CAR-TR-708May 1994CS-TR-3270Usability Experiments for the Redesign of aTelepathology WorkstationDavid Carr1, Catherine Plaisant, and Hiroaki Hasegawa2Human-Computer Interaction LaboratoryDepartment of Computer ScienceInstitute for Systems ResearchUniversity of Maryland, College Park, MD 20742-3255davecarr@cs.umd.edu, plaisant@cs.umd.eduhase@inf.ptg.sony.co.jpAddress correspondence to Catherine Plaisantª Copyright, 1994, by David Carr, Catherine Plaisant, and Hiroaki HasegawaAll rights reserved.AbstractDynamic telepathology uses a remotely controlled microscope to allow a pathologist to viewsamples at a remote location. However, time delays introduced by remote operation have made useof a commercial dynamic telepathology system difficult and frustrating. This paper describesexperiments to evaluate and redesign the user interface. We also make recommendations forfurther automation to support the pathology process and increase the usefulness of the system.1 Current Address: RMS, Inc., Code 520.9, NASA Goddard Space Flight Center, Greenbelt, MD 207712 Visiting HCIL from the Sony Corporation

The 11-year old Human-Computer Interaction Laboratory (HCIL) is aninterdisciplinary effort within the Center for Automation Research. The mainparticipants are faculty, staff, and students from the Department of ComputerScience, Department of Psychology, and College of Library and InformationServices at the University of Maryland, College Park, MD.For single copiesor a list of all HCILtechnical reportsplease write to:Teresa CaseyHuman-ComputerInteraction LaboratoryA.V. Williams BuildingUniversity of MarylandCollege Park MD 20742email tcasey@cs.umd.edu

� Carr, Plaisant, & Hasegawa, 1994, 19951Printed: 5/15/95Usability Experiments for the Redesign of a TelepathologyWorkstationBy David Carr1, Catherine Plaisant, and Hiroaki Hasegawa2Human Computer Interaction LaboratoryA. V. Williams BuildingUniversity of MarylandCollege Park, MD 20742Tel. 1 (301) 405-2768davecarr@cs.umd.eduplaisant@cs.umd.eduhase@inf.ptg.sony.co.jpª Copyright, 1994, by David Carr, Catherine Plaisant, and Hiroaki HasegawaAll rights reserved.ABSTRACTDynamic telepathology uses a remotely controlled microscope to allow a pathologist to viewsamples at a distant location. However, time delays introduced by remote operation have made useof a commercial dynamic telepathology system difficult and frustrating. This paper describesexperiments to evaluate and redesign the user interface. We also make recommendations forfurther automation to support the pathology process and increase the usefulness of the system.INTRODUCTIONThe first real-time, telepathology system has been developed (Weinstein et al., 1987, 1989, &1990), and commercialized by Corabi Telemetrics, Inc. It allows a pathologist to render adiagnosis by examining tissue samples or body fluids under a remotely controlled microscope.Weinstein showed that telepathology was possible and that diagnoses can be rendered from remotesites using a video monitor. Design efforts are now aimed at optimizing the workstation to ensureits successful use for pathology services. This case study illustrates some of the difficultiesencountered in the design of a remote control interface that has to deal with time delays andaccommodate hardware not intended for remote operation.One goal of human-computer interaction research is to reduce the perceptual and cognitiveresources required to understand the interface or to reduce the motor effort required to operate theinterface (Shneiderman, 1992). A well-defined user interface is critical for the development andacceptance of medical workstations. Lessons should be learned from related efforts (Foley et. al.,1990 & Beard, 1991). Many previous medical workstations have failed because the user interfacewas poorly designed. Although there are clear overall benefits of telepathology for the healthsystem, more attention should be given to the design of interfaces to minimize operationalcomplexity and additional training. It has been shown that remote diagnosis is possible, but thedesign of a satisfactory work environment remains a challenge.1 Current address:RMS, Inc., Code 520.9, NASA Goddard Space Flight Center, Greenbelt, MD 20771, phone:(301) 286-1479.2 Current address:Production Technology Group, Sony Corporation, 6-7-35 Kitashinagawa, Shinagawa-ku,Tokyo 144 Japan.

