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ABSTRACT
T

HIS PAPER presents results from a recent research investigation on the satisfaction and use of intelligent agent toolkits by
instructors in higher education. An adaptation of the Technology Acceptance Model (TAM) linking agent toolkit satisfaction and
usage to key characteristics of user considerations, performance, and
functionality serves as the study's theoretical framework.
Data collection consists of the completion of an online questionnaire by 87 international instructors of agent-related courses. Results
indicate that no single uniform toolkit satisfies the needs of instructors. Moreover, findings suggest that satisfaction levels are influenced
primarily by user interactions with the toolkit, followed to a lesser
extent by toolkit performance and functionality. This has a bearing
on the utility of agent toolkits in the classroom as results point to a
strong relationship between instructor satisfaction and the continuation of use of agent toolkits in future agent-related courses. Characteristics of an ideal agent toolkit for the classroom are also identified.

(Keywords: agent toolkits, intelligent agents, higher education, satisfaction, technology acceptance model)
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INTRODUCTION
N TODAY'S INTERNET WORLD, a newer form of software,
called intelligent agents, offers people the potential
to navigate and utilize Web-based information resources more effectively and efficiently than ever before. Intelligent agents are software programs that act on behalf of users to find and filter information, negotiate for services, automate complex tasks, and collaborate
with other agents to solve complex problems (AgentBuilder, 2000).
Agents perform these tasks continuously and autonomously in particular environments often inhabited by other agents and processes
(Shoham, 1997, pp. 271-72).
The use of agents has been well-documented in the electronic
commerce domain (Maes, 1999; 1994; Maes, Guttman, & Moukas,
1999; Rahman & Bignall, 2001), especially in terms of industrial,
commercial, medical, and entertainment applications (Jennings &
Wooldridge, 1998). With the advent of the Semantic Web proposed
by Tim Berners-Lee, agents are envisioned to play a more significant
role in the near future (Port, 2002; Berners-Lee et al., 2001). Given
the importance and rise of this newer form of software, agent toolkits
are becoming more of a necessity to help build, reuse, and deploy
intelligent agents. As such, agent toolkits are being introduced and
incorporated in the curriculums of postsecondary education courses
geared to train the next generation of electronic commerce managers
and programmers.
To gain insight on the use of agent toolkits in higher education,
a project was conducted exploring the satisfaction of instructors utilizing agent toolkits in the classroom. Data collection and analysis
involved the deployment of a Web-based questionnaire to 87 international postsecondary course instructors. This paper reports on the
project's findings.

