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1. Introduction
Though distance education technologies continue their rapid evolution, evaluations of their per​formance and effectiveness are infrequent. In this paper, we present evaluations of our Interactive Remote Instruction (IRI) system from three per​spectives: 1) system per​formance is analyzed in a study focusing on system responsiveness, system scaling, and tool performance, 2) student per​ceptions of interaction, satisfaction and class par​ticipation are presented, and 3) an instructor's subjective evaluation of IRI, including sug​ges​tions on how the types of technologies included in IRI can be used effectively are presented.

Based on the analysis presented in these sec​tions and on our five year experience in de​veloping the technology used in IRI, we identify several shortcomings in the current design and describe our approach in a reimplementation if IRI, designed for a hetero​geneous environment (and called IRI-H to emphasis its heterogeneous capabilities).

2. IRI Overview

IRI provides a virtual classroom over a high speed Intranet in which individual computer workstations become each class member's window into a virtual classroom. IRI is a multimedia, collaborative integrated learning environment that emphasizes interaction among all class members. Non-technical students can use IRI with only a small learning curve. It was designed to scale to order of 100 students (workstations). IRI directly supports the use of appren​ticeship techniques: any class member (though usually the instructor) can guide any student's use of computer tools with students at all sites observing their interactions and tool responses.

IRI has been used successfully to teach dozens of courses over the past five years, first by project faculty and later by non-project faculty over sites are as far apart as 300 km. The Intranet consists of a public ATM network, a Sonet channel provided by the COX, the local cable company, and switched 10Mb/s Ethernet.  Specifically, the main site at the ODU Norfolk campus has 12 SUN workstations, the Virginia Beach campus site (30 km away, connected with Sonet) has 11 SUN workstations, Blue Ridge community college (km miles away, connected with ATM) has 3 SUN workstations, and the Norfolk Tidewater Elementary School has also 3 SUN workstations (connected with Sonet). We have also connected one faculty office to IRI for instructors to use as a teaching site. These courses typically meet for an hour and 15 minutes twice a week or for two and a half hours once a week with typical enrollments of 25 to 30, limited by the number of workstations. Class members range from computer science graduate and undergraduate students to liberal arts majors and also K-12 elementary level students. 

Figure 1 shows a typical IRI classroom.  Note that each class member has a multi​me​dia work​station with a camera and microphone. The figure shows an instructional where each student's screen con​tains a large presenter's video (the presenter can be any class member), and on the right side, two smaller images of other class members. This is appropriate for discussions in which no other presentation tools are needed. In this somewhat dated picture, the instructor’s workstation is in front of the class, following the "emulate-traditional-teaching" mode. We have since placed the instructor in the back of the room to avoid giving preferential treatment–eye contact–to students at one site.
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Fig. 1:  An IRI Virtual Classroom
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Figure 2 is a screen image from IRI showing screen organization in more detail.  While this screen is busier than in normal class use, it illustrates several IRI capabilities. In the image, a slide pre​sen​tation is being used (the large window with text to the left). This window contains a pointer (the large arrow with the name its current operator), used by a pre​senter to direct viewers' attention. Any class member can control this pointer, perhaps to ask a question or to answer a presenter's question.  The presenter's image is in the upper right corner.  Images of two class members appear just below.  The bottom right image shows one of the IRI sites (switchable to any site). The screen image contains two other windows that illustrate how we often use IRI in the classroom: the center-most window contains output from an algo​rithm animation program; the window below is a xterm that gives a presenter access to a standard computer interface so that other programs can be used in class.  In this case, this window is used to start the animation program that appears in the window above it.

IRI has many features not described here.  These include, for example, the ability to record class sessions with all tool use and student and instructor audio and video interactions included for later replay.  The figure 2 image is actually taken from a session replay.  See (Maly97a, Maly97b, Maly98, Maly99) for more complete descriptions of IRI's capabilities and design.

Fig. 2: IRI Screen Image

3. Performance Evaluation

Our early experiences in using IRI show that predictable response times are important to comfortable use by both students and instructors.  To give users, particularly instructors, information on likely response times for various uses of IRI, we conducted performance studies of the various tools available in IRI under different loading conditions. We were particularly interested in potential performance degradations as the number of parti​ci​pants, remote sites, and distances between sites increase.

Experimental Configuration

The baseline for measurements consists of a typical set of services used in an IRI-based class: displayed on each machine is:

· a teacher video image, a large image at 20 frames per second

· two student videos, smaller images at 15 frames per second

· a small site video, 2 frames per second

· audio from the teacher machine

· an Xterm, an X-windows tools that provides access to the regular UNIX environment.  This is frequently used in computer science classes.
· the slide presentation tool

· a notes tool.

In addition, timings were taken when using various shared tools: any class member can manipulate these at any time, with results visible on all workstations.  These  include:

· Emacs, a widely used UNIX editor

· Bintree, a locally written algorithm animation program

· Gnuplot, graphing/plotting software

· Netscape

· Ghostview, a postscript previewer.

Some of these tools are resource intensive, e.g., Netscape, and their use in large classes may result in unacceptable system performance.

We define response time as the elapsed time between the invocation of a tool or its operation and its completion as seen on all workstations; all measurements were recorded using a stopwatch and marked to the nearest half second. A second tester at the remote site gave verbal verification as the tester at the ODU main campus performed various tasks. In the event of a large variation in results, individual tests were repeated and averaged.

Table 1:  Hardware Configurations Tested

Configuration Name
Description

1.N
tests run in a non-IRI environ​ment on a single machine at the ODU main campus

1
one machine at the main ODU campus, Norfolk, Va

5
five machines at the main ODU campus. Norfolk, Va

10.O
ten machines at the main ODU campus, Norfolk, Va

15
fifteen-machine configuration: ten at ODU and five at Virginia Beach, Va

10.B
nine machines at ODU, one at Blue Ridge, Va

16
ten machines at ODU, five at Virginia Beach, one at Blue Ridge, Va

20
twelve machines at ODU, seven at Virginia Beach, one at Blue Ridge

22
twelve machines at ODU, seven at Virginia Beach, one at Blue Ridge, two at Cox in Norfolk, Va

.

