergency Management Subsystem is one
of the many subsystems contained within the physical
architecture. Because of the complexity and enormity of the
National ITS Architecture, many transportation system architects
represent their designs in the form of a market package. A market
package is a diagram that focuses on the specific details of the
architecture for a particular interest group, which for the purposes
of this paper would be those persons interested in EMS.

Based on the material gathered from the San Mateo case study, as
outlined in the previous sections and figures, a mapping of the
EMS entities was performed with respect to the National ITS
Acrchitecture. This mapping is shown in Table 1.

Table 1. Resultant Mapping of San Mateo Entities

National ITS San Mateo Entities

Architecture Entities

Emergency Telecommunications | Telecom Service Provider

System

Emergency Management County Communications

Center—PSAP

Emergency Management Fire Department

Emergency Management Law Enforcement

Emergency Management Ambulance & Fire Crews

Emergency Vehicle Subsystem Ambulance & Fire Vehicles

Care Facility Health Care Facility
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! http://www.iteris.com/itsarch accessed on February 18, 2006.
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The entities that reflect the San Mateo case study were then
configured into the market package diagram shown in Figure 5.
Additionally, as explained in [15], the entities are coupled with an
EMS Performance Monitor Subsystem. The EMS Performance
Monitor Subsystem is roughly equivalent to what the National
ITS Architecture makes available as the Archived Data
Management Subsystem. However, rather than merely archiving
the data for later retrieval, the Monitor facilitates the near-real
time movement of emergency response messages throughout the
system. Its chief function is its ability to collect the data that is
generally isolated within each of the elements and move it to
where it can then be used for the benefit of each entity. Thus, by
managing the system entities in near-real time, the Monitor would
allow for immediate feedback to each of the organizations and
provide the potential for improving end-to-end performance.

care facility status
Health Care P care facility request Emergency
Facility < atient status Management
Telecom incident notification R
Service L incident notification response
Provider D
County
Communications
emergency management performance Center - PSAP
EMS provided by each individual component -
Performance emergency management performance Fire
Monitor provided to each individual component Department
Subsystem*

Law
Enforcement
Ambulance &
Fire Crews

incident coordination

¢ incident coordination response

emergency dispatch response

emergency vehicle tracking data
environmental probe data
incident status

Ambulance &
Fire Vehicles

decision support information
emergency dispatch requests
suggested route

LY

* The EMS Performance Monitor Subsystem replaces what the National ITS Architecture refers
to as the Archived Data Management Subsystem.

Figure 5. Regional Market that Includes

Performance Monitoring

Package

7. CONCLUSIONS AND FUTURE
RESEARCH DIRECTIONS

We have examined a specific case study for the San Mateo
County EMS system that was guided by the TCIS framework.
That is, the framework was used to investigate the service
process, data access issues across organizations, and performance
barriers and benefits to inter-organizational data. As a result of
this examination, we have observed the challenges associated
with linking the various information systems and organizations,
such as the PCR, CAD, and care facilities. We have also observed
that there is a need to enhance the end-to-end performance of the
time-critical information services provided by the system. Our
solution was to first create a regional ITS architecture by mapping
the entities of the case study location into the National ITS
Acrchitecture. This supported the creation of a framework in which
previously disparate entities were now organizationally and
technologically coupled. Finally, the concept of employing an
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EMS Performance Monitor Subsystem that captures and
disseminates performance information throughout the system was
illustrated. The solution provided a practical solution for San
Mateo County and is the applied contribution of this paper. As a
result of the analysis, the EMS agency gained new insight into
their service process and the use of IT to facilitate services. The
San Mateo EMS Agency has recently initiated a county wide
EMS system redesign effort based on case study findings. As

From a theoretical perspective, the major contributions of this
paper were to demonstrate the utility of the TCIS framework
including how it could be applied to an existing inter-
organizational EMS system. The case analysis showed how end-
to-end performance could be evaluated. The application of a
common and well-defined National ITS Architecture to case
findings was used to validate the TCIS framework for inter-
organizational end-to-end performance analysis for e-government
time-critical systems.

EMS represents inter-organizational e-government information
systems where cooperation is central for enhancing performance.
The work conducted by [16,17] is similar in its relationship to e-
governmental analysis of emergency response systems in
identifying information flow dimensions to organizational
relationships. Whereas these authors identify multiple levels of
interactions, we extend TCIS concepts, including e-government
I0S and end-to-end performance improvement therein, into the
architectural dimension. In this respect, information flows are
considered not just in a descriptive sense, but also set the stage for
a normative description of potential dynamic information flows
and exchanges.

Of course, the goal is not just to improve information flow, but to
improve the consequences on performance as it affects the e-
government service. Specifically, how the two domains, response
and quality, effect service performance. Response (efficiency) is
articulated elsewhere in the e-government literature as a recurring
theme of e-government services. The “quality” domain, however,
is critical in terms of health outcome to the patient. To the injured
patient, the interactions and cooperation of service providers
“behind the scenes” is less important than the perception that the
service is both seamless and effective.

Future research directions should focus on how an architectural
view could be utilized in understanding the effects of information
technology on end-to-end performance, specifically how IT could
be utilized to improve the quality of patient care.
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