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Abstract
Urgent requests and critical messages (known as alerts) in healthcare applications must be delivered and handled in a timely manner. However, most existing systems do not address urgency; alerts are often handled in an ad-hoc manner. Therefore, we extend a sophisticated alert management system (AMS) for medical professionals to handle process and data integration in healthcare chain workflow management under urgency constraints. Alerts are associated with healthcare tasks to capture a set of parameters for their routing and urgency requirements. The AMS matches the specialties of healthcare personnel and the functionalities of Web Services providers to receive an alert. Monitoring is essential to ensure the timeliness and availability of services as well as to ensure the identification of  exceptions. We outline our implementation framework with Web Services for the communications among healthcare service providers together with mobile devices for medical professionals. We demonstrate the applicability of our approach with a prototype medical house-call system (MHCS) and evaluate our approach with medical professionals and various stakeholders.
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1. Introduction

Recent advances in Internet technologies have created a global platform for organizations and individuals to communicate with one another, carry out various commercial activities, and provide value-added services. Web Services (Chiu et al., 2003) provide loosely-coupled standard interfaces among autonomous systems within and among organizations in the form of a set of well-defined functions for both programming and human user interfaces. Web Services further support event-driven information integration for timely service provision and interactions (Chiu et al., 2004). In healthcare chain workflow management, both process integration and data integration among health service providers are vital. Besides organizations, individual practitioners (such as physicians and nurses), administrators, and patients are also involved heavily in the workflows. Tasks like medication monitoring, emergency hospitalization of patients, laboratory examination results, shipment of drugs, exchange of patient records among healthcare service providers, etc., produce large numbers of messages. That is, both process integration and data integration are necessary. Further, accurate and timely communication of such information is a key success factor for the provision of quality healthcare chain services. We refer to these urgent messages as alerts (Kafeza et al., 2004). 
Existing practice of using cellular phones and pagers for communications is inadequate for seamless integration with existing and future healthcare information systems. In particular, healthcare applications must respond actively and timely to patients’ needs as this is crucial to life or death. Most healthcare alerts have to be handled within a time period. Apart from service suitability, application specific considerations like costs, waiting time and service time may also be important. Routing, monitoring, and logging the alerts are also mandatory functionalities to shift the burden of these communications from the manual work to an automated system. To take advantage of the connected Internet environment, we extend an alert management system (AMS) for healthcare professionals (Kafeza et al., 2004) across organizational boundaries to become the key mechanism for both healthcare process and data integration with urgency support. The AMS aims to minimize delays by providing a monitoring system. This paper generalizes and extends our previous work on workflow modeling (Chiu et al., 1999) and process integration (Chiu et al., 2004) in order to be applied in healthcare applications. 

As compared with our previous work (Kafeza et al., 2004), the contributions of this paper are the description and analysis of the following: (i) an enhanced conceptual model for specifying alerts based on the requirements of healthcare chain workflow management, which supports programmatic interfaces across  organizational boundaries in additional to human users; (ii) alerts as a unified mechanism for capturing the requirements of healthcare process and data integration; (iii) a practical architecture for the AMS based on contemporary Web Services for programmatic interactions, together with multiple-platform support for human users; (iv) a practical prototype Medical House-Call System (MHCS) to demonstrate the applicability of our approach in healthcare chain workflow management.

In order to reach these objectives, Section 2 discusses an overview of our methodology and the overview of a MHCS. Section 3 compares related work. In section 4, we describe our system design and implementation. Section 5 illustrates how data and process integration works in our system with a typical system walkthrough. We discuss on the advantage of our alert-driven approach in section 6 and conclude our paper in section 7 with our future work direction.

2. Background and Methodology Overview
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Fig. 1. Main medical house-call center workflow in UML activity diagram

In Hong Kong, some healthcare corporations provide “House-Call” services. Fig. 1 summarizes the main workflow of a typical medical house-call center. Affiliated patients can call (either electronically or by phone) and request a physician to visit their home either immediately or at a requested time. The patients may also request to be sent to a hospital. In this case, the hospital and the ambulance call center are contacted for the delivery. A patient can specify a particular physician or let the call center find the first available physician with the required specialties (if any) from a list of off-duty physicians, then from a list of on-duty physicians, and lastly from a list of physicians from healthcare partners. A nurse may also be assigned in some cases to assist with the physicians' consultation. When the required personnel are contacted, the patient will be confirmed. At the same time, the patient’s healthcare records may have to be sent from hospitals and other clinics to the physician’s mobile device. After completion, the physician submits a report of the consultation together with any prescriptions. The prescriptions are routed to a pharmacy so that the medication can be delivered (by courier service) to the patient’s home. Lastly, the patient or his/her insurance company is charged for the consultation. 