Table 1 describes the hardware con​fig​ura​tions tested.  These choices are based on three ob​jec​​tives.  First we wanted to measure overhead due to IRI on individual tool performance.  Secondly, we wanted to see how well IRI scaled as the number of machines increased at a partic​ular site.  And lastly, we wanted to study the vari​a​​​​tion in system performance with regard to dif​fer​ent site locations and different machine con​fig​u​ra​tions.

IRI Overhead

To analyze the overhead imposed by IRI, tests using tools a single-machine config​uration in an IRI session (1 in the fig. 3 legend) and use of these tools in a non-IRI session were conducted (1.N in the legend). For operations requiring less than two seconds, the response times were essen​tially equivalent.  Operations whose response times are clearly affected by IRI are the invocations of a shared Emacs, a shared Netscape, and the loading of a 1M file in Ghostview.  Oddly, the loading of 100k and 1M files in Netscape did not yield comparably different response times. 
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Table 2: Near Instantaneous Operations

   Shared gnuplot
    Lower Xterm
    Move present pointer

   Move pointer
    Lower slide tool
    Kill xtv

   Start notes
    Lower notes
    Tool holder sync

   Type in Xterm
    Send survey
    Student sync

   Type in Emacs
    Display survey
    Record Note text

   Type whiteboard
    Move xpointer
    Record Note snap

   Lower Xterm
    Move present pointer
    Record Note audio

   Lower slide tool
    Speak
    Replay stop
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Scalability

The response times are essentially instantaneous for the tool actions of Table 2.  (Many of these operations are not described here; see the previously cited IRI papers for details.)  Fig. 4 gives the response times of tools with measurable response time but which still appear largely independent of the number of participating machines.

Not all operations are independent of scale.  Fig. 5 has response times for Netscape and Ghostview when dealing with large files. No appreciable increase in response times occurs when Ghostview is used in a five-machine or twenty-two-machine configuration. However, re​sponse time for Netscape increases when it crosses from a fifteen-machine configuration at two sites to sixteen machines at three sites. The reason for this is not clear at this point; it may be related to Netscape’s a more intense resource use.
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Not all operations are independent of scale.  Fig. 5 has response times for Netscape and Ghostview when dealing with large files. No appreciable increase in response times occurs when Ghostview is used in a five-machine or twenty-two-machine configuration. However, response time for Netscape increases when it crosses from a fifteen-machine configuration at two sites to sixteen machines at three sites. The reason for this is not clear at this point; it may be related to Netscape’s a more intense resource use.
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Fig. 6 gives response time for several frequently used tools in computer science classes. While response times increase with the number of students, these times seem quite acceptable

4. Qualitative Evaluation of Student Interactions

During the 1998-1999 academic year, we conducted a series of surveys to assess students’ perceptions of the level of their personal interaction, overall interaction, observed interaction, attitude, satis​faction and direct participation in IRI and conventionally delivered distance education classes (using two-way audio and one-way video –a conventional TV class).

For the first part of this study, 101 computer science students were measured during a semester of instruction in three 4-week interval observations, 50 in IRI and 51 in TV classes.  Separate 2x2 analyses of variance for several independent vari​ables were computed for each environ​ment utilizing the inde​pendent variables of environment (two levels; IRI and TV) and location (two levels; main site and remote). Dependent variables include: 

· perceptions of overall interaction (how students perceived other people's frequency of use of audio and video components);

· perceptions of observed interaction (students' perception of other people's interactions); 
· student satisfaction with the course;

· student attitude (perceived value and quality of instruction);

· per​cep​tions of indi​vid​ual interaction (how students perceived the degree of their own class involvement);

· direct participation (how frequently students felt they had asked or answered question from other students or the instructor).

The students in the two groups differ signi​fi​cantly in the three-trial mean of their percep​tions of individual interaction.  IRI students had a more positive percep​tion of individual interaction than did their TV counterparts. Perception of individual inter​action for IRI subjects was significantly higher than for TV students.  Perceptions of individual interaction were relatively flat across trials one and two with a large linear increase at trial three. Scores for observed interaction were significantly higher for TV students both as an overall mean and as a function of each trial. Direct participation was significantly higher for IRI students both as a func​tion of overall score across and as a function of trial. Perceptions of overall interaction did not vary significantly between the environments. Subject attitude stayed nominally, but not significantly, higher in the TV environment both overall and by trial. Measured levels of student satisfaction did not differ significantly by overall mean, by trial or by trend between each environment. No significant differences in the dependent variables between the main or remote sites existed for either environment (Ireland99).

A multiple regression analysis revealed that the combined influence of student attitude and perceptions of individual interaction measured in this study could explain 63% of the variance in satisfaction in IRI and 52% for TV.

Observed interaction for each environment followed a trend pattern very similar to per​ceptions of overall interaction. Scores for observed interaction were significantly higher for TV students both as an overall mean and as a function of trial. As for perceptions of overall interaction, observed interaction continued an increasing linear trend to trial three subjects but took a negative quadratic curve at trial three for IRI subjects. 

It is curious that students perceive their direct participation in class activities as significantly higher in IRI than TV-based classes and at the same time perceived other students' involvements  in class activities (observed interaction) as higher in the TV-based classes.

Implications.

We limit our discussion of implications to those supported by our survey results. The limited scope of this initial study does not attempt to evaluate student perceptions of many key characteristics of distance education systems; these will require further work.

