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ABSTRACT 

Meetings are a major liaison device for achieving mutual adjustment in 

organizations. Several commercial meeting-schedulers and academic 

prototypes attempt to provide assistance in the process of scheduling 

meetings; however, these systems focus mainly on the calendar 

management and integration functions. They do not provide tools for 

describing the meeting-content in advance or locating the most suitable 

invitees based on standard organizational knowledge. 

This research attempts to propose and validate a conceptual model for 

an Intelligent Meeting-Scheduler (IMS), which is a DSS that is capable of 

assisting organizations in scheduling meetings. The IMS is an integrated 

software system. It encapsulates scheduling tools and organizational 

knowledge that are used to support various activities within the scheduling 

process, such as meeting-content planning and group composition. Our 

model is based on the notion of software-agents, and consists of the 

following functional agents: Control-Manager, Communication-Manager, 

Scheduling-Manager and Calendar-Manager. These agents work in 

cooperation and provide assistance to the host and the invitees in 

negotiating an acceptable solution during a scheduling session. We also 

describe the knowledge architecture of the IMS, which consists of a set of 

knowledge-base agents that support the above functional agents. 

We validate our model using a prototype in a case-based approach. We 

develop a questionnaire as a tool to measure the success of the system and 

report the results from two prototyping sessions. These sessions were 

conducted with administrative personnel at the Office of the Provost and at 

vii 



the Office of the Dean within the College of Business Administration at 

TTU. Our architecture was found useful and innovative by these users; 

however, the users raised several concerns about calendar maintenance and 

privacy. 

Future integration of our system into real business organizations will 

need to address these concerns. In addition, evaluating the effectiveness and 

efficiency of our system in these organizations is expected to be one of the 

main challenges for future research in this area. 
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CHAPTER I 

INTRODUCTION 

Background 

In his description of lateral linkages in organizations Mintzberg (1979) 

says: "The Meeting, an "act of coming together" according to the Random 

House Dictionary, is the prime vehicle used in the organization to facilitate 

mutual adjustment..." (p. 163). 

Whenever two or more people need to achieve mutual adjustment, by 

communicating at the same time in the future, a meeting has to be 

scheduled. The Meeting is an important organizational tool for exchanging 

information between people. Meetings are used in different formats (e.g., 

interview, presentation, lecture, reception, workshop, conference session), 

and in different contexts (e.g., social, political, managerial). 

The problem of meeting-scheduling relates to two major areas of 

research: 

1. Organizational Behavior: The Meeting is viewed as an organizational 

coordination mechanism. 

2. Scheduling Theory: Scheduling a meeting is an example of an 

optimization problem, where we allocate people's time under 

conflicting constraints. 

Most of the MIS literature that relates to the Organizational Behavior 

area is focused on the interaction process during the meeting, and on the 

Information-Technology (IT) support for this process (e.g.. Group 

Decision Support Systems, Electronic Meeting Systems, Computer 



Supported Cooperative Work). IT is perceived as an important tool to 

facilitate better interaction among the participants at the meeting. 

Literature in the area of scheduling theory is focused on job shop 

applications in the area of Production and Operations Management (POM). 

The process of scheduling a meeting tends to get complex and tedious 

as the number of participants grows; however, the meeting-scheduling 

process is generally viewed as a collection of routine and technical steps we 

can go through to initiate a meeting. This attitude causes ineffective and 

inefficient scheduling. In many cases, the scheduling process is tedious; in 

some cases, the solution is not stable (causing meetings to be rescheduled); 

and in other cases, we do not have a good match between the participants 

and the topics discussed in the meeting. In many organizations, the 

structured scheduling-process is bypassed due to political issues (e.g., an 

expert is purposely left out of the meeting) or temporal constraints (e.g., 

meeting a deadline). 

Several commercial software packages (e.g., MS-Schedule-i-, CA-

Uptodate, LOTUS-Organizer [Kincaid, Dupont and Kaye, 1985]) and 

academic prototype systems (e.g., Visual-Calendar [Beard et al., 1990]; 

PCAL [Greif, 1982]) attempt to provide assistance in the meeting-

scheduling process. These meeting-schedulers are mostly incorporated 

within the calendar management subsystem, and emphasize the management 

of individual calendars. They do not provide sufficient tools to model the 

meeting-content during the scheduling stage by using knowledge about the 

organization. Support for the group-makeup process is limited, as there is 

no use of knowledge about the capabihties of potential invitees. Scheduling 



a meeting is done by integrating all the relevant calendars using a Boolean 

"AND" and searching a vacant time slot where everybody is available. 

The goal of this dissertation was to develop a comprehensive model for 

an Intelligent Meeting-Scheduler (IMS), which is a Decision Support 

System (DSS) that enables organizations to cope more effectively with daily 

meeting-scheduling situations. By introducing knowledge about the 

organization into the scheduling process and providing tools for formal 

description of the meeting-content and intelligent selection of the 

participants, we expect to achieve a better fit between the outcome of the 

scheduling process and the organization's needs. The suggested system is 

expected to save time and make the scheduling process more efficient and 

effective. In order to validate these expectations, a prototype system is 

designed, implemented and tested over several scheduling scenarios. 

The focus of this research is on supporting scheduling scenarios that 

involve problem solving, performance tasks and interaction among experts 

(Philippakis and Goul, 1992) within bureaucratic and mechanistic 

organizations (e.g., banks, government agencies). These organizations are 

characterized by high formalization and standardization of behaviors, 

emphasis on planning and control structures and other principles such as 

division of labor, unit differentiation and vertical communication. The 

notion of Contingency Theory (Galbraith, 1973, 1977; Lawrence and 

Lorsch, 1967) suggests that our system can be effective in organizations 

that are characterized by a heterogeneous environment and a high degree 

of differentiation in their structure. Each subunit of these organizations 

must match its immediate environment, and our system is an organizational 

tool that can enhance the coordination among these subunits. 



Using Mintzberg's (1979) classification of organization types, we 

believe that our system can provide effective support for meeting-

scheduling in divisionalized firms, where each division is run as a machine 

or professional bureaucracy. These organizations are not self-contained, 

and therefore people usually do not know each others' expertise directly. In 

such organizations, work procedures are very formalized and coded into 

organizational information systems. We believe that this kind of setting is a 

prerequisite in order to make the IMS useful. 

On the other hand. The IMS is not effective for small, self-contained 

and organic organizations, where people tend to know each other directly, 

and coordinate work through informal interaction. We also believe that our 

system is not very effective for political meetings because the knowledge 

for assembling such meetings (e.g., coalitions) is usually not captured by 

information systems. 

We propose a general model that can be easily adapted to support 

different types of meetings; however, we are aware of other surrounding 

limitations. In real organizations, issues such as power and politics tend to 

disrupt the ordinary sequence of the scheduling process. In addition, in 

many organizations people tend to make shortcuts within the scheduling 

process because of the high portion of direct (face to face) contacts between 

the organization's members at a local scope. Overall, the process of 

scheduling meetings in real life is unstructured and somewhat chaotic. 

Previous Research 

Most of the previous research regarding automatic meeting-schedulers 

seems to concentrate in the following three areas: 



1. Managing temporal information of the end-users. The performance 

of the system is mainly driven by the user, who adds, views, 

modifies and deletes information stored in calendars. The system also 

supports networking of users who exchange messages about the 

feasibility of alternative time slots. Many commercial products 

(e.g., MS-Schedule-i-, LOTUS-Organizer, CA-Uptodate) tend to 

focus on these features (Smith and Eglowstein, 1994). 

2. Developing scheduling heuristics by researchers in the area of 

Distributed Artificial Intelligence (DAI). These heuristics are 

alternative methods for searching time slots within calendars, and 

for communicating information during the scheduling process (Sen 

and Durfee (1991, 1992, 1993a, 1993b, 1994a, 1994b). This 

research is mainly experimental, and tries to estimate the 

communication costs associated with different scheduling strategies 

in different scenarios. The goal is to come up with a recommended 

strategy for different combinations of calendars. The research 

focuses on the scientific aspects of the scheduling function and there 

is no attempt to support the group make-up and meeting-content 

planning processes. 

3. Developing group composition models in the area of organizational 

computing. These models present a generic formulation of the group 

composition problem, and try to optimize the cost^enefit ratio 

between the expected outcomes from the meeting and the costs 

involved in the participation (Philippakis and Goul, 1992). These 

models do recognize the importance of congruence between the 

group task and the selected participants; however, they treat the 



selection process as a structured linear programming problem with 

limited knowledge about the invitees. In addition, they focus only on 

the group composition process, and do not attempt to relate it to the 

wider context of the meeting-scheduling problem. 

In the extant research, the scheduling process is treated as a structured 

problem where a meeting time-slot is selected primarily according to the 

availability of vacant time-slots in the invitees' calendars. There is not 

sufficient use of deep organizational knowledge that can support various 

activities within the scheduling process (e.g., planning the meeting-content, 

forming the most effective group). We were also unable to locate attempts 

to describe the meeting-content in detail during the scheduling process. 

In the extant software packages, the scheduling is done by a host, who 

first must decide on the invitees list, and then collect all the relevant 

temporal information. If the host has all the information about the invitees' 

calendars, we have a centralized process and the solution is found by 

performing a Boolean "And" among all the calendars. The "Visual 

Calendar" (Beard et al., 1990) is a good example of this approach. 

Whenever the host does not have direct access to the calendars of the 

invitees, he or she must use a distributed scheduling process (Sen and 

Durfee, 1991), where bid and response messages are exchanged with the 

invitees. This process continues until the host either converges to an 

acceptable solution, or reaches a conclusion that the meeting cannot be 

scheduled due to a conflict among the calendars. 



Problem Statement 

In the previous work mentioned above, not enough attention was paid 

to several important factors regarding the meeting-scheduling task. Some 

of the above meeting-schedulers have partially addressed these factors; 

however, there exists no framework for a computerized meeting-scheduler 

that addresses all these factors in a single architecture. 

The following are factors that should be considered when attempting 

to support meeting-scheduling scenarios in the business world: 

1. Meeting content. What do we expect to achieve in the meeting? 

For example, are we trying to solve a problem, formulate a new 

strategy by managers, interview a new employee, have a marketing 

presentation, a professional conference session, or a social reception? 

Each of these meetings has a different nature in terms of the meeting 

content and the scheduling process. 

2. Method of selecting invitees. Some meetings deal with strategy 

formulation by high-level managers (e.g., political goal-setting, 

resource allocation); other meetings deal with tactical design of 

solutions by mid-level or low-level managers; and some meetings 

might even have a mixture of both. Relevant questions are: do we 

need a focused group of invitees, or is this an integrative meeting 

where we want invitees from different functional areas within the 

organization? Is previous experience with the meeting's topic a 

crucial factor? In some cases, we would prefer to expose 

novice employees to topics discussed in the meeting or allow 

evaluation of a problem by managers who are unfamiliar with the 

previous discussions in order to get an independent perspective. 
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In many cases, political criteria affect the selection method, and 

an invitee, who is a good potential participant, is purposely left 

out of the meeting. This could be done by giving a short notice or 

selecting an inconvenient time-slot for that participant. 

3. Expected value of the meeting. How is the meeting going to 

contribute to the organizational goals? Will it increase profit, 

improve efficiency, ensure customer satisfaction or solve an 

operational problem? 

4. Degree of distribution. To what extent is knowledge about the 

invitees' calendars available? We have a distribution spectrum: on 

one extreme, if we do not have all the information at the scheduling 

site then the process is totally decentralized and we need to engage in 

a negotiation process, by exchanging announcements and responses 

with the invitees. On the other extreme, if we have perfect 

knowledge about all the calendars of the invitees, we have a 

centralized process and can theoretically find a feasible time-slot 

without consulting the invitees. In the case of a decentralized 

process we have several questions to address: How many alternatives 

do we propose at each scheduling iteration? How do the invitees 

respond to the announcements (information quantity, detail and 

format)? Are meeting time-slots blocked tentatively by invitees after 

receiving the announcement and before the meeting is finally set? 

5. Time-slot searching method. Are we looking for the linear earliest 

time-slot, or performing a hierarchical search according to the 

density of the calendar's content (Sen and Durfee, 1991)? In the 

latter case, do we try to spread the meetings as evenly as possible 
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over the calendar? Is there any prioritization among the invitees' 

calendars during this search process? 

6. Method of conflict resolution. How are conflicts between 

calendars resolved during the search process? Do we look for 

alternative time slots with the same invitees, or do we try to stick to 

the same time-slot, substituting one invitee by another invitee that has 

a close profile and a reasonable "fit" with the meeting-content? How 

well can another person substitute for the original invitee? 

7. Negotiation density. What is the number of meetings that are 

negotiated concurrently at a given point in time, and for a given 

group of people? 

The factors mentioned above hint that scheduling a meeting in real 

organizations is a very complex and unstructured problem. We have a lot 

of variation in many factors that can affect the performance of the 

meeting-scheduler. This variation cannot be captured easily by a single 

person. Most of the extant meeting schedulers ignore some of the above 

factors, by viewing the scheduling process in the limited context of a 

calendar matching problem. The main problem we have identified is a lack 

of a unified model and architecture for a meeting-scheduler that addresses 

all the aspects of the meeting-scheduling problem (calendar, scheduling and 

communication) in a single system. Our research also investigates the 

relationship between the system and the environment (meetings). We are 

interested in the types of meetings that are effectively supported by our 

system, and the way these meeting affect the behaviors of our system. 
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Research Objectives 

The objective of this study is to propose and validate a conceptual 

model for an InteUigent Meeting-Scheduler (IMS), which is a DSS that 

supports meeting-scheduling problems in mechanistic organizations. The 

proposed system incorporates organizational knowledge and scheduling 

tools that assist both the host and the invitees with various activities related 

to the scheduling process. By introducing a wider organizational context 

(knowledge and tools) into the scheduling process, we expect to make the 

scheduling process more effective and achieve a better fit between the 

schedules produced by the system and the needs of the organization. 

Research Ouestions 

This research addressed the following questions about a meeting-

scheduler: 

1. What is the process of scheduling a meeting from the end-user's 

point of view (both host and invitee)? 

2. What is the knowledge required to support an "inteUigent" 

meeting-scheduling process? 

3. What are the conceptual components of the meeting-scheduler? 

4. How does the environment (type of meeting) affect the behavior of 

the meeting-scheduler? 

Deliverables 

This research produced the following deliverables: 

1. A general description of the meeting-scheduHng process within 

organizations. The description is presented as a list of steps the 

host and invitees go through when they plan to hold a meeting. 
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2. A conceptual model for an IMS, which includes all the symbol and 

knowledge level units, one possible architecture, and propositions. 

3. A prototype system that implemented the model as part of a 

validation plan. 

Significance of the Research 

The suggested system is intended to serve as a DSS for hosts and 

invitees during the meeting-scheduling process. This work contributes to 

the body of knowledge in the area of meeting-scheduling by viewing the 

scheduling problem not merely as a calendar management problem, but 

rather as a complex organizational problem. Managing calendars of people 

is definitely not sufficient to produce good schedules and productive 

meetings because it assumes that the host knows precisely: 

1. What is going to be discussed in the meeting; 

2. Who are the best invitees for the above meeting-content; and 

3. How the meeting fits in the calendars and work assignments of 

the above invitees. 

In real organizations where the host has many parallel responsibilities 

and a limited organizational scope, this assumption is dubious. The IMS 

addresses this problem by providing the host a tool for describing the 

meeting-content in advance. The system uses a larger variety of knowledge 

components to describe the meeting-content, as precisely as possible, and 

immediately match this content with up-to-date available human and 

logistical resources. The system is also more flexible and responsive to 

changes in the organization and its environment. For example, the system 

enables the host to address possible interactions between participants' 
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expertise and time constraint (the best invitees for a given meeting might 

be substituted by other invitees because of the meeting urgency). 

Our goal was to build a comprehensive and general model that can 

handle different types of meetings by using a broad range of related 

knowledge components. We hope that this model will serve as a basis for 

construction of powerful scheduling systems in the future. 

Structure of the Dissertation 

The rest of the dissertation is organized as follows. Chapter II provides 

a review of related literature in the areas of organizational theory and 

previous theoretical and applied work that has been done to develop 

meeting-schedulers. 

Chapter III describes the research methodology that is used in this 

dissertation, which is be based on the unified view for AI inquiry proposed 

by Baldwin and Yadav (1995). The research has three major steps: 

problem formulation, theory building and theory testing. The latter step 

provides a comprehensive validation plan for the proposed model. 

Chapter IV presents a conceptual model for IMS following the above 

research methodology by deriving the Environment (E), Knowledge (K), 

Symbol (S) and Behavior (B) specification for the IMS. The model includes 

knowledge and symbol level propositions that relate dependent and 

independent units from the above types to make some predictions about the 

system's behavior. These propositions serve as a basis for future empirical 

validation of the system. 

Chapter V describes a validation plan for our model. The validation 

consists of two major phases: the prototype vaUdation and the conceptual 

12 



model validation. As part of the validation, this chapter includes a 

description of the assistance provided by the IMS in scheduling three 

meetings. 

Chapter VI presents a comprehensive design specification for 

constructing an IMS prototype as part of our validation plan for the 

conceptual model. This specification consists of a user-interface and a 

relational data model. In order to demonstrate the feasibility of the 

solution, we implement the prototype using the Microsoft-Access 2.0 

application generator. 

Chapter VII describes a plan for testing and evaluating the prototype. 

We specify the steps of the prototyping session and come up with a 

questionnaire to measure the effectiveness of the system. 

Chapter VIII reports the results and conclusions after testing the 

prototype in two prototyping sessions with administrative personnel at 

Texas Tech University. Based on these sessions, we compare our system to 

previous schedulers and provide some recommendations for refining our 

conceptual model. 

Chapter IX summarizes the dissertation, by stating the major 

contributions and pointing out the key limitations. This chapter also 

outlines several issues that deserve future research. 
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CHAPTER II 

REVIEW OF RELATED LITERATURE 

In this chapter, we describe several topics that relate to meeting-

scheduling. Our survey is divided into three major parts. The first part 

describes several organizational behavior concepts that relate to our 

problem. These topics include classifying organizations, coordination 

theory and mechanisms, lateral integration and the role of meetings as a 

liaison device within organizations. All the above concepts are related to 

this research because the scheduling problem is viewed as one aspect of the 

meeting process, and the meeting process is viewed as one mean of lateral 

integration within organizations. We are especially interested in 

understanding the types of organizations and types of meetings for which 

our system provides effective support. The second part describes work 

related to the IMS that has been done in the academia and in the business 

world. Several prototypes are discussed in order to demonstrate alternative 

solutions to the scheduling problem. The discussion evolves around the 

structure of the schedulers as well as the services that they provide in the 

areas of calendar, scheduling and communication management. In the third 

part, the emerging idea of software-agents is discussed. This is the 

underlying notion of our model for the IMS. 

Types of Organizations 

In this section we survey several frameworks developed in the 

organizational behavior discipline. These frameworks provide us with a 

profile of the organizations that are the target of the IMS model. 
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Scott (1992) describes the sources of structural complexity in 

organizations, and mentions the work of Burns and Stalker (1961). These 

authors have studied twenty British companies in the areas of textile, 

engineering and electronics. They found that there are two distinct 

management styles: the mechanistic and organic. These styles tend to be 

associated with different industries and environments. 

The mechanistic style tends to appear in companies where the 

environment is stable and the organizational tasks can be clearly defined. In 

these companies, the interaction and control tend to flow vertically. Work 

is divided to distinct subtasks, which are allocated among the employees. 

Examples of mechanistic organizations include: government agencies, 

banks, industrial corporations and airlines. 

The organic style tends to appear in companies where work 

requirements cannot be broken down clearly or distributed across the 

organization. In these cases the duties of an employee are constantly 

redefined by interaction with other employees. This interaction tends to 

resemble lateral consultation rather than vertical chain of command. 

Mintzberg (1979) discusses the structural configurations of 

organizations and mentions the following five profiles: simple, machine-

bureaucracy, professional-bureaucracy, divisionalized form and adhocracy. 

Both the simple structure and the adhocracy are definitely not a target 

for the IMS. According to Mintzberg (1979), simple structured 

organizations tend to be small and very centralized (both vertically and 

horizontally). They are characterized by a one-person strategic apex, a 

loose division of labor, direct supervision, minimal unit differentiation and 

minimal use of training, control an planning systems. Mintzberg (1979) 
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claims that adhocracies are innovative and organic in their nature, and 

therefore cannot rely on formalization of behaviors. They are 

characterized by selective decentralization and rely heavily on experts, 

whose knowledge cannot be standardized to achieve coordination. 

Coordination is therefore achieved through informal interactions. These 

features cause difficulties when attempting to use our system in such an 

organization. 

As a conclusion from Burns and Stalker (1961) and Mintzberg (1979), 

we believe that the IMS would best fit in a divisionalized form that is 

superimposed on a machine or professional bureaucracy. In such a 

mechanistic organization, work procedures and goals are standardized by a 

formal control and planning system. The organization also faces diversified 

markets that are handled separately by its divisions. In most cases, people 

from different divisions do not know each other directly; however, many 

instances for such interaction exist. We believe that a computerized system 

can provide assistance in scheduling meetings across the divisions of such 

an organization. 

Scott (1992) describes the notion of contingency theory and refers to 

the work of Galbraith (1973). Contingency theory is considered a branch 

of systems design. According to Galbraith (1973), there is no one optimal 

way to organize an organization. The best way of organizing depends on 

the nature of the environment to which the organization much relate. The 

challenge is therefore to achieve a good fit between the demands of the 

external environment and the internal features of the organization. 

Galbraith (1973, 1977) ties the issues of environmental uncertainty, 

information requirements and technology. According to Galbraith (1977), 
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new technology increases the diversity, uncertainty and work-flow 

interdependence in the organization. This effect increases the amount of 

information that must be processed by decision makers in order to achieve 

a given level of performance. Galbraith (1977) claims that the challenge is 

to adapt the organization and select an appropriate structural arrangement 

(e.g., rules, hierarchy and degree of distribution) that matches the 

information processing requirements. 

Scott (1992) claims that greater technical complexity increases the 

structural complexity of the organization, and that greater technical 

interdependence increases the required coordination efforts (e.g., 

standardization, plans, schedules, mutual adjustment). 

Scott (1992) mentions also the work of Lawrence and Lorsch (1967), 

(who coined the term of contingency theory). According to Lawrence and 

Lorsch (1967), different environments (in terms of stability and 

uncertainty) place different requirements on organizations. An 

organization that faces a more heterogeneous environment becomes more 

differentiated in its structure by dividing itself into subunits. This demands 

a significant effort from the organization in order to achieve integration 

and coordination among its subunits. Lawrence and Lorsch (1967) claim 

that in case of such a differentiation, each subunit must fit the local 

environment in which it operates, and the overall integration mode must fit 

the global environment faced by the organization. We believe that a high 

technical complexity, high technical interdependence as well as complex 

and heterogeneous environment are all features that promote the use of the 

IMS for scheduling meetings. 

17 



The IMS can be especially useful in scheduling meetings within 

international firms. These firms are characterized by large geographical 

distances among their subunits; thus, information systems are a major 

source for achieving coordination within the organization. 

In their book about transnational management, Bartlett and Ghoshal 

(1995) describe coordination and control as an organizational challenge in 

multinational companies. The authors describe the failure of the matrix 

structure due to conflict and confusion among managers that are separated 

by barriers of time, distance, language and culture. As a result of these 

symptoms, the management process becomes slow and costly. 

Bartlett and Ghoshal (1995) propose three types of organizational 

configurations that address the drawbacks of the traditional matrix 

structure in an international setting. 

1. Decentralized federation. A loose federation of independent national 

subsidiaries, which are primarily focused on local markets. The 

autonomous companies can be viewed and managed as a portfolio of 

off-shore investments, rather than as a single international business. 

2. Coordinated federation. The subsidiaries are often free to adapt 

products or strategies that reflect local market differences. In this 

case, the headquarters is more involved in formal coordination 

because the subsidiaries rely on ideas, new products and work 

processes that are disseminated from the center. 

3. Centralized Hub. A centrally controlled export-based company, 

where the control is tight and the key strategic decisions are made 

at the center. The flow between the subsidiaries and the headquarters 

involves mainly goods. 
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The IMS can provide assistance for all the types of transnational firms 

mentioned above. The critical issue is the existence of a organizational 

knowledge maintenance facility that standardizes this knowledge and 

facilitates the links between the subunits of the organization. We believe 

that if such a function exists in the organization, it is feasible to develop 

and use a computerized meeting-scheduler such as the IMS that we propose. 

Meetings and Decisions in Organizations 

According to Mintzberg (1979), some meetings are planned in advance 

on an ad-hoc basis, other meetings are scheduled on a regular basis 

(institutionalized), and in some cases people just bump into each other and 

decide to have a meeting (inpromptu). Mintzberg (1979) views the meeting 

as a liaison device, which is one of a set of lateral linkage tools the 

organization can use as a part of its formal structure. Examples of other 

lateral linkages are: matrix structure, liaison positions without formal 

authority, and integrating managers. 

Two major liaison devices are used to institutionalize the meeting. 

1. Task force. This is a committee that is formed to accomplish a 

specific goal and then disband. 

2. Standing committee. This is a more permanent interdepartmental 

gathering that assembles on a regular basis to discuss issues of 

common interest. 

Huber (1990) discusses the relationship between new information 

technologies and organizational design, intelligence and decision-making. 

He mentions meetings as an organizational tool that can speed up decision 

processes by creating situations where the rate of decision-related 
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information exchange is generally higher than that which occurs outside of 

meetings. 

Philippakis and Goul (1992) describe meetings as group tasks. They 

mention the following three types of group tasks: 

1. Performance. Each of the group members is responsible 

independently for a distinct subtask. Group members have different 

levels of effectiveness for different subtasks. The objective is to 

match people and subtasks in a way that optimizes the total 

effectiveness of the group. 

2. Knowledge-Based. Same as performance tasks but requires a strong 

interaction between the members of the group in order to be 

productive. Members are considered to be experts in their fields, and 

their expertise is not replicated within the group. 

3. Information-Exchange/Coalition-Formation. This type of group 

tasks is mainly focused on achieving mutual understanding between 

conflicting parties (stakeholders). The participants are assumed to 

be equally qualified to make a decision. There is extensive use of 

tools (e.g., voting, ranking, rating) to support the consensus building 

process. Many GDSS systems tackle meetings from this perspective 

(Desanctis and Gallupe, 1987). 

Sugihara, Kikunu and Yoshida (1989) claim that most of the office 

activities are cooperative rather than individual; thus, tools for cooperative 

activities should be provided for office workers in order to make them 

more productive. 
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Kelly (1988) classifies meetings in the following two categories: 

1. Small, short meetings that tackle specific detailed problems. These 

meetings are task oriented and include "guest experts" from other 

parts of the organization. Most people do not mind being left out 

of these meetings if they are not directly working on the problem, 

since they know the results will be presented to them later and 

their rights will be protected. Skills and information are the major 

criteria for selecting a person to participate in these type of 

meetings. 

2. Large, long integrative meetings that deal with goal setting, result 

sharing and team building functions. These meetings take place less 

frequently, and only after a sufficient amount of preparatory work 

has been completed. In these type of meetings, political issues such 

as power, authority, and control over resources are important 

criteria for selecting a person as a potential participant. Expertise 

and knowledge of a participant play a less dominant role in the group 

composition stage of such meetings. 

Thompson (1967) claims that decision issues involves beliefs about 

cause effect relations and preferences regarding possible outcomes. Each of 

these two dimensions is dichotomized to the binary values of certain or 

uncertain. Thompson (1967) describes a two-dimensional grid with four 

cells. Each cell is a decision scenario (issue) that calls for a different 

decision strategy. 