However, the above only describes the normal and basic functional requirements. In particular, standard workflow technologies are inadequate to address the urgency and exception handling requirements. Different degrees of urgencies arise from the sickness of the patients as well as the requirements for quality services. Exception situations typically occur when services commitments cannot be fulfilled, e.g., when a physician cannot visit the patient at the specified time. Thus, we propose to augment the workflow with alerts for the modeling of these requirements and implement it with the support of an AMS. 
Different from a hospital environment as we previously studied (Kafeza et al., 2004), the AMS in this application is no longer a closed environment. It now requires a much wider coverage across the boundary of different organizations, connecting patients, their homes, medical practitioners, medical partners, and the call center. Thus, not only are communications with various personnel required, programmatic integration with partner organizations are also necessary. Further, as the relationships among different parties are partnerships rather than employee commitments, alert requests are more likely to be rejected because full personal schedules are not available. 
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Fig. 2. The role of alerts for healthcare chain workflows

Fig. 2 summarizes the conceptual architecture of alerts extended from our previous work (Kafeza et al., 2004). The essence of alerts is to capture the urgency requirements as required by the healthcare chain workflows of the MHCS, which typically involves synchronous data (e.g., patient record assembly) and process (e.g., physician call) integration as well as asynchronous event or exception handling (e.g., physician’s lateness or absence after commitment). Remarkably, exceptions are subclasses of events (Chiu et al., 1999; 2001). An event is a significant occurrence that affects either the system or a user application. Exceptions often, but not always, have urgency implications. Different from general events, alerts have more specific attributes, in particular, urgency (e.g., the degree of sickness of the patient) and service requirements (e.g., the specialty of the required physician). Different from exceptions, alerts need not be related to abnormal behaviors. That means, alerts can be (i) triggered asynchronously to handle an event or exception, or (ii) generated synchronously to satisfy the data or process requirement. Alerts received by a service provider may be handled by either (i) rejecting the service, (ii) its internal information systems, (iii) a human service provider through the Web or mobile devices, or (iv) requesting other external service providers in turn through Web services, where programmatic interfaces are usually required.
Motivated by these extended requirements, we start off our study by gathering the objectives and requirements of the medical professionals and the medical house-call service provider. Nowadays, the progress in the medical field has resulted in the hyper-specialization of the physicians, the introduction of new and advanced types of examinations and processes, and the increasing request of the patients for better quality of medical care. At the same time, recent advances in information technology are being deployed to facilitate this new complicated healthcare environment. One of the most prominent objectives is the need for accurate, safe, and continuous communications among highly specialized medical professionals and healthcare service providers. There has been a great demand amongst the medical professionals for an alert management system that is robust, efficient, cost effective, simple, and user friendly to improve the communications. 

Based on these objectives, detailed requirements were elicited and formulated into an alert conceptual model. Then we sketched an overall system architecture for the call house management system, with focus on the AMS design. We then worked out the detailed mechanisms for each component of the system. In the design, we also had to pay attention to flexibility so that alert management policies could be adapted to handle various situations for various partners. According to these designs, we built a prototype to demonstrate the functions to the medical professionals for evaluation. 

As for deployment, we plan to split it into phases. The first phase is to establish a computerized call center to manage all the alerts for medical personnel, replacing the current manual system. After getting used to the new arrangements and fine tuning of the alert management policies, the second phase is to extend the system to connect to medical partners. In the third phase, we plan to include further intelligence into the system, in particular, with advanced capability reasoning (Chiu et al., 1999), scheduling with mobile location dependent information, service negotiation, and integration with traffic routing. 

3. Related Work

Raghupathi & Tan (2002) point out that new healthcare applications supporting information technology (IT) based strategies are required for meeting competitive challenges and estimated IT expenditure on healthcare in 2002 to be 21.6 billions in the United States. In particular, health-care applications will take advantages of the technological advances in communications technologies and mobile devices (Olla & Tan, 2006). Ammenwerth et al. (2000) also report that one of the major benefits of mobile technologies is to help hospitals in communication and reachability management among the patients and the message senders as well as to address the urgency requirements. Hripcsak et al. (1996) preliminarily identify the need for event monitors and describe some of the requirements such as tracking healthcare events, looking for clinically important situations, and sending messages to the providers. Eienstadt et al. (1998) further categorize messages as alerts, results, and replies. The limitation of their approach is that they only focus on alerts that can be handled by 2-way pagers. Ride et al. (1994) argue that the problem of figuring out to whom the message should be sent is a difficult one. They only suggest some ad hoc solutions such as sending a message to whoever has recently examined the patient electronic record. 