I

66

Serenko and Detlor

BACKGROUND
AGENT TOOLKITS
HERE IS NO UNIVERSAL DEFINITION OF AGENT
TOOLKITS. Each vendor uses its explanation of the term. For
example, authors of the Java Agent Development Environment
(JADE) define their toolkit as "a software framework to make easy
the development of agent applications . . . for interoperable multiagent systems" (Bellifemine et al., 2000). Reticular Systems states
that its AgentBuilder toolkit application "is an integrated tool suite
for constructing intelligent software agents" (AgentBuilder, 2000).
For this paper, an agent toolkit is defined to be any software
package, application, or development environment that provides agent
builders with a sufficient level of abstraction to allow them to implement intelligent agents with desired attributes, features, and rules. Some
toolkits may offer only a simple environment for creating basic agent
systems, whereas others may provide a complicated platform for agent
development with features for visual programming.
Although agent toolkits have had a relatively short history on the
software market so far, there are many toolkits now available. They
differ in terms of the functionality they offer, their ease of use, area
of application, and underlying technology. Overall, four major categories of agent toolkits are identified: mobile agent toolkits, multiagent toolkits, general-purpose toolkits, and Internet agent toolkits
(Serenko & Detlor, 2002).
The need for agent toolkits has been well documented in the agent
literature (Eiter & Mascardi, 2001; Jennings et al., 1998; Sloman, 1998;
Wooldridge & Ciancarini, 2001). First, toolkits provide a certain level
of abstraction and encapsulation in which programmers can develop
their objects. Second, toolkits incorporate some features of visual
programming, which save time and make development easier, more
attractive, and enjoyable. This is critical given the constantly increasing complexity of software and the skyrocketing costs of development and deployment of agent software systems. Third, they offer
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run-time simulation, monitoring, analyzing, testing, and debugging
environments. Luck et al. (1997) and Wooldridge and Jennings (1998)
have highlighted the importance of such environments. Last, agent
toolkits allow programmers to reuse classes of previous designs so
that new developers do not have to start from scratch every time.
This is essential given that creating intelligent agent software currently requires significant training and skills (Winikoff et al., 2001).
Many of the reasons why agent developers use agent toolkits are
similar to the reasons why software developers who deal with objectoriented programming (OOP) prefer to use special development environments like Java VisualAge or MS Visual Basic. However, such
OOP development platforms and compilers do not support all facets
of agent development such as agent interaction rules, communication
languages, and common knowledge bases. This is why agent toolkits
have emerged on the software market in the last few years: to provide
a development environment that fully supports agent creation, analysis, testing, debugging, and reuse.
AGENT TOOLKIT SATISFACTION
Currently, more postsecondary schools are offering graduate and
undergraduate courses in intelligent agents, where students study agent
technologies by experimenting with existing agents or building new
ones. Preliminary research has shown that students benefit from utilizing agent-based multimedia environments in introductory artificial
intelligence classes. These benefits include increases in subject interest, confidence in course material, and the ability to understand and
utilize presented techniques (Holder & Cook, 2001). However, despite these findings, more research is needed that examines agent toolkit
utilization in higher education and the success instructors have had
with them.
In order to gain insight on the major factors affecting the level
of instructor satisfaction with agent toolkits, a comprehensive review
of the agent construction tools literature was conducted. Three major
determinants were identified: functionality--whether the toolkit
matches an instructor's needs; performance--whether the toolkit is

68

Serenko and Detlor

capable of implementing all advertised functions; and user
considerations--whether the toolkit offers a user-friendly and positive
experience.
In terms of agent toolkit functionality, several variables were
discovered. First, the toolkit should be capable of creating agents that
inherit basic agent features and functions. Second, both a simulation
environment and infrastructure are needed to run and test developed
agents (Luck et al., 1997; Sloman, 1998; Sun, 2000). Such underlying
infrastructures are needed to reduce the time required to design and
implement agents (Wooldridge & Jennings, 1998). Third, debugging
facilities are needed to eliminate errors in the difficult and complex
task of agent building (Jennings et al., 1998; Winikoff et al., 2001).
Fourth, the availability of agent skeletons and templates are required
to help agent developers build applications faster and more easily (Eiter
& Mascardi, 2001). Fifth, sample demo agents and prototypes are
necessary to demonstrate the capabilities that an agent toolkit can
provide. Last, agent toolkits should inherit all the major techniques
of object-oriented programming, including code reusability (Sun, 2000;
Wooldridge & Jennings, 1998).
With respect to toolkit performance, reliability, robustness, efficiency and stability of agent toolkit were identified as being significant (Eiter & Mascardi, 2001; Howden et al., 2001).
In terms of user considerations, five variables were identified.
These were the graphical user interface, user training, vendor support, toolkit documentation, and a favorable learning curve (Eiter &
Mascardi, 2001; Sloman, 1998; Winikoff et al., 2001). Failing to
address such user considerations can become an obstacle to the successful deployment of agent systems (Schoepke, 1999).