Whenever there is certainty about both the causation and the outcome-

preferences, the adequate strategy is computational. If the data are 
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voluminous and the formulas are intricate, the solution is not obvious; 

however, it can be programmed. 

Whenever outcome-preferences are certain but causations are 

uncertain, we need to use a judgmental strategy. In the reverse situation, 

whenever outcome-preferences are uncertain and causations are certain, we 

need to use a compromise strategy. 

Finally, if both the causation and outcome-preferences are uncertain, 

the situation calls for an inspirational strategy. 

Integrating Thompson's (1967) framework with Kelly's (1988) work, 

we propose that a computational or judgmental type of meeting will result 

in a structured scheduling process, whereas a compromise or inspirational 

meeting will involve more political issues; thus, the scheduling process will 

be less structured. In the latter case, there will be a higher tendency to take 

shortcuts in the scheduling process, make it less formal, and purposely 

ignore scheduling recommendation of a computerized scheduling system. 

A framework for deciding on the appropriate forum for decision 

making by managers in organizations is described and demonstrated in 

Vroom and Yetton (1973) and Vroom and Jago (1988). This framework is 

based on a set of questions a manager needs to ask himself or herself when 

he or she faces a decision about the appropriate forum for reaching a 

decision. The forum can range from an individual decision to a total 

democratic vote. 

Decisions made by the manager without consulting the employees, will 

fit situations where the problem is structured, all the knowledge is available 

to the manager and no commitment to action is required from the 

employees. On the other hand, if the problem is ill-structured, the manager 
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does not possess all the required knowledge and there is a strong aspect of 

decision commitment, then the manager will tend to share the decision with 

a larger forum of employees. 

Scheduling Meetings 

Malone and Crowston (1994) view the meeting-scheduling problem in 

the interdisciplinary context of coordination mechanisms. The authors 

define coordination as a process that manages interdependencies between 

activities. They provide a taxonomy of these dependencies and specify 

coordination processes that can be used to handle these dependencies. 

According to Malone and Crowston (1994), meeting-scheduling falls 

into the coordination category of managing simultaneity constraints. This 

kind of dependency refers to activities that need to occur at the same time. 

Another example mentioned by the authors is the handling of concurrency 

control in computer programs. 

Sen and Durfee (1991) mention that meeting-scheduling is an 

organizational task that requires a careful balance between conflicting 

interests of the individual (e.g., calendar privacy) and the organization 

(e.g., efficient use of time and resources). The authors give two reasons 

why automating the meeting-scheduling process is important. 

1. The process of scheduling is often tedious, iterative and time 

consuming for workers; thus, an automatic tool can save time and 

and effort on the human side. 

2. Automating the scheduUng process can lead to more effective 

schedules and change the way information is exchanged in the 

organization. 
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Beard et al. (1990) mention that most office workers maintain their 

calendars in small portable pocket calendars, which creates a problem in 

scheduling meetings because of poor accessibility and accuracy. 

The amount of time spent in meetings by employees and especially 

managers suggests that both efficient time management and productive 

meetings are essential for the success of the organization. 

There is a significant amount of literature that intends to provide 

assistance in the designing, planning, staffing and running of successful 

meetings and conferences. Most of the work in this area has been in the 

form of practitioner manuals and checklists. These manuals can be used as 

a recipe or a checklist before organizing meetings or conferences. 

Nadler and Nadler (1977) focus on the arrangement of conferences, 

and mention the following major activities: forming the design committee 

and electing a coordinator; designing the core of the conference; designing 

related conference activities (e.g., field trips); selecting the conference site; 

organizing exhibits; producing conference and participants program book; 

handling registration; conducting the conference and post-evaluating the 

conference. 

Hilderth (1990) produced a similar chronological framework that starts 

with analyzing the group and its history, and proceeds to budgeting, agenda 

planning, site selection and meeting management. The process is terminated 

with the meeting post evaluation. 

Seekings (1992) claims that whenever organizing a conference we need 

to address the following five questions: 

1. Why do we need to hold the conference? 

2. What do we want to achieve in the conference? 
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3. Who should attend the conference? 

4. When should the conference be held? 

5. Where should the conference be held? 

Previous Meeting-Schedulers 

Previous attempts to automate or investigate the automation of the 

meeting-scheduling process can be described from two different 

perspectives: the structure of the meeting-scheduler and the services 

provided by the meeting-scheduler. 

The first following section describes the structure of extant meeting-

schedulers. This section addresses the following questions: What are the 

automatic meeting-schedulers made of? How do the components of the 

meeting-scheduler interact with the external environment? 

The second following section describes the services provided by the 

extant meeting-schedulers. This section lists and clusters the functions 

provided by the meeting-schedulers from the users' perspective (hosts and 

invitees). This section addresses the question: What activities can the 

automatic meeting-schedulers support? 

The Structure of Meeting-Schedulers 

Sugihara, Kikunu and Yoshida (1989) suggest the following conceptual 

model in describing a meeting scheduler. The scheduler has three 

components: 

I User environment. Refers to the interface with the user, who 

selects commands from menus and receives back forms displayed 

on screens. 
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2. Database store. Timetable and item information about meetings, 

persons and rooms. 

3. Schedule management. Handles the major scheduling activities. 

It is divided into separate sections that perform the following 

processes: 

a. Rearrangement processing. Executes rearrangement 

commands on timetables. 

b. Database management. Supports the storage and retrieval 

of data about meetings, persons and rooms. 

c. User interface. Responsible for interactive communication 

between the user and the meeting-scheduler. 

In Sugihara, Kikunu and Yoshida (1989) the following four screens are 

suggested for implementing a prototype of a meeting-scheduler: 

1. Heading box with personal information about the user. 

2. Timetable/Item information box for accessing and manipulating a 

schedule. 

3. Input data box for specifying parameters used in manipulating the 

timetable. 

4. Command menu box for accepting the user commands. 

In a strawman for an IMS, prepared by Yadav (1990), the following 

components are mentioned: 

1. User interface processor. Handles the interaction with the end-

users. 

2. Scheduler. Performs the actual task of scheduUng meetings. 

3. Knowledge acquisition. Maintains all the information needed about 

the organization and its rules in order to schedule meetings. 
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4. Coordinator. Responsible for the communication between the 

users (sending and receiving messages about meetings). 

The Services Supported bv Meeting-Schedulers 

We can look at a meeting-scheduler as a provider of a pool of services 

in different domains. Our aim is to scan the existing academic and business 

packages in order to find good features that should be synthesized into our 

IMS. We are also interested in finding areas where the extant meeting-

schedulers are lacking in their support. 

In the following sections we survey the services provided by the extant 

meeting-schedulers. Our survey is divided into three major functional 

areas: calendar management, scheduling management and communication 

management. 

Several criteria (in each of these areas) are discussed in our survey. 

After constructing and testing our prototype, we compare our system to the 

extant meeting-schedulers using these criteria. This comparison is discussed 

in detail in Chapter VIII and its results are summarized in Table 8.3. 

In the area calendar management, we refer to criteria such as flexible 

calendar presentation formats (e.g., daily, weekly), support for temporal 

constraints, private/pubUc information, recurring meetings and movable 

meetings. 

In the area of scheduling management we refer to criteria such as 

scheduling method and search strategies, meeting-content planning 

capabilities, support for group composition, drill down capabilities for 

calendar conflict resolution, and the method of evaluating the prototype. 
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In the area of communication management we refer to criteria such as 

the nature of the prototype (stand-alone or distributed/networked), 

the integration with existing email systems and the portability of calendars. 

The Calendar-Management Services 

The calendar-management process refers to the recording of temporal 

information about people and equipment. This process draws from the old 

way of using paper calendars and diaries. 

The use of calendars by professional persons was investigated by 

Kelley and Chapanis (1982). The authors conducted a field study with the 

following goals: 

1. Find how people in the business world keep track of their 

appointments and schedules using traditional paper and pencil 

technology. 

2. Suggest some features that a computerized calendar must have so it 

can satisfy the needs of business professionals and occasional users. 

The sample included 23 participants representing a wide variety of 

education levels, occupations and ages. The participants were interviewed 

and provided biographical information as well as real calendar material. 

The main findings of the study were as follows. 

1. Importance. Calendars were considered by almost all of the 

participants vital for their business. It is certainly a worthy candidate 

for computerization. 

2. Format of the calendars. The authors found large variation. This 

suggests that the computerization of calendars might help because it 

allows flexibility of display. The authors pointed out that in order to 
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make an effective use of computerization, two conditions need to be 

met: supplying an easy method for selecting the relevant portion of 

the data, and a form of a portable pocket computer as part of the 

calendar system. 

3. Multiple calendars. Sixteen of the participants reported the use of 

more then one calendar at a time. This redundancy is expected to 

disappear by using an easily accessible centralized data-base. 

4. Multiple locations. Fourteen participants reported a general problem 

of being in one place when the calendar they needed to access was in 

another place. 

5. Multiple user access. Eight of the participants reported that their 

calendars were accessed by at least one more person (usually a 

secretary). Out of these participants four reported that they were the 

only ones who actually made changes to their calendar, and other 

people were only allowed to browse the calendar. 

6. Multiple calendar coordination. This was reported as a very serious 

problem that wasted a lot of time. 

7. Privacy. Keeping information in the calendars private tends to 

affect the ease of coordination, because when a meeting needs to be 

scheduled we might overlook good solutions. Six of the participants 

reported privacy concerns about some of their calendars' entries. 

8. Completeness. Eight of the participants reported keeping track of 

their appointments without any written record. 

9. Archiving. Almost all of the participants reported keeping old 

calendars for a period of time after they expire. This suggests that 

computerization can be very helpful in providing quick access to 
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archived information using indexes and query languages. 

10. Stimulus for data entry. A majority of the calendar entries comes 

as a result of a concurrent conversation with somebody. The 

electronic-mail system is expected to reduce the steps required to 

disseminate and store information in the calendars. 

11. Entry manipulation. About 26% of the appointments recorded 

in the calendars were changed. Computerization can be very 

helpful here. 

12. Ouery patterns. Participants have different access patterns to the 

information stored in the calendar. Ease of access and different 

formats for easy scanning of the information are important 

features. 

13. Routine Appointments. Twelve participants reported having 

recurring appointments that could be easily treated by a 

computer. 

14. Associated information. Many participants use their calendars to 

store additional relevant information, such as, "to do" lists, memos, 

phone numbers, notes, business cards. 

15. Critical incidents. Paper calendars were described as sensitive and 

fragile in environments such as auto repair workshops. 

The general conclusion from the study was that there is a positive 

attitude towards computerization of calendars, though some participants 

were dubious it could be built. 

A computerized calendar was implemented by Greif (1982) at the 

computer science lab of MIT. The Personal Calendar (PCAL) was built 

with a user interface that utilized forms and commands. The user filled out 
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arguments in the forms and then specified commands that were executed 

over the forms. The system was functionally able to: add new items to a 

calendar, examine entries within a calendar, change/remove items from a 

calendar and check conflicts between invitees' calendars. 

Kincaid, Dupont and Kaye (1985) surveyed 30 users of two electronic 

calendar systems. Based on these interviews, the authors suggested features 

that are recommended for a computerized calendar system. The main 

conclusion of their research was that electronic calendars sometimes fail to 

support their users as the paper calendars do, mainly because they enforce 

a rigid format that is not natural to the users. Electronic calendars should 

provide flexibility and accessibility in an interrupt mode, as similar as 

possible to the utilization mode of paper calendars. 

Beard et al. (1990) describe the calendar interface of their Visual-

Calendar system. The top part of the screen consisted of a time grid in a 

weekly format. The bottom part of the screen was divided into two areas: 

public and private. When the user selected a slot in the grid, he or she was 

able to update the public or private information that related to that time-

slot. The public area maintained information, such as, frequency of a 

recurring meeting, movability, the host name, the tide of the meeting and a 

space for comments. In the private area, the calendar owner was allowed to 

write comments that were not visible to other users who accessed his or her 

calendar. Overall, the Visual Calendar was implemented using advanced 

Graphical User-Interface (GUI) standards (e.g., support cut-and-paste of 

events on the calendar). 

Grudin (1987) claims that applications in the area of groupware may 

present a systematic imbalance in the efforts required and benefits obtained 
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by users at different levels of the organization. This imbalance may affect 

the acceptance of the system by different types of users in the organization. 

Grudin (1987) mentions the meeting-scheduling problem as an example 

of his thesis. According to the author, the benefits from such an automatic 

system rely on the maintenance of electronic calendars. Most of these 

benefits are gained by the high level managers who assemble meetings; 

whereas, most of the work for maintaining the calendars uptodate is done 

by the subordinates. These subordinates do not tend to maintain an 

electronic version of their calendar unless they are persuaded or explicitly 

ordered to do so as part of their work assignments. In order to address this 

problem, we must convince the employees that their time at the workplace 

is an organizational resource. By sharing their calendars with other people 

and keeping their calendars accurate, they enable the organization to 

function more effectively and efficiently. 

Grudin (1987) mentions that a preliminary analysis of work pattern 

changes must be conducted carefully before implementing the cooperative 

system. This evaluation must be followed by an emphasis of the 

compensatory benefits to group members that will be harmed by the new 

system. Another issue is the personal leading example provided by the 

management and the successful initial implementation in a niche within the 

organization. 

The Schedulinp^-Management Services 

The scheduling-management process refers to the algorithms and 

techniques that are used to schedule meetings. The scheduling process relies 

on the information that is stored in the calendars. 
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Kincaid, Dupont and Kaye (1985) mention the accuracy and 

completeness of the individual calendars as the key underlying factors 

determining the success of an automatic meeting-scheduler. 

Sugihara, Kikunu and Yoshida (1989) claim that from the viewpoint 

of scheduling meetings the problem of updating a schedule is much more 

interesting than constructing a schedule from scratch according to given 

requirements. They claim that requirements for a schedule are time 

varying; therefore, whenever changes in the schedule occur, it is important 

to rearrange the meetings in a wise way that minimizes the number of 

shifts in the schedule. We need to remember that each change in a schedule 

consumes labor hours for notification and might cause idle time in the 

schedule of an employee. The authors formalize and implement a solution 

for updating timetables. Their solution is based on the Timetable-

Rearrangement (TR) algorithm (Sugihara, Kikunu and Yoshida, 1989), 

which minimizes the number of people who have to change their schedules 

as a new meeting is being scheduled. This approach totally ignores the 

organizational aspects of the scheduling problem and focuses on the 

computational efficiency of the timetable rearrangement process. 

Sugihara, Kikunu and Yoshida (1989) suggest six operations an 

automatic meeting-scheduler should provide: 

1. "View": Browse a timetable of a person or a meeting. 

2. "Insert": Add a meeting into a timetable. The meeting can be 

temporary or recurring (being held on a daily, weekly or 

monthly basis). 

3. "Delete": Eliminate a meeting from a timetable. 
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4. "Modify": Change parameters of a meeting (e.g., duration, people 

who need to attend and possible starting time slots). 

5. "Window": Display information about the schedules in a 

different time scale or include different people on the display. 

6. "Item": Retrieve, insert, delete or modify the profile of a 

meeting, a person or a room (e.g., chairperson's name, room 

capacity, available equipment). 

Sugihara, Kikunu and Yoshida (1989) mention a few other important 

features for the scheduler as directions for future research: 

1. Supporting priority management for meetings by setting higher-

priority meetings to have a fixed starting time. 

2. Using different objective functions in the timetable rearrangement 

process. 

3. Specifying a minimum interval between meetings. 

4. Feasibility check for user input parameters, which is a common 

feature in many information systems. 

Smith and Eglowstein (1994) mention several other important features 

in the scheduling process: 

1. "Find free time": An algorithm that automatically finds when all 

invited people and resources are available. 

2. "Proxy": The ability to grant other people access to a person's 

calendar. This feature enables flexibility in the scheduling process 

(e.g., an employee delegates authorization to accept a meeting to 

his or her secretary). 

3. "Group": Combine calendars for different clusters in the 

organization (e.g., departmental calendar). 
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Smith and Eglowstein (1994) survey several meeting-scheduling 

packages in the business world. They mention two main architectures for 

calendar storage: 

1. Shared calendars. All users access a master copy of the schedule 

through a server, and save their changes to this copy. 

2. Distributed calendars. All users have individual copies of their 

calendars. Electronic mail is used to send scheduling messages and 

share calendars across the network. This solution creates a heavy 

traffic load on the communication network of the organization. 

Sen and Durfee (1991, 1992, 1993a, 1993b, 1994a, 1994b) argue that 

meeting-scheduling is an inherently distributed task, and that negotiations 

over meetings can be viewed as a distributed search process. Meeting-

scheduling is viewed as a resource allocation problem, where the resource 

managed is people's time. Keeping the scheduling process tractable requires 

introduction of alternative search heuristics because of the complexity 

involved. 

According to Sen and Durfee (1991), using a centraUzed single 

resource allocator suffers from serious drawbacks, including lack of 

robustness and a risk of creating bottlenecks by a single process. In such an 

architecture, a collapse of the central time allocator paralyzes the whole 

system. Sen and Durfee (1991) also claim that many collaboration tools that 

intend to improve group performance (e.g., e-mail) can actually impair 

human performance through propagation of unnecessary information. 

The authors propose a solution for the meeting-scheduhng problem 

that is based on the notion of intelligent-agents. With the intelligent-agents 

approach each user can delegate responsibilities to his or her corresponding 
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agent. The agent assists by performing routine tasks on behalf of its owner. 

Since each agent has only partial knowledge about the system-wide goals, it 

must exchange relevant information with other agents in order to build 

local schedules that match into a global and consistent picture. The political 

issue arises here, because whenever the agents have inconsistent goals and 

are not willing to cooperate with their peers, it becomes difficult to reach a 

consensus over the schedules. 

Sen and Durfee (1991) present a Multistage Negotiation Protocol for 

meeting-scheduling, where each meeting is assigned an agent who is 

responsible for it. The agent (called host) is responsible for contacting 

other agents (called invitees) by announcing the meeting and collecting 

their bids (availability information). This process could be repeated as 

necessary until all invitees agree on a meeting time-slot. Each agent can 

serve as a host for several meetings and as an invitee for other meetings 

concurrently. 

Sen and Durfee (1991) describe three types of the communication 

strategies used during the negotiation process: 

1. Announcement. Refers to the way a new meeting time-slot is 

suggested by the host. In a "Best" strategy the host announces only 

the most preferable option from his or her point of view. In a 

"Good" strategy, the host announces several ranked options to the 

invitees during each iteration. 

2. Bidding. Refers to the way each invitee responds to the host 

announcements. In a "Yes_No" strategy, the invitee responds 

positively or negatively to each option send by the host. In an 
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"Alternatives" strategy the invitee ranks the proposed options 

from best to worst. 

3. Commitment. Refers to the way time is reserved on the host's 

calendar for future tentative meetings. In a "Committed" strategy, 

the host immediately blocks the time-slot for a meeting in his 

calendar. In a "Noncommitted" strategy, the host blocks off the 

time-slot only after an agreement on the planned meeting has 

been reached. 

Sen and Durfee (1993a) discuss the issue of metrics for evaluating the 

performance of the meeting-scheduler. They mention the following five 

metrics: 

1. Communication costs. The number of information packets 

exchanged between the host and the invitees during the scheduling 

session. 

2. Iterations. The number of cycles (an announcement followed by 

a response) needed to schedule a meeting. This measure is 

equivalent to the amount of time required to schedule the 

meeting. 

3. Slots searched. The number of time slots that are checked by 

all parties (host and invitees) during the scheduling session. 

4. Meeting hours missed. A ratio between the number of 

meeting hours that got scheduled and the total number of meeting 

hours that were requested from the scheduler. 

5. Density profile characteristics. Plots that display length 

variations of the free time-slots on calendars. These plots can be 
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used to predict the expected success in scheduling a meeting of a 

given length. 

Metrics 1-3 measure the costs incurred during the scheduling-session, 

whereas metrics 4-5 measure the quality of the produced schedules. 

In order to check the influence of different strategies on the 

performance of the scheduler, the authors conducted computer simulations 

with a stand alone prototype (implemented in Lisp). They used the meeting 

length as an independent variable. The prototype was evaluated by the 

success ratio in scheduling a meeting (scheduling performance) as well as 

the total time and communication cost (scheduling efficiency). The main 

findings of these experiments were: 

1. "Good" strategy converges faster then "Best" strategy because the 

host is getting richer information from the invitees; 

2. "Good" strategy creates a higher communication overhead 

because the host sends more proposals per iteration; 

3. "Yes-No" strategy requires more iterations to schedule meetings 

than "Alternatives." The difference increases as the length of the 

meeting to be scheduled increases; and 

4. "Non-committed" strategy has a higher success ratio in scheduling 

meetings because we block time-slots in the calendar sparingly. 

Sen and Durfee( 1994a) mention several environmental factors that 

affect the choice of the optimal commitment and announcement strategies: 

1. Success probabihtv. The probability that a proposed time-slot 

will be accepted by all invitees. 

2. Window of acceptance. The number of possible starting times 

for a new meeting that needs to be scheduled. 
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3. Negotiation density. The number of meetings that are 

currently being negotiated in a given portion of the calendar. This 

metric measures the likelihood of a conflict between competing 

meetings. 

Sen and Durfee (1993a) mention three alternative search heuristics 

(biases) for locating feasible time-slots in a calendar: 

1. Linear earliest. Search for the earliest possible time-slot where all 

invitees are available. 

2. Linear least dense. Schedule the meeting in the least dense part 

of the agent's calendar. This search bias tries to spread the 

meetings evenly across the calendar. 

3. Hierarchical. Build an hierarchical, temporal abstraction of the 

calendar (e.g., storing the calendar as a tree) based on availability 

information, by identifying and ranking the most promising areas 

of the calendar. This method is usually combined with a Linear-

Earliest bias as the host negotiates a meeting-slot on the day level. 

If the meeting cannot be scheduled on the most likely day, the 

host uses the temporal abstraction and traces backwards to the 

next most likely day. 

The authors conducted experiments and evaluated the performance of 

the meeting-scheduler in different environments for different combinations 

of search, announcement, bidding and commitment strategies. Their 

general conclusion was that there exists no single optimal architecture for 

handling all calendar situations; thus, the meeting-scheduler needs to be 

adaptive and match different strategy combinations with different calendar 

situations. 
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As directions for future research, the authors mention: 

1. Accounting for meetings with different priorities. A higher 

priority meeting can cause other meeting to be rescheduled; and 

2. Temporal abstractions for time intervals. Allowing hosts to 

explore the search space in an economical way (reducing 

communication costs) at the early stages of the scheduUng process. 

Beard et al. (1990) developed a Visual-Calendar for scheduling 

meetings. Several commercial systems mentioned by the authors allow 

users to schedule conflicting meetings at random, which could be a costly 

approach. Other systems such as expert systems use a rule-based approach 

by trying to describe how a "typical" user would schedule meetings. The 

authors claim that using a rule-based (black-box) approach to solve the 

scheduling problem cannot capture all the complexity involved in real life 

problems. People often have different personal (sometimes even hidden) 

scheduling rules. Situations can also vary widely according to the content 

of the meeting. 

The Visual-Calendar was implemented using the gray-box approach. 

This approach is a compromise, where the automatic scheduler first 

calculates a set of feasible solutions with the minimal conflict, and then 

enables the end-user to analyze the results and invoke his or her personal 

judgment about these solutions. 

The Visual-Calendar maintained the calendars as a grid, where columns 

indicated days of week and rows represented hours. The priority 

of an event recorded on the calendar was denoted by its level of 

transparency. In order to find a free (or least disruptive) slot in a schedule, 

the system stacked the individual calendars and "looked into the direction 
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of a light source." The system searched for the brightest time-slot, which 

represented the least amount of conflict among participants. 

The system provided a simple graphical user interface allowing on-line 

creation and maintenance of personal calendars. The user was able to 

modify his or her calendar as well as view public information attached to 

events. The user was also able to view other people's calendars (except for 

private information). When a meeting was scheduled, the system displayed 

a composite schedule. By clicking a certain time slot, the person in charge 

of the scheduling process was able to get information about the people who 

were blocking possible meeting time-slots. 

The authors conducted both a controlled experiment and a field study 

in order to check the effectiveness of their networked prototype. In the lab 

experiment, the Visual-Calendar was compared to both manual scheduling 

with visual meeting representation and manual scheduling with text meeting 

representation. The experiment revealed that the Visual-Calendar 

facilitated faster response time and faster error free response time than 

each of the other methods. 

In the field study, the Visual-Calendar was used for six weeks by more 

than 15 people. Data were gathered through interviews, focus-group and 

limited user observations. The users reported the system to be helpful, 

especially because of the ability to explore many optional time slots and 

better analyze information in conflicdng situations. 

The authors mention the term of movabiUty, which describes how 

difficult it is to reschedule a meeting and differs from the meedng 

importance. A meeting could be very important but easy to reschedule and 

vice versa. 
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One of the most important tasks in the scheduling process is the 

composition of effective groups, that have a good fit with the planned 

agenda. 

Philippakis and Goul (1992) attempt to formalize the group 

composition stage. Selecdng a group of invitees for the performance and 

knowledge-based group-tasks is treated as a classical optimization problem. 

The content of each meeting consists of several subproblems to be 

discussed, and there are several candidate invitees, with different levels of 

knowledge and effectiveness to address these subproblems. Each invitee has 

different costs for participating in the meeting. 

During the group composition stage we need to select an objective 

function (e.g., minimize costs, maximize effectiveness), and then match the 

invitees with the subproblems from the meeting-content in a way that 

optimizes the objective function subject to given constraints. For 

cost/benefit analysis, the authors present a chart with an efficiency frontier. 

This frontier represents group compositions that have the highest 

effectiveness for a given level of cost. 

Minimal synthesis is defined by Philippakis and Goul (1992) as a group 

composition strategy, where no member is included in the group unless 

there exists some subproblem for which this member is the only person 

with problem solving knowledge. 

Redundancy is defined by Philippakis and Goul (1992) as a situation 

where several subproblems in the meedng can be solved by more than one 

participant. The authors claim that minimal synthesis is generally 

preferred; however, in some cases we prefer redundancy. 
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Examples of cases where redundancy is preferred are: uncertainty 

about effectiveness of a given invitee for a given problem; and a strong 

need for decision commitment. 

The authors generalize their framework to situations where we have 

an hierarchical decomposidon of subproblems into several levels. They also 

discuss the issue of synergy among group members. Synergy is an 

interacdon among group members, where a combination of several 

members has an addidve value of effecdveness over the meedng. This 

value is disdnct from the personal effecdveness of each invitee. In some 

cases we might even have a negadve synergy effect among certain invitees 

due to polidcal conflicts. According to the authors, synergy is especially 

useful if we adopt a molecular view of knowledge. This approach assumes 

that each subproblem is associated with elementary units of problem 

solving knowledge. Each group member possesses different molecules of 

knowledge; however, in some cases two or more members complement 

each others' knowledge molecules, and together they possess all the 

necessary problem-solving knowledge for a certain subproblem. The 

molecular view of knowledge, and the transmission of knowledge between 

group members during the meeting, implies that all our knowledge about 

effectiveness, redundancy, synthesis and synergy effects among group 

members is evolving over time. This assumption implies that the group 

composition task is much more complicated. 

Philippakis and Goul (1992) use a matrix structure to capture the 

relationship between subproblems and invitees. Each cell within the matrix 

contains the level of effectiveness for an invitee/subproblem combination. 

43 



Matrices are used for capturing synergy knowledge as well. Finding 

the best group combination in terms of cost/benefit is done by scanning all 

possible combinadons, verifying that the selected group can solve all the 

subproblems, and comparing the cost versus effectiveness. Philippakis and 

Goul (1992) do not attempt to generalize the problem/invitee relationship 

into other organizational knowledge types (e.g., goal/invitee, task/invitee 

combinations). 