Although information integration issues are not new in database research communities (Sheth & Larson, 1990), Sheng & Chen (1990) identify that the application of workflow technologies in different hospitals has many unique properties that entail special integration design considerations. The health informatics communities (e.g., the International Medical Informatics Association, http://imia.org) have discussed the application of workflow technologies in health administrative data integration for a period of time. For example, Marsh (1998) presents a multi-model medical information system for demonstrating the virtual medical world. Takeda et al. (2000) present a system architecture for supporting networked electronic patient records. Liu et al. (2001) propose a web-based referral information system for sharing electronic patient records based on XML. Further, Grimson et al. (2001) propose a Synapses prototype system for supporting federated healthcare records that provides an integrated view of patient data from heterogeneous distributed information systems on the Internet. Al-Ali et al. (2006) propose a prototype system to provide real-time wireless integration of patient information system with mobile devices. However, none of these approaches can provide a seamless integration that permits the use of workflow technologies or alert mechanisms. In particular, the integration with manual access of legacy paper records through workflow management together with electronic records has not been presented as in this paper. 
Recently, the approach of Web-service-based information and process integration is receiving much attention. For example, McGregor (2007) suggest a framework for the design of Web service based clinical management systems to support inter- and intra-organizational patient journeys. Raghupathi & Gao (2007) explore a UML profile approach to modeling Web services in healthcare. We have also proposed a methodology based on workflow views and Web services for this purpose (Chiu et al., 2003), where a survey of recent works on Web service composition can be found.
Concerning home-base healthcare monitoring, most of the existing studies focus on the application against long-term and critical diseases, instead of a public general healthcare service perspective. For example, Woodend et al. (2008) demonstrate the effectiveness of tele-home monitoring in patients with cardiac disease who are at high risk of readmission, based on video conferencing and phone line transmission of weight, blood pressure, and electrocardiograms. Pinna et al. (2007) also demonstrate that self-managed home tele-monitoring of both vital signs and respiration is feasible in heart failure patients, with surprisingly high compliance. Logan et al. (2007) develop and pilot-test a home blood-pressure tele-management system with Bluetooth and mobile phone technologies that actively engages patients in the process of care through blood-pressure alerts. However, a systematic approach to handling those alerts and signals collected has not been adequately studied.
Suomi and Tähkäpää (2003) study the requirements of a contact center for public healthcare with a case study in Turku, Finland and identify contact routing as the main system functionality. They also provide a good survey in call centers that run with older technologies. We proceed further to detailed system design and prototyping, with focus on urgency requirements for alert routing, employing additional mobile technologies and healthcare partner process integrations.

In the context of workflow management systems (WFMS), Chun et al. (2002) propose the automatic generation of workflows from domain knowledge. We have recently proposed to separate user alerts from user sessions to improve the system flexibility (Chiu et al., 2002) in our Mobile E-commerce Advanced Object Modeling Environment (ME-ADOME) WFMS. Online users are alerted through ICQ (I seek you) (Weverka, 2000) messages with the task summary and reply Universal Resources Locator (URL) as the message content. If the user is not online or does not reply within a pre-defined period, the WFMS will send the alert by email. At the same time, another alert may be sent via SMS to the user’s mobile phone. Whatever the alert channel has been, the user may connect to WFMS on any other devices or platforms. For example, after receiving a SMS alert, the user may use his/her handset to connect to the WFMS via Wireless Application Protocol (WAP) or reply with an SMS message. Alternatively, the user may find a computer with an Internet connection or use his/her personal digital assistant (PDA) to connect to the WFMS. As an extension to existing process models such as Sheng & Chen (1990), our process model abstracts information regarding roles and their schedules of service providers possessing these roles. We have employed a bottom-up data-driven methodology to extend information systems into Web Services (Chiu et al., 2004) and further incorporated alerts and their routing (Kafeza et al., 2004). 
Besides healthcare applications, we have also pioneered in the application of alert management in a wide range of other application domains for process and data integration. For example, in electronic commercial applications, Lee et al. (2007) employ Web services and alerts to enhance workflow automation in insurance underwriting processes.  Ng & Chiu (2006) study the feasibility of electronic government process integration with Web services and alerts through an emergency route advisory system. For industrial production, Chung et al. (2007) propose the use of an alert management system for concrete batching plants. Chiu et al. (2008) advocate alert management for ubiquitous support in distance education applications. To our knowledge, there are no other WFMS employing this approach. Further, there has been no other work on alert-driven process integration or data integration at this time.