However, IRI does contain many character​istics that educators have identified as important for distance education.  Distance learn​ing tech​no​logy assessment based in the context of individual interaction and direct participation is an important starting point for assessment. The commonly en​dor​sed educational concepts of one-on-one in​struc​​​tion, tailored pedagogy and small class sizes are based upon the perceived value of their individual interactional richness. It is axio​matic that per​ceived proximity in interpersonal com​mu​ni​cation enriches interaction. Keegan (Keegan90) believes that individual interaction is the key to effective learning and information exchange and Moore (Moore92) considers interaction a defining char​ac​teristic of education. Wetzel (Wetzel94) found that increas​ing the fidelity of interactivity gen​erally increases effectiveness and satisfaction and is essential for the student to remain inter​ested and steered toward success. Distance educators in general contend that one of the most significant attributes of the technologies used in current and future distance learning systems is their capacity for real time interactivity (Wagner90).  

The evidence found in this study that per​cep​tions of individual interaction increase as a function of time suggests that earlier incorporation of distance learning courses, or courses introducing the tech​nology of distance learning, by policy makers and curriculum developers into the curriculum may possibly result in a higher initial baselines of perceived interactivity in subsequent distance learning courses that a student may take.

This study’s findings also suggest that, for the present, TV-based distance learning environ​ments may be more appropriate to collaborative learning and teaching techniques that rely on group participation than computer-based distance learning courses.  In general, the TV environment may be more appropriate for many uses because less training is required of students.

The lack of observed interaction in computer-based environments is prob​le​matic. Limited "social presence" in these environments means that student-to-student interaction is lacking, greatly diminishing the social appeal and fami​liarity of these environments. This may in turn nega​​t​ively affect the pursuit, retention and attainment of education for many students through this medium for whom the rituals and connect​edness of a typical classroom environment are essential. Low levels of observed interaction may suggest that computer-based environments appeal primarily to highly individualized learners or those who enjoy or pursue only limited social interaction (see Pugliese94), not to a majority of the student population.

The level of positive student attitudes and satisfaction between the two distance learning environments in this study did not vary signi​ficantly. The evidence in this study suggests that for the present, the students involved in these environments are relatively equal in their expectations and attitude about their respective learning environments.
5. An Instructor’s Perspective on IRI

IRI provides the instructor and students with advantages not present in a conventional class​room or other forms of distance education.  But IRI instructional difficulties occur with IRI as a result of the incorporation basic instructional components, shared computerized tools, the assump​tion of an error free system, and the geographical distance between instructor and students.  This section identifies both benefits and problems in use of IRI as an instructional tool, as well as solutions that have been identified and a feel for what the future will hold for the use of similar distance learning technologies.

An immediately apparent asset of the IRI is its initial impressiveness as an instructional environment.  The associated technologies it incorporates provide for a unique and exciting learning experience for the students beginning with their first exposure, regard​less of their technical backgrounds.  While learning the required subject material for the course, they are exposed to an environment that, alone, promises to expand their understanding of computer technologies farther than any other mechanisms currently used for distance education, particularly for students with limited computer exposure. In addition, due to limited computer resources on most university campuses, when teaching co​m​puter related courses, the opportunity to learn an associated skill while seated in front of a computer is well received by students.  

Live communication among students and instructor during class is not unusual in distance learning, but the ability to send and receive fully synchronized audio and visual communication in real time is.  The benefit of this IRI capability is extremely apparent, and increasingly necessary, especially in distance courses that require student presentations. Initially, this comes at the cost of requiring the participant to adequately understand how to manipulate a subset of IRI tools based upon course protocol since the level of student participation in class depends upon their fami​liarity and comfort with the environment.  While this takes away from course topic instruction time, it has impor​tant instructional value.  The process to establish and discontinue active partici​pation in a class discussion involves a simple click of a mouse; therefor the technical components are easily mastered.  The more important set of instructions pertains to establishing rules of conduct for joining the discussions, particularly for lively discussions.  Only three people may participate visually at one time, forcing the forth to wait or kick someone else out.  The favorite spot to click is the top one - which kicks out the instructor.  Actively participating in IRI class dis​cus​sions carries the impression of being on television with a large audience, and many students are camera shy.  The instructor needs to encourage participation as frequently as possible during the first few meetings to establish a level of comfort. 

When teaching a distance education course the instructor must learn to utilize the classroom environment and its associated capabilities effectively in order to provide a successful and equitable learning experience.  In IRI the amount of initial training required will obviously depend on the instructor's background and particular course needs, but should still require less than an hour on average.  Additional adjustment is required as to the methods of effective oral com​munication used in this setting.  As the primary presenter, the instructor will have to learn how to manipulate the technical environment effectively and maintain a consistent level of communication.  When speak​ing, she must also become comfortable with teaching to a computer screen, sometimes primarily occupied by  her own image.  Instructors may initially feel that they are teaching only to themselves and this may require some adjustment.  If visual student feedback is highly important to an individual teacher, then their teaching methods will need to be modified to draw the students into the conversation in light of their tendency to be camera shy.   The IRI survey tool, used to solicit immediate feedback from students, can also be extremely useful in pro​viding feed​back. Involvement from a partic​u​lar student can be forced by activating the Call Student capability (the tool provides a list of students present in the session and lets anyone select a student for appearance in a video window).  
The flexibility of IRI allows the incor​por​ation of other technologies commonly used in distance education into the classroom environ​ment as desired, such as a video camera that tracks a moving instructor equipped with a clip-on microphone.  Another effective tool is a device that displays images of hand held objects (such as a page of a textbook or a computer chip) on each student’s screen.  Laptop computers can also be used as a source of visual input.  This flexibility is useful when last minute information needs to be added to the lecture material and can also serve as a useful backup mechanism if the presentation portion of the system fails.
One feature of IRI that few distance education environments include is the ability to visually monitor the remote sites.  An overhead camera placed in or near the ceiling of each classroom enables the ability to selectively view a live image of each remote on the IRI screen.  This is beneficial to the instructor in several ways.  It allows him or her to acquire an overall feeling of how effective the presentation of information is being received based upon body language and activity level in the room.  An associated benefit is the ability to maintain some level of control over classroom activities, as it has been observed that remote sites can become anything but a good learning environment.  Obviously, this can be extremely useful when administering exams and quizzes.  