THEORETICAL FRAMEWORK

T

O INVESTIGATE THE SATISFACTION AND USE of agent
toolkits in higher education, a theoretical framework was developed based on the Technology Acceptance Model (TAM)
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introduced by Davis (1989). Davis' model provides an explanation of
the determinants of computer acceptance in general. Specifically, TAM
identifies a causal relationship among several system design features:
perceived usefulness, perceived ease of use, attitude toward use, and
actual usage behavior (Davis, 1993). Figure 1 illustrates the workings
of TAM.
According to the model, a user's attitude towards using a particular system is the major factor why he or she actually uses it. Two
interrelated determinants: perceived usefulness and perceived ease of
use affect the attitude towards utilizing a system. Davis (1989) defines perceived usefulness of the system as "the degree to which a
person believes that using a particular system would enhance his or
her job performance" and perceived ease as "the degree to which a
person believes that using a particular system would be free of physical and mental effort."
The viability of TAM has been effectively tested in various technology acceptance studies. For example, Chau and Hu (2002) utilized
the model to investigate telemedicine technology acceptance by physicians. Chen et al. (2002) successfully applied TAM to explain consumers' use of a virtual store. Horton et al. (2001) found that TAM
may be a valuable tool for analyzing and understanding intranet usage.
AI-Gahtani & King (1999) tested and extended the model by introducing several new variables, including compatibility, user characteristics, system rating and the end-user computing satisfaction (EUCS)
construct. These studies support the viability of applying or extending
TAM to test the user acceptance of newer technologies such as agent
toolkits.
In order to adapt TAM to measure the level of satisfaction with
agent toolkits, the model was modified and a number of new variables were introduced. Figure 2 presents an extended TAM for agent
toolkits. The extensions were based on our review of the agent construction tools literature previously described.
According to this model, the level of instructor satisfaction with
a toolkit is the most important factor that influences the decision to
utilize an agent toolkit in subsequent courses. The level of satisfac-
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tion, in turn, is jointly determined by perceived usefulness and ease
of use of the system. In terms of perceived usefulness, as discussed
earlier, a toolkit's functionality is the major determinant. It is represented by a number of variables such as the toolkit's capability of
implementing all required agent features, and its provision of an
adequate simulation environment, debugging facilities, agent skeletons,
sample demo agents, and code reusability functions. With respect to
perceived ease of use, there are two determinants: performance and
user considerations. Performance is represented by reliability, robustness, efficiency, and stability. User-friendly GUI, user training, vendor support, the comprehensiveness of the toolkit's documentation,
and a favorable learning curve represent user considerations. The model
presumes that comprehensive functionality, strong performance, and
well-addressed user needs would lead to higher satisfaction of agent
developers. Last, the model incorporates several external variables such
as the background of students and course specifics that, in turn, affect
perceived usefulness and ease of use with the toolkit.

RESEARCH QUESTIONS
Considering the purpose of the study and utilizing Figure 2 as a
theoretical guide, the project addresses the following research questions:
1. In general, how are agent toolkits utilized in postsecondary
courses today?
2. What is the relationship between user satisfaction and agent
toolkit functionality, user satisfaction and toolkit performance,
and between user satisfaction and user considerations?
3. To what extent does the level of satisfaction with an agent
toolkit affect its planned future usage by instructors teaching
agent-related courses?
4. What are the characteristics of an ideal agent toolkit for
higher education?
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METHODOLOGY
N ORDER TO OBTAIN SUFFICIENT INFORMATION to answer these research questions, a Web-based questionnaire was devised. The questionnaire was tailored to instructors of agent-related postsecondary courses who currently utilized agent toolkits in
the classroom, as well as those who might in the future.
Instructors who did not utilize agent toolkits were asked to provide insights on the reasons why they did not include an agent toolkit
in their course curriculums and to give their personal opinions regarding possible benefits of agent toolkits as teaching tools.
Instructors who did utilize agent toolkits were asked a different
set of questions pertaining to the specific toolkit used and the course
in which it was employed. These instructors were explicitly asked to
rate their satisfaction with the toolkit and to highlight the underlying
reasons for their rating. Further, they were polled to identify those
features that an "ideal" agent toolkit should possess. Finally, to project
a trend on the future use of agent toolkits in academic courses and
to identify a possible relationship between satisfaction and future toolkit
usage, the instructors were asked about their future plans to use the
toolkit in subsequent courses.
Participants were recruited in two ways: (1) an intensive Web
search and (2) a general call for participants through the ISWorld
listserv (see http://www.isworld.org). The Web search for college and
university instructors who taught agent-related courses involved visiting a number of discussion forums and Web portals pertaining to
agents, as well as the use of search engines and directories. This
strategy identified 256 potential participants. Each was contacted
through a personalized e-mail message that explained the purpose of
the project and that asked them to take a few minutes to complete
the online questionnaire. In the end, 77 participants were recruited in
this manner.
With respect to the listserv, ISWorld is an international Web portal
dedicated to servicing the needs of information systems academics.