For the Information-Exchange/Coalition-Formation meetings, 

Philippakis and Goul (1992) introduce the idea of udlity (preference) 

functions. Each participant has a function regarding the factors to be 

discussed in the meeting. The composition of groups for meetings of this 

type is not based on individual knowledge and expertise, but rather on the 

degree of congruence between the utility functions of the participants. This 

approach enables us to form balanced groups or high/low-conflict groups 

with regards to specific factors. Synthesizing these utility functions in a 

real business environment is definitely not an easy task. 

The authors mention several issues that require additional research: 

evaluating the profile and capabilities of individual members; effective 

ways for decomposing decision tasks; and the area of synergy. 

Zander (1977) discusses the issue of recruiting and removing members 

from the perspective of Group Dynamics. The author presents a set of 

assumptions regarding the group composition process, which is linked to 

concepts such as group cohesiveness, social pressures, rejection of deviant 

members, membership-motives and the goals and values of the group. 

Zander (1977) claims that a person is more likely to be recruited to a 

group if his or her acts or personal attributes show a promise to strengthen 
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desirable conditions in the group. Such a person is more desirable in the 

group if the group is highly cohesive, the recruitment will help the 

newcomer and the recruiting practices are just and fair. In some cases a 

person might be left out of the meeting purposely, with the excuse of 

"scheduling difficulties." 

Shaw (1981) defines "assembly-effect" as the variations in group 

behavior that are an outcome of a particular combination of persons in the 

group, apart from the effects produced by the specific features of the 

members in the group. Several interpersonal relationships that contribute 

to the group assembly effect are mentioned. 

1. Group cohesiveness. The degree to which group members are 

attracted to each other. This could be measured by the resistance of 

members to leave the group, the morale in the group or the 

coordination efforts of the group members. Field studies are 

presented to support the idea that high-cohesive groups engage more 

in social interaction, exert greater control over group members, are 

more effective in achieving their goals and have higher member 

satisfaction. 

2. Group compatibility. The degree of match between the personality 

attributes of group members. When the group members are 

compatible, the group is likely to function better because the 

atmosphere within the group is more relaxed. 

3. Group homogeneity. The degree of variation between group 

members with regards to a trait or a collection of traits (profile). 

The empirical evidence suggests that group composed of members 
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who are heterogeneous with respect to their abilities are more 

effective than those composed homogeneously. 

Shaw (1981) summarizes his discussion of group composition by 

presenting a set of hypotheses related to the above three interpersonal 

dimensions (e.g., mixed gender and mixed race groups) and embedding 

these hypotheses in previous research. 

The Communication-Management Services 

The communication-management process deals with the interaction of 

the scheduling system with its users (hosts and invitees). In some cases, a 

link is also needed with entities that belong to the external environment of 

the organization. The communication functions (e.g., e-mail system) are 

responsible for transmitting and receiving scheduling messages across the 

organization's network. The scheduler has to initiate these messages and 

keep track of their status. 

Smith and Eglowstein (1994) mention several important 

communication-related features that should be included in a good meeting-

scheduler: 

1. Dial-in users. Allow users who are on the road to receive 

messages about meetings and reconcile their traveling schedule 

copy with the copy in the office. We need to accommodate 

technologies such as pagers, laptops and voice mail in the system. 

2. Email support. Provide a friendly interface with the existing 

e-mail system in the organization. 

3. Wide area connections. Allow multiple calendar-databases to share 

calendars across wide geographical distances. 
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4- Interfaces to non-users. The ability to connect and notify people 

who are invited to a meeting, even while they are not connected to 

the organization's communication network (e.g., by a fax, pager). 

5. Off-Line users. The ability of a user to receive meeting 

notifications, and schedule them automatically in a synchronized 

way when the user itself is not connected to the system. This can 

be done by delegating authorization to an intelligent-agent. 

6. Platform support. In large and complex organization, it is 

important to ensure that the meeting-scheduler is able to interact 

with a variety of hardware, software and operating systems' 

configurations. The configuration should be transparent to the user 

of the scheduling system. 

Beard et al. (1990) suggest several crucial features regarding interfaces 

for an on-line calendar scheduling system: 

1. Good accessibility from the user's desktop environment; 

2. Good integration with existing on-line systems (e.g., e-mail); and 

3. Good integration with the database function. 

Software Agents 

Genesereth and Ketchpel (1994) claim that most extant programs 

provide their users with value when they operate in isolation. The diversity 

and richness of the software world creates an increasing demand for 

programs that can interoperate by exchanging information and services 

with other programs. This feature is especially important whenever a 

single program cannot cope alone with a given problem. 
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Agent-based software engineering tries to address this problem by 

creating software components (agents) that handle specific tasks and 

communicate with their peers by exchanging messages in a common and 

expressive agent communication language. 

Genesereth and Ketchpel (1994) classify the agents communication 

languages into two types: 

1. Procedural. Communication is modeled by the exchange of 

procedural directives (script languages). This approach is simple, 

powerful and efficient; however, whenever an agent receives scripts 

from several other agents he or she runs into problems of merging 

and coordinating this information. This issue is related to 

Thompson's (1967) framework, where conflicts among agents can 

arise over causation (calculations) or over the preferences (values). 

2. Declarative. Communication is modeled by exchange of 

declarative statements (e.g., definitions, assumptions). This language 

must be expressive enough to communicate information from 

varying sorts and at the same time be compact. 

The researchers at the ARPA knowledge sharing effort (Genesereth 

and Fikes, 1992; Genesereth, 1992) defined a declarative Agent 

Communication Language (ACL). The ACL consists of three parts: a 

vocabulary, an inner language called Knowledge Interchange Format (KIF) 

and an outer language called Knowledge Query and Manipulation Language 

(KQML). KQML is used for transmitting messages between the agents. 

Each KQML message is a piece of a dialogue between two agents (sender 

and receiver), and contains information about the type of request followed 

by a KIF expression. Each KIF expression is based on the first-order 
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predicate calculus with various extensions to enhance expressiveness. KIF 

uses logical operators and can also be used to store programs (scripts) for 

agents. 

Genesereth and Ketchpel (1994) claim that the criterion for agenthood 

is behavioral. An agent must be able to read, write and understand 

messages (e.g., ACL). Three generic principles guide the behavior of 

agents: 

1. Veracity. An agent must always tell the truth to his or her caller; 

2. Autonomy. An agent must not constrain another agent to perform 

a task unless the other agent is willing to accept such a request; and 

3. Commitment. If an agent advertises that he or she agrees to perform 

a certain task, then he or she is obliged to accept and successfully 

complete such a task whenever requested by other agents. 

Powerful agents use a bigger portion of ACL; however, all agents must 

use ACL correctly. Genesereth and Ketchpel (1994) discuss the 

architecture of a multiagent system as either based on direct 

communication or on assisted coordination. 

1. Direct communication. In this architecture the agents handle their 

own communication and do not rely on the existence of capabilities 

or biases of other programs. This approach is considered 

expensive and difficult to implement. One example of this 

architecture is the Contract-Net approach (Davis and Smith (1983)), 

which involves exchanging requests for proposals and bids. This 

approach was used in the work of Sen and Durfee(1991). Another 

example of direct communication is the Specification-Sharing 

approach, where agents publish their capabilities and needs to other 
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agents, who can then use this information to coordinate activities. 

The Specification-Sharing approach is considered more efficient 

than the Contract-Net approach because it involves less 

communication overhead. 

2. Federated systems. This is a more efficient alternative to the direct 

communication approach. In this architecture agents communicate 

with their peers through mediating software components called 

facilitators (Genesereth, 1992). The agents form a cooperative 

federation by surrendering some of their autonomy to their 

facilitators. The facilitators are responsible to route and translate 

messages into a standard language (e.g., ACL).These messages are 

used for communication among agents and for interaction with the 

external environment. 

Summary 

This chapter provided a literature survey that included organizational 

behavior terminology related to the meeting-scheduling problem, a 

description of existing scheduling systems in the business and academic 

world and a description of the software-agents notion . 

The survey of the meeting-schedulers was divided into two major 

sections: physical structure of meeting-schedulers and the functions 

supported by these schedulers. These functions were divided into the areas 

of calendar, scheduling and communication management. 
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CHAPTER III 

RESEARCH METHODOLOGY 

Introduction 

This dissertation develops and validates a conceptual model for an IMS. 

We use the "Unified View for AI Research" proposed by Baldwin and 

Yadav (1995) as the methodology that guides this research. This 

methodology views the development process as a two dimensional process. 

The first dimension includes the problem formulation, theory testing and 

theory building long-run steps. Each of these step can be conducted using a 

specific research strategy from the second dimension. 

The Research Methodology for Developing the IMS 

In this part we adopt the ideas presented by Baldwin and Yadav 

(1995). According to the authors, the AI research activity has two major 

dimensions: 

1. Long-run. Consists of three major steps: Formulating 

the problem, building a theory and testing the theory. 

2. Individual projects. Different kinds of strategies to conduct 

the research in the long term stages. The four strategies are 

hypothetical/deductive, hermeneutical/inductive, case-based and 

historical analysis. 

The unified view proposed by the authors views the research as a two-

dimensional process, where each step in the long-run dimension can be 

performed using alternative strategies. The challenge is to choose the 

strategy that has the best fit with the research problem, and produces the 

highest quality of research outcomes. 
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The theory we are going to develop in this research consists of 

concepts and propositions. The concepts are units that can be classified into 

three major categories: 

1. Units that describe the AI system (A). 

2. Units that describe the environment of the AI system (E). 

3. Units that describe the interaction between the AI system and the 

surrounding environment, as a set of behaviors (B). 

The units that compose the AI system (A) can be classified into two 

types, as suggested by Newell (1982) (see Figure 3.1): 

1 • Knowledge level units (K). All the knowledge in the form of 

facts, goals, beliefs, potential actions, reasoning and learning 

capabilities the system must possess in order to produce certain 

behaviors in a given environment. 

2. Symbol level units (S). The internal software and hardware 

architecture that is used to create and represent the knowledge 

level. This architecture includes a variety of software products 

such as DBMS, operating systems, programming languages. 

In order to achieve integration among all the above concepts, we need 

to use the given environment and the expected behaviors to specify the kind 

of knowledge units the system needs to possess and the appropriate symbol 

level architecture (see Figure 3.1). 

We use an historical analysis strategy for formulating the meeting-

scheduling problem, an hypothetical/deductive strategy for constructing the 

IMS conceptual model and a case-based strategy for testing the IMS model. 

According to Baldwin and Yadav (1995), the prototyping used in the 
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case-based approach enables us to compare the finding associated with the 

prototyping process with our initial theories. 

Environment 

Al System 

A 

\ / 

Behavior 

Knowledge Level Units 

Symbol Level Units 

Figure 3.1: The AI System Architecture 

Formulating the Meeting-Scheduling Problem 

This step was already done in Chapters I-II. Several research papers in 

computer science (Sen and Durfee, 1991, 1994a, 1994b) provided us some 

empirical evidence about the flexibility required from a meeting-scheduler 

in terms of search, communication and time-slot blocking strategies. In 

business periodicals, we found articles that evaluated several meeting-

scheduling software packages. We also located several papers about 

prototypes of meeting-schedulers developed in academia. Our conclusion 
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was, that previous work in the area of meeting-scheduling has emphasized 

the calendar management and time-slot searching aspects. There was not 

enough emphasis on the support that the meeting-scheduler must provide to 

the organization in terms of effective group composition and meeting-

content planning. The main problem we have identified is a lack of a 

unified model and architecture for a meeting-scheduler that addresses all 

the aspects of the meeting-scheduling problem (calendar, scheduling and 

communication) in a single system. Our research also investigates the 

relationship between the system and the environment by addressing the 

following questions: 

1. Is the system effective for all types of meetings? 

2. Are all the components in the system equally important in scheduling 

different types of meetings? 

3. How does the type of the meeting affect the interaction between the 

components of our system? 

Constructing the Conceptual Model for the IMS 

Our model for the IMS is built using logical deduction. The main 

products from this step are a specification of the system's environment, a 

list of behaviors, and a conceptual model of the system at the symbol and 

knowledge levels. In constructing the model we proceeded systematically 

from the external environment through the expected behaviors towards the 

system's internal architecture. We used the following steps. 

1. Describe the environment. What kinds of scenarios do we expect 

the IMS to operate in? A scenario is an organizational situation 

where we need to schedule a meeting of a certain type (e.g., 
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conference, interview, workshop). What are specific attributes of 

the environment? (e.g., number of meetings scheduled 

concurrently, urgency of the meeting, expected value of the 

decisions to be made in the meeting). How do these attribute affect 

the scheduling scenario? 

2. Describe the behavior. What are the different behaviors 

desired from the IMS in the scenarios mentioned above? We 

specify the behaviors the system should produce from the end 

user's perspective. The system should have a mechanism that 

enables us to monitor and evaluate its behaviors. 

3. Specify the knowledge level units. What are the knowledge units 

the IMS needs to possess in order to produce the expected 

behaviors in the environment listed above? The knowledge level 

units are classified according to the function they support within 

the IMS. 

4. Construct the knowledge level theory. We state hypotheses that 

relate the knowledge level units with expected behaviors in a 

given environment. These hypotheses serve as a basis for future 

empirical evaluation of the IMS. 

5. Specify the symbol level units. What are the building-blocks used 

to construct the IMS? (e.g., what databases, programming 

languages or other software packages are used to implement and 

store the knowledge described in step 3). 

6. Construct the symbol level theory. We use the symbol level 

units from step 5 to make some predictions about the behavior of 

the IMS. 
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7- Construct the svmbol level design. We describe the configuration 

of the IMS, using a functional architecture diagram with 

explanations about the interactions between the different 

components. We describe the steps needed in order to 

schedule a meeting and what happens inside the system during 

these steps. 

Validating the Proposed IMS Model 

In this section, our main goal is to validate the conceptual model of the 

IMS. Our validation is done in a bottom-up format. In order to validate the 

conceptual model we construct a prototype of the IMS and show it to end-

users who are familiar with meeting-scheduling scenarios. Our validation 

proceeds backwards from validation of the prototype itself to validation of 

the conceptual model. 

Ein-Dor and Segev (1978) propose four principal modes of research in 

the study of MIS. The modes are laboratory experiments, field 

experiments, surveys and case studies. 

A lab experiment and a survey are not adequate for testing the 

prototype. We cannot easily transform an organizational scenario of a 

meeting-scheduling problem into a lab setting, and our sample of users is 

not big enough to provide us with reasonable statistical power. 

According to Ein-Dor and Stg&v (1978), field experiments are one of 

the most powerful methods of research, since they test hypotheses in real 

life situations. The major problem is to find a cooperative organization, 

and to achieve sufficient control over the studied variables. 
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The authors claim that case studies are useful in providing a detailed 

picture on many variables for a single organization; however, they lack 

statistical power. 

In order to validate our prototype, the case-based research mode is 

applied. After the prototype is built, we demonstrated it to several end-

users, who schedule meetings as part of their daily assignment. The 

prototype served as a tool that enabled the users to explore our conceptual 

model. The users were asked to evaluate the support provided by the 

system and compare it to the their existing manual or automatic meeting-

scheduling techniques. The feedback provided by the users enabled us to 

evaluate our conceptual model in terms of its effectiveness in supporting 

meeting-scheduling scenarios. 

We also discuss how our model is supported by the prototype, and how 

our model supports the user requirements that are derived from the 

scheduling problem. We specify issues for future applied research. These 

issues are grounded in the results from the prototyping sessions. 

Summary 

We have selected the unified research methodology proposed by 

Baldwin and Yadav (1995) as our underlying research framework. 

Chapters I and II provide the description of the problem, which stems 

from an over-emphasis of the calendar management function, and from 

ignoring a broad range of knowledge units that describe the organization 

and can provide us assistance during the scheduUng session. Chapter IV 

focuses on the theory-building stage and Chapters V-VIII focus on the 

theory-testing stage. 
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CHAPTER IV 

A CONCEPTUAL MODEL OF THE INTELLIGENT 

MEETING-SCHEDULER 

This chapter focuses on two main issues: describing the meeting-

scheduling process, and proposing a conceptual model for the Intelligent 

Meeting-Scheduler (IMS) based the above process. The proposed IMS is 

expected to address several limitations we have found in extant meeting-

schedulers, by introducing new knowledge units and tools that provide 

better support for the host and invitees during the scheduling session. 

The Meeting-Scheduling Process 

Scheduling meetings in organizations involves a sequence of 

interrelated steps. The meeting-scheduling task has a distributed nature, 

where a host assumes responsibility for collecting and disseminating the 

required information in an iterative process until mutual agreement is 

achieved. In many cases, due to certain constraints (e.g., deadlines, political 

issues, nature of the meeting-content), people take short-cuts in this 

process; however, in our research we describe the desired meeting-

scheduling process in mechanistic organizations. 

Sen and Durfee (1991, 1992, 1993a, 1993b, 1994a, 1994b) approached 

the meeting-scheduling process as a distributed multistage negotiation 

process. Their assumption was that the host must exchange bids and 

responses with the invitees until a consensus is reached. Sugihara, Kikunu 

and Yoshida (1989) assumed a centraUzed process where the host has 
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perfect knowledge about the remote calendars of the invitees and therefore 

can schedule the meeting on his or her own. 

Hilderth (1990), Nadler and Nadler (1977), Seekings (1992) and 

Weirich (1992)) provided some technical guidelines, instructions and 

checklists for assembling meetings and conferences. 

None of the above researchers proposed a description of the steps an 

organization goes through whenever scheduling a meeting. 

Figure 4.1 depicts a sequence of steps that describe the meeting-

scheduling process, and serves as the basis of our IMS model. The 

proposed process focuses on the agenda-planning, invitee-staffing, site and 

time-selection activities. The process is initiated by some stimulus, which 

can be a problem we need to solve, a process we need to engage in (e.g., 

interviewing, voting) or just a need to exchange information directly (e.g., 

brainstorming). The stimulus can be created within the organization or by 

some external entity. 

Following is a description of the linear meeting-scheduling process 

(Figure 4.1). 

1. Select host. After the need for a meeting arises, the first thing to 

do is to assign responsibility for the scheduling process to an 

individual, who is caUed the host. The host can collect information 

about the nature of the planned meeting (e.g., expected duration, 

urgency), and he or she immediately becomes the leader of the 

scheduUng process. The host selection is subject to poUtical and 

power biases. In many cases the rank, knowledge or professional 

expertise of a person lead to his or her selection as a host. In other 
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Select Host 

Plan Meeting-Content 
< 

Select Group 
< Identify Optimize 

Search Meeting Time-Slot 
< 

Announce Meeting 

Collect Responses 

Evaluate Responses 
No 

Commit Calendars 

Figure 4.1: The Meeting-Scheduling Process 
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cases political issues such as authority, power and control over 

resources lead the selection of a host. In both cases, if the host is 

not able to converge the scheduling process to an acceptable solution 

it might be necessary to substitute him or her with an alternative 

host. 

2. Plan content. As soon as the host collected some information about 

the planned meeting he or she has to decide on the appropriate 

meeting forum. This can be done by using the Vroom and Yetton 

(1973) frameworks. In some cases the host discovers that a 

meeting is not the most appropriate forum for solving the problem, 

or negotiating goals and values. If the host decides to continue with 

the scheduling process, he or she needs to specify the content 

(profile) of the meeting in a detailed format. This is usually done in 

a form that specifies the planned agenda, which is mapped to a 

detailed inventory list using organizational terminology. The list 

includes terms such as: goals, problems, tasks, organizational units, 

officials, work processes, equipment types, groups and external 

entities that are needed in the meeting. 

3. Select group. This step assembles the group of invitees (people and 

equipment) that attends the meeting. In order to select a group 

of invitees that has a good fit with the planned agenda (from step 

2), the host must perform the following two consequent tasks: 

a. Identify a pool of candidate invitees that match the content 

described in step 2; and 
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b. Optimize the group composition to form the most effective 

group out of these candidates, by selecting those invitees that 

have the best fit with the meeting-content. 

The nature of the meeting, according to frameworks proposed by 

Thompson (1967), Kelly (1988) as well as Philippakis and Goul 

(1992), affects the decisions of the host regarding the group 

selection process. The work of Zander (1977) and Shaw(1981) about 

group dynamics is also related to the group makeup process in 

terms of the group assembly effects (e.g., group cohesiveness, 

compatibility and heterogeneity). A meeting that is skill oriented 

(e.g., performance, knowledge-based, computational, judgmental) 

will require a more objective makeup process based on criteria such 

as expertise in the meeting agenda. A meeting that is focused on 

politics, power and control (e.g., information exchange/coalition 

formation, compromise, inspirational) will require a less structured 

group makeup process. In such a case people are selected based on 

their values, utility functions and perceived fit with factors that 

relate to the meeting-content. 

4. Search meeting time-slot. The host looks for at least one time-slot 

that is a solution for the scheduling problem. This solution 

consists of a vacant time-slot where all invitees and physical 

resources are available. The main goal of all the steps so far is to 

come up with a good solution, where we take into consideration a 

wide range of aspects: Can the participants contribute substantially to 

the meeting? Does the meeting slot fit weU in their calendars? Can 

the time in the meeting be used effectively? 
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5- Announce meeting. When a possible solution is found, the host 

sends an announcement to all potential invitees with detailed 

information about the planned meeting. Both the invitees and the host 

have the option to block the tentative time-slot in their calendars or 

to leave it open at this stage. The more conservative the participants 

are with regards to blocking a tentative time-slot at this point, the 

quicker the scheduling process converges to a final solution. 

6. Collect responses. The host collects the answers from the 

invitees. As described in the work of Sen and Durfee (1991) these 

answers can have different formats carrying various information 

back to the host (e.g., yes/no for each alternative, or ranks of 

alternatives). Issues such as varying level of comfort for different 

time slots among people, and the response to computer initiated 

contacts affect the responses supplied by the invitees. 

7. Evaluate responses. The host decides whether the solution is good 

enough by comparing the new information he or she got from the 

invitees with the solutions from previous iterations or any other 

objective standard (e.g., uptodate scheduling cost, expected fit 

between the invitees and the meeting-content). If the host decides that 

the solution is not satisfactory, he or she has three alternatives: 

a. Search for another time-slot (using one of the search strategies), 

and retain the most effective group of invitees (branch to step 4); 

b. Modify the most effective group of invitees, by substituting one of 

of the invitees with an alternative invitee that has a close profile, 

(branch to step 3); or 

c. Modify the content plan of the meeting (branch to step 2). 
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This branch is a decision of the host and depends on his or her 

perception about the quickest or cheapest way to reach a consensus. 

8. Commit calendars. If the solution is satisfactory to the host. He or 

she sends commit messages to all invitees; however, if the host 

believes there might be a better solution, then he or she retains the 

current solution and returns to the previous steps as described above. 

Several points should be made about Figure 4.1. 

1. In most organizations we have a "social routine," which 

encapsulates all the surrounding interactions among people that affect 

the meeting-scheduling process. Before entering a new step in the 

meeting-scheduling process, there is usually a branch into this 

routine for consultations or negotiations. These human interactions 

within the "social routine" affect the outcome of the scheduling 

process. 

2. This research also investigates possible deviations from this 

process, and finds the characteristics of the meeting that cause these 

deviations. We believe that the scheduling process depicted in Figure 

4.1 is suitable for mechanistic organizations with formal scheduling 

procedures when there are no political factors or time pressure 

involved. 

In some scenarios these conditions are not fully met, and the 

scheduling process is more chaotic. In these scenarios the steps in 

Figure 4.1 can be skipped, merged or even switched. For example, 

if the meeting is scheduled for the first time, the selection of the host 

might be done only after initial planning of the meeting-content. If 

there are time constraints (e.g., urgency), and the composition of 
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invitees is not very critical then steps 3 and 4 might be switched. In 

such a case the host first retrieves several possible time-slots, and 

only then evaluates the composition of invitees for each time-slot. 

In order to reconcile the contradiction between the chaotic nature 

of the meeting-scheduling problem and the linearity of our 

process (Figure 4.1), we have used the underiying notion of 

Software-Agents to construct and implement our model. These 

agents enabled us to describe a distributed architecture that supports 

concurrent processing of similar scheduling functions for different 

scheduling sessions. Each scheduUng session refers to the ordered 

coUection of steps from Figure 4.1 (for a given meeting). 

Another advantage from using the Software-Agents is that these 

steps can be processed autonomously by different agents who are 

responsible for distinct scheduling functions. This architecture 

can also support interruptions during the scheduling process, or 

interactions between the steps of the process. 

3. The process can describe both centralized and distributed scenarios. 

In a distributed scenario, the host makes offers based on his or her 

calendar, and then collects reactions from the invitees. In a 

centralized scenario, the host has perfect knowledge about the 

invitees calendars; thus, steps 5-6 can be reduced to a situation where 

the host finds the most appropriate time-slot on his or her own. In 

such a scenario the invitees only need to approve the final solution 

found by the host. The degree of distribution depends on factors 

such as: the proportion of invitees that maintain a central calendar 

copy within the IMS and the transmission frequency of the 
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calendar from the desktop to the IMS. A more centralized approach 

enables (be host to schedule meetings quicker; however, it causes 

the invitees to lose some of their autonomy. 

4. Communication strategies and search strategies have a direct 

impact on the outcomes and efficiency of the scheduling process. 

For example, by blocking the tentative time-slot, the process 

converges faster, but we might block other meetings from being 

scheduled concurrently. Invoking a Linear Least Dense search 

strategy can increase the success of the scheduling process because 

we explore areas of the calendar that might not be checked by a 

Linear Earliest strategy. 

The Environment of the IMS (E) 

The environment (E) of the IMS consists of a set of organizational 

scenarios. Each scenario is a meeting-scheduling problem the host has to 

solve with assistance of the IMS. Following is a list of several scenarios 

proposed by Weirich (1992): 

El . Meeting. Scheduled to fulfill a certain need of people to 

exchange information and accomplish some predetermined goal. In 

most meetings the group faces some kind of a problem that 

triggers the scheduling process. From the organizational 

perspective it is important to locate the most appropriate invitees 

according to the planned content. In many cases the meeting-

scheduling problem is more complex because the meeting involves 

people from the host organization, as well as from external 

organizations, and we do not have as much information about these 
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people's calendars and profiles. Meetings can be recurring if they are 

scheduled on a regular basis (e.g., annual employee evaluation, 

weekly progress report). The Visual-Calendar (Beard et al., 1990) 

provided support for recurring meetings. 

E2. Seminar. A presentation of a topic by an expert in a specific field. 

A seminar enables exchange of ideas in a small forum. 

E3. Workshop. Emphasizes participation in a problem solving effort 

by a small group. 

E4. Conference. A formal interchange of views. Usually we have a 

several concurrent sessions that discuss different aspects under the 

main theme of the conference. In large conferences sessions can be 

clustered in tracks or topics. 

The IMS should be flexible, extensible and capable of providing 

support for different types of meetings. For the purpose of this research, 

we focus on regular meetings (El) with some discussion of conferences 

(E4) as an hierarchical generalization of the regular meeting. Other 

meeting forms (e.g., E2, E3) are not discussed as separate cases. 

Several environmental factors affect the performance of the IMS for a 

given meeting. Sen and Durfee (1994a) proposed the environmental factors 

of success probability, negotiation density and window of acceptance to be 

important when selecting the commitment strategy used by the meeting-

scheduler. Based on Sen and Durfee's (1991, 1994a) empirical results, we 

propose that the environment affects the IMS in the following ways: 

1. A higher negotiation density will cause a lower success in 

scheduling meetings; 
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2. A committed (conservative) approach in blocking time-slots on 

calendais will cause meetings to become harder to schedule as the 

negotiation density increases; and 

3. Sending several time-slot options to the invitees and collecting their 

ranked evaluation of these options will cause higher communication 

costs; however, the overall scheduling process will converge faster 

because the host gets richer information from the invitees. 