Two tools that have recently been used successfully with IRI further its success in providing quality distance education, the exam and notebook tools.  The ability to type on a keyboard either for taking notes or an exam in class, versus writing by hand, has been very well received by the students.  These types of tools are an obvious extension of the learning environment; they are able to further use the technology available to them during class.  Being able to easily read student answers or of having automated grading of questions is also of great benefit to the teacher.

In the current IRI, students can use their workstations for non-class related activities in class, distracting themselves and adjacent class members. The more knowledgeable the students, the higher the probability of this type of problem.   It is impor​tant to alert the students of the potential for this type of failure.

With these technologies, lost class time due to system difficulties does occur.  We have experienced some reliability problems with IRI.  And due to IRI's dependency upon a networked environ​ment, events unrelated to the IRI system can also cause system failure, such as a failed router.  Consequently, availability of some inde​pen​dent fall-back procedures are important.

6. Conclusions and Future Work

IRI is still a work-in-progress.  We have used the current version to teach many real classes in several disciplines.  These live-classroom experi​ences provide the bases for a better understanding of both technical implementation issues and of features important to teachers and students.  We have used our improved under​standing to design a new IRI that we are now implementing.  We iden​tify several short​comings with the current IRI that are addressed in this new implementation.

Platform-independent Problem:  The current IRI architecture is heavily dependent on UNIX system calls and the X windowing environment. This dependency on the under​lying system is in a large part due to the demands of developing and operating a complex distributed system. IRI is unlike many stand-alone applications in its requirements for synchronized shared graphical user interface that integrates many real-time services. Because IRI pushes the envelope for large interactive distributed systems, performance and robustness have continued to be important factors. Only recently has the availability of low-cost, high-performance workstations and platform independent development tools capable of supporting a large interactive distributive software system made the development of a platform independent solution feasible. The move to a platform independent solution will require that the following problems be solved:

1. Collaboration Engine with Multiple-Platform-Tool-Source, Platform-Independent-Delivery: This will allow the sharing of computer tools that exist in different hardware platforms by all participants in the session. This sharing should allow for any parti​cipant to take control of the tool and for all participants to see the results.

2. Scalable Reliable Communications: IRI cur​rently uses RMP [Whetten94] for reliable multicast communications. While important in the current success of IRI, RMP is limited by the slowest client and requires careful tuning for different network config​urations.

3. Shared Multi-program/multi-window Graphi​cal User Interface: In a learning environ​ment it important that the teacher can focus the student’s attention on the current topic of discussion. This means, among other things, that the position and focus of the windows displayed on the student’s workstation be coordinated with the instructor’s machine. Most windowing systems have limited ability to control multi-tool window relationships.

4. Platform/environment Management: Because of the demands that IRI makes on an individual workstation, it is important that the environment running on that work​station be controlled as part of the IRI session. This means that IRI should be able to start and stop a session with no student intervention. Students should be able to arrive in class late and the system should be already delivering information from the active participants. For performance considerations, the large presentation files should be downloaded before class and software tools used in the lesson plan should be already activated. Upon termination of a session, individual student notebooks and the session recorded information should be formatted and made available on the IRI web site for access outside of the IRI environment.

5. IRI currently uses UNIX systems calls for process management, communications and file system transfers. There is no inherent difficulty in redoing this functionality in platform independent ways, although security is an issue.
Providing all of these services in a platform independent version is not easy. However, we have been experimenting with a platform inde​pen​dent imple​men​ta​tion of selected services. Most of these experiments use the JAVA programming environment and include the use of JAVA APIs for distributed systems development (Java Shared Development Toolkit–JSDT), multi​media librar​ies (JAVA Media Found​a​tion–JMF) and GUI inter​face design (Java Foundation Class–JFC). Overall, initial results are encou​raging. In fact much of the non-student IRI services use JAVA applications and JAVA applets. We plan to implement IRI-H in JAVA with only limited use of native platform dependent code where needed to provide functionality or acceptable per​for​mance.

As we move towards the new implemen​ta​tion, we must assure that we retain the features, abilities, and performance characteristics that proved to be most successful while solving the problems described in this paper. The clear winners in terms of positive aspects are the ease off use for students at all levels of the technology curve and the classroom environment it induces in students albeit they be in different locations. The clear losers of the old IRI are reliability, parti​cularly as to sharing complex tools such as Netscape, the lack of the PC tools for sharing, and the inability to use IRI behind a network of lesser capabilities (say 250Kb/s).

As of the writing of this paper the new IRI, called IRI-H for IRI for heterogeneous platforms and network environments, is beginning to take shape. A prototype imple​ments tool sharing and has a simple interface adaptable to the various roles of an IRI-H session participant: student, teacher, presenter, and monitor. The com​muni​cation infra​structure provides for reliable/semi-reliable/ unreliable uni/multicasting.  As before video is single click and audio is basically hands free. All the code is in JAVA. The following key decisions were made in light of the evaluations we reported in this paper. Tool sharing is imple​mented using a lossless video encoding in conjunction with a semi-reliable transport protocol. It allows for rate tuning ranging from 10Kb/s to 4Mb/s of data transmitted by the source capturing the tool. Tools are captured at this time only at a PC although the PC is running an X server and thus can remotely run an X application on a UNIX machine. The IRI presentation tool is eliminated and we instead use a class web site to store presentations accessed through the browser in class. Students can submit to the class web site or use their own web site for presenting their slides using the tool of their choice.  A major reli​ability problem in IRI was the lack of the late join/leave feature. In IRI-H we support both; again we have made a tradeoff between reliability and scalability by eliminating distributed servers that maintain considerable state information about the classes and their sessions. Class information is now only at one server (with a backup) and session information is maintained only at one session manager server. IRI-H has now been explicitly designed to work well for only up to one hundred nodes.