� Carr, Plaisant, & Hasegawa, 1994, 19952Printed: 5/15/95The original microscope user interface has caused significant problems when time delays arepresent. Pathologists issue motion and focus control commands from a custom keypad. Theoriginal design used an arrow button to begin a microscope movement and a stop button to end it.The main problem with such commands is that it is hard to estimate how early to press stop.Worse, the stop location may not even be on the screen when users need to press stop. Of course,it’s possible to backtrack to the approximate location where stop was pressed, but this takes time.Overall, pathologists considered this interface hard to use and frustrating.The most obvious solution would be to reduce all time delays below a second. (Indeed, ourexperiments showed that with time delays of about a half-second the current user interface workedwell.) However, this solution could not be implemented for two reasons. First, the manufacturer,a small start-up, could not afford the cost of re-engineering the product with new components toreduce delays. Second, one intended use for the system was to provide a remotely operatedmicroscope on the space station. Since current satellite links impose significant additional delays,an interface that could operate in the presence of time-delays was required.Unlike the dynamic system we worked on, most current telepathology systems are static systemsthat allow a few selected images to be digitized, stored, and viewed remotely. They are mainlyused for reference or training. Static systems are unsatisfactory for normal diagnosis. A completediagnosis requires viewing several slides, and legally, a diagnosis cannot be rendered by looking atonly part of a slide. Currently, digitizing the slides in sufficient detail to meet these requirements isimpractical. In addition, static systems have limited use in training. Each branch of pathology hasits own exploration techniques which cannot be learned on the static system. The first dynamictelepathology system was actually implemented between two teaching hospitals wanting to sharetheir teams of specialists in order to train residents.The dynamic telepathology system operates as follows. The transmitting workstation consists of ahigh-resolution camera mounted on a motorized microscope (Figure 1). The consulting pathologistsits at the receiving workstation, manipulates the microscope, and looks at the high resolutionimage of the magnified sample, which is transmitted via broad band satellite, microwave, or cable.A scanned global view of the whole slide is displayed on a control screen. The scanned image isblack-and-white and at low resolution to avoid a diagnosis being made on this image instead of thehigh-resolution image.Our goal was to simplify the user interface by using direct manipulation principles (Shneiderman,1992). Unfortunately, several limiting factors exist in remote interfaces:

ControlScreenHigh ResScreenKeypadModem connectionSatellite connectionMicroscopeCameraFigure 1 -- Simplified diagram of an existing telepathology system.¥Time Delays:The Corabi dynamic telepathology system delays about twoseconds between user commands and microscope response.¥Incomplete Feedback:In our case, the controller is only able to report its currentposition when stopped. Thus, it is not possible to indicate theexact microscope position on the control screen.