I
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It was thought that course instructors having an interest in agent toolkit
technologies would be members of this community. The call for
participants reached 2,927 recipients and yielded an additional 10
responses.
In total, 87 questionnaires were completed. Though not an overly
large number, we believe that a sizeable and random representation
of academics with interests in utilizing agent toolkits in their curriculums was achieved. This statement is based on our extensive search
that found a limited number of course syllabi pertaining to agent
technologies in general.
To analyze the collected data, descriptive statistics and t-tests were
conducted on the quantitative portions of the questionnaire. Content
analysis was performed on segments of the questionnaire where respondents replied with free-form text.

FINDINGS
F THE 87 RESPONDENTS who filled out questionnaires, 25
utilized agent toolkits and 62 did not. The questionnaire results
for each of these two sets of respondents are discussed separately in the following two subsections.

O

INSTRUCTORS UTILIZING AGENT TOOLKITS
The study identified 23 different toolkits used by the 25 respondents who utilized agent toolkits in their courses. Most instructors
stated that they used only one toolkit in their courses; a few identified
a couple of toolkits. JADE was the most popular toolkit utilized in
that it was identified by five instructors. Overall, these findings suggest that instructors utilized a wide variety of toolkits, and that, with
the exception of JADE, there was no definitive toolkit utilized by a
sizeable percentage of instructors. It appears that instructors may
acquire toolkits that best match an instructor's specific course requirements and that no single "uniform toolkit" exists that may meet the
specific needs of all agent-related courses.
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Table 1.
Course Name

Agent Toelkits Utilized

Intelligent agents

AgentBuilder,Agora, IBM Aglet=,Grasshopper,JADE, Pathwalker

Multi-agentand multi-robotsystems

ABLE, DECAF,FIPA-OS,Jade, Jack,MACE3J, MADKit,
Pathwalker,RePast,TeamBots

Agent tec~ologie.

JADE, JESS, ZEUS

Artificial intelligence(DistrilmtedAI)

Agora, JACK, MICE, SimAgent,WumpasWorld Simulator

Knowled~.-,ba~dsystems

Soar

Machinele.mnin8

GA Playground

Informationgtthering

Table 1 lists the agent toolkits according to the name of the agent
course in which they were used. The categories of agent course names
were derived from a content analysis of agent course titles identified
in the participant questionnaires. Figure 3 summarizes the results of
Table 1 by showing the percentage breakdown of agent toolkit usage
by course name category. Note some toolkits appear across more than

Othor
Agent

13%

Artificial

~ ~'~

27%

13o/=

22*/,

Agents
25%

Figure 3. Types of courses in which the agent toolkits were used.
one course name categories (i.e., they were not utilized in just one
type of course). The degree to which the course focused on artificial
intelligence (AI) was a major distinction between courses. Dividing
the courses in this way, it was found that AI focused courses constituted 36% of all courses in which agent toolkits were utilized and
that non-AI focused courses comprised 64%.
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Recall that one of the questions on the questionnaire asked instructors to rate their level of satisfaction with the agent toolkits.
Specifically, two satisfaction-related questions were asked: one concerning the instructors' level of satisfaction and another about their
perception of students' satisfaction with the toolkits. Scores for these
questions utilized a Likert scale of 1 to 4 (1 being "not satisfied" and
4 being "very satisfied"). Though there were some deviations in the
levels of satisfaction rated by instructors for these two questions, in
general the scores given for these two questions were identical. The
response scores from these two questions were averaged into a single
index of toolkit satisfaction. Across all instructors, the average satisfaction index score was 2.59 (somewhat satisfied/satisfied).
In terms of AI course orientation, it was found that the average
satisfaction level of AI focused courses was 2.89 and that of non-AI
courses was 2.47. A t-test confirmed the average satisfaction level of
AI focused courses was higher than non-AI focused courses (t = 2.06,
p <.05).
In terms of toolkit manufacturer, the study showed that 52% of
utilized toolkits were developed by academic institutions, 39% by
commercial, and 9% by nonprofit manufacturers. It was found that
the average satisfaction level for academically developed toolkits was
2.83 and for commercially developed toolkits 2.36. A t-test confirmed
that the average satisfaction level of academically developed toolkits
was higher than that of commercially developed ones (t = 2.48, p <.05).
Recall the three determinants identified in the Technology Acceptance Model for agent toolkits: functionality, performance and user
considerations. Utilizing these three determinants as a usability guide,
a content analysis was performed on the free-form text responses made
by participants in the questionnaire for the two items which asked
instructors to explicate the reasons behind their indicated levels of
satisfaction with the toolkits.
Figure 4 displays the overall breakdown of this content analysis
for those comments elicited by participants, which implied satisfaction with the toolkit. Roughly half of the responses pertained to user
consideration variables as discussed in the framework section (e.g.,
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Figure 4. High level reasons why instructors were satisfied with
toolkits.