This paper is not to describe all of IRI-H; rather it shows how a careful evaluation can shape the redesign of a complex software system.  Although, at this point we cannot say yet whether our decision to abandon the old IRI in favor of building a new one from scratch was correct. In another year we shall report on our first experi​ence using IRI-H.
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Abstract


Over the past five years, we have used our Interactive Remote Instruction (IRI) sys�tem to teach classes to a variety of audi�ences. In this paper we present eval�uations of IRI from three perspectives: technical performance, instruc�tional view, and student.  We found that IRI scales well to multiple delivery sites and several users (classes regularly have around 30 members), though some tools do not scale as well as others.  We compared perceptions of IRI students with students in TV-based classes and found that IRI students perceive a higher frequency of interaction with the instructor and other students than TV students do. However IRI students perceive other IRI class members as interacting less frequently than TV students perceive their class members' interactions. Instructors can learn to use IRI with brief training (less than an hour), though presentation techniques and classroom management may need to be modified (in part, because many students are uncomfortable being on camera). We identify short�comings in the current version that are addressed in a revised version.
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Sheet1

		Response time for IRI operation (in s for last machine to complete)

				1 without IRI		1		5		10		10(incl BR)		10O+2 cox		10O+5V		10O+5V+1BR		20		22

		Start

		system		N/A		55		165		218		215		235		265		267		326		336

		stdrd lesson plan *		N/A		12		28		28		28		26		28		28		28		30

		lesson plan with remote		N/A		18		32		35		28		27		28		28		28		29

		shared xterm		0		1		2		2.5		3		4		3.5		3		3.5		3.5

		shared xterm, remote		N/A		2		1		1		2		3		2.5		3		2.5		3

		shared ghostview		1		3		3		4		3		5.5		4		4		3.5		5

		shared emacs		1		6		8		10		12		11.5		12		15		16		18

		shared emacs,by xterm		2		5		8		10		10		12.5		13		15.5		16		16.5

		shared netscape		0		5		30		34		34		38		36		54		52		50.5

		shared bintree		2		2		3		4		2.5		2		4		4		3.5		4

		shared gnuplot		0		0		0		0		0		0		0		0		0		0

		local xterm***		0		1		1.5		1.5		2		3		2		2		1.5		2

		local netscape***		7		6		6		11		12.5		12.5		12.5		11.5		12		12

		slidetool		N/A		14		18		18		18		20		20		19.5		19		19.5

		whiteboard		N/A		0		1		1		2.5		2		1		1.5		1		1

		examtool		N/A		2		24		25		25		20		16		24		26		28

		survey		N/A				0		1		1.5		1.5		1.5		1		2.5		2

		call student		N/A				2		2		2.5		2		2		2		1		1.5

		instructor video		N/A		2		2		3		2.5		3		2.5		2.5		2		2.5

		student video		N/A				2		2		2		1.5		2		2		2.5		2

		site video (odu)		N/A		7		2.5		2.5		3		2		3		2.5		3		2

		site video (vabch)		N/A		N/A		N/A		N/A		N/A		N/A		4		2		3.5		3

		site video (br)		N/A		N/A		N/A		N/A		3.5		N/A		N/A		4		4.5		4.5

		pointer		N/A		0		0		0		0		0		0		0		0		0

		notes		N/A		0		0		0		0		0		0		0		0		0

		Operate

		type in xterm		0		0		0		0		0		0		0		0		0		0

		type in emacs		0		0		0		0		0		0		0		0		0		0

		load 100K ghostview		4		10		14		12		15		16.5		14		14.5		16.5		16

		load 1M ghostview		5.5		14		23		22		20		27		20		24		25		25

		load 100K netscape		1.5		1		4		4		3.5		4.5		6.5		6		6		6.5

		load 1M netscape		6		6		14		14		14		18		16.5		17.5		18		18

		flip slide		N/A		0		1		1.5		1.5		2		1.5		1.5		1		1.5

		type whiteboard		N/A		0		0		0		0		0		0		0		0		0

		insert bintree		0		1		1		1		2		2		2		1.5		1.5		1.5

		plot x*2+5		0.5		0		2		2.5		2.5		2.5		2.5		3		3		3

		lower examtool		N/A		1		2.5		3		7		5.5		7		8		7		9

		raise examtool		N/A		2		2		2		2		3		2.5		2.5		2.5		2.5

		lower xterm		0		0		0		0		0		0		0		1		0		0