Additional features of the environment include the urgency of the 

meeting, the financial value of decisions to be made in the meeting, the cost 

of assembling the meeting, the degree of overlapping among schedules or 

skills of potential invitees, and the links of the meeting with other meetings 

(e.g., a session within a conference, sequence of screening interviews). All 

the above factors affect the effectiveness and efficiency of the IMS in a 

given scheduling scenario; however, more empirical research is needed to 

identify these effects. 

Deriving the Behaviors of the IMS (B) 

From the user's perspective (both host and invitee), the system has to 

support different functions concurrently. The scheduling problem faced by 

the host and the invitees can be decomposed into a set of required functions 

from the IMS. FoUowing is a derivation of the functions the IMS needs to 

possess in order to support each of the steps within the scheduling process 

we proposed in Figure 4.1: 

1. Select host. We need access to a pool of potential hosts according 

to specified search criteria (e.g., name, profession, organizational 
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rank, evaluations). The system must be able to propose and compare 

several alternative hosts according to objective criteria. 

2. Plan content. We need access to various organizational knowledge 

in order to describe the planned content in a formal pattern. The 

system must be able to assist a novice host by allowing search and 

browse capabilities of organizational knowledge. The system must 

support efficient planning by reusing information about recurring 

meetings in the form of prestored meeting-content templates. 

3. Select group. We need to identify a pool of potential invitees, and 

form a group that includes the optimal invitees for a given meeting-

content. After the most effective group is formed, the system needs 

to locate and retrieve the calendars of these invitees. 

4. Search meeting time-slot. We need to locate at least one time-slot for 

conducting the meeting by comparing the calendars of the invitees 

we have located and using specified search parameters. We must be 

able to invoke alternative search techniques according to the 

circumstances of the meeting. When comparing the calendars, we 

must be able to specify the order of comparison (priority) among the 

calendars. During this search process, if the system reaches a dead

end (no time-slot available), it must prompt the user and request 

further instructions (e.g., change search order among content 

objects, change search strategy, or try to substitute an invitee with 

his or her peer). 

5. Announce meeting. We need a medium to transmit announcement 

messages from the host to the invitees. Messages can include a letter 

of invitation that is created by an external word processor. 
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6. Collect responses. We need a medium to transmit response 

messages from the invitees back to the host. These messages should 

be linked to their corresponding announcement messages. 

7. Evaluate responses. We need an ability to store, evaluate and 

compare the current solution with previous solutions from the same 

scheduling session. If the solution is not satisfactory, the host can 

branch to step 3, and select an alternative invitee, or invoke a 

different search strategy for the same group (branch to step 4). If the 

host cannot find a solution after several iterations, he or she might 

decide to branch to step 2 (describe the meeting-content in a 

different format) or even suggest an alternative host. 

8. Commit calendars. If we think the solution we found is the best, 

we need to use the same media as in steps 5-6 to inform the invitees 

that they need to block the meeting-slot in their calendars. 

Based on the functions needed to support each of the steps within the 

scheduling process described above, we have identified the following main 

questions that our system needs to address. 

1. How to manage all the temporal information about individuals, 

groups and equipment? 

2. How to retrieve all the relevant organizational information that 

assists in the host-selection, content-planning and group-selection 

stages? 

3. How to search for an optimal, or at least a feasible time-slot for the 

meeting? 

4. How to collect all the information related to the scheduling 

problem into one place (the scheduling site)? 
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5. How to exchange information between the host and the invitees? 

Our proposed model must provide tools that address the above 

questions, and integrate these tools into an operational system. Based on the 

above questions we have synthesized three main functions for the IMS. 

These functions are responsible for: temporal data management (address 

question #1), scheduling management (address questions #2, #3) and 

communication management (address questions #4, #5). The functions 

mentioned above are related, and need to work and exchange information 

in a cooperative manner. 

Table 4.1 provides a list of the behaviors we want the IMS to possess. 

The behaviors are clustered under the three main functions mentioned 

above. 

Our requirements specification has focused on describing the IMS 

functions from the meeting-scheduling problem's perspective. Other 

information systems (e.g., human resources and logistics management) are 

needed to support the operations of the IMS; however, they are treated as 

tangent systems that operate in the background of the IMS. 
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Table 4.1: Functions and Behaviors of the IMS 

Functions of the IMS Behaviors of the IMS 

Temporal Data 

Management 

(BT) 

BTl: Maintain calendars for people, equipment and groups. 

BT2: Transform between calendar presentation formats. 

BT3: Manage constraints for people, equipment and groups. 

BT4: Supply add-on services (e.g., "to do Hsts"). 

BT5: Support distributed calendar management. 

BT6: Control calendar access authorization and security. 

Scheduling 

Management 

(BS) 

Communication 

Management 

(BC) 

BS 1: Describe the meeting-content using organizational-

knowledge. 

BS2: Identify potential invitees for a given meeting-content. 

BS3: Rank the potential invitees for a given meeting-content. 

BS4: Form the most effective group with the highest expected 

effectiveness, or lowest amount of conflict for a given 

meeting-content. 

BS5: Search a feasible time-slot by using search strategies. 

BS6: Evaluate a time-slot by consulting the invitees. 

BS7: Provide guidance to a novice host. 

BS8: Provide performance feedback through a metrics system. 

BS9: Handle recurring meetings efficiently. 

BCl: Deliver messages from a source to a destination. 

BC2: Provide access to external users, enabling hardware 

independence. 

BC3: Maintain the Communication Network. 
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Knowledge Level Units of the IMS (K) 

Following the research methodology and in order to produce all the 

behavior listed above, we need to specify the required knowledge that 

supports the three functions of the IMS. In real business applications it is 

important to use a knowledge storage system that supports time-variant 

information management, because using outdated knowledge immediately 

affects the quality of the scheduling. 

The knowledge level units, required to produce the behaviors, can be 

classified into two independent dimensions by using the following 

classification framework: 

1. "Context dependent" knowledge units. These knowledge units 

support the different functions of the application. They are 

dependent on the application (problem) domain. In our case, we 

have calendar, scheduling and communication knowledge bases. 

This knowledge can also be classified as time sensitive if we decide 

to capture the temporal dimension in storage and retrieval 

operations. 

2. "Context free" knowledge units. This dimension classifies 

knowledge units independently from the function support within the 

application domain. Examples of categories for this dimension 

include: 

a. "Structural" knowledge units. These units describe the structure of 

objects such as: data stores, transactions, parameters lists. The 

main focus of these units is the internal data representation 

scheme. 
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b. "Display" knowledge units. These units focus on assisting the 

presentation layer of the system by describing how the system 

appears to the end-user. In most cases these units describe screens 

layouts or dialogue sequences during the interaction with the user. 

c. "Content" knowledge units. These knowledge units are responsible 

for controlling the content of the information stored in the 

system. Example of such knowledge units are: a range of valid 

values for a field, a rule for updating a field affected by dynamic 

values of other fields and a computational routine. 

In the following pages, we apply the classification using only the first 

dimension on the knowledge required for the IMS. The second dimension 

is not discussed because it is not the main purpose of this research. Since 

the two dimensions are independent, it is be possible to classify each 

knowledge unit using a two dimensional matrix, where one axis specifies 

the "Application Free" value (structural, display, content), and the other 

specifies the "Application Dependent" value (calendar, scheduling, 

communication). 

Figure 4.2 shows the knowledge units that support the calendar, 

scheduling and communication functions of the IMS. These knowledge 

units are examples of context dependent knowledge the system needs to 

possess in order to exhibit each of the behaviors we specified in the 

previous section. 

In term of the notation, we use the format <K.X.Y>, where K denotes 

the collection of all knowledge units stored by the IMS. X denotes the 

function supported by a given knowledge unit (l=Calendar, 2=Scheduling 

and 3=Communication), and Y denotes a subsection of X. 
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Knowledge 

Calendar 
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Knowledge 
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Strategies 

Perform. 
Metrics 

Figure 4.2: "Context Dependent" Knowledge Level Units for the 
IMS 

K.l. Calendar knowledge units for the "Manage Temporal 
Data" function. 

In order to manage temporal information in the form of calendars 

we need knowledge of the following types: 

a. Central (master) copies of calendars for people, equipment and 

groups. 

b. Different display formats for a calendar (e.g., monthly, weekly, 

daily). 

c. Zoom commands to transform between the above formats. 

d. Working days, holidays, weekends, working and break-hours and 

special events that are blocked in advance on the calendar. 

e. Compression method for efficient storage of calendars that 

usually contain plenty of unused storage space. 
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f. Version management knowledge to support distributed calendars 

and reconcile conflicts between different copies of the same 

calendar. The IMS needs to know: When was the copy of the 

invitee's calendar sent from the desktop to the IMS? Are there 

any other copies of the same calendar in the organization (e.g., 

secretary's copy)? When was the request for the desktop 

calendar sent? When was the desktop calendar last updated by the 

invitee or his or her secretary? For example, if we find that the 

invitee's calendar was not changed after the last retrieval into the 

IMS then there is no need to refresh the IMS copy of the calendar 

by sending an updated copy from the desktop to the IMS. 

g. Cost of different time-slots in calendars (e.g., day/night rates, 

morning/afternoon/evening rates, weekday/weekend rates). This 

knowledge enables us to compare the cost of scheduling a meeting 

on different time-slots. 

K.2. Scheduling knowledge units for the "Scheduling Management" 

function. 

The knowledge in this part could be divided into four main 

parts: The organizational-database (ODB), meeting templates, 

search strategies and performance metrics. 

K.2.1. The Organizational Database (ODB). A group of knowledge 

components that describe the structure, terminology and 

functionality of the enterprise. This knowledge is used by the IMS 

during the scheduling session. We assume that this knowledge is 

maintained by information systems external to the IMS. In order to 
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ensure effective scheduling it is critical to maintain this information 

in good quality. This means that all organizational changes are 

captured and reflected as soon as possible in the ODB. The following 

knowledge components (sections) are proposed for the ODB: 

a. Organizational chart. Describes the structure of the organization 

by showing the way the organization is divided into divisions and 

departments (an hierarchical decomposition).The chart has both the 

expected (standard) and actual values of the number of people who 

are working in each organizational unit. We also need knowledge 

about official titles (roles) for describing the structure of the 

organization. Each official title can be assigned to one or more 

persons within the organization.The official title is a label that 

summarizes the function of a person in the organization. 

Storing all these types of knowledge units in the IMS enables the 

host to locate candidate invitees, who are working in a specific 

organizational unit, or play a specific role in the organization (e.g., 

CFO, CIO). This knowledge is especially useful when the content of 

the meeting is focused on an issue that resides within the boundaries 

of a specific organizational unit. In some cases it is possible that a 

person will have more then one official title (e.g., primary and 

secondary titles). 

b. Process flows. This component stores information about tasks 

performed in the organization by the employees an different kinds of 

flows between these processes. Each task is broken into sub-tasks in 

an hierarchical pattern. Several existing analysis methodologies such 

as DFD or IDEFO can be used to store and manage this type of 

77 



» « • I 111 

information. A certain major task could be performed by several 

different employees who work sequentially or concurrently on the 

subordinate tasks. 

The information in this section relates to regular daily work 

procedures, where each task is broken into the smallest elementary 

work tasks that can be performed by an individual employee. By 

storing this type of knowledge in the system, we enable the IMS to 

locate employees who participate in a process performed out of the 

formal boundaries of their organizational unit (e.g., an employee 

that participates is a task force, or is temporally working on a 

process that links several departments), 

c. 'Tolitical" Knowledge (Goals and keywords). These knowledge units 

are used to represent the "political" environment in the organization. 

The organization has goals that are set by its managers at 

different levels. This chart stores information about these goals, 

breaking higher level goals into subgoals at lower levels. The goal 

information deals with new areas the organization is starting 

to explore (e.g., project plans, new investments). Since the 

organization does not have yet a standardized approach to achieve 

these goals, this information cannot be stored in the process chart. 

As soon the organization forms standardized work procedures to 

achieve these goals, it can establish corresponding knowledge in the 

process flow section, and further create linkages between goals 

and processes. The information about goals is especially useful in 

planning the content of meetings where new strategy is formulated 

or future objectives are discussed (e.g., introducing a new product 
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into the market and achieve a certain market share within a certain 

period of time, redesign the structure of the organization). 

Keywords are additional attributes that can be stored for each 

employee. The keyword is used to portray the profile of an 

employee with regards to some predetermined political issue (e.g., 

budget cut supporter, tax increase opposer). 

By storing the above political knowledge, we are able to form 

cohesive groups in cases of inspirational and compromise type of 

meetings, where the group makeup process is unstructured. 

d. Problems. Stores information about previous and current 

problems with which the organization is coping. This section 

contains information about the level, nature and solution of the 

problem as well as its relation to other problems. In scheduling a 

meeting that is held to solve an operational (e.g., machine 

breakdown), managerial (e.g., departmental budget overflow) or 

strategic (e.g., interest rate tuning) problem, we can use the 

information in this section to describe the meeting content. 

e. Groups. In some cases we do not manage separate calendars for 

each individual in a group. This could happen for example when we 

have a group of new employees scheduled for an orientation session. 

The whole group of new employees shares a common calendar, 

and we assume that there are no individual constraints taken into 

account during the scheduling process. We need to store here a 

description of the group including the group theme and group size. 
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f• Human resource management (HRM) information. This component 

stores knowledge about the employees in the organization. The 

knowledge for an employee can be classified into several types: 

- General time invariant information (e.g., name, date_of_birth). 

- General time variant information (e.g., address, salary, rank). 

~ Personal temporal constraints that specify rules of time 

availability. 

- Time variant logical links to all the previous organizational 

knowledge charts (a-e). 

We link an employee with a specific department, process, goal, 

problem or group, he or she is associated with, at a certain point in 

time, by using the following time parameters vector: 

Time_point = (start_date, end_date, registration_date, deletion_date) 

The start and end dates specify the time interval a certain data 

element is effective. The registration date specifies when the element 

was written. The deletion date enables a logical deletion without 

physically removing the element from the ODB. 

In addition, we capture some quality measures about these 

logical links (e.g.. What is the experience of the employee with the 

process? What was the quality of the solution he proposed to a 

problem?). 

These logical links are used to identify candidate invitees and 

form the most effective group for a given meeting content. As part 

of the post-meeting evaluation, these quality measures need to be 

updated. For a more detailed discussion about this aspect, see section 

k (group composition). 
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g- Logistical resources. Stores information about different physical 

resources (equipment) that are needed to schedule a meeting (e.g., 

rooms, overhead projectors, multimedia computers). This knowledge 

component stores structural information (e.g., types of equipment in 

the organization) as well as descriptions of actual instances of these 

equipment types (e.g., quantities and allocations within the 

organization). 

h. External entities. Store information about any entity that is not 

within the organization's boundaries, and can participate in a meeting 

(e.g. competitors, clients, suppliers, subcontractors). These entities 

are useful in describing any meeting between the organization's 

employees and its external environment (e.g., client-presentation of a 

new product, negotiating with a supplier about future contracts or a 

shipment schedule). 

The amount of knowledge available about these entities is 

usually limited, and we must tailor the scheduling strategy 

(centralized or distributed) to the specific case. If we do not have 

sufficient knowledge about the calendars of these entities, then we 

need to engage in a distributed scheduling process. 

i. Resource constants. Many times during the scheduling process we 

need to refer to the same object in a meaningful way. Resource 

constants can be used to describe some constraint or rule about the 

IMS environment. Their primary use is to enhance scheduling 

efficiency. Following are several examples of resource constants. 
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Orientation_week ~ (8/20/$$ to 8/26/$$ 

or 1/7/$$ to 1/14/$$) (=the last week before 

the semester start) 

Everyday ~ ($$/$$/$$) (=no limit on day month or year) 

Auditorium ~ (Room, where Room.capacity > 200) 

j . Meeting log. This component can be viewed as a log that maintains 

a general description of all the meetings taking place within the 

organization. This knowledge is used by the IMS to trace and control 

the scheduling process as well as for documentation purposes. Each 

event during the meeting scheduling process is recorded in this 

component (e.g., status change from select host to plan meeting-

content). 

k. Group composition. As mentioned in section f, we can use the 

logical links to identify invitees and form the most effective group 

for a given meeting content. Since the group composition is a major 

part of the scheduling process, we refer specifically to the 

framework proposed by Philippakis and Goul (1992). The 

invitee/subproblem matrix proposed by Philippakis and Goul (1992) 

could be extended to other knowledge combinations (e.g., 

invitee/process or invitee/goal) and for each combination of invitees 

we can calculate a cost/effectiveness ratio. In addition we need 

objective functions for optimizing the formation of the most 

effective group. Synergy effects among invitees for different 

subproblems can be stored in matrices as well. They represent the 

effect of interactions among invitees on the meeting effectiveness. 

For Information-Exchange/Coalition-Formation meetings we 
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need to store the utility functions of the invitees for all the factors 

present in the meeting. 

During the selection process we can use economical rules for 

prioritizing the invitees (e.g., select an invitee to a meeting only 

if his or her marginal contribution + synergy effect with 

existing invitees in the group is greater than his or her cost of 

participation). Taking into account the problems and limitations 

involved in modeling knowledge for political meetings, we believe 

that the above knowledge units enable us a more precise selection 

process. As the organization grows and matures, more information is 

captured and stored in the ODB. This demonstrates the adaptive 

nature of the system. The more accurate and rich the above 

knowledge components are, the more intelligent the scheduling 

process becomes and the better solutions we get from the system. 

K.2.2. Meeting templates. They are used to enhance performance 

efficiency during the scheduling process. The templates are static 

knowledge structures that store the meeting-content specification 

for frequent meetings. By using such templates we can schedule 

recurring meetings more efficiendy. The following are examples of 

knowledge units that are stored in the templates: 

a. Who initiates the scheduling process? 

b. How often is the meeting regularly held? 

c. Who is the preferred host, and who is the alternative host? 

d. Where is the meeting usually held? 

e. When is the meeting usuaUy held? 

f Who is usually present at the meeting? 
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g. What is the usual content description of the meeting? 

K.2.3. Search strategies. The foUowing knowledge units are required 

for the search of feasible time slots: 

a. Search routines and temporal abstraction methods (e.g., Unear 

earUest, hierarchical, Unear least dense, backward and 

forward search directions, search interval limits). 

b. Directions for controlling the search process: What do we do if 

there is a conflict between two or more calendars? (do we look 

for an alternative invitee with a close profile, or do we replan the 

meeting content). 

K.2.4. Performance metrics. In order to ensure an efficient 

scheduling process we would like to have a system that charges the 

host for each activity he or she pursues during the scheduling 

session. This system can also serve as a tool for empirical evaluation 

of the IMS in any future research. We can use the metrics 

proposed by Sen and Durfee(1993) (e.g.. Communication costs, 

iterations, slot searched and meeting hours missed) to implement 

this kind of performance evaluation system. 

K.3. Communication knowledge units for the "Communication 
Management" function. 

These knowledge units are used to enable exchange of scheduling 

information between the host and the invitees. Whenever a solution is 

examined, the host would like to get a feedback from the invitees as 

quickly as possible. The whole OSI model as described by Stamper 

(1991) is actually encapsulated within this function; however, in 

order to focus our description on the most relevant parts we 
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discuss knowledge units required by the application layer. The 

building block for this layer are most likely a standard e-mail 

system. The knowledge units required by this system are: 

a. Structure of the network. We need a description of the 

organizational communication network (e.g., hubs, nodes). 

b. Structure of messages. Assuming that messages have a fixed 

format we need to specify what information is transmitted in 

each type of message (e.g., announcement, response messages, 

calendars). 

c. User identification and authorization. What is the physical and 

logical address of the user (host or invitee)? What is the user 

authorized to perform in the system? 

d. Distribution lists, e-mail folders and distribution routes. These 

knowledge units enable us more efficient distribution of messages 

across the network (e.g., hold messages in transit in different 

folders according to the message profile). 

e. Help messages for novice users. 

In addition to these knowledge units we need units to support the 

lower levels of the OSI model (e.g., the communication protocols). These 

units are beyond of the scope of this dissertation. 

Knowledge Level Theory for the IMS 

After the knowledge level units are specified, we can develop the 

knowledge level theory defined by Baldwin and Yadav (1995) as a set of 

propositions that describe how knowledge units interact with the 

characteristics of the environment to produce some behavior. We focus on 
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knowledge level propositions that relate to the scheduling function because 

this is the central function of the IMS. The model for the IMS is capable of 

handling many types of meetings; however, for the purpose of stating the 

propositions, we assume that it is best suited for the environment of El . 

KPl: If the system maintains an ODB that describes the organization 

(K.2.1), then the system can assist the host in formally specifying 

the content (BSl) of a planned meeting (El). 

KP2: If the system maintains the level of experience (in K.2.1.k) for 

each invitee with regards to all elements in a meeting-content, 

then the system can better assist the host in ranking the 

invitees (BS3) for that meeting (El). 

KP3: If the system maintains an objective function, and knowledge 

about synergy effects among invitees (in K.2.1.k), then the 

system can better assist the host in composing the most effective 

group (BS4) with the highest level of expected performance for a 

given level of cost (approach the efficiency-frontier). 

KP4: If the system maintains utility functions about factors related to 

the meeting-content, and knowledge about synergy effects among 

invitees (in K.2.1.k), then the system can better assist the host in 

composing the most effective group (BS4) with the lowest 

expected level of conflict. 

Symbol Level Units of the IMS (S) 

Symbol level is defined by Baldwin and Yadav (1995) as the internal 

architecture that is used to represent the knowledge level. 
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In order to describe the IMS at the symbol level we use the notion of 

software-agents (Genesereth and Ketchepel, 1994). Each agent is a distinct 

software component that is capable of communicating with its peers via 

messages, and performing predetermined tasks. The software agents must 

cooperate as a community in order to achieve some mutual goals (e.g., 

schedule a meeting, maintain calendars). The agents are implemented as 

"managers" responsible for a specific group of tasks. In order to reduce 

communication costs, the IMS uses a federated system of agents 

(Genesereth and Ketchepel, 1994) that communicate with the external 

environment using the services of a facilitator. The communication is done 

through messages in a standard Agent Communication Language (ACL). 

Each agent within the IMS is responsible for different functions; 

however, all agents contain the following conceptual parts: 

1. Input queue. All requests sent from other agents within the 

federation are received through this channel and wait until the 

receiving agent can process them. 

2. Output queue. All requests for services from other agents are 

sent through this channel and directed to the appropriate agent. 

3. Work area. A memory space within the agent where the messages 

are decoded and the requests are processed. 

We distinguish between two major types of agents in our model: 

1. Knowledge-base agents. These agents can be viewed as "knowledge 

servers." They maintain the knowledge for a given function of the 

IMS and receive retrieval requests for this knowledge from other 

agents. 

87 



• £ • - • 

2. Functional agents. These agents are responsible for performing 

specific tasks within the problem domain. They interact with the 

environment and provide services directly to the end users (e.g., 

host/invitee) or to other agents. The functional agents request 

services from the knowledge-base agents. 

Following is a specification for the agents that we use as our "building 

blocks" to construct the IMS at the symbolic level: 

1. Control-Manager. Serves as the facilitator. It is responsible to 

receive the user's request, identify and analyze it. After analyzing 

the user's request, it activates the appropriate software agent within 

the IMS with correct parameters, and notifies the user about the 

status of the request. This agent controls the general flow of the 

scheduling session and also is responsible for managing the 

interaction between the system and the external environment (e.g., 

activate user interface). Whenever two agents need to interact they 

must be able to communicate via the Control-Manager. In some cases 

a direct communication between the agents is allowed based on an 

agreed protocol. 

2. Scheduling-Manager. Has routines to support each step of the 

scheduling process. For example when the host asks the system to 

perform the "Select group" stage, the Control-Manager sends a 

message to the Scheduling-Manager that invokes the appropriate 

routine, which issues calls to the Knowledge-Base Interface 

Manager (see agent 5). This causes retrieval of instances of people 

and equipment that match the meeting-content. 
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3. Calendar-Manager. Manages all the temporal information about 

people and resources. The Calendar-Manager receives a message 

from the Control-Manager whenever we need to access information 

in a calendar. The Calendar-Manager also issues requests to the 

Communication-Manager, whenever a fresh calendar is needed from 

a desktop. 

4. Communication-Manager. When activated by the Control-

Manager this agent invokes the appropriate routine to send and 

receive messages (e.g., email send command). This agent 

manages a log file to keep track of all the messages it transmits. We 

believe that the more intelligent the underlying electronic mail 

system is, the less complex the Communication-Manager needs to 

be in order to provide a given level of functionality. 

5. KB-Interface Manager. Is used intensely by the other agents who 

need access to knowledge for performing their assignments. By using 

this transparent interface agent, we separate between the 

logical design, where each KBMS works directly in front of his 

functional agent, and the physical design where all KBMS reside 

under a unified interface. In addition the KB-Interface agent is used 

by the Knowledge-Administrator, who is responsible for maintaining 

the quality and accuracy of the knowledge used by the functional 

agents. 

Transaction Processing Systems that constantly feed knowledge 

into the ODB can work direcdy with the Scheduling-KBMS. Since 

we are dealing with a problem that has strong link to the temporal 
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dimension, it is crucial that the knowledge-bases hold accurate and 

fresh information. 

The following is a description of the individual KB agents in the 

IMS. 

6. Calendar KBMS. Provides access to all temporal related 

information such as: calendars, zooming commands, presentation 

forms, compression methods, holidays, breaks, working-hours, 

rules for managing calendars version. 

7. Scheduling KBMS. Provides access to knowledge units that 

assist the Scheduling-Manager: 

a. ODB. The main knowledge component of the IMS. The knowledge 

within the ODB is maintained and constantly updated by a set 

of information systems (e.g., human resources, process flows 

(DFD), organizational charts) that enable the IMS to base its 

scheduling decisions on an accurate picture of the organization. 

Several symbol level representation schemes can be used for 

representing knowledge in the ODB: 

~ An Object-Oriented data model can be used to capture the 

attributes and methods required for the meeting and calendar. 

These objects maintain information that evolves through the 

scheduUng session based on the interaction with the host and 

invitees. We maintain Unkages between these objects types 

(e.g., a calendar object refers to a meeting object through the 

time-slots reserved for a specific meeting). 
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— A relational data model is used to capture static knowledge that 

does not require methods. We usually normalize this knowledge 

into a set of 3rd Normal Form (3NF) relations. 

~ An hierarchical data model can be used for maintaining the 

organizational charts. Hierarchical data models can inherently 

capture parent child relationships and provide powerful access 

and retrieval facilities. This model can be used to maintain the 

organizational chart (K.2.1.a) or the process chart (K.2.1.b). 

For this representation scheme it is important to have 

browsing capabilities for presenting the organizational charts in a 

graphic form. 

b. Meeting templates. Knowledge about a recurring meeting can be 

stored in a structure that is similar to the meeting-content planning 

screen. The template contains references to knowledge components 

within the ODB (K.2.1). 

c. Search strategies. Can be stored in the form of routines in a 

procedural language. These routines receive a list of parameters 

(e.g., calendars, search strategy, search interval, search direction, 

host userid) and return a feasible time-slot, if one exists, or an 

appropriate message otherwise. 

d. Performance metrics. Can be stored in the form of formulas in a 

procedural language. These formulas receive a list of parameters, 

which include performance measurements from the system. The 

routines calculate and store the metrics on a periodical basis. 

8. Communication KBMS. Most of the knowledge required for this 

agent is determined by the communication software and the e-mail 
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system we use. The communication knowledge is not the main focus 

of this research. 

9. IMS-invitee interface. Resides on a desktop and supports the 

synchronization between the invitee and the IMS. It handles 

both local calendar management, and communication messages by 

using standard software packages. 