comprehensiveness of the software's documentation, short leaming
curve, toolkit familiarity, and the user friendliness of the software
interface). Almost one third of the responses related to performance
variables (e.g., performed well, stability of the software, powerfulness
of the toolkit) and only over one fifth of the responses pertained to
functionality (e.g., the software supported what users wanted).
Figure 5 displays the overall breakdown of the comments elicited
by participants, which implied dissatisfaction with the toolkit. Again,
almost half of the responses pertained to user considerations variables
(e.g., high complexity, substantial degree of programming required,
poor software documentation). However, the ratios for functionality
and performance were reversed. Almost one third of the responses
related to functionality variables (e.g., lack of important functions and
features). Over one fifth of the responses pertained to performance
(e.g., not properly working features, instability).
There were several recurring comments made by instructors in
terms of the features an "ideal" agent toolkit should possess. First,
the toolkit should be user-friendly. Clear graphical user interfaces
would help visualize activities and help students better understand agent
concepts. A number of teaching aids should be provided. These include features such as: examples of working, collaborating agents along
with their sample code; agent building templates; and strong support-
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Functionalit
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45%
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23%

Figure 5. High level reasons why instructors were dissatisfied with
agent toolkits.
ing user documentation. Such tools are critical for student success
with agent toolkits. The environment should respect and accommodate different levels of student computer programming abilities. Second, a toolkit should provide a persistent, flexible, robust, and reliable environment in which agents can be constructed. Third, the environment should support artificial intelligent capabilities for agents,
such as knowledge representation and problem solving. Last, the toolkit
should be relatively inexpensive and easy to install to facilitate wide
adoption and use throughout academia.
Figure 6 summarizes the high-level breakdown in terms of
functionality, performance and user considerations.
Table 2 summarizes findings from Figures 4, 5, and 6. The table
demonstrates the relative importance of user considerations characteristics in agent toolkits, as expressed by instructors utilizing toolkits
in their courses.
Of the 25 instructors who utilized agent toolkits in their courses,
88% stated they would utilize such toolkits again. These instructors
believed that the toolkits enriched their programs, forming an integral
part of the course and providing a useful aid for teaching students
about agent behavior. The instructors stated that the toolkits fostered
student understanding of agent programming, technologies, and concepts by allowing students to implement their own agents. Such tasks
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Figure 6. User considerations factors deemed desirable by
instructors in an agent toolkit.
Table 2.
Summary of Instructor Responses
Usability Factor