4. Design and Implementation
4.1 System Architecture

We have built a prototype for the MHCS on the J2EE and Oracle platforms (Price, 2000). Fig. 3 depicts the overall implementation architecture of MHCS based on our previous AMS core (Kafeza et al., 2004). As the AMS manages only the alert, domain-specific application logic is required for a complete system. Upon data or process service requests, the application logic generates alerts with the necessary specifications to the AMS. Any subsequent processing that depends on the result of the external service has to wait till it finishes (as signaled by the AMS); otherwise the workflow can continue. On the other hand, the application logic is triggered by the Process Execution Module of the AMS to carry out timely appropriate actions in response to incoming alerts. In addition, the application logic supports an administrative interface for the call center personnel.
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Fig. 3. System architecture highlighting the AMS

Our AMS supports an organization to be both a service provider and a requester. Each organization can use the AMS to both submit and receive alerts. The Incoming Alert Monitor is responsible for receiving and queuing alerts and enacting the corresponding services (processes). Incoming alerts are received as (i) invocation of a Web Service, (ii) SMS messages, or (iii) via the Web Portal. They can trigger the execution of the appropriate alert handlers in the application logic through the Process Execution module. In addition, the Process and Alert Definition module supports a tool with which users may define the tasks and their associated alerts according to their requirements. 

The Outgoing Alert Monitor subsystem is responsible for creating and submitting the alerts by means of Web services requests to the corresponding service providers as well as monitoring their responses. As for human service providers (such as medical personnel), ICQ, SMS, and email are used instead. As such, a service provider supporting only manual record retrieval may still participate in data and process integration through a Web-based alert response form, through which a clerk can input manually the required response to an alert. The Outgoing Alert Monitor subsystem consists of three modules: the Urgencies Strategy Definition, the Role Matching, and the Service Provider Monitor modules. The Role Matching module is responsible for identifying the service providers to which the alert will be forwarded. The Urgencies Strategy Definition module specifies the policies that will be followed if the alert is not acknowledged within the deadline. The Service Provider Monitoring module is responsible for applying the strategies thus defined. Its functions include sending alert messages, receiving response, maintaining alert status, and logging information. For every response message received, it updates the status information of the associated alert. It tags that the alert has been “taken care of”. If the alert message has been sent to several service providers, the first one to confirm is assigned to the task while the others will receive a cancellation message instead. Then for every alert in the active alert table with its deadline expired, the module checks the urgency strategy table, executes the associated action, and updates the status information accordingly. 

4.2 Extended Alert Model
Fig. 4 summarizes our design of a unified alert conceptual model in a class diagram of the Unified Modeling Language (UML) (Object Modeling Group, 2001). We have extended the notion of alerts (see our previous work (Kafeza et al., 2004) for a formal model) to include not only human users but also services with programmatic interfaces.  We also include the notion of a flexible and a specific alert as explained below. Fig. 5 depicts a typical life cycle of an alert with an activity diagram of the UML. All alert processing and messaging for an alert is logged (“Log alert” node) for auditing purposes. If the alert is a specific one (say, when a patient specifies his family doctor), there is no room for matchmaking. Otherwise, if the alert is a flexible one (say, when a patient just reports his sickness), a matching algorithm (“Find matching service provider” node) is invoked to search for a suitable service provider (Kafeza et al., 2004; Chiu et al., 1999). The “Determine device / Web Service access point” node determines the device for a human or the Web Service access point for a Web Services provider respectively. Then, the “Send alert” node sends the alert accordingly. If the “Check if response received by deadline” node fails, the AMS will increase the alert urgency, thereby triggering the alert message to be resent to either the same service provider or a different suitable one (as discussed in the next subsection).
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Fig. 4. UML class diagram of alerts with human and Web service support
The last tolerance level is guided by the “Check if service performed upon service due” node. If the service is not performed within deadline (e.g., the physician does not notify his arrival to the patient’s location on time, or a patient record is not received within the deadline), then the AMS generates a new alert to the relevant administrator to notify this exception. In this way, additional manual or system assisted exception handling processes (Chiu et al., 2001) can be carried out.
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Fig. 5. Typical life cycle of an alert in UML activity diagram