10. IMS-host interface. Performs the same functions at the host-end 

side of the system; however, it is linked direcdy to the Scheduling-

Manager and the Calendar-Manager because the host needs a direct 

control over the scheduling session (e.g., manage the scheduling 

session, browse calendars within the IMS). 

Agents 5-8 are knowledge base agents, whereas the rest are functional 

agents. All the above agents have different features. The Communication, 

Calendar, Scheduling and Control Managers, as well as the Knowledge 

Base Managers, and the Interface Managers can be classified into the 

following four categories: 

1. Information storage. The Knowledge Base Manager and the 

Calendar-Manager capture the time-variant state of the organization 

in terms of people and resources. 

2. Resource allocation. The Scheduling-Manager is responsible for 

optimal utilization of the time spent in meetings as an organizational 

resource. 

3. Networking. The Communication-Manager and the IMS-host/invitee 

Interface Managers are responsible for networking the 

organization, and providing the connection with the external 

environment. 
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4. Control. The Control-Manager is a higher level agent, with 

responsibility for the coordination of all the other agents. 

At a given point in time, each user can view the system from a 

different perspective. A Knowledge Administrator can work on 

maintaining the KB, and at the same time become a host for a meeting he 

or she needs to schedule. During the scheduUng process of this meeting, he 

or she receives an announcement (as an invitee) for a meeting scheduled by 

his or her boss. At the same time he or she gets a message from a different 

host about cancellation of a meeting that already appears in his or her 

calendar. 

Based on the above description, we conclude that all the agents within 

the IMS are equally important, and must work together in cooperation. The 

agents talk with each other by exchanging messages that support concurrent 

scheduling activities. The IMS cannot produce effective schedules if one of 

the agents is idle or causing a bottleneck in the system. 

Symbol Level Theory for the IMS 

Symbol level theory is composed of symbol level propositions. Baldwin 

and Yadav (1995) mention that these propositions describe how 

characteristics of the AI system interact with characteristics of the 

environment to produce some behavior. FoUowing is a list of symbol level 

propositions: (In terms of notation, <S.X> denotes agent number X) 

SPl: A group of federated agents (S.1-S.8) is capable of supporting the 

scheduUng session (BT, BS, BC) for a planned meeting (El). 

SP2: The Communication Manager (S.4) and the IMS-host/invitee 

interfaces (S.9-S.10) are capable of supporting the 

93 



•m' "1 

communication between the IMS and the host/invitee 

(BC) for a planned meeting (El). 

SP3: A Control-Manager(S.l) is capable of handling the interaction 

(BT, BS, BC) between the IMS and the Invitee/host for a planned 

meeting (El). 

SP4: An object (S.T.a) can maintain knowledge about calendars 

(K.l). 

SP5: An object (S.7.a) can maintain knowledge about meetings 

(K.2.J). 

SP6: A set of 3NF relations (S.7.b) can maintain knowledge about the 

organizational structure (K.2.a). 

Symbol Level Design for the IMS 

This section clusters all the symbol level units mentioned above into 

one context. Figure 4.3 depicts a conceptual architecture of the IMS at the 

symbolic level. This description is totally independent of software and 

hardware implementation platforms. 

Most of the interaction between the host and the IMS is conducted 

through with the Scheduling-Manager during the scheduling session; 

however, the host needs also access to calendars for ad-hoc verifications. 

Since the IMS is a DSS, we assume that the host has overriding authority 

over the scheduling decisions made by the IMS. 

The communication messages between the host and invitees are issued 

and formatted by the Scheduling-Manager (at the announce meeting step), 

and transmitted by the Communication-Manager. 
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Figure 4.3: Symbol Level Architecture for the IMS 

The invitee needs capabilities to manage a local version of his or her 

calendar. Since the invitee plays a passive role in the scheduling session, he 

or she must only respond to announcement messages sent to him or her by 

the Scheduling-Manager. 
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The symbol level architecture groups all the symbol level units 

mentioned above into one context, and describes the overaU symbolic 

structure of the system. We now need to address two main issues regarding 

the proposed architecture: 

1. Centralization versus distribution. Ideally, the host always has 

perfect knowledge about the calendars of the invitees. This enables 

him or her to locate a time-slot much faster within the boundaries 

of the IMS. In the real business world this situation is unlikely to 

occur very often. In order to cope with remote unsynchronized 

calendars the IMS needs a mechanism that transmits fresh copies of 

a remote calendar from the IMS-invitee interface to the Calendar-

Manager. This function can be handled by the Communication-

Manager after being initiated by the Scheduling-Manager. 

2. Concurrency and authorization control. Since the desktop calendars 

are constantly updated, we need a locking mechanism at the 

calendar or time-slot level. This ensures that the calendars are 

consistent. In addition, in many cases a calendar has more then 

one version in the system (e.g., secretary's copy, copies of a group 

calendar stored at each member's local desktop). This means that the 

IMS must keep track of all the versions of an original calendar and 

reconcile conflicts whenever necessary. 

Scheduling a Meeting with the IMS 

The IMS interacts with its users during the scheduling process. During 

this process the users exploit different functions of the IMS at different 
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stages. The scheduling session can be viewed as a multistage cyclical 

process with the following steps: 

1. Select host. The host responsible for the meeting can be selected 

by an assignment from a higher level manager or self-initiate the 

scheduling process. The IMS is capable to search and propose a host 

for a given keyword based on the organizational knowledge. 

2. Plan content. The host starts the scheduling session by asking: What 

is going to be discussed in the meeting? Is it a problem solution? 

Is it something related to an organizational process? Is it a plan to 

achieve a goal? (The host needs to synthesize the content of the 

meeting into one screen by imagining the planning screen as a virtual 

meeting table.) 

Based on the ODB, there are many ways to model the content of 

a given meeting. The host can list the processes, problems, goals or 

organizational units that are related to the meeting. Some meetings 

need special equipment (e.g., overhead projectors, screens, 

demonstration software). In such cases the host needs to list the 

equipment type on the content planning screen. 

Each different layout of these organizational objects provides a 

different solution for the scheduling problem; thus, it is important to 

model the meeting as close as possible to reality using some objective 

criteria. Senior and experienced hosts are expected to produce better 

meeting content descriptions and consequently better schedules. 

If the host is not sure about how to model a certain meeting, he 

or she can use search facilities provided by the IMS. By typing a 

keyword, the system can use a cross reference and find all related 

97 



tessst 

objects in the ODB and propose several ways to describe the content. 

The system also provides the host with direct access to the ODB 

for browsing the organizational knowledge during the content 

planning process. The system searches the templates of similar 

meetings in order to enhance the efficiency of the content planning 

stage. 

3. Select group. This is the personnel and equipment synthesis phase. 

After the meeting content has been specified, we first need to 

identify potential invitees and then form the most effective group for 

the given content. 

During this staffing process we are guided by the fit between the 

invitees and the meeting content. This fit can be expressed in terms 

of effectiveness, experience, performance evaluation (for a task), or 

the minimum number of faults (for equipment). 

Following Philippakis and Goul's (1992) matrices, we refer to 

the human resource and logistical components of the ODB, and use 

the logical links. These links are responsible to capture the 

relationship between an employee and other knowledge units such 

department, division, goal, problem or process. In the case of the 

logistical component they capture the link between an equipment type 

and its instances. 

After aU the instances are found, we need to form the most 

effective group for the task. There are several ways this could be 

done: We can use the group composition knowledge (e.g., matrices, 

objective functions, synergy effects) stored in the knowledge base 

(Philippakis and Goul, 1992) to treat the problem as a quantitative 
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optimization task. This approach produces a single optimal 

solution by scanning all possible combinations and finding the 

efficiency frontier where we have the maximum effectiveness for a 

given level of cost. 

An alternative approach would be to rank the retrieved invitees 

and form a chain of invitees connected to each object on the content-

planning screen. The closer the invitee is to the head of the chain the 

better candidate he or she is for being scheduled into the meeting. 

This approach provides more control to the host over the group 

composition process. Substitution of invitees for knowledge-based 

meetings can be done based on the ranking of their expertise. 

For political meetings (e.g., information-exchange/coalition-

formation, inspirational, compromise), we can use the political 

knowledge about goals, keywords and utility functions regarding 

factors that will be discussed in the meeting. This enables us to 

control the amount of conflict in the meeting. If a critical person is 

unable to attend we might decide to use either an endorsement, a 

preparatory meeting between this person and other invitees, or an 

online communication media to connect the person to the meeting 

room. 

Another issue we need to decide on is the redundancy/minimal 

synthesis. For example: if we choose a minimal synthesis strategy, 

we can avoid selecting invitees if they do not provide exclusive 

problem solving knowledge for a specific problem. In case of high 

decision commitment, or uncertainty about the problem solving 

knowledge of the invitees we need many potential invitees to 

99 



E3;^'i 

participate. In such a case we can select an invitee for a given 

subproblem even if there is already another invitee that provides 

exclusive knowledge for a given subproblem. 

For each employee or equipment that has been retrieved, we need 

to attach also a timetable, which is retrieved by the Calendar-

Manager. The information in the ODB and the calendars are 

constantly evolving. This means that for the same meeting-content, 

we have different chains synthesized at different points of time. 

4. Search meeting time-slot. After we have located all the people 

and equipment instances, we need to find a suggested time-slot 

for the meeting. This is done by comparing the calendars of the 

invitees that form the most effective group. The IMS can receive 

different parameters for this interactive process such as: order 

between invitees during the search, conflict resolution approach, 

search range, search strategy, search direction. If the IMS cannot 

find a vacant time slot for the most effective group, we need to 

substitute at least one invitee by the next most effective invitee and 

retry the search. (If we use the approach of Philippakis and Goul 

[1992], we need to re-optimize the group composition.) 

5. Announce meeting. The solution we find is only tentative until all 

the invitees have acknowledged their participation in the meeting. 

At this stage each invitee receives an announcement message with 

the suggested time slot and a description of the meeting topic. This 

message is initiated by the Scheduling-Manager and transmitted 

by the Communication-Manager across the network. 
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6. Collect responses. The host gradually receives the responses from 

the invitees through the Communication-Manager. There is a wait 

phase of the scheduling session until all responses are received. 

7. Evaluate responses. This is a branching point where the host 

reviews all the information provided by the IMS regarding his or 

her offer. The host can decide to accept the solution if all invitees 

responded positively. If for any reason the solution was not accepted 

by one of the invitees (e.g., somebody already blocked the same 

time slot for a different meeting on that invitee's calendar) then the 

host should activate a new search cycle. In such as case the host can 

either retain the most effective group and retry the time-slot 

searching (branch to step 4), or change the most effective group and 

substitute an invitee with an alternative invitee (branch to step 3), 

or even modify the meeting-content and then redo the group 

selection stage (branch to step 2). The choice among these three 

options is based on the situation of the scheduling session as 

perceived by the host. Branching to step 2 (content planning) after a 

time conflict arises prolongs the scheduling session and makes it 

more expensive. 

8. Commit calendars. After all the invitees have agreed on a time 

slot, the host can decide to close the scheduling session. In such a case 

the Calendar-Manager updates the necessary calendars and informs 

the desktop software about the changes. The IMS locates all the 

remote versions of the given calendars and synchronizes them. 

The above description demonstrates a wide range of tools and functions 

that the IMS provides during the scheduling-session. In the following 
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section we list several features that can further strengthen our proposed 

model. 

Desired Features of a Powerful IMS 

In order to provide the host with a strong tool for scheduling meetings, 

we would like the IMS to have several features. The following is a list of 

the desired features in a powerful IMS. These features can also be used as 

criteria for evaluating the power of other meeting-schedulers. 

Due to our implementation constraints, this research does not 

implement all the following features; rather, it focuses on validating our 

model. After describing the desired features, we specify those that we 

actually implemented. 

1. Clustered meetings. We need a mechanism to group several related 

meeting (e.g., conference sessions). This mechanism must be able to 

chain related meetings through the meeting-content planning screen 

in an hierarchical pattern. 

2. Flexible locking mechanism. We would like to control the locking 

of tentative time slots. The invitee can lock his or her whole calendar 

as the scheduling session starts. Other options might be locking a 

specific time-slot only after receiving a meeting announcement, or 

locking the time-slot after receiving the commit message. In order 

to balance the conservative and liberal approach, we believe that the 

best strategy is to lock time slots in the invitee's calendar only after 

he or she receives an explicit announcement about the meeting. 

3. Flexible communication heuristics. Enables us to use different 

heuristics such as those proposed by Sen and Durfee(1991). We can, 
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for example, send several announcements at each iteration and 

receive preference rankings from each invitee. 

4. Flexible group composition. Enables us to control the group 

formation task. For example, we can decide on using the redundancy 

strategy instead of minimal synthesis, or refine the values of the 

invitees' effectiveness, synergy matrices and utiUty functions. 

5. Invitee/Time tradeoff. In real life scenarios, the scheduling process 

described in Figure 4.1 is an approximation. In some cases we want 

to select less effective invitees, simply because their calendars have a 

better fit, causing the meeting to be scheduled earlier. In other cases 

we schedule a meeting that is not urgent; however, we want to have 

the best invitees. In such a case we search for a meeting with less 

rigid time constraints and put more emphasis on the group quality. 

6. Dense calendars. Whenever the calendars of the invitees become 

dense, the probability of locating a time-slot becomes low. In 

order to address this problem we might consider several remedies: 

a. Clustered ranking of invitees. We assign similar ranks to invitees 

with close expertise. This enables the IMS to explore more 

calendars at each iteration, and to provide a quicker solution. 

b. Time/Invitee availability map. If we do not have a large pool of 

possible invitees, it might be better to scan a time interval 

sequentially and produce an availability list (map) of the invitees 

for each time slot. The host can look at this map and ask the 

system to calculate some objective measure in order to choose the 

best time-slot as a compromise. 
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7- Inter-organizational scheduling. Enables the IMS to compare 

schedules of invitees from more than one organization. The main 

problem in such a case is the schema integration of heterogeneous 

ODBs that belong to different organizations. 

8. Refresh information about invitees. Since the information in the 

ODB is constandy changing, we should update the knowledge that 

was already retrieved and is being used (e.g., calendar) for a 

certain invitee during a scheduling session. This raises the issue of 

distribution and synchronization of calendars across the 

organization's network. Other knowledge units, such as those 

relevant for the group composition stage should also be modifiable 

during the scheduling session. 

9. Reschedule committed meetings. If an invitee changes his or her 

mind about participating in the meeting, we can try to use the 

solution we already have to find an alternative solution, where the 

missing invitee is substituted by another invitee with a similar 

profile. This feature enables us to reuse the products of the 

scheduling session, instead of restarting the session from scratch. 

10. Dynamic host selection. If the host cannot reach a consensus 

solution we need to reassign the host role. In order to save resources, 

it is important that all the relevant information accumulated by 

the previous host be accessible to the new host. This requires 

a certain kind of log system for the scheduling session that 

describes the options that were explored by each host and their 

outcomes. 
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11- ''InteUigent-Host/Invitee." We assume that the IMS supports the 

host and invitees during the scheduling session; however, all the 

scheduling work is driven by these users. In order to reduce the 

human work load, we can build software agents that use a set of 

modifiable rules. The invitee shares knowledge about his or her 

scheduling preferences with the computerized agent, and periodically 

monitor the agent's performance. Whenever the invitee receives 

an offer from the host, the intelligent-agent will be able to 

respond on behalf of the invitee. The same idea applies to an 

intelligent host; however, since human judgment plays a major role 

in the activities of the host, it is more difficult to build an intelligent 

host. 

12. Electronic meetings. The focus of the IMS is on face to face 

meetings. In some cases, due to temporal or financial constraints, we 

might need to include a participant through an electronic mediator 

(e.g., using multimedia conferencing software). In this case we 

still need to schedule the person to fit the time slot of the 

meeting; however, the person does not have to be physically 

present at the meeting location. 

In terms of the required knowledge to support this function, we 

can mention the following two measures: 

a. Participation costs. Include all the travel expenses (e.g., airfare, 

hotel accommodation, meals), needed in order to bring a person to 

a meeting. 

b. Participation benefits. Using the group composition knowledge 

and the planned meeting-content, we must estimate the aggregated 
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contribution of a participant to the meeting. In our estimation we 

need to incorporate synergy effects as well. 

The relationship between the participation benefits and participation 

costs determines whether a person is invited to participate physically 

in the meeting. If the benefits are high and the costs are high we use 

the electronic meeting media for a person; however, if the benefits 

are high and the costs are low, we invite that person to be physically 

present at the meeting. This ratio is evaluated for each person; thus, 

it is possible to have a mixed meeting, where some people are 

present in the room and others are using the electronic media. 

13. Knowledge refinement mechanism. Using the post-evaluation 

feedback provided by participants at the end of the meeting. This 

feedback can be used to update the group composition knowledge, 

and possibly improve the predictions of the system about the 

effectiveness of an employee regarding a given meeting content. 

14. Integration with existing MIS resources. By using a standard 

e-mail system, we can save resources in development, maintenance 

and modification of the system. This enables us to focus on 

implementing the new features of the system and produce a low 

cost system. 

15. Scheduling-macros. Macros have a procedural nature. They 

automate some task during the scheduling process, and enable the 

user to define and store a complex function based on elementary 

functions provided by the system. Examples of macros that can assist 

in the scheduling process are: 
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a. A routine that summarizes the status of a given scheduUng session, 

and produces a report that provides the response rate for an 

announcement at a given point in time, as well as, Usts the 

people that did not reply yet. 

b. A commit macro that terminates the session and takes care of all 

related activities (e.g., sends transactions to block time-slots in 

calendars, copies all information accumulated during the 

scheduling session to backup and archive files). 

16. Time dimension sensitivity. This allows manipulation of information 

in a retroactive perspective. For example, as a result of keeping time 

stamp attributes for data in the ODB, the output of the scheduling 

process is expected to have a better fit the evolving needs of the 

organization. We believe that the IMS can perform a more accurate 

job of employee evaluation for the purpose of group composition 

if this temporal information is maintained in the system. 

Our initial prototype supports the following features from the above list: 

Flexible group composition, refreshing information about invitees, 

rescheduling of meetings as a result of environmental changes, time 

availability map and dynamic host selection. 

Other features that are not supported in our initial prototype include: 

time dimension sensitivity, scheduling macros, integration with e-mail 

system, post-meeting knowledge refinement, intelligent-host/invitee, 

electronic meetings, inter-organizational scheduling, invitee/time tradeoff, 

flexible locking and communication strategies as well as clustered meetings. 
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Summary 

This chapter provided the major contribution of this research. We have 

proposed a conceptual model for an IMS. The model includes a 

comprehensive description of all the components as required by Baldwin 

and Yadav's (1995) AI research methodology. The model was built using a 

top down approach that originated in the scheduling problem and moved 

towards the user requirements specification. Propositions were specified at 

the knowledge and symbol level. These propositions serve as a basis for 

future empirical evaluation of our model. 
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CHAPTER V 

VALIDATION OF THE IMS 

This chapter describes a plan for evaluating the concepts and principles 

proposed in the Chapter IV. We use three meetings scenarios at Texas Tech 

University to demonstrate our conceptual model. These scenarios show the 

interaction process between the IMS and the host during aU the steps of the 

scheduling session. Following this description we discuss the validity of our 

conceptual model by using logical argumentation. The validation of the 

prototype itself is described in Chapters VII-VIII. 

An Overview of the Validation Plan For The IMS 

In Figure 5.1, our validation plan is presented. Contrary to the 

construction process, which was based on a top-down approach, during the 

validation we used a reverse, bottom-up approach. The validation is a 

linear process, where we trace backwards and verify that each step 

supports its immediate preceding step. Our validation has two major 

phases: conceptual and prototype. 

1. Conceptual validation. This phase is mainly concerned with the 

validation of the IMS conceptual model that was described in 

Chapter IV, and the process that was used to derive this model. 

Before we had results from our prototyping session, we could 

only validate our model by demonstrating the IMS capabilities in 

three scheduling scenarios, and by using logical argumentation to 

support our model. We use a backward tracing process and justify 

how the conceptual model seems to support the behaviors, how the 
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Figure 5.1: The Validation Plan for the IMS 

behaviors seem to support the user requirements, and how the user 

requirements seem to support the scheduling problem. After 

collecting data during the prototyping sessions (see Chapters VII-

VIII), we were able to make some concrete recommendations about 

our system, and look again at our model to verify whether it can 
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accommodate all our findings from the prototyping session. 

2. Prototype validation. The IMS prototype is used as a tool to 

demonstrate the conceptual model. The prototype helps us 

indicate whether our proposed approach is viable and whether the 

system development is an achievable task. The prototype 

vaUdation consists of the following substeps (see Figure 5.1). 

a. Prototype design specification. Based on the proposed 

architecture at the conceptual level, we chose a software tool 

to build the IMS prototype. Waterman (1986) suggests that 

features, such as: temporal constraints, tool power, sophistication, 

maintainability, reliability and support for problem and 

application domain, are all important criteria when choosing 

the appropriate building blocks for the system. We addressed 

issues such as user-interface and data design. For the purpose 

of this dissertation we limited the scope of the prototype and 

focused on the new functions and tools that support the scheduling 

process as described in Figure 4.1. 

b. Prototype implementation. Based on the above design specification 

and the selected software package we constructed an initial version 

of the IMS prototype. 

c. Prototype testing and evaluation. The prototype was tested with 

the help of end-users, who schedule meetings as part of their 

work assignments. We conducted a prototyping session where the 

prototype was demonstrated and the users had a chance to try the 

system over a case that was taken from their daily assignments. 

During this session we recorded the activities and 
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requests for changes from the users. After exploring the prototype, 

we asked the users to complete a questionnaire that summarized 

their impressions from the system. We hope that the feedback about 

the quality of the prototype can provide us with some insight about 

the validity of our conceptual model. 

Our aim, in both the conceptual and the prototype validation, was to 

determine whether the proposed design and the knowledge it embodies are 

capable of providing effective assistance in meeting-scheduling scenarios. 

Both the conceptual model, the design specification and the knowledge 

architecture need to be constantly refined based on future observations and 

feedback provided by end-users in real-life scenarios. 

In the future, several advanced functions can be added to the system. 

These functions will provide better performance and support for more 

complex scheduling situations. In addition, implementors will need to 

decide how the proposed model can be implemented in the real business 

world, where there are many problems of hardware, software and schema 

inconsistencies as well as scarce financial resources. In the following 

section, before the conceptual vaUdation, we demonstrate how our model 

can assist the host and the invitees in three meeting scenarios. 

The Meeting Scenarios 

We have selected Texas Tech University as the organization for our 

work because of the following reasons. 

1. Size and diversification. The school employs thousands of people in 

the academic, administrative and operations areas. The academic 

personnel consists of faculty members who are active in research and 
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teaching. The administrative personnel are responsible for 

supporting functions such as the library, admissions and records, 

international affairs and other clerical tasks. The operations 

personnel are responsible for logistical functions such as housing and 

dining facilities, recreational center, heating and cooUng plant. 

2. Hierarchical and mechanistic structure. Authority for both academic 

and nonacademic functions is delegated from the top of the 

organization (President) towards the bottom. The academic 

functions (Professors, TAs, RAs) are part of the hierarchical 

structure, although their research and teaching work has an organic 

nature. 

3. Accessibility. Many sources of information such as organizational 

directories, charts, statistical data and employees are easily 

accessible. 

The examples we use in this dissertation deal with three meetings of 

the President of TTU. The president was chosen because his environment 

and responsibilities are complex enough to demonstrate various features of 

the conceptual model. The President would like to schedule the following 

meetings: 

1. Orientation meeting with new international students who had 

arrived for the next semester. This meeting is a knowledge-based 

meeting and it demonstrates the capabilities of the system in 

handling structured scheduling scenarios. 

2. Meeting with the dean of the engineering college about the budget 

allocation for the following year. This meeting is a political meeting, 

that involves issues such as power and control over resources. 
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3. Meeting with several CEOs representing different industrial sectors. 

The meeting is intended to improve the interaction and cooperation 

between the industry and the University. This meeting is a mixture 

of the two types mentioned above. 

Demonstration of a Meeting with the New International Students 

The following is a description of the steps during the scheduling session 

for a meeting with the new international students during the orientation 

week: 

1. Select host. 

Since the orientation week is under the responsibility of the Office 

of International Affairs (OIA), the IMS can propose several hosts 

from the OIA office by using a keyword indexed search in the ODB. 

We select the secretary of OIA as the meeting host. 

2. Plan content. 

The host asks himself: Who needs to be present in the meeting? 

What is going to be discussed in the meeting? How can different 

organizational entities contribute to the meeting topic? After 

answering these questions the host comes up with the foUowing list 

of objects from the ODB: 

- The president of the university; 

~ The head of the office of international affairs (OIA); 

- One of the immigration counselors from the OIA; 

- The group of the new international students that attends the 

orientation week (Since we do not manage individual calendars for 
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each new international student, all the students are treated as a 

group with a single calendar); 

— An overhead projector; and 

— An auditorium. 

Figure 5.2 shows the meeting-content planning screen after all 

the objects have been located in the ODB. The objects are clustered 

in two separate groups: people related and equipment related. 

3. Select group. The IMS first identifies all personnel and equipment 

instances related to the content described in the previous step by 

using the logical links within the ODB. As soon as all the 

information is retrieved from the ODB, it is ranked and chained to 

the meeting content planning screen. The host specifies the 

following ranking criteria: immigration counselors are ranked 

according to years of experience; auditoriums are ranked 

according to the their seating capacity or purpose; and the overhead 

projectors are ranked according to number of faults in the past year. 

The Scheduling-Manager issues a request for the corresponding 

calendars, and the calendars are retrieved by the Calendar-Manager. 

Calendars that are not fresh, according to predetermined rules, are 

copied from the desktop; however, no locking of time slots is 

performed in the calendars at this stage. The located chains are: 

President = (Charles) 

OIA_Head = (Edwards) 

Immigration_Counselor = (Davis, Jackson) 

Auditorium = (Holden_Hall, UC, Municipal_CoUseum, BA) 
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Auditorium 

Figure 5.2 : Content Planning Screen for President's Meeting with the 

New International Students 

Overhead_Projector = (opOl, op02, op03) 

New_intemational_students = (group) 

4. Search meeting slot. The host specifies: an interval for searching the 

time slot, the order of search among the objects, the constraints and 

the search strategy. In this case the host would like to block the 

president calendar every day between 8AM-9AM and search for the 

earliest possible solution during the orientation week. 

Search_interval = (orientation_week) 
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Search_order = (president, OIA_head, immigration_counselor, 

auditorium, overhead_projector, 

new_intemational_students) 

Search_method = (sequential, linear_earliest) 

Block_slot = (president, everyday, 8AM-9AM) 

Since this constraint is constant, we could also store it as an 

attribute in the president's calendar, or as a constraint in the 

president's record within the human resource component. The 

Scheduling-Manager is activated according to the specified 

parameters, and it copies the president's calendar from the Calendar-

Manager into the calendar work-area. At the next step the calendar 

of Edwards is compared with the president's calendar (only during 

the orientation week). Since the group of possible meeting slots after 

this comparison is not empty, the IMS proceeds to compare the 

calendar of Davis with the work-area calendar. At this stage we have 

to handle the equipment and location of the meeting. We check the 

calendars of Holden_Hall, opOl and the group of the new 

international students. After all these Boolean "AND" operations 

we find the earliest possible solution to be January 8 between 3 PM 

and 4 PM. at Holden HaU auditorium using opOl with Davis as the 

immigration counselor. 

5. Announce meeting. In order to verify the feasibiUty of the solution 

an announcement message is formatted and sent from the host to the 

invitees. 

- For human invitees an e-maU message in a fixed format is sent to 

the individual userids through the Communication-Manager. 
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— For reserving the auditorium and the overhead projector a fax 

message is sent to Holden-Hall building manager. 

All invitees receive the invitation and check the appropriate time-

slot in their local calendar copy and respond by a message to the 

host. The time slot is tentatively locked on the local calendars. 