		lower slidetool		N/A		0		0		1		0		1		1		1		1		1

		lower management tool		N/A		3		3		4		4.5		5		4		4		4		3

		lower notes***		N/A		0		0		0		0		0		0		0		0		0

		send survey		N/A		N/A		0		0		0		0		0		0		0		0

		display survey		N/A		N/A		0		1		0		0		1		1		1		1.5

		move xpointer		N/A		0		1		0		0		0		0		0		0		0

		move present pointer		N/A		0		1		0		0		0		0		0		0		0

		speak**		N/A		N/A		0		0		0		0		0		0		0		0

		tool holder sync		N/A		N/A		0		0		0		0		0		0		0		0

		student sync		N/A		N/A		0		0		0		0		0		1		0		0

		note text***		N/A		0		0		0		0		0		0		0		0		0

		note snap***		N/A		0		0		0		0		0		0		0		0		0

		note audio***		N/A		1		0		0		0		0		0		0		0		0

		Monitor/Steering start***

		control panel		N/A		2		1		1		1		1		1		2		1		2

		session panel		N/A		2		2		2		2		2		2		2.5		2		2.5

		machine list		N/A		1		2		2		2		2		2		4.5		2		4.5

		replay applet		N/A		4		4		4		4		5		5		5.5		5.5		5.5

		record applet		N/A		3.5		3.5		3.5		3.5		4		4.5		5		5		5

		lesson plan		N/A		6		6		6		6		6		6		6.5		6		6.5

		resource add		N/A		1		1		1		1		1		1		1		1		1

		perfmeters		N/A		1.5		1.5		2		2.5		2		2		4		3.5		3.5

		poll		N/A		6		6		7		7		7		7.5		7		7		6.5

		messages		N/A		2		8		10		2		7		6		32		28		30

		'top'		0		2		2		3		3		4		3		6		11		11

		Monitor/Steering operate

		poll		N/A		7		6		7		7		7.5		6.5		7		7		7.5

		resource add:file/handout		N/A		85		82		85		86		83		86		86		85		85

		resource add:URL/handout		N/A		73		73		74		78		75		78		80		80		80

		replay start		N/A		2.5		2.5		3		2.5		3		3		4		4		4

		replay stop		N/A		0		0		0		0		0		0		0		0		0

		kill xtv		N/A		0		0		1		0		1		1		1		1		1

		restart xtv		N/A		2		11		12		14		12		15		16		16		16.5

		shutdown iri		N/A		8		9.5		10		13		11		14		16		15		18.5

		exit iri mgmnt env		N/A		1.5		2		2		2		2		2		2		2		2

		*xterm, slidetool,notes

		** audio problems with

		all channels open

		*** independent of scale

		interpretation of values: 0 - close to instantaneous; 1 - less than or equal to a second; 4.5 - decimal indicates average because of variation





Chart1

		1		1		1		1		1		1

		5		5		5		5		5		5

		10		10		10		10		10		10

		10.B		10.B		10.B		10.B		10.B		10.B

		12		12		12		12		12		12

		15		15		15		15		15		15

		16		16		16		16		16		16

		20		20		20		20		20		20

		22		22		22		22		22		22



shared ghostview

load 100K ghostview

load 1M ghostview

shared netscape

load 100K netscape

load 1M netscape

Response Times in Seconds

Machine Configuration

Response Times for Ghostview & Netscape

3

12

22.5

28

3

11.5

3

14

23

30

4

14

4

12

22

34

4

14

3

15

20

34

3.5

14

5.5

16.5

27

38

4.5

18

4

14

20

36

6.5

16.5

4

14.5

24

54

6

17.5

3.5

16.5

25

52

6

18

5

16

25

50.5

6.5

18



Chart2

		1		1		1		1		1		1

		5		5		5		5		5		5

		10		10		10		10		10		10

		10.B		10.B		10.B		10.B		10.B		10.B

		12		12		12		12		12		12

		15		15		15		15		15		15

		16		16		16		16		16		16

		20		20		20		20		20		20

		22		22		22		22		22		22



shared xterm

shared xterm, remote

shared emacs

shared emacs,by xterm

shared bintree

#REF!

Machine Configuration

Response Times in Seconds

Invocation of Shared Tools

2.5

2.5

8

7

2.5

1

3

2.5

10

9

3.5

3

2.5

12

12

3.5

3

2

12

10

2.5

4

3

11.5

12.5

2

3.5

2.5

12

13

4

3

3

15

15.5

4

3.5

2.5

16

16

3.5

3.5

3

18

16.5

4



Chart3

		1		1		1		1		1

		5		5		5		5		5

		10		10		10		10		10

		10.B		10.B		10.B		10.B		10.B

		12		12		12		12		12

		15		15		15		15		15

		16		16		16		16		16

		20		20		20		20		20

		22		22		22		22		22



shared xterm

shared xterm, remote

shared emacs

shared emacs,by xterm

shared bintree

Machine Configuration

Response Time in Seconds

Invocation of Shared Tools

2.5

2.5

8

7

2.5

3

2.5

10

9

3.5

3

2.5

12

12

3.5

3

2

12

10

2.5

4

3

11.5

12.5

2

3.5

2.5

12

13

4

3

3

15

15.5

4

3.5

2.5

16

16

3.5

3.5

3

18

16.5

4



Sheet2

		