4.3 Web Services Design for AMS

Table 1. Selected List of Web Services for AMS Communications

	Service Name
	Input
	Response

	requestAlert
	AlertID, RequestorID,  AlertMessage, Roles, Urgency, ResponseRequired ( TRUE | FALSE ), Deadline, Extra Data
	AlertID, ServicePartnerID, Ack (Confirmed | Denied | Deferred), ResponseMessage, AlertReceiptTime

	cancelAlert
	AlertID, RequestorID
	Ack (Confirmed | Denied | Deferred )

	checkAlertStatus
	AlertID, RequestorID
	Alert Status

	listActiveAlerts
	(TaskID |  ServicePartnerID),RequestorID
	List of pending alerts associated

	receiveDeferred
Response
	Item AlertID, ServicePartnerID, ResponseMessage, AlertReceiptTime
	Ack (Confirmed, NotConfirmed )


To facilitate cross-organization communication of alerts, we use contemporary Web Services technologies. An alert to a service partner can be requested through the Web Service requestAlert. In response, the service partner will send an acknowledgment to the requestor, indicating that the request is confirmed or denied, or the response will be deferred. Deferred responses can be returned through the requestor’s service receiveDeferredResponse. The requestor may cancel the alert afterwards by calling the service cancelAlert. Requestors and services partners involved in an alert can check for the alert status with the service checkAlertStatus.  In addition, service partners can check with the service listActiveAlerts for the list of active alerts in which they are involved.  Administrative programs can also use this service to check for list of active alerts associated with individual tasks.  A selection of the Web Services is enlisted in Table 1 as follows.
5. System Walkthrough

In this section, we explain how data and process integration can be facilitated with the alert mechanism in our system with some typical scenario walkthrough.
5.1 MHCS Process Integration
Let us look at a typical scenario of the main workflow of the MHCS at the Call Center (see Fig. 1), with focus on the important alerts and how various component of the system functions. A patient enters a request through the Call Center’s Web portal through a personal computer or a mobile device (e.g., PDA or phone SMS message). Alternatively, the patient may phone the Call Center and the operator enters the request. The workflow application logic analyzes and validates the request, and then generates an alert with urgency according to the patient’s condition (so that the system set various deadlines according to the administrator’s urgency policy settings) and service requirements according to the sickness and the patient’s preferences.
In the AMS, the incoming alert monitor receives the patient’s alert and triggers an outgoing alert in the outgoing alert monitor to request a physician’s service, passing the urgency and service requirements. According to our extended alert conceptual model (Fig. 4 and Fig. 5), the role matching module contacts the specific physicians (if the patient has specified them) or finds the appropriate ones by matching the specialties of the physician with the reported sickness. The service provider monitor can then handle all the communications with the physicians’ devices, acknowledgements, retries, urgency elevation, rerouting (i.e., alternative physicians), and the monitoring of the physician’s service (particularly the arrival of the patient’s home) automatically. As our extended alert model supports Web Services, if all the appropriate physicians affiliated to this Call Center are not available, the alert can be re-routed to the AMS of other appropriate healthcare partners (as determined by the role matching module) via a Web Service. Similarly, an alert is triggered requesting a nurse’s service if necessary.
If hospitalization is required, the service provider monitor sends an alert to call an ambulance via a Web Service of the ambulance call center, passing the destination hospital, urgency and the necessary information of the patient (particularly the address and sickness). This is now possible as our extended alert model supports Web Services. The service provider monitor sends another alert to contact the hospital for admission and any necessary preparation for the patient.  In the case where a hospital is full or unable to admit the patient, an alternative hospital can be sought for (as determined by the role matching module) and the ambulance will be updated accordingly through another Web Service of the ambulance call center. Similarly, the AMS can automate an order to a pharmacy and the handling of unavailable medication by rerouting the order to an alternate source through Web Services. The service provider monitor can also monitor all the progress of these cross-organizational computer-to-computer interactions according to the urgency requirements of the patient. 
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Fig. 6. Sample alert acknowledgement response forms
To extend the availability of the Web portal for users on different platforms, eXtended Markup Language Stylesheet Language (XSL) technology is employed (Lin & Chlamtac, 2000). For example, different Hypertext Markup Language (HTML) outputs are generated for Web browsers on desktop PCs and PDAs respectively, while Wireless Markup Language (WML) outputs are generated for mobile phones. Fig.  6 illustrates two sample alert response forms for a physician through WAP on a mobile phone and a PDA browser respectively.
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Fig. 7. Alerts and status monitoring