6. Collect responses. The host receives a negative response from Davis 

because during the scheduling session she has scheduled another 

meeting in the same time-slot of her desktop calendar. 

7. Evaluate responses. The host needs to decide if he wants to return 

to step 4 after updating the calendar of Davis. Since the group 

composition for this meeting is structured, the host decides to 

explore another option by substituting Davis with Jackson, which 

is the next instance on immigration counselors chain. The first 

solution is not used; thus, the hosts sends "release-lock" messages to 

all the invitees who locked the time slot. 

After rerunning the search the IMS finds an alternative solution 

with the presence of Jackson at Jan. 9 between 4-5 PM at Holden Hall 

using opOl. The IMS sends all invitees new announcement messages 

and collects their responses. At this point, if the host believes that the 

participation of Davis is critical for the meeting then there is an 

option to recheck with Davis about the new time-slot that was found. 

In case all the invitees acknowledge the new slot, the host can 

proceed to step 8, otherwise he needs to retry a new search on the 

calendars, or possibly even change the group composition. 
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8. Commit calendars. The host sends time slot blocking transactions to 

the calendars of the invitees. After this is done all the local calendars 

are committed to the meeting and the scheduling session ends. 

Demonstration of the Budget Planning Meeting 
with the Dean of the Engineering College 

The following is a description of the steps during the scheduling 

session for a meeting with the dean of the engineering college about the 

budget allocation for the following fiscal year: 

1. Select host. The host is the secretary of the dean in the Engineering 

College. 

2. Plan content. The president is going to meet with the dean of the 

Engineering College and the purpose of the meeting is to discuss the 

planned budget for next year. The content planning screen as 

conceptualized by the secretary is (see Figure 5.3): 

~ The president; 

- The dean of the engineering coUege; 

- A representative that is familiar with the process of budget 

planning; 

- Deans that are supporters of the budget cuts (This is a combined 

object of an official (Dean) and a political keyword 

(budget_cut_supporters) that is defined in the ODB); 

- A computer for financial data presentations; and 

~ A room. 

3. Select group. The IMS locates the foUowing instances in the ODB 

and chains them to the objects on the content planning screen. 

President = (Charles) 
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People: 
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Figure 5.3: Content Planning Screen for a Meeting with the Dean of 

the Engineering College About Next Year's Budget 

Dean_of_engineering = (Stevens) 

Computer = (MacOOl, Mac002, Mac003) 

Meetings_room = (RoomOOl, Room002) 

The secretary is not sure who should be involved from the budget 

department, so he or she accesses the ODB and browses the process 

chart of this department. The secretary finds a process called 

"prepare-next-year-budget." After copying the process code 

(pc05) into the scheduling session work area, the secretary issues a 

request from the human resource component of the ODB to locate 
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all instances of people who worked on this process. The Scheduling 

KBMS uses the process chart and human resource component to 

build the following chain 

Prepare_next_year_budget = (Jones, Smith, Marcus) 

Using the process/invitee effectiveness matrix stored in the group 

composition section of the ODB, the IMS finds that Jones is the most 

effective employee for process pc05. 

For the deans that are budget cut supporters, the IMS locates the 

combined chain: 

Dean_and_budget_cut_supporters= (Stewart, McDonnalds) 

This chain is obtained by a Boolean intersection between the 

Deans and people that are classified as "budget_cut_supporters" using 

the political keywords. 

4. Search meeting slot. The solution is searched with the following 

parameters: 

Search_interval = (Today.. Budget_due_date) 

Search_order = (President, Dean_of_engineering, 

Prepare_next_year_budget, 

Deans_and_budget_cut_supporters (All), 

Computer, 

Meetings_room) 

Search_method = (Start_at_middle, Forward, Backward). 

Block = (Prepare_next_year_budget, Fridays, 12:30PM: 1:30PM) 

In this case we would like to block the calendars of aU the budget 

preparation employees on Fridays at 12:30PM for one hour because 

of a recurring policy coordination meeting. We would like to search 
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for a time slot from the middle of the specified interval, first going 

backward and only if a solution is not found to go forward. 

The solution is found by copying Charles' calendar into the work 

area of the Scheduling-Manager and performing a Boolean "AND" 

operation with the calendars of Stevens and Jones. Since the result of 

these operations is a calendar with no vacant slots, the IMS 

consults the host who decides to substitute Jones with Smith. The next 

step is to include the calendars of both Stewart and McDonnalds, 

MacOl and RoomOl into the search. The solution is a time slot at 

Dec. 19 at 3 PM. Smith represents the budget preparation and the 

meeting is held at RoomOl using MacOl. 

5. Announce meeting. All invitees get an invitation letter formatted 

by a word processor and linked as an object to the announcement 

e-mail message. 

6. Collect responses. All the invitees check their local calendars and 

acknowledge their participation via the Communication-Manager. 

7. Evaluate responses. The host gets a positive response from all 

invitees and decides to proceed to step 8. 

8. Commit calendars. The system commits the time slot in all the 

local calendars by a "commit calendar" message that includes the 

time slot specification and a description of the meeting. 

Demonstration of a Meeting with 
Managers from the Industry 

The following is a description of the steps during the scheduling session 

for the meeting with the managers from the industry: 
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1. Select host. The host is the secretary of the president. 

2. Plan content. The president would like to invite to the meeting 

any manager from the Lubbock business community who is 

operating in the computer, retail or banking sectors. 

The following people and equipment objects appear on the 

meeting content-planning screen (see Figure 5.4). 

— The president; 

— Computer, retail and banking managers; 

— A public relations representative from the administration division; 

~ A campus officer who has the best exposure to the organizational 

goal of improving interaction with industry; and 

— A room. 

3. Select group. The following instances are located by the IMS. 

President = (Charles) 

Retail_Managers = (Richards) 

Banking_Managers = (Price, Waterhouse) 

Computer_Managers = (Arthur, Andersen) 

Public_Relations = (Coopers, Lybrand) 

Interaction_with_industry = (Ernst, Young) 

Meetings_room =( RoomOOl, Room002) 

The information about the managers from the industry is 

retrieved from the external entities component of the ODB. The 

instances of industry manager are ranked according to the percent of 

hiring of new graduates by their companies. 
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Figure 5.4: Content Planning Screen for a Meeting with Managers 
From the Industry 

4. Search meeting slot. The parameters for the search are: 

Search_interval = (Today..End _Of_Calendar_Year) 

Search_order = (Industry_Managers (AU),President) 

Industry_Managers = {Banking_managers, Retail_managers, 

Computer_managers} 

Search_method = (End_of_interyal, Backwards). 

Since the industry managers are external objects we might not have 

sufficient knowledge about their calendars. In such a case the 
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scheduUiig process must resemble the distributed negotiation 

protocol presented by Sen and Durfee (1991), where the host 

announces a meeting and collects bids. In our case the Scheduling-

Manager requests copies of the aU the managers' calendars. These 

copies are decoded for reasons of privacy and sent through the 

Communication-Manager into the Calendar-Manager. 

After all the calendars are available, we proceed in the same 

pattern as in the previous examples, except that we try to schedule all 

the managers to the meeting and not only the best invitee from 

each industry. After performing the Boolean "AND" we find that the 

latest meeting slot available in this year is at Dec. 15, at 3 PM in 

RoomOl. Ernst is selected for the goal of interaction with the 

industry. 

5. Announce meeting, the host sends announcements to all invitees. 

6. Collect responses. All invitees except the Banking_Manager 

Adams acknowledge their participation immediately, and tentatively 

block the meeting slot in their calendar. 

7. Evaluate responses. The host can either store the product of this 

scheduling session until a positive message is received from Adams, 

or schedule the meeting without Adams by proceeding to the next 

step. The host decides to block the meeting in the calendars and 

proceed to step 8. 

8. Commit calendars. Blocking transactions are sent to all the 

involved calendars, including those stored at the remote sites. 

The above hypothetical scenarios demonstrated the contribution of all 

the components within the model (both symbol and knowledge level). We 
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have also demonstrated several helpful features (e.g., search and browse 

capabUities that are used to assist the host when planning the meeting-

content). 

Conceptual Validation of the IMS 

In this validation phase we use logical argumentation to justify the 

validity of our conceptual model. The focus of the conceptual validation is 

on two aspects. 

1. The usefulness of the knowledge and symbol level units in producing 

the behaviors. 

2. The consistency between our model and the meeting-scheduling 

problem. 

In order to address these issues we use a backwards tracing process (see 

Figure 5.1). We explain how our conceptual model supports the behaviors, 

followed by how the behaviors support the user requirements, and finally, 

how the user requirements support the scheduling problem. After our 

prototype validation phase, we will gain more evidence about the validity 

of our conceptual model and incorporate this evidence into our model. 

Validating the Relationship between 
the Model and the Behaviors 

Our validation of this relationship is done by justifying the major 

knowledge and symbol level propositions as they relate to the IMS 

behaviors. We first explain what is required from a computerized system 

in order to support a given behavior, and then relate specifically to our 

model and show how the IMS is actually capable of supporting that 

behavior using the knowledge it embodies. 
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At the knowledge level, we validate three propositions that address the 

behaviors of content planning, ranking of invitees and most effective group 

formation. At the symbol level, we validate two propositions that address 

the capability of our architecture to support the meeting-scheduling task 

and the interaction of the system with the host/invitees during the 

scheduling session. These propositions were selected for the conceptual 

validation because they embody the main contributions of our model. 

For the meeting-content planning behavior, we have stated the 

following proposition: 

KPl: If the system maintains an ODB that describes the organization 
(K.2.1), then the system can assist the host in formally 
specifying the content (BSl) of a planned meeting (El). 

Validation of KPl 

Our process of scheduling meetings (see Figure 4.1) suggests that in 

planning a meeting, we need to postpone the question of staffing the 

personnel and equipment, and rather start with describing the issues to be 

discussed in the meeting by using organizational terminology. We believe 

that each meeting has an agenda that can be expressed by the organizational 

terminology, and in many cases there are several possible ways for 

describing the meeting-content. 

In the IMS conceptual model, the ODB (K.2.1) is a collection of 

distinct, though interrelated organizational knowledge units. By providing 

access to knowledge units that describe people, logistics, groups and 

external entities, we enable the host flexibility in describing the content for 

a variety of meetings. The host can use knowledge units that describe both 
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the structural, static aspects of the organization such as organizational 

charts, goals, problems and equipment types, as well as, the dynamic 

aspects such as work processes (which represent flows and transformation). 

For the behavior of ranking potential invitees for a given meeting-

content, we have stated the following proposition: 

KP2: If the system maintains the level of experience (in K.2.1.k) for 
each invitee with regards to all elements in a meeting-content, 
then the system can better assist the host in ranking the 
invitees (BS3) for that planned meeting (El). 

Validation of KP2 

In order to provide assistance in ranking potential invitees for the 

planned meeting, a computerized system must be able to sort lists of 

employees based on criteria (attributes) that are mentioned in the meeting-

content description. 

In the case of the IMS, we adopt the conceptual framework proposed 

by Philippakis and Goul (1992). These authors proposed capturing a 

linkage between the employees and the subproblems discussed in the 

meeting. They represented this linkage by a two-dimensional matrix that 

captures the effectiveness for each invitee/subproblem combination. The 

author's framework can be extended to other types of knowledge used in 

the meeting-content (e.g., process, goal). 

In order to provide this capability in our system, we have separated 

between knowledge that describes the structure of the organization (e.g., 

organizational chart, problems, goals, processes), and knowledge that 

describes actual instances of employees and equipment. The former can be 

viewed as knowledge at the macro level, whereas the latter is knowledge at 
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the micro level. After the host describes the meeting-content, the system 

synthesizes an actual list of candidate invitees for each knowledge unit in 

the meeting-content. The invitees are sorted in a descending order with 

regards to quality factors such as level of experience. 

For the behavior of forming the most effective group, we have stated 

the following proposition: 

KP3: If the system maintains an objective function, and knowledge 
about synergy effects among invitees (in K.2.1.k), then the 
system can better assist the host in composing the most 
effective group (BS4) with the highest level of expected 
performance for a given level of cost (the efficiency-frontier). 

Validation of KP3 

Following KP2 and Figure 4.1, we need to assemble the most effective 

group as part of our group selection step. The notion of effectiveness has 

different interpretations, such as: the highest level of performance, the 

lowest amount of conflict, or the shortest time to achieve a decision. This 

research focused mainly on the level of performance, because we targeted 

our system for meetings and organizations that are mainly interested in 

achieving maximum effectiveness with a minimal amount of cost. 

PhUippakis and Goul (1992) view the group selection step from an 

operations research perspective, and suggested to determine an objective 

function and assign participation costs to each invitee. The selection 

problem is approached as an optimization problem under chosen 

constraints. The traditional approach for solving this problem would be 

using an algorithm. Philippakis and Goul (1992) argue that in most 

meetings, the group of participants is smaller than fifteen; thus, 

enumeration of alternatives is a perfectly adequate approach that provides 
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better flexibility compared to the traditional approach. Philippakis and 

Goul (1992) suggest using a standard programming language to scan all 

possible group compositions, and draw a diagram with the most/least 

effective group combinations for a given cost. They define this graph as the 

envelope of effectiveness, and the line connecting aU most effective group 

combinations as the efficiency frontier. In terms of participation costs 

associated with each invitee, the authors propose using the hourly salary 

cost, or the opportunity cost of an alternative organizational task for each 

invitee and time-slot combination. 

In our system, the selection of the most effective group is a major 

responsibility of the host. The IMS suggests an initial group of most 

effective invitees, based on the level of experience of each employee (which 

is stored in the human resource component of the ODB). The host can 

either accept the system's recommendation or explore the list of potential 

invitees for each knowledge unit he or she listed in the meeting-content. As 

a general rule, the host needs to select the best invitee to "represent" each 

unit specified in the meeting-content. If there was no value specified for a 

given unit of content then the IMS retrieves an ordered list all employees. 

As a DSS, the IMS can only make a recommendation at the group selection 

stage; however, the host can override the recommendation. 

At the symbol level, we have stated several propositions. For the overall 

ability of the IMS to support meeting-scheduling tasks, we have stated the 

following proposition: 

SPl: A group of federated agents (S.1-S.8) is capable of supporting 
the scheduling session (BT, BS, BC) for a planned meeting 
(El). 
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Validation of SPl 

The scheduling problem has a distributed nature. Sen and Durfee (1991) 

view the meeting-scheduling problem as a multistage negotiation process 

between the host and invitees, who exchange bids and responses in an 

iterative process untU converging to a mutual agreement. We have adopted 

a distributed approach in another dimension, and divided the meeting-

scheduling process into three independent subproblems: calendar, 

scheduling and communication management. 

In our model, the federated system of agents (see agents S.1-S.8 at the 

Symbol Level Units (S) section in Chapter V) are the basic building blocks 

of the IMS architecture. They enable us to implement the calendar, 

scheduling and communication functions specified in the user requirements 

in a modular pattern; thus, each agent is autonomously in charge of one 

major function within the system. The agents receive requests through their 

input queues, process them concurrently and autonomously, and submit 

request messages or final results to their peers through the output queues. 

Altogether this federated community of agents works in cooperation 

and is capable of handling several scheduling sessions concurrently. The 

agents surrender some of their autonomy to the Control-Manager who is in 

charge of coordinating the progress of the scheduling sessions (BS) and the 

interaction with the external environment of the IMS. 

For the ability of the IMS to handle the communication with its users 

(host and invitees), we have stated the following proposition: 

SP2: The Communication Manager (S.4) and the IMS-host/invitee 
interfaces (S.9-S.10) are capable of supporting the 
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communication between the IMS and the host/invitee 
(BC) for a planned meeting (El). 

Validation of SP2 

The communication function between a meeting-scheduler and its 

external environment (the organization) is required in order to synchronize 

copies of calendars across the organizational network and in order to 

consult with the invitees and evaluate the feasibUity of alternative solutions 

for the meeting-scheduling problem. 

In our system, the border between the IMS and the rest of the 

organizational network is controlled by the Communication-Manager and 

the IMS-host/invitee interfaces (see the Symbol Level Architecture in 

Figure 4.3). The calendar is viewed, conceptually, as an object that consists 

of a time grid and control attributes (see Figure B.l). The IMS can send 

messages to remote calendars across the network, and check the value of 

these control attributes. 

If it is determined by the Control-Manager that a calendar copy within 

the Calendar-Manager is not accurate for the purpose of time-slot 

searching, then the IMS can issue a request to the IMS-invitee interface to 

submit a fresh copy to the Calendar-Manager. The calendar is transmitted 

by the Communication-Manager and the entry of the calendar into the IMS 

boundaries is controlled by the Control-Manager. Announcement and 

response messages, exchanged between the host and the invitees, are also 

handled by the IMS-host/invitee and the Communication-Manager agents. 
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Validating the Relationship Between the 
Behaviors and the User Requirements 

The behaviors seem to support the user requirements because of our 

conceptual model derivation process. We first looked at all the steps in 

Figure 4.1 and listed the support required from the IMS for each step in 

the scheduUng process. We then synthesized these requirements into a list 

of major questions the IMS must be able to address. Based on these 

questions we came up with three major functions the IMS needs to provide. 

These major functions were then decomposed into appropriate subordinate 

behaviors. 

Figure 4.1 is the basis for deriving our user requirements and system 

behaviors. This figure is not claimed to be a description of all meeting-

scheduling processes in all types of organizations. It is rather the desired 

process, and most likely, the more frequent process in mechanistic 

organizations that use formal procedures for scheduling meetings. 

Figure 4.1 seems to be valid because of the following reasons: 

1. It emphasizes the unstructured nature of the problem. In a real 

organization, it is difficult to program a system that provides a 

structured solution to meeting-scheduling problems. A solution 

is found by an ongoing interaction between the host, the invitees and 

a computerized decision aid. 

2. It enables the host to generate several solutions in an iterative 

process, retain them, and'finaUy compare and evaluate them before 

committing to an ultimate solution. 

3. It enables the host to control the gradual transitions between the steps 

of the meeting-scheduling process. 
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4. It carries the planning task of the meeting into a higher level of 

abstraction, by enabling the host to describe the meeting-content 

in advance without jumping immediately into the issue of staffing 

the meeting. 

5. It enables flexibility when a conflict arises (e.g., invoking 

alternative search strategies, using alternative group-composition 

criteria, replanning the meeting-content). 

Validating the Relationship Between the 
User Requirements and the Problem 

The user requirements seem to support the meeting-scheduling problem 

because our generic scheduling process (Figure 4.1) was not limited to a 

specific type of meeting. Most of its applications are in group-tasks; 

however, the IMS could be used for conferences and other forms of human 

gatherings. Expanding the support of the IMS to other types of meetings 

will require new knowledge units to be stored in the ODB. 

Another important issue is consistency. After deciding on the three main 

functions of the system (calendar, scheduling and communication), we used 

a consistent decomposition pattern in the remainder of our work (both the 

conceptual model and the design specification). This helped us achieve a 

low cost system, where each part in the problem domain is mapped to a 

distinct subsystem within the IMS. The same idea appUes to the 

relationships between parts of the problem, where each relationship among 

parts of the problem is mapped to a single relationship among subsystems 

of the conceptual model. 
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Summary 

This chapter discussed our strategy for validating the theory 

proposed in this dissertation. Our validation is pursued in a direction that is 

opposite to the direction used in constructing the conceptual model. At each 

step we verify that our outcomes (e.g., behaviors, knowledge and symbol 

level theories) support the previous step. We presented three scheduling 

cases and explained how the IMS supports both the host and the invitees 

during these scenarios. In the last section of this chapter, we described the 

arguments that support the validity of our conceptual model. The validation 

of the prototype will be discussed in Chapters VII-VIII. 
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CHAPTER VI 

PROTOTYPE DESIGN AND IMPLEMENTATION 

In the previous chapters, we have provided a description of the 

meeting-scheduUng process; a conceptual model for the IMS; and a 

validation plan. In this chapter, we continue with implementing our 

validation strategy, and focus on proposing a design specification for the 

construction of our IMS prototype. The design is presented by selecting 

the appropriate software tool and specifying the conceptual data model and 

the user-interface. We limit the scope of the prototype implementation, and 

specify the components and functions of the IMS conceptual model that are 

emphasized in our implementation. The idea is to focus on demonstrating 

the contributions and innovations of the conceptual model. 

The Perspectives of the Users 

Before proposing our design specification, we summarize the profile 

of the IMS from the perspectives of the end-users. If we observe the IMS 

from its external environment, we notice the following three users' 

perspectives: host, knowledge administrator and invitee. During the 

scheduling sessions, these users dynamically sign on and communicate with 

the IMS. Each employee can participate concurrently, and play different 

roles in several scheduling sessions. 

1. Host. Needs capabilities to initialize and manage a scheduling 

session. Most of his or her work is in front of the Scheduling-

Manager. In many cases the host accesses the KB during the 

scheduling session to retrieve necessary information. This access is 
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always done through the KB interface. During the scheduling 

session the host needs various capabilities that fit different stages 

of the scheduling process, such as initiating a new scheduling-

session, describing the content of the meeting, accessing relevant 

information from the organizational database, invoking search 

routines for locating an appropriate time slot and managing the 

interaction with the invitees by exchanging announcement and 

response messages. All the information accumulated during the 

scheduling session must be easily accessible to the host. 

In order to update his or her own calendar, the host needs to 

activate a separate scheduling session where he or she interacts with 

his or her local calendar desktop software or with the Calendar-

Manager via the Communication-Manager. 

2. Knowledge-administrator. In most cases, this function is performed 

by an industrial engineer or DBA. The access to each KBMS is 

done through a KB-interface, which serves as a virtual router (gate). 

The IMS also needs a graphical interface that enables the 

knowledge-administrator to browse different knowledge units and 

update them. For example, when browsing through the ODB in 

an hierarchical mode, the Knowledge-Administrator must be able to 

specify and select a knowledge segment. After selecting the segment, 

the knowledge-administrator gets all the information on the screen 

formatted for update. 

3. Invitee. Needs the following two major capabilities: 

a. Maintain his or her own calendar either through the 

Communication-Manager or locally by using the desktop calendar 
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management software. We allow the invitee to have a remote 

calendar; however, if the version of the calendar that is stored 

within the Calendar-Manager is not consistent with the remote 

version, we might run into problems of ineffective scheduling 

because our scheduUng decisions are based on outdated 

information. The IMS has to balance this trade-off between the 

conflicting information needs of the individual (more 

distribution), and the organization (more centralization), 

b. Interact with the Scheduling-Manager by responding to 

announcements messages. Even when the knowledge is perfect and 

the scheduling process is totally centralized, we must get 

permission from the invitee before committing his or her calendar 

to a meeting. 

Selecting the Software Tools 

The agent-based conceptual model was translated into a prototype 

system using the Microsoft-Access (2.0) application generator (Jennings, 

1994) on a stand-alone PC. This tool was chosen because it encapsulates an 

event based user-interface and user-friendly capabilities (e.g.. Macros and 

good support for rapid prototyping refinements). All organizational 

knowledge components were flattened and normalized to a set 3rd Normal 

Form (3NF) relations. We used Access macros to control the flow of the 

appUcation, and the Access menu builder to construct the user interface. 

Each of the functional agents within the IMS boundaries was translated 

into a separate drop-down menu in the prototype. Messages transmitted 

between the agents were emulated by selection of options from each agent's 
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menu. These messages are used to activate methods (processes) performed 

by the agents. 

Yadav, Rohatgi and Bird (1991) mention that the process of designing a 

system transforms the requirement specification into a set of design 

products (the design specification), that serve as an input for the 

implementation process. They claim that the main issue is to produce the 

necessary outcomes from the design process so that the implementer has 

little problem in translating the design specification into an equivalent 

quality system. The authors surveyed several design methodologies and 

provided criteria for comparing them. They also synthesized a list of 

desired outcomes from the design process. The items are: user-interface 

design, data design, system structure, logic specification for system's 

components, implementation plan, test specifications, standards manual and 

user manual. In the following sections we focus on the user-interface 

design, the data design and the scope of implementation of our prototype. 

The test specifications are described in Chapter V, and the user manual 

is provided in Appendix A. 

Deriving the User Interface for the IMS 

In the design of the user interface for the IMS, we follow standard 

Graphical User Interface (GUI) conventions. When the user activates the 

system, he or she gets a main menu bar that contains several drop down 

menus. The Calendar, Communication, ScheduUng and KBMS drop down 

menus correspond to the functional and knowledge-base agents (managers), 

which were described in Chapter V. In the context of our agent-based 

model, the options available in each of these drop down menus can be 
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viewed as messages sent from the end-user to the agent. Whenever an agent 

receives a message, it performs the requested task and responds to the end-

user. In some cases it is possible that an agent generates messages 

independendy, and sends them to other agents. For example, copying a 

calendar from the Calendar-Manager into the Scheduling-Manager might 

require the Calendar-Manager to request a fresh copy of the calendar from 

the Invitee-Host Interface. The fresh calendar is transmitted via the 

Communication-Manager. 

At the presentation layer, we have decided that the dialogue between 

the host and the IMS would become easier if we add an independent drop 

down menu for adding, modifying and deleting meetings. This drop down 

menu appears at the left side of the main menu bar. Each new scheduling 

session must begin with visiting this meeting menu and describing the 

general profile of the planned meeting (e.g., title, duration, feasible time-

interval). This menu contains a direct link to the scheduling drop down 

menu; thus, the host can immediately start the scheduling session after 

entering the above information. 

In order to facilitate maximum ease of use, we provide combo-boxes 

with information links to relevant tables (e.g., planning the meeting content 

by using boxes which are linked to the table of officials). We also provide 

drill-down capabilities by enabling the host to browse the involved 

calendars after he or she gets the results from the calendar search. 

The communication between the host and the invitees are emulated by a 

global table of messages. The invitee gets a reduced version of the IMS 

main menu. This enables him or her to browse the global table of messages 

and respond to an invitation. The invitee also has an option to browse and 
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update his or her calendar. In a fully functional IMS, we need to enforce 

some password mechanism to protect the privacy of the calendars and 

messages. This mechanism is not implemented in our prototype. 

The following figures show the layout of the IMS menus and major 

screens available in the system. We have loaded several test cases into the 

IMS during the prototype construction process. Two of these cases (Agency 

Strategic Planning and Undergraduate Curriculum Development 

Committee) were used to evaluate our system. 

Figures 6.1-3 describe the meeting menu and the ability to create or 

modify a profile for a meeting. The user can select a meeting from the 

existing list of meetings (via a list box), and then update that meeting's 

profile. 

Figures 6.4-5 describe the options available in the calendar menu and 

show an example of an employee's calendar. The calendar is a two-

dimensional grid with time-slots that hold meeting numbers or a null value. 

A time slot is uniquely identified by a combination of a one-hour time 

interval (8AM-5PM) and a date. 

Figures 6.6-7 describe the options available in the communication 

menu. Whenever a user works with this menu, he can "send" (update) or 

"receive" (browse) messages from the global messages table. Access to this 

table is granted by providing the identification key (e.g., employee 

number), and in response the system produces a list of all the messages for 

that employee. 