Satisfaction Reasons

Dissatisfaction Reasons

"Ideal" Toolkit Characteristics

Functiomdity

21%

32%

10%

Performance

32%

23%

16%

User Considerations

47%

45%

72%

encouraged students to think at higher levels of abstraction. It was
also believed that students gained valuable hands-on experience with
toolkits they likely would confront when working in industry. The
12% of instructors who stated they were not going to continue utilizing agent toolkits in subsequent courses were either "not satisfied"
or "somewhat satisfied" with their toolkit experience that resulted from
poor performance, limited functionality, and lack of user support.
INSTRUCTORS NOT UTILIZING AGENT TOOLKITS
In contrast to the group of instructors discussed in the previous section,
this set of questionnaire respondents were instructors of postsecondary
agent-related courses who did not utilize agent toolkits. Figure 7 illustrates the breakdown of responses made by this group of instructors on
whether agent toolkits would be beneficial to use.
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As the diagram shows, the majority (61%) believed that agent toolkits
would be beneficial to use in the agent-related courses they taught for
the following reasons. First, given the importance of agents and agentrelated research in today's Intemet world, these instructors felt it was
critical that students not only understand the fundamentals and underlying theory pertaining to agents, but also learn modem agent technologies
and tools.
Second, these instructors believed that theoretical examples were
insufficient for students and that they needed working examples of agents
to convince them of the usefulness of agent technologies and research.
They also believed that hands-on experience with the design, creation,
and implementation of agents was the best way of enabling student
comprehension of agents and of fostering student interest in agent-related
research.
Third, these instructors felt that agent toolkits would allow students
to concentrate more on agent issues (such as the actions an agent must
perform based on another agent's communications) rather than lowerlevel technical issues (such as writing code to parse packets of data sent
in agent communication). Lower level technical issues tend to involve
too much programming and distract students from understanding higherlevel agent concems taught in the course material.
Despite this enthusiasm for toolkits, these instructors cautioned that
toolkits be used with care. Agent toolkits are like any software teaching
aid and need to be introduced and utilized in courses appropriately. That
is, they should be used in the right context with the right material and
in the right circumstances.
Of the 23% of instructors who thought that toolkits would offer little
benefit to students, the majority framed this comment in context of the
current agent-related course they were teaching. These tended to be
introductory agent courses. Here, the instructors felt the time students
would spend learning the toolkit would be better utilized on other parts
of the course that placed more emphasis on basic concepts and fundamentals. A few instructors commented that agent toolkits would be better
utilized in more advanced agent courses. Reasons for not utilizing agent
toolkits are summarized in Figure 8.
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Figure 7. Breakdown of instructors on whether toolkits would be
beneficial to use in the classroom.
Inappropriateness for the course was the predominant response.
This pertained primarily to basic or introductory courses where most
time is spent on teaching fundamentals rather than agent engineering,
or where the length of the course is short (e.g., six weeks in duration)
limiting the amount of time instructors can dedicate to implementing
agent technologies in the classroom. Most respondents considered
creating agents an advanced proposal in their courses.

Used
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languagesto-~

createagents~
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Other
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~

Inappropriatefor
thecourse
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Figure 8. Reasons why instructors did not use agent toolMts.
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Instructor unawareness of the existence of agent toolkits in general was the second most popular response. This was followed by the
inability to find an appropriate toolkit that matched the specific course
requirements. The instructors who indicated this reason also lamented
the extensive reliance on advanced programming techniques in the
current batch of available toolkits on the market, making the toolkits
inappropriate as teaching aids for students without extensive programming knowledge. Despite these instructors' inability to find an appropriate toolkit after conducting an extensive search for one, all believed that the usage of toolkits would be beneficial for their courses.
Utilizing existing object-oriented languages and platforms to create intelligent agents was a response given by the instructors who did
not want to restrict their students to any particular language or application. In this case, students had to program features in their agents
that toolkits would have provided, such as the ability to communicate
and send messages to other agents.
The remaining responses covered a wide range of concerns. Here,
instructors had not yet investigated the use of agent toolkits for their
courses, or felt they did not have enough knowledge to include one.

DISCUSSION AND CONCLUSIONS
ECALL THE FOUR PURPOSES OF THE STUDY: (1) to investigate how agent toolkits are utilized in higher education;
(2) to identify the relationship between user satisfaction and
agent toolkit functionality, performance, and user considerations; (3)
to examine how satisfaction with an agent toolkit affects its future
usage in subsequent courses; and (4) to identify the features an "ideal"
toolkit should possess. The study's findings were based on responses
from 87 participants who filled out an online questionnaire. The participants were randomly chosen and formed a representative sample
population of instructors teaching agent-related courses.