The service provider monitor is responsible for the vital administrative function of monitoring the status of service progress and especially exceptions. Thus, the AMS generates alerts to relevant administrator(s) upon exception. For example, the administrator can monitor house-call status through a customized House-call Status Monitor page (cf. Fig. 7) based on a customized view of the AMS’s active alert table. Manual manipulations can be carried out through the administrative interface if necessary. 
As such the AMS can support flexible workflow management and process integration with service partners, involving both human and programmatic interaction. With the support of an AMS, the urgency requirements associated interactions with the medical personnel and the service providers as well as the monitoring requirements of the administrators can be systematically and modularly captured into the AMS, instead of scattering around in the main workflow specification.
5.2 Healthcare Data Integration 
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Fig. 8. Sample healthcare data integration plan in UML activity diagram
Since we also model data requests as alerts, a healthcare data integration process (“Gather Patient Record” of Fig. 5) can similarly be modeled as workflow, while individual data requests are modeled as alerts. Fig. 8 depicts a sample workflow for healthcare data integration. 
When the workflow application logic determines a need to gather to records of a patent, an alert is submitted to the AMS. In the AMS, the incoming alert monitor receives this alert and triggers an outgoing alert in the outgoing alert monitor.  The role matching module finds out the destination insurance company and the service provider monitor sends an alert via Web Services to the insurance company to request the extraction of the list of healthcare service providers from the claim records of the patient. Based on the response, further alerts are sent to each of these healthcare providers again via their respective Web Services to request the relevant patient records. Urgency requirements apply as the physician needs the information by his arrival to the patient’s home, while the hospital needs the information by the arrival of the patient.  As such, the AMS not only caters for the interactions but also the urgency requirements for data integration. 
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Fig. 9. Sample data request alert response form

In case some of these data sources can only support manual procedures, they can still participate in this process as our architecture provides web-based alert response forms (cf. Fig. 9). Moreover, humans may be involved as approval may be required for accessing patient records. In this case, though some requests may be rejected or some of them cannot meet the deadline, at least the data integration process can be speeded up as much as possible.
5.3 Handling Urgency and Service Provider Matching
Let us further look at how urgencies are handled by the outgoing alert monitor of the AMS. The role matching module is responsible for searching a service provider for each alert. The service provider matching algorithm searches for those service providers that can play the role required for the alert. The algorithm then selects those that have a response time that is less than the deadline. This further restricts the set of service providers that can receive the alert. If the matching is successful, one service provider is selected according to a user-supplied cost function (see Kafeza et al., 2004 for further details). In this application, the cost function can be based on the time required for service, distance to be traveled, charges of the service provider, etc. In case no matching is available (i.e., there exists no service provider with the requested role that can meet the deadline), the algorithm upgrades the alert by expanding the roles whenever possible (e.g., request a specialist instead of a general practitioner). After the matching, an active alerts table keeps all instantiated alerts and whether the alert has been acknowledged or not.
If an alert is resent, the service provider matching algorithm will take into account of the urgency strategy definition. The urgency strategy definition module is a tool for defining the policies according to which the urgencies of the alert will evolve. Moreover, this module is responsible for keeping and updating status information for the alerts. In our alert model, every alert is associated with an urgency value and a deadline, while every service provider is associated with an average response time for every service that it provides. During the specification phase, the administrator has to specify the urgency strategy tables. An urgency strategy table defines the policies for every urgency increase and the additional actions that should be taken. The administrator may define different urgency strategy tables for different types of alerts. For example, we could define the urgency values from the ordered set {Low, Normal, Urgent, Very Urgent, Critical, Very Critical} and a default urgency function as follows: 
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Table 1: Example Urgency Strategy Table
	Urgency002
	Action

	Urgent
	default – send a message to the chosen physician

	Very Urgent
	Submit a second alert to the same physician, notifying about the approaching deadline

	Critical 
	Redirect the alert to another SP that has the best response time 

	Very Critical 
	Send the alert to several SPs and accept the results of the one that response first, notify an administrator