Figure 6.9 describes the scheduling menu that corresponds to the 

scheduling process described in Figure 4.1. Selecting an option from this 
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CALENDAR COMMUNICATION SCHEDUUNG KBMS INTERFACE EXIT 
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Figure 6.1: The Meeting Menu 

Becords 
Microsoft Access - [SELECT MEETING] 
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Figure 6.2: The Meeting Selection Screen 

142 

^ 



;^^;t,JEk:iiSli^8m..-A'-'-;iV' ' •^'^^^S^A 

Microsott Access - [MEETING! 
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Figure 6.3: The Meeting Definition Screen 
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DELETE CALENDAR 
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Figure 6.4: The Calendar Menu 
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Microsoft Access - [MAIN CALENDAR] 
nie £dlt yiew Becords Window Help ^ 

Figure 6.5: An Employee's Calendar 
Microsoft Access - [Form: MAIN] 

COMMUNICATION 
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MEETING CALENDAR 

DELETE MESSAGE 
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MAINTAIN NETWORK 
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Figure 6.6: The Conmiunication Menu (inbound) 
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Figure 6.7: The Communication Menu (outbound) 
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Figure 6.8: The Messages Table 
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MEETING CALENDAR COMMUNICATION 
Microsoft Access - [Form: MAIN] 

SCHEDUUNG 
7 SELECT HOST 

[•^-i^' 
KBMS INTERFACE EXIT ^ 

j535^2i^U— ffy^^^^^^^ ^^^^^^^^^ ̂ »^ 

Figure 6.9: The Scheduling Menu 
menu sets the IMS to the selected step in Figure 4.1 (for a given scheduling 

session). 

Figure 6.10 describes the selection of the host through a combo box 

that is based on the table of employees. 

Figure 6.11 describes the main entry screen for the meeting-content 

planning stage. The user needs to choose which type of organizational 

knowledge units he or she wishes to use in describing the meeting-content 

(e.g., organizational chart, process description, problems). 

Figure 6.12 is an example of the knowledge units used for describing 

the meeting-content via the organizational-chart and official titles. In order 

to describe the profile of a meeting, the host has to select a value from the 

combo-boxes available on this screen. 

Figure 6.13 shows the composition of the most effective group based 

on the specified meeting-content. We see that for each meeting-content unit 
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Figure 6.10: The Host Selection Screen 

Microsoft Access - [PLAN MEETING CONTENT] 
File £dit yiew Becords Window Help 
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Figure 6.11: The Meeting-Content Planning Screen 
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Microsoft Access - [MEETING] 

!?»• 

Figure 6.12: The Organizational Structure Screen 
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Figure 6 13: The Invitees Selection Screen (Most Effective Group) 
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the IMS locates the most experienced employee. The current members of 

the most effective group are highlighted, and if the host does not specify a 

value for any of the meeting-content units then the IMS suggest a list of all 

possible employees. The list is ranked by a descending level of experience. 

The host can also specify the order of calendar comparison among the 

members of the most effective group. 

Figure 6.14 enables the host to explore and even override the 

recommendation of the IMS regarding the composition of the most 

effective group. The IMS displays the whole ranked list of employees for 

each meeting-content unit. The host can use this screen to evaluate and 

modify the information displayed in Figure 6.13. 

Figure 6.15 shows the time-slot searching main screen. After the host 

has selected the most effective group, he or she needs to decide how to 

locate a feasible meeting time-slot. In Figure 6.15, we see that there are 

two possible options: either the host suggests a planned (preferred) date to 

be checked or the IMS locates feasible time-slots in a given interval. Both 

the planned date and the time interval are retrieved from the meeting 

definition screen shown in Figures 6.2-3. Figure 6.15 also shows the 

flexibility in selecting a search strategy for the calendars. 

Figure 6.16 shows the outcome of the time-slot search when the user 

suggests a specific date. The search retrieves the calendars of all members 

of the most effective group for the planned date. The host can locate and 

record a tentative time-slot between SAM and 5PM, by finding a column 

which does not contain any meeting for all the current members of the 

most effective group. 
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Microsoft Access - [MEETING] 
pie £dit \̂ lew Becords Window Help 
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Figure 6.14: The Group Exploration Screen 

Figure 6.15: The Search Time-Slot Screen 
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Microsoft Access - [SEARCH MEETING TIME SLOT] 
pie £dlt yiew Becords Window Help 
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Figure 6.16: The User Suggests a Time-Slot Screen 

Figure 6.17 shows the outcome of the time-slot search when the IMS 

examines a range of dates. The system displays list-boxes with available 

dates for each hour in the day. Whenever the host enters one of the list-

boxed, the IMS automatically updates the values of the tentative date and 

time at the bottom of the screen. The IMS also provides drill-down 

capabilities for analyzing conflicts between the calendars of the invitees. 

Figure 6.18 shows the table of messages. This table emulates the e-mail 

system that connects the participants during the scheduling session. The 

host announces the meeting by writing invitation messages to all members 

of the most effective group. 

Figure 6.19 shows the collection of the responses from the invitees, by 

examining the log (table) of messages. Before moving to the screen in 
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Microsoft Access - [SEARCH MEETING TIME SLOT] 
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Figure 6.17: The System Suggests a Time-Slot Screen 
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Figure 6.18: The Announce Meeting Screen 
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Figure 19: The Collect Responses Screen 

Figure 6.20, the host must use the combo-box at the top of Figure 6.19 

to select the meeting he or she wants to evaluate. 

Figure 6.20 shows the final evaluation screen for the meeting selected 

in Figure 19. The host needs to decide a go/nogo decision, either commit 

the meeting in the calendars, or retry the search, reelect the invitees or 

even replan the meeting-content as we discussed in Chapter IV. 

Figure 6.21 shows the final commit screen. In this screen the host 

needs to specify the final time-slot, date and meeting duration. The planned 

(initial) and tentative time-slots are also presented to assist the host in the 

final judgment. 

Figures 6.22-25 describe the three knowledge base interfaces for 

maintaining the Calendar, Communication and Scheduling KB. Out of these 

three knowledge bases, we have focused on the ODB. 
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Microsoft Access - [EVALUATE RESPONSES] ^m 

Figure 6.20: The Evaluate Responses Screen 
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Figure 6.21: The Conmiit Calendars Screen 
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Microsoft Access - [Form: MAIN] 
MEETING CALENDAR COMMUNICATION SCHEDUUNG 
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Figure 6.22: The Communication Knowledge Base Interface 
Microsoft Access - [Form: MAIN] 
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Figure 6.23: The Calendar Knowledge Base Interface 
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Figure 6.24: The Scheduling Knowledge Base Interface 

Microsoft Access - [Form: KNOWLEDGE-SCHEDUUNG-ODB] 
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Figure 6.25: The Organizational Database (ODB) Screen 
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Deriving the Data Model for thp TM<̂  

We used a relational data model to store the knowledge required for 

our prototype. Figure 6.26 depicts the underlying enterprise level data 

model for ODB. Each relationship is depicted as a line with the 

cardinalities listed at the edges of the line. Our focus in the data design is 

on the schema of the ODB because it is the main collection of knowledge 

units that are used for the content-planning and group selection activities. 

The ODB schema consists of four intertwined sub-schemas: people, 

equipment, external entities and groups. Each instance of a person, 

equipment type, external entity or group owns one calendar which can hold 

information about many meetings. A given meeting can appear in many 

calendars. The instances of an employee are linked to many structural 

knowledge units that describe the organization. The equipment and external 

type entities hold general (catalogue) information; whereas, the equipment 

and external entities hold information about a specific instance (e.g., 

maintenance record, billing information). By capturing all the above 

logical links, the IMS is capable of providing the support for the content-

planning and group selection tasks. 

The many to many (m:n) relationships between the employee and the 

other knowledge units enable the support of temporal data management, 

where each employee can be associated with more then one instance of an 

organizational knowledge unit through a period of time (e.g., an employee 

switches a department or starts working concurrently on a new project). 

For a detailed description of the prototype data design (including a 

relational data model and attributes for entities), please refer to Appendix 

B. 
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Figure 6.26: The IMS Conceptual Data Model 
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Scope of Implementation and Validation 

For the purpose of implementation, we focus on the following parts of 

the above design specification: 

1. Menu structure. We have an upper menu bar with drop down 

menus representing the Communication, Scheduling, Calendar and 

KBMS Interface Managers. The KBMS Interface menu provides 

a link to sub-menus for each individual KBMS. The menus show 

all possible selections and provide the user with an impression of 

how a full-scale IMS will look. 

2. Organizational knowledge. In order to describe the meeting-

content and assist in the group selection process, we create a 

set of 3NF relations that represents our organizational database. 

3. Scheduling session. We start with describing the profile of the 

meeting and then show how the IMS is used by the host and 

invitees during the evolution of the scheduling session. We 

emphasize the new functions proposed in our model, such as 

content-planning, group composition, user/system time-slot 

searching and the distributed announcement/evaluation cycle until 

committing the calendars. 

The IMS is implemented as a stand-alone prototype with the Access 

run-time module emulating the Control-Manager. The IMS screens and 

menus are fully illustrated; however, functionality is not provided for all 

presentation layer objects. We emulate all communication messages 

between the host and the invitees via a global table of messages. The invitee 

is able to browse and respond to his or he messages by entering his or her 

employee number. 
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Summarv 

This chapter provided the design specification and scope for the IMS 

prototype, which serves as our tool for validation of the conceptual model. 

The system we build in this dissertation displays all the screens as the 

would appear in a full-scale IMS; however, functionality is limited to the 

major contributions of our conceptual model. 
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CHAPTER VII 

PROTOTYPE VALIDATION PLAN 

This chapter describes our approach for a qualitative measurement and 

evaluation of the IMS prototype. After constructing the prototype, we 

selected several end-users from the administrative staff at Texas Tech 

University. These end-users were secretaries from the Office of the 

Provost and the Office of the Dean, who are regularly involved in meeting-

scheduling activities. The environment at Texas Tech University fits our 

needs because the university contains both mechanistic and organic 

functions, and it is possible to describe the content of meetings by using 

terminology maintained in the campus (e.g., organizational charts, goals 

and objectives, process charts). After planning the meeting content, we 

used the personnel records to staff the meeting with the best invitees. 

We used a case-based approach to demonstrate the functions of the IMS 

to the selected users (Ein-Dor and Segev, 1978; Baldwin and Yadav, 1995). 

The prototype serves as a research instrument that enables the users to 

explore our conceptual model and provide us with the necessary feedback 

so we can evaluate and refine our model in future iterations. 

Prototvpe Testing: The Prototvping Session 

The prototype was presented to the selected users in a computer lab. 

We had at least one preparatory meeting with the users where they were 

asked to provide some documents that describe a real meeting-scheduling 

scenario from their daily work assignments. We loaded the provided 

knowledge about the meeting into the ODB and prepared the prototyping 
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session. The session lasted about one hour, and had the following 

consequent parts. 

1. Introduction. We described the general purpose of the system by 

specifying the type of meetings that would be supported by the 

prototype. This description included an overview of the system's 

capabilities. Both the knowledge in the system (ODB tables), as 

well as the steps of the scheduling session were demonstrated 

for the selected scenario. We provided each user with a manual 

that describes the prototype. This manual specifies how to initiate 

and run the IMS, and lists the underlying assumptions/limitations of 

the prototype. It also provides a description of all the menu 

options available in the system. The user was able to use the 

manual to explore the system in a self-guided process. We 

answered all the questions about the prototype and the conceptual 

model. 

2. Using the system. After the user learned the system, we asked him 

or her to use the IMS in a walk-through process for the meeting 

scenario that was loaded from his or her assignments. We observed 

each user during the scheduling session and immediately 

recorded the following information. 

a. Sequence of menu options that were selected by the user during 

the scheduling session. It is possible that a software component 

will automatically record this information; however, in our case 

in order to provide us with a more direct and personalized 

feedback, we did not use such a mechanism. 
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b. Oral remarks made by the user about the system (e.g., significant 

problems, requests for essential alterations, requests for desired 

alterations). 

In order to control any biases in the report of our results, we did 

not perform any alterations in the prototype during the prototyping 

sessions. 

3. Summarizing the session. We closed the prototyping session in 

a discussion with the end-user. Each user was asked to fill a 

questionnaire that measures his or her attitude and predictions about 

the effectiveness of the prototype. 

Since there was no need for interaction among users who were 

working on different scenarios, it was possible to conduct the prototyping 

session on an individual basis; however, there might be some added value 

from conducting the session with all the users at once because of possible 

interactions between different users. 

Prototype Evaluation 

Following the case-based approach, we kept records of all the 

suggestions and changes requested by each user. Mayhew, Worsley and 

Deamley (1989) classify the changes requested from end-users during a 

prototyping session into three major types: cosmetic, local and global. 

Following is a description of the above three categories 

1. Cosmetic. Trivial changes that do not affect the system allot. 

Examples of changes like these are 

a. Changes in screen layout such as font size, location or attributes of 

buttons; 
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b. Changes in sort fields of knowledge stored in tables. 

2. Local. Changes that have a relatively local impact on the system; 

however, they are more significant than cosmetic changes. 

Examples of changes like these are 

a. Additions, removals or alterations of fields in a table (e.g., new 

relationship between two tables in our data model); 

b. Additions or redistribution of menu options. 

3. Global. Changes that have a significant impact on the system or the 

scheduling process. This impact is usually in terms of major 

alterations in the logical design of the system. Examples of changes 

like these are 

a. Alterations in the scheduling process (e.g., adding new step in 

Figure 4.1). 

b. Additions of new knowledge units (tables) in our 3NF knowledge 

model of the ODB (e.g., using utility matrices for group 

composition). 

c. Alterations in the overall architecture of agents at the symbolic 

level, as described in Figure 4.3 (e.g., adding a new agent). 

Cosmetic changes could be applied very quickly, whereas local and 

global changes require a more thorough evaluation and mutual discussion 

with the users. 

The input provided by the users at this point in time was used to refme 

our prototype in a gradual process, until all user requests were met. All 

actual alterations in the prototype system were immediately recorded in 

our original design specification (see Chapter VI). 
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In order to measure the success of our system, we discussed with each 

user a set of questions at the end of the prototyping session. These questions 

gave us some feedback regarding our conceptual model, through the 

impressions of the users from the prototype that implemented the model. 

There are two dimensions that can be evaluated in such a questionnaire: 

scheduling effectiveness and scheduling efficiency. 

1. Scheduling effectiveness. Focuses on the quality and value of the 

support provided by the IMS to the host and the invitees during the 

scheduling session. 

2. Scheduling efficiency. Focuses on the IMS efficiency in using 

resources during the scheduling session (e.g., announcement 

messages, calendar access operations). 

Due to our sample size constraint, we focused on the first dimension, 

and measured the effectiveness of the IMS by gathering descriptive 

qualitative feedback from the users. 

Measuring the IMS efficiency can be based on the metrics described by 

Sen and Durfee (1993), and requires a sample of at least 25 users to 

provide sufficient statistical power. Examples of appropriate metrics are: 

communication costs, the number of iterations until converging to a 

solution, the number of time-slots searched, and the number of meeting 

hours missed. 

Appendix C describes the questionnaire we have built in order to 

measure the effectiveness of the support provided by the IMS. 
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Summary 

This chapter described our validation process for the IMS prototype. 

We used the change classification approach and developed a questionnaire 

to evaluate the effectiveness of our prototype. The prototype is used as a 

research instrument that enables the users to explore the IMS conceptual 

model and provide us, the model builders, with some feedback about the 

feasibility and quality of our model. 
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CHAPTER VIII 

PROTOTYPE TESTING AND EVALUATION 

In this chapter we report the results after the actual testing of the IMS 

prototype with administrative personnel at Texas Tech University. We have 

tested the system at the office of the Provost and at the office of the Dean 

within the College of Business Administration. Based on the feedback, we 

present our conclusions and recommendations for refining the prototype. 

Prototvpe Testing 

We have tested our system on real scheduling scenarios. Each case is a 

scheduling scenario of a meeting taken from the regular assignment of the 

administrative personnel at Texas Tech University. In order to test our 

prototype, we have held preparatory meetings with these users. In these 

meetings, we described the main features of our prototype, and requested 

documentation about a scenario that they believed would be appropriate for 

testing our system. 

The documentation that was collected included tentative timetables, lists 

of invited officials, names of actual participants, frequency of the meetings, 

nature of the meetings (e.g., committees), and the authority that is 

responsible for initiating the scheduling sessions. Following these 

preparatory discussions, we have individually loaded all the organizational 

knowledge about these meetings into the ODB (e.g., employees and their 

quahfications, titles of officials, description of the meeting-content). In 

order to make the prototyping session more efficient, we have 

demonstrated the whole scheduling session at a single meeting, only after 
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all the organizational knowledge was loaded in advance. The evaluation of 

the system waj: conducted in an open interview format. The interview 

addressed all the questions in our questionnaire, and many other issues that 

were raised. The responses of the users are summarized in Tables 8.1 and 

8.2. 

Office of The Provost: Agencv Strategic 
Planning Meeting 

The purpose of this meeting is to produce a strategic plan for the 

university. The meeting is held on a four-year cycle and initiated by the 

Governor's Office of Budget at Austin and by the Planning and Legislative 

Budget Board. The planning process starts in December with submission 

instructions issued by the above offices. The due date for the submission of 

the agency strategic plan is June 14. During this six-month period the 

university holds a committee meeting for preparing the plan. The 

committee is chaired by the Associate VP for Computing & Information 

Technologies, who has previous experience in preparing information 

technology strategic plans. In addition to the chair, the committee consists 

of three deans (including College of Arts and Sciences, and the Graduate 

School), the Vice Provost for Research, the Vice Provost for Academic 

Affairs, the Budget Office Head, the Housing and Dining Office Head and 

the Head of the Construction & Planning Office (or his associate as a 

substitute). After the committee has prepared a draft for the strategic plan, 

the draft is presented to the president before March 29. On April 10, A 

final version of the plan is distributed for review by the Board of Regents. 

The Board members have one month to review the plan before they meet 

and vote on its approval on May 10. 
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Table 8.1: Summary of User Responses by Question 

Que

stion 

Scheduling 

process 

Host 

Selection 

Content 

Planning 

Group 

Selection 

Calendar 

Conflict 

Templates 

Overall 

Impression 

Meeting 

Agency Strategic Planning 

(Provost) 

"plan-content" can precede 

"select-host" for some 

meetings 

title of employee and 

keyword search 

1. organizational chart 

2. process chart 

3. keyword 

professional expertise 

retry with altemative invitee 

useful for fixed content 

speeds and automates the 

scheduling session. 

concern about calendar 

privacy, quality and about 

adapting IMS to different 

organizations 

\ Scenario 

Undergraduate Curriculum 

(Dean ) 

"plan-content" can be skipped 

for committees 

committee head 

not useful, fixed content for 

committee 

not useful, fixed invitees on 

committee 

retry with altemative time slot 

useful for committees 

capable of supporting more 

complicated scenarios. 

concern about calendar 

privacy 
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Table 8.2: Summary of User Responses by Function 

Calendar 

Scheduling 

Fun

ction 

communi

cation 

format 

private/ 

public data 

priorities 

movability 

frequency 

constraints 

content 

planning 

group 

selection 

time-slot 

searching 

templates 

drill-down 

network 

e-mail 

portable 

calendars 

Meeting Scenario 

Agency Strategic 

Planning (Provost) 

weekly and daily 

useful 

useful 

useful 

very useful 

very useful 

useful 

useful 

linear earliest 

useful 

êry useful 

difficulty of 

Mac/IBM integration 

Undergraduate 

Curriculum (Dean) 

weekly 

private area not \ er\' 

useful 

useful (many "short 

notice" meetings) 

useful (fixed-time 

committees) 

useful 

useful 

not useful 

not useful 

linear least dense 

useful 

useful 

useful 

not useful 

not useful 

(self contained unit) 

useful 

not useful 
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The purpose of the prototyping session lasted for approximately one 

hour. The main purpose was to check the support provided by our system 

for scheduling a meeting of the Agency Strategic Planning Committee. The 

functions available in the system were demonstrated to the user in a walk

through approach, from the description of the meeting to the commitment 

of the calendars. Additional functions such as browsing calendars or 

messages and maintaining the organizational database were also shown with 

the relevant data that we have loaded. 

The following are the responses to our questionnaire, which is 

presented in Appendix C. 

1. The user felt that the linear diagram of the meeting scheduling 

process is a precise description of most meeting scenarios; 

however, in some cases it is possible that the "Select-Host" step 

follows the "Plan Meeting-Content" step. This rearrangement is 

caused by the fact that the host selection cannot be done before the 

meeting-content has been planned to some extent. This situation tends 

to occur whenever we are scheduling a meeting for the first time. 

2. In selecting the host, the user mentioned that "the title of the 

employee within the organization is the most relevant information, 

in addition to the employee's name." Keyword search was also 

mentioned as desired feature in locating an appropriate host. 

3. In planning the meeting content, the user selected the organizational 

chart (including officials) as the most useful knowledge source. 

Process charts were selected second, and the problems and 

goals/keywords were tied for the third place. The user mentioned 
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that as an academic institution, most of the meetings are held w ith 

people within the organization and do not require special equipment. 

4. For the Invitee selection process, the user mentioned that the 

"expertise of an employee," stored in the HRM knowledge 

component, is sufficient for locating and prioritizing the invitees 

that match the meeting content. 

5. In case of a calendar conflict, the user would usually "pick an 

alternative invitee on the list"; however, in some cases the nature of 

the meeting would require to stick with the same group and look for 

an alternative interval. 

6. The user mentioned that the "usefulness of the templates depends on 

the stability of the meeting-content." In the case of the Agency 

Strategic Planning, "The meeting is held on a four-year cycle which 

makes it almost an ad-hoc meeting. For other meetings such as the 

Provost Council, Provost Staff and President Executive (which are 

scheduled more frequently), the templates would be very useful." 

7. As an overall conclusion the user mentioned that the main advantage 

from using the system is "the ability to save time in direct phone 

consultations by enabUng the host and the system to work directly 

and automatically with the calendars of the invitees." Using the 

organizational knowledge in planning the meeting content was also 

mentioned as an advantage of the system. 

The user mentioned several issues that need to be addressed before 

applying the system in a real business environment, 

a. The need to maintain and constantly update the calendars of all 

employees. Specifically, how can we convince all the employees to 
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use the electronic version of their calendar as the main time 

management working tool? This relates to the ideas discussed by 

Grudin (1987) about the conflict between the managers who get 

the benefit from this kind of time-management tool, and the 

employees who need to work on and maintain the calendars. 

b. Ensuring confidentiality of the calendar content. 

c. Adapting and tailoring the system to each individual organization. 

Specifically, how to make use of the existing organizational 

knowledge? 

d. Limiting the access of the host, and the invitees to a restricted 

portion of the organizational database. 

Office of the Dean, College of Business Administration: 
Undergraduate Curriculum Planning Meeting 

The purpose of this meeting is to discuss and approve any changes in 

the undergraduate curriculum (e.g., add/delete course or prerequisites in 

any area). The meeting is initiated by the Office of the Dean and is held on 

average once a year with no fixed dates. Examples of other types of 

committees administrated by this office include Library Committee and 

M.B.A. 2000 Committee. Members of the committee include a professor 

from each of the areas within the College of Business Administration 

(Accounting, Finance, Marketing, Information Systems and Quantitative 

Science, Management). 

During the session, we have followed a similar pattern to the one used 

in the Agency Strategic Planning Meeting. The session lasted for 

approximately forty-five minutes. The meeting scenario was loaded in 

advance based on documentation and preparatory discussions with the 
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personnel at Dean's Office. All the relevant functions, menu options and 

knowledge components in the prototype were demonstrated to the user. 

The following is a summary of the responses provided by the user. 

l.The size of the organization has a strong influence on the meeting-

scheduling process. Due to the size of the college which is a self-

contained organization within the University, "the plan meeting 

content is skipped in many occasions." People know each other's 

expertise directly and do not need to go through the abstract content 

planning stage. 

2. Most of the meetings scheduled by the Dean's office are committee 

related. In these cases, the head of the committee or his or her 

assistant are the preferred hosts. 

3. For committees, there is no crucial need for detailed ad-hoc 

planning of the meeting content; however, the user believed, that in 

general, "the organizational chart, process chart and the equipment 

knowledge (in this order) are the most useful types of knowledge for 

planning ad-hoc meetings." 

4. Selection of the invitees was not considered a very useful feature for 

committee related meetings, because people are assigned to the 

committee on a yearly basis. 

5. In case of a conflict among the calendars, the user preferred to 

"retry the search with a different time interval without changing 

the group of invitees." 

6. Templates were considered very useful by the user, because they can 

"save time in planning and setting up recurring meetings." 
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7. Overall, the impression of the user was that the system has the 

ability to support complex scheduling scenarios that are far more 

compHcated than those encountered by the Dean's office. Since most 

of the committees have preset members, the user believed that the 

main support of the system is in the ability to reconcile conflicts 

among calendars, and provide search capabilities that facilitate 

mutual agreement about the meeting time. In order to soh e the 

problem of security and privacy, the user suggested using shaded 

time-slots in the calendars. 

Table 8.1 summarizes the raw responses of the users for each of our 

seven questions. Table 8.2 summarizes the ideas expressed by the users as 

they relate to a list of criteria in the three functional areas of our system. 

These criteria were used in our literature review as well. For the calendar 

function, we discussed the nature of the desired interface, as well as the 

support needed for private/public areas, handling meeting priorities, 

movability of meetings, recurring (frequent) meetings, and temporal 

constraints. For the scheduling function, we discussed the support of the 

IMS in the content-planning, group selection and time-slot searching tasks. 

We also collect feedback about the need for calendar drill down and 

meeting-content templates. For the communication function, we discussed 

the existence of a networked solution with an electronic-mail system, and 

the support of portable calendars to facilitate a better scheduUng session. 

Table 8.2 should be viewed as a summary of the user's feedback which is 

directed towards refining the user requirements and the overall 

architecture of the IMS. 
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Prototype Evaluation 

In this section we evaluate our prototype and compare it to other 

meeting-schedulers that were surveyed in Chapter II. This comparison 

enables us to present several conclusions about our system, and refine our 

initial model in the next section. 

Table 8.3 compares our system, as it was implemented, with previous 

meeting-schedulers. The following are the conclusions synthesized from 

this comparison based on the feedback provided by the users. 

We believe that our model is the correct approach because it addresses 

all three aspects involved in scheduling meetings. The users expected our 

system to automate and expedite the scheduling process, by reducing the 

amount of time spent on phone consultations and manual calendar 

coordination. 

Different functions in our system are not equally useful for different 

types of meeting. We have found that committee type meetings benefit 

mainly from the time-slot searching capabilities; whereas, ad-hoc meetings 

benefit more from the content planning and group composition functions. 

This difference hints that our linear process (Figure 4.1) does not 

address all possible types of meetings, and our system needs some degree of 

flexibility regarding the steps of the scheduling process, and the sequence 

among these steps for different types of meetings. The notion of Software-

Agents supports this kind of flexibility because each agent is in charge of 

one aspect of the meeting-scheduling problem, and therefore can be 

activated by a message without being synchronized with other agents. 

From Table 8.3, we can see that, compared to previous meeting-

schedulers, our system provides better support to the host and the invitees 
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Table 8.3: Evaluating the IMS against Previous Meeting-Schedulers 

Fun

ction 

Calendar 

ScheduU

ng 

format 

public/ data 

priorities 

movability 

frequency 

constraints 

content 

planning 

group 

selection 

Meeting-scheduler 

Beard et 

al. 

weekly 

yes 

yes 

yes 

yes 

no 

no 

no 

Sen and 

Durfee 

simulated 

calendars 

no 

no 

no 

no 

no 

no 

no 

Sugihara et 

al. 

flexible 

no 

no 

no 

yes 

no 

no 

no 

IMS 

daily 

no 

no 

no 

no 

no 

yes 

yes 
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Table 8.3 Continued. 

Fun

ction 

Test 

Schedu

ling 

commu

nication 

VaUdat

ion 

Method 

time-slot 

searching 

templates 

drill-down 

network 

e-mail 

portable 

calendars 

Meeting-Scheduler 

Beard et 

al. 

transp

arency 

metaphor 

no 

yes 

Small-Talk 

(Sun WS) 

no 

no 

lab+field 

test 

Sen and 

Durfee 

multistage 

negotiate 

no 

no 

stand 

alone 

(Lisp) 

no 

no 

simulation 

Sugihara 

etal. 