R
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The research demonstrated that only a minority of instructors
teaching agent-related courses currently included agent toolkits in their
curriculums. Of toolkits that were used, no single uniform toolkit met
the specific needs of all agent-related courses. Rather, a wide variety
of toolkits were utilized across disparate types of agent-related courses.
Academic manufacturers developed more than half of the toolkits used.
"Intelligent agents" and "multi-agent systems" courses formed the
predominant category of courses employing agent toolkits. Two-thirds
of the courses that utilized toolkits were non-AI focused. Overall, the
average rating of toolkit satisfaction ranged between "somewhat satisfied" to "satisfied." The average satisfaction level of instructors was
higher for AI focused courses and for toolkits developed by academic
manufacturers.
In terms of a relationship between the level of user satisfaction
and determinants of the proposed Agent Toolkits TAM, the study
demonstrated the relative importance of user considerations. This
implies that user considerations with the toolkit were the leading
characteristic of agent toolkits that influenced satisfaction levels over
those of toolkit performance and functionality. Regarding user considerations, satisfaction levels were higher when the toolkit was easyto-use (i.e., simple, non-programming intensive, quick to learn, accompanied by a comprehensive documentation set). With respect to
performance, satisfaction levels were higher when the toolkit operated well (i.e., was stable). In terms of functionality, satisfaction levels
were higher when the toolkit supported basic agent concepts.
The study also revealed the direct relationship between the level
of instructor satisfaction with an agent toolkit and an instructor's
decision to continue utilizing the toolkit in future courses. All highly
satisfied instructors believed that the toolkits enriched their programs
and that they would continue utilizing or demonstrating agent toolkits
in their curriculums. At the same time, the instructors who had negative personal experience with the toolkits were going to either change
the toolkit or stop using toolkits in their courses altogether.
Instructors identified several characteristics of an ideal toolkit.
They suggested the toolkit should provide a persistent, reliable, flex-
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ible, and easy-to-use environment for agent creation and deployment.
They also stated the toolkit be accompanied by a comprehensive documentation set and several teaching aids, such as working examples,
sample code, and agent generation templates. The majority of instructors who did not currently utilize toolkits in the classroom felt that
toolkits would be beneficial for their students.
It should be noted that agent toolkits are in the early stages of
development. The pace of adoption, however, is constantly increasing. We believe that more instructors will adopt toolkits in the classroom as agent toolkits become more easy-to-use, perform better, and
support a wider range of agent-related functions, and as instructors
themselves become more knowledgeable about agent toolkits on the
market. We also believe that no particular toolkit will be appropriate
for all instructors--the chosen toolkit needs to match individual course
requirements and instructor preferences.
In general, we are encouraged by the future use of agent toolkits
in postsecondary education. Agent toolkits are useful and practical
applications for creating, deploying, and reusing agents. Though the
toolkits are not at a stage of development yet which yields enthusiastic satisfaction scores by instructors of agent-related courses, the
toolkits currently available on the market do offer distinct advantages
over other software development environments. Most current development platforms, packages, and compilers do not allow creating
software components with agent capabilities, such as personalization,
productiveness, adaptiveness, and proactiveness. They also do not
address implementation of other required agent features, such as agent
interaction rules, agent communication, and common knowledge bases.
Agent toolkits address these concerns by providing a conceptual level
of abstraction, supporting agent functionality, and offering run-time
testing and debugging environments.
A limitation of the study was its sample size of 87 instructors.
The small sample size of 25 instructors who actually utilized agent
toolkits in the classroom makes the study's finding difficult to generalize to the larger population of instructors of agent-related courses.
However, despite this limitation, the study yielded pertinent prelimi-
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nary findings that provide a good test bed for future research in this
area. Several avenues can be explored. For example, the level of
satisfaction of students can be investigated by surveying the students
directly (and not just the instructors). It would be interesting to see
if student satisfaction levels differed significantly from those of instructors, and more importantly, what usability factors affect student
satisfaction levels. Another idea would be to poll industry participants
utilizing agent toolkits and determine those criteria that affect satisfaction. Satisfaction levels for particular toolkits could be explored,
perhaps by polling instructors who use the same toolkit in similar
courses.
Overall, this report has shed light on the use of agent toolkits in
higher education. One of its major contributions was the development
of a theoretical framework for agent toolkit satisfaction and use. It
is our hope that the framework may serve as a lens of examination
for future research in this area.
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