				1		5		10		10.B		12		15		16		20		22

		shared ghostview		3		3		4		3		5.5		4		4		3.5		5

		load 100K ghostview		12		14		12		15		16.5		14		14.5		16.5		16

		load 1M ghostview		22.5		23		22		20		27		20		24		25		25

		shared netscape		28		30		34		34		38		36		54		52		50.5

		load 100K netscape		3		4		4		3.5		4.5		6.5		6		6		6.5

		load 1M netscape		11.5		14		14		14		18		16.5		17.5		18		18

				1		5		10		10.B		12		15		16		20		22

		shared xterm		2.5		3		3		3		4		3.5		3		3.5		3.5

		shared xterm, remote		2.5		2.5		2.5		2		3		2.5		3		2.5		3

		shared emacs		8		10		12		12		11.5		12		15		16		18

		shared emacs,by xterm		7		9		12		10		12.5		13		15.5		16		16.5

		shared bintree		2.5		3.5		3.5		2.5		2		4		4		3.5		4





Chart4

		1		1		1		1		1		1		1		1

		5		5		5		5		5		5		5		5

		10		10		10		10		10		10		10		10

		10.B		10.B		10.B		10.B		10.B		10.B		10.B		10.B

		12		12		12		12		12		12		12		12

		15		15		15		15		15		15		15		15

		16		16		16		16		16		16		16		16

		20		20		20		20		20		20		20		20

		22		22		22		22		22		22		22		22



control panel

session panel

machine list

replay applet

record applet

lesson plan

perfmeters

poll

Machine Configuration

Response Time in Seconds

Fig. 4: Operations Independent of Scale

2

2

1

4

3.5

6

1.5

6

1

2

2

4

3.5

6

1.5

6

1

2

2

4

3.5

6

2

7

1

2

2

4

3.5

6

2.5

7

1

2

2

5

4

6

2

7

1

2

2

5

4.5

6

2

7.5

2

2.5

4.5

5.5

5

6.5

4

7

1

2

2

5.5

5

6

3.5

7

2

2.5

4.5

5.5

5

6.5

3.5

6.5



Sheet3

				1		5		10		10.B		12		15		16		20		22

		control panel		2		1		1		1		1		1		2		1		2

		session panel		2		2		2		2		2		2		2.5		2		2.5

		machine list		1		2		2		2		2		2		4.5		2		4.5

		replay applet		4		4		4		4		5		5		5.5		5.5		5.5

		record applet		3.5		3.5		3.5		3.5		4		4.5		5		5		5

		lesson plan		6		6		6		6		6		6		6.5		6		6.5

		perfmeters		1.5		1.5		2		2.5		2		2		4		3.5		3.5

		poll		6		6		7		7		7		7.5		7		7		6.5

		resource add:file/handout		85		82		85		86		83		86		86		85		85






_1011525118.xls
Sheet1

		Response time for IRI operation (in s for last machine to complete)

				1 without IRI		1		5		10		10O+2 cox		10(incl BR)		10O+5V		10O+5V+1BR		20		22

		Start

		system		N/A		55		165		218		235		215		265		267		326		336

		stdrd lesson plan *		N/A		12		28		28		26		28		28		28		28		30
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		survey		N/A				0		1		1.5		1.5		1.5		1		2.5		2

		call student		N/A				2		2		2		2.5		2		2		1		1.5

		instructor video		N/A		2		2		3		3		2.5		2.5		2.5		2		2.5

		student video		N/A				2		2		1.5		2		2		2		2.5		2

		site video (odu)		N/A		7		2.5		2.5		2		3		3		2.5		3		2
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		pointer		N/A		0		0		0		0		0		0		0		0		0

		notes		N/A		0		0		0		0		0		0		0		0		0

		Operate
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		load 1M ghostview		5.5		14		23		22		27		20		20		24		25		25

		load 100K netscape		1.5		1		4		4		4.5		3.5		6.5		6		6		6.5

		load 1M netscape		6		6		14		14		18		14		16.5		17.5		18		18

		flip slide		N/A		0		1		1.5		2		1.5		1.5		1.5		1		1.5

		type whiteboard		N/A		0		0		0		0		0		0		0		0		0

		insert bintree		0		1		1		1		2		2		2		1.5		1.5		1.5

		plot x*2+5		0.5		0		2		2.5		2.5		2.5		2.5		3		3		3

		lower examtool		N/A		1		2.5		3		5.5		7		7		8		7		9

		raise examtool		N/A		2		2		2		3		2		2.5		2.5		2.5		2.5

		lower xterm		0		0		0		0		0		0		0		1		0		0

		lower slidetool		N/A		0		0		1		1		0		1		1		1		1

		lower management tool		N/A		3		3		4		5		4.5		4		4		4		3

		lower notes***		N/A		0		0		0		0		0		0		0		0		0

		send survey		N/A		N/A		0		0		0		0		0		0		0		0

		display survey		N/A		N/A		0		1		0		0		1		1		1		1.5

		move xpointer		N/A		0		1		0		0		0		0		0		0		0

		move present pointer		N/A		0		1		0		0		0		0		0		0		0

		speak**		N/A		N/A		0		0		0		0		0		0		0		0

		tool holder sync		N/A		N/A		0		0		0		0		0		0		0		0

		student sync		N/A		N/A		0		0		0		0		0		1		0		0

		note text***		N/A		0		0		0		0		0		0		0		0		0

		note snap***		N/A		0		0		0		0		0		0		0		0		0

		note audio***		N/A		1		0		0		0		0		0		0		0		0

		Monitor/Steering start***

		control panel		N/A		2		1		1		1		1		1		2		1		2

		session panel		N/A		2		2		2		2		2		2		2.5		2		2.5

		machine list		N/A		1		2		2		2		2		2		4.5		2		4.5

		replay applet		N/A		4		4		4		5		4		5		5.5		5.5		5.5

		record applet		N/A		3.5		3.5		3.5		4		3.5		4.5		5		5		5

		lesson plan		N/A		6		6		6		6		6		6		6.5		6		6.5

		resource add		N/A		1		1		1		1		1		1		1		1		1

		perfmeters		N/A		1		1.5		2		2		2.5		2		4		3.5		3.5

		poll		N/A		6		6		7		7		7		7.5		7		7		6.5

		messages		N/A		2		8		10		7		2		6		32		28		30

		'top'		0		2		2		3		4		3		3		6		11		11

		Monitor/Steering operate

		poll		N/A		7		6		7		7.5		7		6.5		7		7		7.5

		resource add:file/handout		N/A		85		82		85		83		86		86		86		85		85

		resource add:URL/handout		N/A		73		73		74		75		78		78		80		80		80

		replay start		N/A		2.5		2.5		3		3		2.5		3		4		4		4

		replay stop		N/A		0		0		0		0		0		0		0		0		0

		kill xtv		N/A		0		0		1		1		0		1		1		1		1

		restart xtv		N/A		2		11		12		12		14		15		16		16		16.5

		shutdown iri		N/A		8		9.5		10		11		13		14		16		15		18.5

		exit iri mgmnt env		N/A		1.5		2		2		2		2		2		2		2		2

		*xterm, slidetool,notes

		** audio problems with

		all channels open

		*** independent of scale

		interpretation of values: 0 - close to instantaneous; 1 - less than or equal to a second; 4.5 - decimal indicates average because of variation
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		Response time for IRI operation (in s for last machine to complete)