� Carr, Plaisant, & Hasegawa, 1994, 19953Printed: 5/15/95¥Unanticipated Interferences:For instance, the slide under the microscope may be accidentallymoved by a local operator. As a result, the positions indicatedmay be incorrect. Or, a breakdown may occur during theexecution of an operation without indicating this event properlyto the remote site.RELATED WORKThe telepathology system is an example of a supervisory control system. A supervisory controlsystem is characterized by a human operator issuing instructions that are executed by the computercontrols. In general, the feedback provided to the user is computer generated from sensors at thetask end, and the operator does not receive any direct feedback. The telepathology system fits themulti-loop model of supervisory control (Sheridan, 1987 & 1988). This supervisory controlmodel is characterized by a separate human interaction system (the pathologist’s workstation) and atask interaction system (the microscope controller).Ferrel and Sheridan (1967) studied a supervisory control system designed to command a roboticlunar vehicle from the earth. The Earth-Moon distance imposed a three-second round trip delay incommand feedback. They found that the only control strategy that worked was to have theoperator issue a command and wait for feedback as to the result of this command (move-and-waitstrategy). Indeed, all other strategies resulted in an unstable system in which the errors of theoperators were magnified by their attempts to correct them. In addition, they reported that "theoperator can commit only to a small incremental movement". Ferrel and Sheridan noted thatoperators switched to a move-and-wait strategy as the system delay times increased over onesecond.Lawrence Stark (1987) reported on a study of delays using a joystick to manipulate a remote robot.He found task times increased dramatically with delay as operators adopted a move-and-waitstrategy. Next, a real-time computer simulation of the robot was added. This allowed operators tomanipulate the simulation in real-time and then, the actual robot was commanded to duplicate thesimulation’s actions. In this case, task times were equal regardless of the actual delay. Both of theprevious studies were designed for systems in space where high precision of movement wasparamount. However, in telepathology real-time interaction is more important.Funda, Lindsay, and Paul (1992) extended Stark’s computer simulation to the concept of"teleprogramming". With teleprogramming the operator manipulates a computer simulation of aremote robot. However, instead of batching the commands they are sent in real-time. The robotresponds to these commands when received. In the presence of significant time delays theoperator does not adopt a move-and-wait strategy. If an error occurs, the simulation isbacktracked to the point of the error and the operator must restart from that point. The principledifference between telepathology and teleprogramming is that it is impractical to construct a localsimulation of the remote environment. The pathologist’s task is to explore the remote image andrender a diagnosis. The content of the sample drives the task and each sample completely changesthe "navigation space". In order to construct an adequate simulation the image must be digitized.However, this is impractical at the required resolutions. Furthermore, if it were practical, therewould be no need for a remotely controlled microscope. The pathologist could simply use thedigital image for diagnosis.Bejczy, Kim, and Venema (1990) experimented with force feedback control of a teleoperatedPuma robot. To compensate for delays, they superimposed a wire-frame image of the robot over avideo image of the robot in its operating environment. The wire-frame moved immediately inresponse to the operator’s manipulation and force feedback was given in real-time. Delays of 0-5seconds were introduced in the response of the robot. A preliminary experiment comparing

� Carr, Plaisant, & Hasegawa, 1994, 19954Printed: 5/15/95operation with and without the wire-frame showed that the simulated position feedbackdramatically decreased task time as delays increased. Time reductions of about 50% were reportedfor 5 second delays. Kim and Bejczy (1993) also report that a predictive display made possiblehigh precision positioning in a robot for servicing in space. Sheridan (1993) provides a goodsummary of predictive display and other teleoperation experiments.Hirzinger et. al. (1993) report on ROTEX a teleoperated robot experiment flown on space shuttleflight STS 55. ROTEX used a three-dimensional, stereographic, predictive display to compensatefor 5-to-7 second delays in communication. The robot was able to perform the experimental tasks"without major problems".The first "Medicine Meets Virtual Reality" conference (Aligned Management, 1992) reported onseveral teleoperated medical applications including radiology systems, and many miniaturized toolsenabling physicians to perform procedures on a region of a patient’s anatomy while minimizing theextent of surgical incisions.Mercurio et al. (1992) describe an interactive visualization environment which allows physicians atremote sites to use a specialized high voltage electron microscope. In this case, it is the microscopeitself which is the limited resource made available to others. Three-dimensional reconstruction andvisualization tools are at the center of this project, while time delays and routine operations are notan issue.INTERFACE REDESIGNOur eventual solution was to blend real-time operation with computer simulation. We arrived atthis solution by using successive prototypes followed by usability testing. Since the systemalready had the capability for digitizing the sample at low resolution in black and white, we electedto use this digitized image as a "map" or overview. The pathologist’s workstation would show theposition of the microscope on the map as it was reported by the remote microscope controller. Wehoped this would provide sufficient contextual feedback and concentrated first on improving themovement controls.Our first improvement was to let users specify the destination of the move. This was partiallyachieved by placing a red rectangle indicating the position of the microscope stage on the globalview (Figure 2). The stage can then be moved by dragging the rectangle. Dragging eliminates theneed to drive the microscope, and prevents overshooting. We expected this to improve theperformance for long moves. Work on predictive displays and direct manipulation suggested thatimmediate feedback of a predicted final position would reduce operating times.But when the specimen is viewed at very high magnification, the stage movements are too small tobe specified on the global view. Therefore, additional controls are necessary. Those controls alsomust allow the pathologist to manipulate the movement and focus controls while looking at thehigh-resolution image. (Switching back-and-forth between the control display and the high-resolution image would interfere with the pathologist’s task and slow performance.)