TR 

algorithm 

no 

yes 

stand 

alone 

(C) 

no 

no 

simulation 

IMS 

linear 

earliest 

no 

yes 

stand alone 

(Access) 

no 

no 

case-based 
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in the scheduling function. Previous meeting-schedulers have focused 

mainly on the calendar management function, and integrated several 

calendars to find a vacant time slot. In these systems, there was no attempt 

to find the best group of invitees, and relate this group to an abstract 

description of the meeting content. Our model provides a more balanced 

support with the scheduling function, and also incorporates other aspects 

such as concurrency control and distribution that were not emphasized 

sufficiently in previous work. 

Although our calendar system interface is not as powerful as that of 

Beard et al. (1990), the scheduling process we have proposed, as well as the 

tools provided for planning the meeting-content and controlling the group 

selection, were found innovative and useful by the users. 

Our system needs to address the issues of calendar accuracy, quality 

and privacy, as well as the flexibility and compatibility of the IMS with 

existing information systems in different organizations. Expanding our 

prototype will require improved support in the area of calendar and 

communication management as well as proper integration of all the three 

IMS functions. 

The results from the Undergraduate Curriculum Planning case suggest 

a possibihty of an interaction between the time-slot searching and the group 

selection functions. This means that for scheduling a committee meeting, 

the host mainly uses the search meeting time-slot function at the micro 

level to locate a feasible date; however, for composing the new committee 

each year, there is some evaluation of the calendar availability and the 

current duties of each potential committee member at the macro level. The 
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purpose of this evaluation is to maintain a fair balance of work load amona 

the faculty members. 

The Prototype and the Conceptual Model 

In this section we look again at our conceptual model and check how it 

can accommodate the concerns and issues raised by the users during the 

prototype testing stage. The main question we are interested in, is the 

ability of the conceptual model to address the feedback we have received. 

The concern about calendar quality (see also Grudin, 1987) can be 

partially addressed by the IMS-host/invitee interfaces and the Control-

Manager using the version management knowledge, and the control 

attributes within the calendar object. This will enable the IMS to retrieve 

fresh copies of the invitee calendar, whenever necessary, and avoid 

awkward decisions based on outdated calendars. Following Grudin's (1987) 

concerns about maintaining accurate calendars, we also need management 

leading example and management commitment to support the goal of high 

calendar quality. 

The concern about calendar privacy can be addressed by using personal 

passwords in accessing the calendars and by transmitting decoded 

calendars. These calendars will have shaded time-slots to represent 

scheduled meetings; however, the calendars will not show any private 

details about the meetings. The design of the calendar interface presented 

by Beard et al. (1990) suggested a separation between private and public 

areas. In the private area the calendar owner could write comments that 

were not visible to other people who accessed the calendar. This design will 
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serve as a basis for improving the layout of the IMS calendar data-entry 

screen. 

In order to provide support for frequent meetings, we can either use the 

templates that maintain knowledge about the content of recurring meetings, 

or maintain new knowledge within the meeting object (similar to the 

frequency attribute maintained by [Beard et al., 19901). 

In order to provide support for temporal constraints, we can maintain 

them as knowledge within the Calendar KBMS, and apply them to a given 

calendar using the "Apply Temporal Constraint" command from the 

Calendar-Manager menu. 

In order to enable flexibility in time-slot searching, the Scheduling 

KBMS must maintain search strategies. We have used the Linear Earliest 

strategy with SQL queries in our prototype implementation; however, the 

Linear Least Dense or Hierarchical search strategies can also be stored as 

procedural knowledge and used in the same manner. 

Our conclusion about the applicability of our scheduling process (Figure 

4.1) for different types of meetings and the required flexibility in the 

process can be addressed by adding scripts that describe the variations in 

the sequence of steps for different types of meetings. Figure 8.1 depicts the 

new knowledge architecture for the IMS based on our prototype 

evaluation. The scripts will be stored in the Scheduling KB and include the 

sequence of steps to be followed for each type of meeting the IMS may 

encounter. The scripts will be loaded and executed by the Scheduling-

Manager at the beginning of each scheduling session. 
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Knowledge 

Scheduling 

Knowledge 
Comm. 
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Search 
Strategies 

Perform. 
Metrics 

Figure 8.1: The New Knowledge Level Architecture 

As an example, for the Undergraduate Curriculum Planning meeting the 

script will ensure that host skips the content planning and group 

composition steps, and proceeds directly to the time-slot searching after 

creating the meeting. For the Agency Strategic Planning Meeting, the script 

will include all the steps in Figure 4.1. We believe that the meeting 

templates and the scripts will ensure that the IMS has the power and 

flexibility to address a variety of meetings in terms of both the content and 

the scheduUng process. 
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Summary 

This chapter described the results from testing the IMS prototype. We 

summarized the responses by question and by function. The evaluation of 

the prototype was done by comparing it to previous academic prototypes, 

and synthesizing a list of conclusions based on the responses. In the final 

section of this chapter, we re-examined our conceptual model, and related 

it to our results. We explained how the conceptual model can accommodate 

the concerns and issues raised by the users during the prototyping session. 
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CHAPTER IX 

CONTRIBUTIONS, LIMITATIONS AND 

FUTURE RESEARCH 

The purpose of this chapter is to synthesize the feedback we have 

received so far from the users into practical conclusions about the 

feasibility of our model in the real business world. We also point out the 

limitations of our system, and the areas that need additional research before 

the IMS model and prototype can be expanded. 

Contributions of the Research 

In this research a model for an IMS was conceptualized and validated. 

The main contribution of this research to the body of knowledge in the 

area of meeting-scheduling is the introduction of a new approach to the 

scheduling problem. Contrary to previous schedulers that approached the 

scheduling problem as a calendar integration task, the IMS introduces the 

ideas of meeting-content planning and group composition into the 

scheduling process. This research also provides a detailed description of the 

desired meeting-scheduling process, and an exhaustive architecture for the 

IMS at the symbol and knowledge levels. We believe that using the IMS in 

organizations can facilitate better meeting productivity and save many 

resources which are currently wasted due to inadequate scheduling 

procedures. 

To conclude our discussion about the contributions of this research, we 

evaluate the IMS in the light of several desired features: 

1. Flexibilitv. The system can generate altemative solutions for the 
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scheduling problem from different perspectives. The flexible 

meetmg-content planning and group composition enable us to 

explore different solutions for a given meeting (using a trial and 

error approach). Due to the unstructured nature of the problem, 

human judgment plays an important role in the evaluation of the 

solutions generated by the system. 

2. Standardization. The IMS induces a formal and more structured 

scheduUng process, because the host must foUow the steps in 

Figure 4.1. We are aware that in many cases due to political and 

temporal constraints, some of the steps may be bypassed; however, 

a good scheduling system should monitor and document these 

shortcuts. 

3. Generality. The IMS provides a general solution for the meeting 

scheduling problem. The system is developed for group task 

meetings; however, it can be extended to support conferences as 

well. This extension requires us to add new knowledge components 

to the system knowledge bases. 

Limitations of the Research 

This dissertation has addressed the meeting-scheduling problem from a 

new organizational perspective. There are several limitations and 

assumptions inherent in this research: 

1. We kave emphasized the scheduling of knowledge-based and 

performance task meetings. Our theoretical assumptions about the 

sequence of the scheduling process are not appUcable for meetings 

that involve a significant amount of political issues or meetings 
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that are extremely urgent. In such cases, steps like the plan meeting-

content are usually bypassed. 

2. In order to describe the meeting-content for a real organization, we 

need an ODB that contains rich and comprehensive organizational 

terminology. The ODB must contain knowledge that accurately 

portrays the state of the organization at a given point in time. 

Outdated knowledge in the ODB affects the quality of the schedules 

produced by the IMS. Our prototype does not address this time 

dimension. 

3. Different organizations have different schemas for representing 

and managing their ODB. In order to make the IMS a useful tool in 

the real world, it must be flexible and adaptive to the information 

environment of different organizations. One important issue of 

flexibility, is the ability to provide the host better control over the 

layout and composition of the meeting-content planning screens 

(e.g., control the number of official titles used to describe a given 

meeting). 

4. The host plays a key role in the scheduling session. He or she must 

be knowledgeable about the meeting content and capable of 

describing this content in a formal way (with appropriate assistance 

of the IMS). 

5. Our system was not fully networked. Building a stand-alone 

prototype for such a groupware product, can show how the system 

looks and provide some feedback about our conceptual model; 

however, it cannot guarantee how well the system will function 

in a real business environment. 
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6. The vaUdation scope is limited and does not demonstrate all the 

functions of the conceptual model with the same emphasis. Using this 

kind of validation does not provide us with enough data and 

statistical power to test symbol or knowledge hypotheses. In this 

research we have emphasized the theory-building aspect of the 

conceptual model over the theory-testing aspect. Our testing of 

the theory is therefore qualitative with a smaU sample of users, and 

without having the users work with the system on their own. 

7. The representation of organizational knowledge as a set of 3NF 

relations is a simplification for most real organizations. Other logical 

data models such as hierarchical or network can provide us more 

power and flexibility in expressing the structure of organizations. 

8. Some knowledge units and methods (e.g., calendar compression 

methods, linear least dense search strategy) have not been fully 

implemented in our prototype. 

9. Following Grudin's (1987) concerns about the distribution of work 

processes and calendar management at the workplace, our system 

relies heavily on the cooperation of the employees, who need to 

maintain an electronic version of their calendar. This introduces the 

problem of information privacy when calendar copies are 

transmitted and shared across the organization. 

We also believe that in the current situation, our system needs a 

preparatory stage before it can be absorbed in different organizations. We 

need to persuade the employees that their time is not just a private 

resource, but rather an organizational resource, and that maintaining an 
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electronic version of their calendar involves mutual benefit for them as 

well as for the organization. 

Directions for Future Research 

More research needs to be done after the initial IMS prototype is built. 

This research will focus on conducting experiments with an extended 

prototype in large and mechanistic organizations. In these experiments 

researchers will try to evaluate and compare the contributions of the IMS 

against other software packages and manual meeting-scheduling 

procedures. The researchers will try to measure the costs and benefits from 

using the IMS in different scheduling scenarios, and test symbol and 

knowledge level propositions. The host will be charged and measured 

(using the performance metrics) for any activity he or she pursues during 

the scheduling session. The benefit from using the system can be measured 

by post-meeting evaluation provided by the invitees, who will fill 

evaluation questionnaires. This feedback can be used both for testing the 

system, and for refining the group composition knowledge. We expect this 

ongoing process to improve the performance of the system during the 

group selection stage. 

Another aspect that should be addressed is the mode of scheduling. In 

our prototype we assumed a centralized scheduling mode, where all 

calendars are available or can be transmitted to the IMS work area. More 

research needs to be done to explore the relationship between calendar 

decentralization and the performance of our system. 

The following are several specific questions that remain for future 

research. 

188 

«»wPi l i |^Wl i^»^^ 



1. How does the effectiveness of the system change as the calendars in 

the environment become dense and the people's expertise overlap? 

2. How can we better address less structured scheduling scenarios that 

involve a significant amount of poUtical issues? 

3. What kind of knowledge is needed to improve the performance of 

the system? (e.g., refine or add knowledge units to achieve a more 

effective group composition) 

4. How can the system be integrated with and adapted to existing 

information systems and organizations that are operating in a fully 

networked mode? How can the view of each user be restricted to the 

appropriate scope of knowledge? 

5. How can we address Grudin's (1987) concerns and make the 

calendars in the organization more reliable and accurate? 

6. What kind of techniques can we use to ensure confidentiality of the 

calendars when they travel across the organization's communication 

network? 

7. How can we extend our system in order to assist in scheduling other 

types of meetings (e.g., conferences)? Specifically, What additional 

units of knowledge are needed? What are the modifications required 

at the symbol level architecture? 
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APPENDIX A 

THE IMS PROTOTYPE USER-MANUAL 

The IMS prototype was developed using MS-ACCESS (2.0), which is a 

relational DBMS for a Microsoft Windows environment. Our prototype 

emphasizes the capabilities of the proposed model in supporting the host 

and the invitees during a scheduling session. 

Specifically, this user manual describes: The software/hardware 

requirements for running the prototype, the underlying assumptions and 

operational limitations, and the functions provided by the prototype from 

the host and invitee perspectives. 

Software and Hardware Requirements 

The prototype requires a machine capable of running Microsoft 

ACCESS (2.0). This means that we need the following minimal capabilities: 

1. An IBM compatible PC with a 386/20 processor. 

2. A hard drive with at least 5MB of free space. 

3. A Microsoft mouse or other compatible pointing device. 

4. An EGA, VGA (recommended), or other compatible display. 

5. At least 6 MB of RAM (for good performance, 8 MB is 

recommended). 

6. MS-DOS version 3.1. 

7. Microsoft Windows, Windows for Workgroups or Windows NT 

version 3.1. 

For specific instruction about installing MS-ACCESS on your machine 

please refer to Microsoft Corporation (1994) Part 1, Chapter 1. 
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Assumption<; and Limitations of the Prototvpe 

The IMS prototype was developed on a single PC (stand alone). In a 

real organization, the system needs to handle the communication and 

interaction between multiple users. For the purpose of this dissertation, the 

e-maU messages exchanged between the host and the invitees during the 

scheduling session were emulated via a global table of messages. 

We have constructed the system on one desktop by implementing 

separate drop-down menus for each manager (Scheduling, Communication, 

Calendar and Knowledge Base Interface). All the above menus were linked 

to the main menu-bar which emulates the Control-Manager in our model. 

The invitee needs to respond to offers sent by the IMS; thus, he or she 

only needs access to the Communication drop-down menu which enable 

him or her access to the relevant messages in the global table of messages. 

The Functions of the IMS Prototype 

Following is a description of the independent agents in terms of the 

functionality and support they provide to the host during the scheduling 

session. 

1. Meeting menu. Is used to record the general characteristics of the 

meeting (e.g., title, possible dates, estimated duration). This menu 

should be used mainly at the beginning of a new scheduling session. 

By using this menu you can add, modify or delete the information 

that describes the profile of a specific meeting. It is also possible to 

branch directly to the Scheduling-Manager. 
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2. Calendar menu. Enables the host or invitee to maintain temporal 

mformation for a person, equipment or group. You can record 

meetings in a calendar by selecting the "Modify Calendar" option and 

writing the meeting number in the appropriate time slot for a given 

date. 

3. Communication menu. This menu emulates the e-maU system. 

Messages between the host and the invitees are exchanged via a 

table that serves as a personal communication file. The table can be 

browsed and updated by selecting the "Inbound Messages" option. 

There is no requirement to enter a password before reading the 

messages. 

4. Scheduling menu. The choices in this menu correspond to the steps 

in our scheduling process. ("Select Host" to "Commit Calendars"). 

Each step has its own screen. As the session moves ahead you need 

to select the next option in this menu. The following is a description 

of the steps in the scheduling process (see Figure A.l). 

a. Select host. The IMS provides guidance in selecting a host by 

displaying a combo-box with the employees of the company. 

b. Plan meeting-content. You are focused on the chosen meeting. 

Select the type of knowledge you would like to use in describing 

the content of the meeting and click on the appropriate button. 

Each type of knowledge has an independent screen with 

combo-boxes that can be used to describe the profile of the 

meeting-content in terms of organizational knowledge. 
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Select Host 

Plan Meeting-Content 
< 

Select Group 

Identify Optimize < 

Search Meeting Time-Slot 
< 

Announce Meeting 

Collect Responses 

Evaluate Responses 
No 

Commit Calendars 

Figure A.l: The Meeting Scheduling Process 
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c. Select invitees. This screen displays the most effective group 

proposed by the IMS for the meeting-content specified in step 4.b. 

Invitees are selected to this group based on their level of 

experience. You can examine and even override the 

recommendation of the system by clicking the "Explore Group" 

button. 

d. Search Meeting Time-slot. Select one of the two options available 

on the screen. 

~ If you select "User Suggests a Time-Slot," then the IMS will 

compare the calendars of the members in the most effective 

group for the planned date (specified in 1). You should record a 

tentative time-slot before announcing the meeting in step 4.e. 

~ If you select "System Suggests a Time-Slot," then the IMS will 

scan the calendars of the members in the most effective 

group for the date interval (specified in 1). The IMS will 

display a ranked list of possible dates for each hour, and by 

highlighting a time-slot the system will update the appropriate 

time and date in the tentative meeting time-slot field at the 

bottom of the screen. 

e. Announce meeting. Write a note to announce the meeting by 

editing the messages table. At this point there is a waiting period 

until all the invitees receive and respond to the invitation. 

f. Collect responses. Through this screen you can browse the 

responses of the invitees to the announcement sent in 4.e. 

f. Evaluate responses. You should make a Go/NoGo decision at this 

point. If you decide to go ahead an schedule the meeting then you 
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need to select "Conwnit Calendars"; however, if you would like to 

try another iteration then you have three options: 

-- If you select "Plan Meeting Content," then you can modify the 

content of the meeting. 

- If you select "Select Invitees," then you can modify the most 

effective group of invitees. 

~ If you select "Search Meeting Time-Slot," then you can invoke a 

new search with the same group of invitees, 

g. Commit calendars. If the meeting is accepted, this screen sends 

transactions that block the time-slot in the calendars of the host 

and the invitees. 

5. Knowledge base interface menu. This menu provides you with access 

to three sub-menus for managing the calendar, scheduling and 

communication knowledge units used by the IMS. You can use 

the assistance of the knowledge administrator in your organization 

when coding this knowledge. Please refer to 5.b. (scheduling 

knowledge) as the most critical knowledge that you need to describe 

before using the IMS. 

a. Calendar knowledge. Not maintained in the initial prototype. 

b. Scheduling knowledge. AU the knowledge stored in the 

Organizational Database (ODB) that describe the organization 

is accessible from this sub-menu. Any change in the structure 

of the organization (e.g., adding a division, deleting a 

department, modifying a work process) needs to be handled by 

accessing the corresponding table. Other types of knowledge such 
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as search strategies, meeting templates and metrics are not 

stored in the initial prototype, 

c. Communication knowledge. This sub-menu provides access to 

all the knowledge that is needed to handle the messages between 

the invitees and the host. In our prototype we emulate the 

communication messages via a table; thus, this knowledge is not 

maintained. 

We have described all the functions available in or accessible from the 

IMS prototype. In a real working environment, each agent is implemented 

and maintained as an independent software component, and all the agents 

are communicating with their peers and with the external environment by 

exchanging messages. 
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APPENDIX B 

DATA DESIGN 

In this, appendix we describe the details of relational model used for 

the IMS prototype implementation. Data items in the first section are 

managed by the Calendar-Manager and data items in the second section are 

managed by the Scheduling-Manager. 

1. Calendars. This data object stores the temporal information 

related to people or equipment. Each calendar object is maintained 

by its calendar owner; however, the IMS can request a copy of this 

object for conducting the scheduling decisions. In such a case, the 

calendar object travels across the organizational network from the 

Invitee/Host Interface to the Calendar-Manager storage area. 

The calendar object contains two types of information: a time-grid 

and control attributes. 

a. Time grid. Consists of cells that record the temporal obligations of 

the calendar owner. 

b. Control attributes. Records the information used for access 

authorization and calendar version management. In order to check 

the values of these attributes, agents can issue messages to another 

agent that holds the copy of the calendar. 

Figure B.l displays conceptual data structure for the calendar 

object. In this case we see that the calendar owner EMPOOOl has only 

three meetings scheduled in his or her calendar. The Calendar was 

requested from the owner's desktop on January 1, 1995 and received 
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Calendar object for EMP0001: 

Hours 

Days 

M001 

M002 

MOOS 

Date_requested_from_desktop : 1/1/1995 

Date_transmitted_from_desktop_toJMS: 1/5/1995 

Date of last modification : 12/16/1994 

User_authorization_list: (Emp0004, Browse) 

Constraint = (1/12/1995,12pm, 4pm) 

Figure B.l: The internal storage structure of the calendar object 

by the Calendar-Manager on January 5, 1995. The Calendar was last 

modified on December 16, 1994 and only EMP0004 is granted 

browse type access to the calendar. 

If the IMS needs a copy of this calendar in a scheduling session 

then the Calendar-Manager checks the Date_of_last_modification 

203 

• ^ 



on the desktop copy of EMPOOOl. If it finds that the modification 

date is higher than the Date_transmitted_from_desktop_to_IMS, then 

the Calendar-Manager informs the host that the information available 

in the IMS memory is not fresh. The host must the decide if he or 

she wants to recopy the whole calendar from the desktop of 

EMPOOOl or use the outdated version. This demonstrates the trade

off between the efficiency (cost of submitting a fresh calendar) and 

the effectiveness (increasing the quality of the IMS solutions). 

In our prototype, we use a stand alone desktop, and emulate the 

communication messages between the host and the invitees via a 

table. This means that our prototype calendar does not need to store 

the control attributes. We hold all the calendar information in 

one table. Each row stores temporal obligations about an employee 

for a specific date. The following is a structure of the relation for 

the maintaining the calendar. 

fempid. date. SAM, 9AM, 10AM, 11AM, 12PM, 1PM, 2PM, 3PM, 

4PM) 

2. The ODB. Contains the following knowledge components: 

2.1 Meetings. Each new meeting has a tuple that documents the 

meeting during the scheduling session from the moment we 

select the host until the moment the meeting is committed. This 

meeting relation holds the organizational profile of the 

meeting, as well as the most effective group that matches this 

profile. 
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The following relation maintains the profile of the meetings 

Meeting (Meetmgid, meeting_counter, host, titie, 

earliest_possible_date, latest_possible_date, 

planned_date, planned_time, planned_duration, 

tentative_date, tentative_time, tentative_duration, 

scheduled_date, scheduled_time, scheduled_duration, 

calendar_search_strategy, <meeting-content>, <most-

effective-group>, <search-order>, announcement) 

The meeting_id is a user supplied key used to identify the 

meeting. It is specified when the host initiates the scheduling 

session for the meeting. 

The meeting_counter is a system supplied counter that is 

automatically incremented when a new meeting is added. 

The planned time-slot description specifies the desired solution 

at the beginning of the scheduling session. It includes all the 

attributes from earliest_possible_date to planned_duration. The 

host can specify either a desired interval or a specific date for the 

planned meeting. 

The tentative time-slot description specifies the current 

solution that is being checked by the invitees. 

The scheduled time-slot description specifies the final 

solution that is accepted and committed by the invitees. 

The calendar_search_strategy specifies the approach used for 

scanning the calendars (e.g., Linear-EarUest, Linear Least Dense, 

Hierarchical). 
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The <meeting-content> consists of all the organizational 

attributes of the meeting (expressed via the organizational chart, 

officials, processes, problems or equipment terminology). The 

values of these attributes are assigned during the plan meeting-

content stage. One of the purposes of our validation is to gain 

some idea about the best way to describe the meeting-content in a 

real organization. 

The <most-effective-group> attributes contain the employee 

identifiers for a sub group of all the employees that best match 

the profile described in <meeting-content>. The ranking 

for each element in the <meeting-content> is done by using 

objective criteria (e.g., level of experience, seniority or 

previous evaluations). 

The <search-order> contains the ranks of all the 

organizational attributes in <meeting-content>. These ranks can 

be used to determine the priorities among the calendars of the 

<most-effective-group>, for a given meeting-content. 

The <announcement> holds the invitation to the meeting. It 

can be created by a word-processor and linked to the relation as 

an external object 

The following are additional knowledge units used to 

describe the meeting-content. 

2.2. Organizational chart. We use the foUowing relations to 

capture the structure of the organization and its officials. An 

employee can be assigned to a department within a division of 
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the organization. An employee can also be nominated as an 

official within the organization. 

Organization (orgid, orgname, orghead, orgrevenue, orgprofit) 

Division (divid,_orgid, divname, divhead) 

Department (deptid. divid. deptname, depthead) 

Official (offidalid, officialname) 

2.3. Work processes. Represents the Data Flow/IDEF Diagrams 

that captures the flow of information between processes in the 

organization. 

Process (procid. procname, proclevel) 

2.4. Organizational goals. Goal (goalid. goalname, goaUevel) 

2.5. Organizational problems. Problem (probid. probname, 

probsolution) 

2.6. Human resource information. Consists of personnel records. 

These records maintain the logical links to all previous 

knowledge types as well as performance and experience levels of 

employees. This knowledge is used in the group composition 

stage. At the implementation stage we assumed a l:n relationship 

between the structural knowledge units used for describing the 

meeting-content (e.g., department, official, process, goal, 

problem) and the instances of employees. Capturing m:n 

relationships will require the system to store intersection 

relations with some temporal attributes (e.g., start_date, 

record_date, end_date, delete_date). 
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Employee (empid. empname, empbirthdate, emporgid, 

empdivid, empdeptid, empofficialid, empprocid, empproceval, 

empgoalid, empprobid, empexperience) 

2.7. Equipment tvpes. Represents the types of equipment that are 

used in meetings within the organization. 

Equipmemt_type (equiptypid. equiptypdescription, 

equiptypprice, equiptypsupplier) 

2.8. Equipments. Represents instances of the equipment types in 2.7. 

Equipment (equipid, equiptypid. equipdeptid) 

2.9. External entity types. Represents types of entities, from the 

external environment, that can participate in meetings. 

Extentype (extentypid. extentdescription) 

2.10.External entities. Represents instances of the external entities in 

2.9. 

Extent (extentid. extentypid. extentbalance) 

2.11.Groups. Represents groups of people (or equipment) that share 

common calendars. 

Group (groupid. groupname) 
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APPENDIX C 

MEASURING THE EFFECTIVENESS 

OF THE IMS 

The responses to the foUowing questionnaire enable us to draw some 

conclusions about the validity of our conceptual model and possibly reveal 

more information about the effectiveness of the IMS. The responses help us 

generalize and improve the support provided by the IMS for different 

scheduling scenarios. 

Please answer the following questions about the IMS prototype and the 

selected meeting we have demonstrated from your daily assignments. 

1. Our IMS is based on the assumption that meetings should be scheduled in 

a gradual iterative process. Referring to the diagram of the meeting 

scheduling process(Figure A.l), is this figure a correct representation of 

the process when scheduling meetings in your department? 

YES NO 

If No, Please specify any missing, misplaced or skipped steps: 

2. The "Select-Host" step is used to initiate the session, and to assign 

responsibiUty for scheduUng the meeting to an individual within the 

organization. Compared to your method of selecting a host, is the aid 

provided by the IMS (e.g., suggest altemative employees) sufficient: 

YES NO 
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If No, Please specify any additional knowledge or other types of aid that 

can assist in selecting a host (e.g., keyword search, standard meeting 

types, archival information): 

3. The "Plan Meeting-Content" step is used to describe the meeting content 

in a formal way by using organizational terminology. Rank the three 

most useful types of knowledge you would use in specifying the 

content of your regular meetings (l:most important, 3: least 

important): 

Organizational Chart (Department, Division, Officials) 

Process Chart (Data Flow Diagrams/IDEF Diagrams) 

Problem Table 

Goals and Keywords 

External Objects (e.g.. Suppliers, Competitors) 

Equipment (e.g.. Overhead, Computer) 

4. In the "Select Invitees" step, what type of information do you 

use to select and rank the best group of employees that match a given 

meeting content? 

5. In case of a conflict among calendars of invitees, I would usually: 

Pick an altemative invitee that can substitute the blocking invitee. 

Retry the search with the same group using a: 

different interval. 
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.different order among the invitees, 

.different search strategy. 

6. How useful would the templates be for recurring meetings? 

Very Useful Not Sure Not Useful 

1 2 3 4 5 

List three specific meetings that would most benefit from the templates: 

1. 

2. 

3. 

7. Overall, is the aid provided by the IMS useful for scheduling meetings 

out of your daily assignments? (please specify both areas that need 

improvement and areas that are satisfactory) 
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