				1 without IRI		1		5		10		10O+2 cox		10(incl BR)		10O+5V		10O+5V+1BR		20		22

		Start

		system		N/A		55		165		218		235		215		265		267		326		336

		stdrd lesson plan *		N/A		12		28		28		26		28		28		28		28		30

		lesson plan with remote		N/A		18		32		35		27		28		28		28		28		29

		shared xterm		0		1		2		2.5		4		3		3.5		3		3.5		3.5

		shared xterm, remote		N/A		2		1		1		3		2		2.5		3		2.5		3

		shared ghostview		1		3		3		4		5.5		3		4		4		3.5		5

		shared emacs		1		6		8		10		11.5		12		12		15		16		18

		shared emacs,by xterm		2		5		8		10		12.5		10		13		15.5		16		16.5

		shared netscape		0		5		30		34		38		34		36		54		52		50.5

		shared bintree		2		2		3		4		2		2.5		4		4		3.5		4

		shared gnuplot		0		0		0		0		0		0		0		0		0		0

		local xterm***		0		1		1.5		1.5		3		2		2		2		1.5		2

		local netscape***		7		6		6		11		12.5		12.5		12.5		11.5		12		12

		slidetool		N/A		14		18		18		20		18		20		19.5		19		19.5

		whiteboard		N/A		0		1		1		2		2.5		1		1.5		1		1

		examtool		N/A		2		24		25		20		25		16		24		26		28

		survey		N/A				0		1		1.5		1.5		1.5		1		2.5		2

		call student		N/A				2		2		2		2.5		2		2		1		1.5

		instructor video		N/A		2		2		3		3		2.5		2.5		2.5		2		2.5

		student video		N/A				2		2		1.5		2		2		2		2.5		2

		site video (odu)		N/A		7		2.5		2.5		2		3		3		2.5		3		2

		site video (vabch)		N/A		N/A		N/A		N/A		N/A		N/A		4		2		3.5		3

		site video (br)		N/A		N/A		N/A		N/A		N/A		3.5		N/A		4		4.5		4.5

		pointer		N/A		0		0		0		0		0		0		0		0		0

		notes		N/A		0		0		0		0		0		0		0		0		0

		Operate

		type in xterm		0		0		0		0		0		0		0		0		0		0

		type in emacs		0		0		0		0		0		0		0		0		0		0

		load 100K ghostview		4		10		14		12		16.5		15		14		14.5		16.5		16

		load 1M ghostview		5.5		14		23		22		27		20		20		24		25		25

		load 100K netscape		1.5		1		4		4		4.5		3.5		6.5		6		6		6.5

		load 1M netscape		6		6		14		14		18		14		16.5		17.5		18		18

		flip slide		N/A		0		1		1.5		2		1.5		1.5		1.5		1		1.5

		type whiteboard		N/A		0		0		0		0		0		0		0		0		0

		insert bintree		0		1		1		1		2		2		2		1.5		1.5		1.5

		plot x*2+5		0.5		0		2		2.5		2.5		2.5		2.5		3		3		3

		lower examtool		N/A		1		2.5		3		5.5		7		7		8		7		9

		raise examtool		N/A		2		2		2		3		2		2.5		2.5		2.5		2.5

		lower xterm		0		0		0		0		0		0		0		1		0		0

		lower slidetool		N/A		0		0		1		1		0		1		1		1		1

		lower management tool		N/A		3		3		4		5		4.5		4		4		4		3

		lower notes***		N/A		0		0		0		0		0		0		0		0		0

		send survey		N/A		N/A		0		0		0		0		0		0		0		0

		display survey		N/A		N/A		0		1		0		0		1		1		1		1.5

		move xpointer		N/A		0		1		0		0		0		0		0		0		0

		move present pointer		N/A		0		1		0		0		0		0		0		0		0

		speak**		N/A		N/A		0		0		0		0		0		0		0		0

		tool holder sync		N/A		N/A		0		0		0		0		0		0		0		0

		student sync		N/A		N/A		0		0		0		0		0		1		0		0

		note text***		N/A		0		0		0		0		0		0		0		0		0

		note snap***		N/A		0		0		0		0		0		0		0		0		0

		note audio***		N/A		1		0		0		0		0		0		0		0		0

		Monitor/Steering start***

		control panel		N/A		2		1		1		1		1		1		2		1		2

		session panel		N/A		2		2		2		2		2		2		2.5		2		2.5

		machine list		N/A		1		2		2		2		2		2		4.5		2		4.5

		replay applet		N/A		4		4		4		5		4		5		5.5		5.5		5.5

		record applet		N/A		3.5		3.5		3.5		4		3.5		4.5		5		5		5

		lesson plan		N/A		6		6		6		6		6		6		6.5		6		6.5

		resource add		N/A		1		1		1		1		1		1		1		1		1

		perfmeters		N/A		1		1.5		2		2		2.5		2		4		3.5		3.5

		poll		N/A		6		6		7		7		7		7.5		7		7		6.5

		messages		N/A		2		8		10		7		2		6		32		28		30

		'top'		0		2		2		3		4		3		3		6		11		11

		Monitor/Steering operate

		poll		N/A		7		6		7		7.5		7		6.5		7		7		7.5

		resource add:file/handout		N/A		85		82		85		83		86		86		86		85		85

		resource add:URL/handout		N/A		73		73		74		75		78		78		80		80		80

		replay start		N/A		2.5		2.5		3		3		2.5		3		4		4		4

		replay stop		N/A		0		0		0		0		0		0		0		0		0

		kill xtv		N/A		0		0		1		1		0		1		1		1		1

		restart xtv		N/A		2		11		12		12		14		15		16		16		16.5

		shutdown iri		N/A		8		9.5		10		11		13		14		16		15		18.5

		exit iri mgmnt env		N/A		1.5		2		2		2		2		2		2		2		2

		*xterm, slidetool,notes

		** audio problems with

		all channels open

		*** independent of scale

		interpretation of values: 0 - close to instantaneous; 1 - less than or equal to a second; 4.5 - decimal indicates average because of variation
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