� Carr, Plaisant, & Hasegawa, 1994, 19955Printed: 5/15/95Figure 2 --The proposed control screen of our simulator, equipped with a touchscreen.We looked at other devices to let the user specify proportional commands (how far to go) insteadof temporal commands (start-stop). Several input devices were considered.¥A �dummy� microscope, which was rejected for two reasons. First, it could not be easilyproduced by (or for) the small company commercializing the system. Second, it would createthe false impression of responding as a conventional microscope. In fact, performance wouldbe much worse and we expected users to quickly become very frustrated.¥A joystick, which was rejected by our sponsor for marketing reasons. (Early joystick-controlled microscopes have been rejected by pathologists as unusable and it was unlikely thatmany could be persuaded to use any joystick-operated microscope.)¥A mouse, which was rejected because pressing a button on a mouse also results in smallmovements. This would cause the microscope to move slightly on each focus adjustmentunless special software was written to filter these movements.¥A 3-button track ball, which was chosen. The track ball like the mouse can be manipulatedwithout looking at it. However, it does not have the movement problem of the mouse.Additionally, the track ball takes less working space. As we designed the microscope control,the rotation of the ball determines the distance and direction. The outside buttons were used forfocusing. And, the middle button was used to issue a "stop now" command.We built a simulator (Plaisant, Carr, & Hasegawa, 1993) of the diagnostic workstation andimplemented two prototype interfaces in order to compare them at several time delays. The chieflimitation of the simulator was that the samples consisted of colored rectangles instead of actualtissue samples. This limitation was imposed by the simulation hardware (2 IBM PC-ATs) whichsimply wasn’t fast enough to animate actual tissue samples. For both prototypes, we implementedthe control panel using a touchscreen. In addition, each interface had an alternate input device foroperator control. The prototypes were:1.The original interface (keypad, but dragging of the rectangle on the global view is not allowed).

� Carr, Plaisant, & Hasegawa, 1994, 19956Printed: 5/15/952.A first track ball version (allowing the dragging of the rectangle on the overview, but notproviding feedback as to the current position of the stage).TESTING AND DESIGN ITERATIONSPilot StudyWe then conducted a pilot study to test the efficiency of the prototype interfaces (Carr et al, 1992).Subjects were instructed to center the microscope field-of-view inside a specific rectangle on thesimulated sample. Half used the original interface, and half used the first track ball version.Unfortunately, the experiment showed that the first track ball version was no better than theoriginal interface at longer delays. In addition, the original interface was better with a half-seconddelay. The only tasks where the first track ball version was superior were those where theoperators dragged the rectangle for coarse positioning of the microscope.The major problem seemed to be that operators had a hard time determining how far to move thetrack ball to get the desired movement on the microscope. This led us to the conclusion that weneeded to provide more feedback about the microscope’s position. We decided improve the trackball interface by adding a limited simulation of the microscope position. This provided the userwith real-time estimates of the actual microscope position and a prediction of the final stoppingposition of the microscope. This involved three modifications to the pathologist’s workstation:1.Adding predicted final position feedback for both the track ball motion and dragging of theposition indicator on the "map" image. A predicted path was drawn between the microscopestarting location and the predicted destination. This provided more user feedback for coarsepositioning (Figure 3).Figure 3 -- The redesigned control screen showing the predicted stopping position.2.Adding a predicted stop position to the microscope display. A white cross would appear on themicroscope display whenever the predicted stopping position was on the display. The crosswas located at the predicted stopping position. When the predicted position was off of the