Table 1 shows an example urgency strategy table. Here, let us consider the association of an alert with this table. Assume the alert is sent to the chosen physician at the default level Urgent. In case there is no response, the service provider monitor increases the priority to Very Urgent and creates another alert message to notify the physician about the eminent deadline. If still there is no response, the service provider monitor increases the priority to critical and the role matching module tries another find another physician with the same roles and the best response time. If this step also fails, the service provider monitor further increases the priority to Very Critical, where all available physicians with requested roles will receive the broadcast alert, while an administrator is notified.
6. Applicability Discussions 
Based on the prototype and system descriptions, we have discussed with the major system stakeholders, including medical professionals, patients, and the call center. We explain the significance of the alert mechanism in the MHCS and how various contemporary technologies help.
The main motivation of the MHCS is to solve the existing problems involved in the costly manual procedures required for the provision of quality services to patients effectively and efficiently. There is a strong need for automating the workflow because the processes involved are often urgent and error-prone and there are many possible exception cases, such as, failure of finding suitable personnel, absence and lateness of the personnel, etc. The root of such problems originates from the variety of parties and personnel to liaise with. Once committed to service a call, the call center has to satisfy their information need (in particular electronic patient records), together with the required process support. The AMS help select and communicate with the correct personnel or service partners through their available channel at the correct location with the correct information through the alert mechanisms as detailed in this paper. In particular, the AMS automates such communications via various electronic channels as well as attempt alternate service providers (medical personnel via various mobile platforms as well as different service partners via Web service) in order to minimize the delay and costs involved in inefficient manual calls and retry calls. The AMS further keeps track of such alerts and therefore monitors the call center workflow processes, in order to make sure that the required services are provided on time, meeting the urgency requirements. Thus, the MHCS captures the knowledge and experiences of the call center staff and help them handle the patients’ calls correctly and timely. 
In particular, the patients’ care outcome is the primary concern. With such improvement in the call center, timely and reliable house-call service from healthcare professionals of the required specialties can thus be streamlined. Further, when there are suddenly too many calls, phones may not be able to get through. This is not only frustrating but may also cause addition risks to the patients’ health. With multi-channel access to the MHCS, patients can either enter their request through the Web via different (mobile) devices or with a traditional phone call to the call center. Patients with long-term sickness can also call via pre-programmed devices with a simple interface (such as just an electronic button). In addition, the MHCS also helps find the nearest hospital for urgent cases. 

Accurate, complete, and timely information routing also helps the care outcome. The MHCS also provides such a paperless distributed environment that minimized human intervention and therefore improves the accuracy and timeliness. We have explained in the previous section how patient records can be routed directly to the patients’ house and to the physician in charge of the call via Web services through the alert mechanism. The details of a call (such as the location, patient’s symptom, and equipment required) can also reach the physician accurately.  Similarly, prescriptions can be routed to pharmacies automatically. In addition, we have explained how such automation and the possible governance provided through the MHCS help reinforce privacy and security.
With our approach, all the data accesses are performed through alerts. The AMS can therefore assure that only the necessary personnel are involved in the process because the matchmaking mechanism in the AMS (Kafeza et al., 2004) verifies the roles of the service providers for the alerts. Further, the scattered patient records can be sent directly to the patient’s home personal computer or to the physician in charge of the current house-call with this platform. Thus, the privacy of patients can be protected. Further, because all such data access is recorded via the alert mechanism, auditing can be easily performed against possible misuse.

In non-urgent cases, the Web-based system offers new functions. Patients or their family members may search or browse for their desired physicians and hospitals.  The MHCS may further help find appropriate hospitals or the clinics that meets the budget from the patients’ insurance coverage. The MHCS can schedule examinations within the time duration as well as reduce time spending in waiting in general.

For medical professionals, the MHCS also helps them in their time and schedule management anywhere anytime and helps them communicate with many other parties (such as the call center, hospitals, their own clinic, etc.) for support. In particular, the introduction of the AMS mechanism offers four important advantages. (1) It will make sure that an alert can reach the person who has to be notified. (2) The inclusion of multiple mobile devices and platforms helps both the medical professions and the patients. (3) The implementation of an urgency policy that uses concurrently multiple devices to communicate the alert can increase the probability to inform the person on time. (4) An automated alert can make sure that the information is passed accurately and completely. (5) The AMS allows the choice of received information, reception devices, and desired time slots.
As for adoption, a major problem in migration to the new system is that partner service providers may not be supporting Web Services or even computerization for some tasks. As our system architecture supports humans to be alerted, either the call center staff or personnel of the service provider can help enter information into the system through the interactive web-based alert response forms (cf. Fig. 9). The worst scenario is that a call center staff is alerted to carry out manual work (e.g., calling a hospital through a phone to notify a patients’ arrival) and record the deed through an alert response form.
As organizations are moving towards service-oriented models, service providers currently do not consider such computerization will eventually need to do so in order to enhance their competitiveness. In addition, they will eventually realize the value of such systems. Moreover, the proposed external Web Services interfaces are not complicated at all and can be easily programmed for alert reception and delivery. Moreover, such an AMS is light-weight, highly coherent, and loosely coupled with other sub-systems, enabling it to be plugged into any information system that needs such services. Besides routing alerts to external service providers, the AMS can also route alerts to other AMS within a large organization, such as a hospital. They are orchestrated by Web Services technology to work together seamlessly in the organization and even cross organization boundaries to partner service providers. This architecture is highly scalable and interoperable. Various healthcare partners operating call centers and therefore having similar objectives can therefore effectively form alliances for better services. As such, upgraded systems can provide alert support through an AMS gradually for adequate testing and streamlining the switch-over, which may otherwise be impossible involving a large number of service providers in a service grid (Gentzsch, 2002).
7. Conclusion and Future Work
In this paper, we have combined techniques from the different disciplines of computer science, marketing, and healthcare information systems to address a critical clinical service-based need as well as urgent policy-making challenge on the management of alerts. We have analyzed the requirements and proposed the conveying of alerts to the right service provider at the right time using Web Services and mobile devices, for service provision under urgency constraint. We have introduced a framework of an alert management system (AMS) supporting both human and Web Services providers. This framework supports a flexible alert conceptual model that allows users to specify tasks, alerts, roles, and their inter-relations. We further illustrate how alerts can capture requirements for both data integration and process integration requests. We have also presented our AMS architecture with an implementation outline based on Web Services and mobile technologies with the alert monitoring and routing mechanisms involved. We have demonstrated and discussed the applicability of the AMS in healthcare chain workflow management with a Medical House-call System, supporting both healthcare data and process integration. Because it is hard to promote radical changes to public healthcare services, our MHCS also serves as a pilot showcase for further deployment of AMS.

The main remarkable contribution of the AMS is that process and data integration requests to human service providers (including the physicians and nurses) as well as Web Service providers (such as contacting the hospital, ordering medicine for the patient from a pharmacy) can be uniformly modeled as alerts in this application framework and architecture. The logic for sending, routing, and monitoring these alerts is supported in the AMS and can be heavily reused. Thus application development can be much structured and streamlined.

In addition, because an AMS targets for urgent, asynchronous, unstructured, or even ad-hoc tasks (such as exception handling), it is complimentary to conventional workflow management systems (WFMS) that target at regular synchronous workflows. In fact, the motivation of AMS evolves from the exception handling and user-interface mechanisms of our ME-ADOME WFMS (Chiu et al., 2002), by factoring out and extending, in particular, urgency requirements. The physical execution of individual tasks of regular processes is outside the scope of the AMS and is captured in the application logic of individual information systems (as illustrated in Fig. 3), which can be WFMSs as well. 
To further evaluate our approach and the system prototype, we are scheduling life trials. In order to evaluate the performance of the system, we compare the service time to the existing practice. We also compare whether the costs reduce for the patients. Using questionnaires, we also evaluate the patients’ satisfaction with respect to the existing policies.  We are also planning simulations for scalability and robustness as our future work.

We are incorporating the AMS under our ME-ADOME WMFS (Chiu et al., 2002), aiming to strengthen the support for alerts for general workflow and E-service management. We are also investigating in inter-relations among alerts. In particular, we are looking into alerts due to failure of commitments (Chiu et al., 2004b) and their relation to contract enforcement. We are also interested in further issues of collaborative workforce management, especially managing the diary of healthcare personnel with agents (Chiu et al., 2003). We are also interested in the impact of cancellations, other possible exceptions, tradeoff between quality and cost, and service negotiation (Chiu et al., 2004b). We are investigating in further legal, ethnical, security, and privacy requirements involved in cross-organizational patient record integration. The use of Semantic Web technologies for service composition (Wang & Cheung, 2004) and matching (Xu et al., 2004, Chiu et al., 1999) is also one of our theoretic research directions when we expand from a close system of medical partners to an open service grid in the future.
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