� Carr, Plaisant, & Hasegawa, 1994, 19957Printed: 5/15/95microscope display a yellow line would be displayed on the edge of the microscope displayindicating the relative direction from the center of the microscope display to the predictedstopping position (Figure 4).3.Adding intermediate position feedback to the "map" display. Since the microscope was notcapable of reporting positions while moving, this display was a simulation of the microscopeposition.Three experimenters then tested themselves with the new interface to see how it would affect theperformance of pilot study tasks with experienced users. We did six repeats of the pilot studytasks with each interface. This test showed dramatic improvements in performance. The newinterface was significantly faster than either earlier interface at all delays (Figure 5). The mostencouraging result of the test was that not only was the new design faster, but times increasedmore slowly as delay increased (Figure 6).Figure 4 --The redesigned microscope simulation screen with a white cross showing the predictedstopping position.Interface version0.5 Sec. Delay2.5 Sec. Delay4.5 Sec. DelayKeyboard (KB)73.17107.22142.06Track ball (TB)84.78114.94145.94New track ball (TB2)62.5678.5094.44KB vs. TB difference11.61**7.723.89KB vs. TB2 difference10.61**28.72**47.61**TB vs. TB2 difference22.22**36.44**51.50**Figure 5 --Mean total task time and differences in seconds for experienced users. (** significant at =.01using Tukey’s HSD.)

� Carr, Plaisant, & Hasegawa, 1994, 19958Printed: 5/15/95Delay in Seconds

Mean total time for all tasks in seconds0204060801001201401600.52.54.5KeyboardOriginal Track BallTrack Ball w/FeedbackFigure 6 -- Experienced user performance with the three interface designs.Comparing the Interface VersionsWe next conducted a controlled experiment to test the three different interfaces with inexperiencedusers. Thirty-six volunteers were recruited on campus and paid $10 each for participation. Inaddition, there was a $5 bonus for the subject with the fastest time on each of the three interfaceversions. For this study we modified the tasks from the pilot study to make them more realistic.These modification consisted chiefly of adding more turns in the paths to reach the targetrectangles. In addition, a set of "follow the trail" tasks was added. Volunteers were asked tooperate one of the three interfaces (keyboard, original track ball, or improved track ball). Theyperformed simulated microscope operations at three different control delays 0.5 seconds (short),2.5 seconds (medium), and 4.5 seconds (long). The terms short, medium, and long were used inthe experiment to prevent subjects from using any knowledge of exact delay lengths.After a training session, experiment participants were asked to do sixteen tasks at each of the threedelays. Each participant used only one interface version (keyboard, original track ball, orimproved track ball). Each participant did the same sixteen tasks in the same order for each delay.However, delay task groups were presented in different orders to different participants tocounterbalance learning effects. The first task in each group was considered an additional trainingtask and not included for statistical analysis.Each task group contained similar tasks which were divided into four types: on-screen, known-target, simple-path, and complex-path. In each task the goal was to position the target in the centerof the microscope field-of-view. This was accomplished by putting a cross-hair which was alwaysin the center of the field-of-view inside of the target rectangle. The participant pressed a buttonlabeled "save point" on the control panel to signal that the task was completed. The simulatorchecked correct completion and acknowledged with a single beep. If the microscope was notwithin the target rectangle, the simulator emitted three beeps. Participants were required tocorrectly complete each task and the system measured time from the start of the task (signaled bypressing "start task") until the last time the microscope stopped.For on-screen tasks, participants could see the target rectangle on the microscope display when themicroscope was at its starting position. They simply had to move the microscope cross-hair intothe target rectangle. For these tasks, the improved track ball version was the best (Figure 7). Itwas significantly faster than the original track ball version at all delays. It was also faster than thekeyboard version at all delays, but only significantly so at medium delays. The primary reason forimproved performance is that the user has only to place the predicted stopping position indicatorinside of the target. Adding predicted stopping positions to the keyboard version would probably

� Carr, Plaisant, & Hasegawa, 1994, 19959Printed: 5/15/95help its performance too. But, in order to be useful the microscope must be going slow enough forthe indicator to remain on the display. In addition, the keyboard version only moves in cardinalcompass directions. So, it would still be more complicated to position than the track ball fortargets not in a cardinal direction.Interface versionShort DelayMedium DelayLong DelayKeyboard (KB)5.339.0011.63Track ball (TB)6.469.3312.93New track ball (TB2)5.006.119.51KB vs. TB difference1.130.331.31KB vs. TB2 difference0.332.89**2.11TB vs. TB2 difference1.46*3.22**3.42**Figure 7 --Mean time to complete and differences in seconds for on-screen tasks. (* significant at =.05and ** significant at =.01 using Tukey’s HSD.)Known-target tasks were similar to on-screen tasks. However, the target was not visible on themicroscope screen. The user was given the approximate location of the target on the sampleoverview and expected to position the microscope inside of the target. No significant differenceswere observed between interfaces for these tasks. In all task types except the on-screen tasks someusers got lost on a task or two. This dramatically increased their times. It is clear thatinexperienced users had trouble operating the microscope. We expect that pathologists unfamiliarwith the system would have similar problems and that it would take more than a few minutes tolearn to use the system.Simple-path tasks required the experiment participant to follow a simple path such as "go right untilyou see the red rectangle and then go down to the target". Again there was no significantdifferences between interfaces.Complex-path tasks required the user to follow a trail of rectangles in a manner similar to apathologist examining the edge of a sample structure. Complex-path tasks had more turns thansimple-path tasks. For complex-path tasks the improved track ball version of the interface wasagain faster for all delays. Figure 8 shows the timing data. Again, the most likely reason for betterperformance was the predicted stopping-point feedback on the microscope display.Interface versionShort DelayMedium DelayLong DelayKeyboard (KB)31.4249.8669.92Track ball (TB)37.9252.1457.56New track ball (TB2)26.3136.1939.92KB vs. TB difference6.502.2812.36KB vs. TB2 difference5.1113.67**30.00**TB vs. TB2 difference11.61*15.94**17.64Figure 8 --Mean time to complete and differences in seconds for complex-path tasks. (* significant at=.05 and ** significant at =.01 using Tukey’s HSD.)While the experiment did not show any version of the interface to be significantly faster than theothers at all speeds, the track ball version with a predictive display (TB2) was significantly fasterthan the original keyboard based design (KB) with delays of 2.5 and 4.5 seconds for complex-path tasks. For these tasks, the TB2 version was also faster than the KB version with .5 seconddelays. However, this difference was not significant. We believe that these tasks were morerepresentative of how the pathologist would actually use the microscope.

� Carr, Plaisant, & Hasegawa, 1994, 199510Printed: 5/15/95The inexperienced users did not have dramatic performance improvement on all tasks as theexperimenters did. In particular, those tasks which required navigation on the overview did notshow improvement for inexperienced users. This was probably due to inexperienced users notlearning to use the overview as well as the microscope display. Since every task required somenavigation on the microscope display, inexperienced users were more familiar with it. On the otherhand, the experienced users had a much better idea of when to use the overview for navigation.One can hope that as inexperienced pathologists used the system their performance would approachthat of experienced users.Improving the OverviewAs we developed and used our simulator, we noticed that when the magnification differencebetween the microscope display and the overview on the control display increased, the usefulnessof the overview decreased. Movements which seemed large on the microscope display were notperceived on the overview. Indeed, we had to put "wings" on the field-of-view indicator so that itwould be easy to locate when the magnification was large (and the indicator was correspondinglysmall). This lead us to ask "When would it be better to replace the overview of the entire slide witha magnified view showing a local area?"We decided that it should be possible to add a frame grabber to capture the image on themicroscope display. With this additional hardware the pathologist could capture an image at lowmagnification. We expanded the controls to allow such an image to replace the existing overviewon the control screen. We called the captured image the "local map" and the overview of the entireslide the "global map". To use the new feature the pathologist would move to an area of interest atlow magnification and press the local map button. The frame grabber would then capture themicroscope image and replace the global map with the newly created local map. The pathologistwould then increase the magnification and use the local map for navigation and orientation.Once the new feature was implemented, we conducted an experiment (Plaisant, Carr, &Hasegawa, 1992) to determine when such a feature would be useful. We decided to simulate ablood counting task for our experiment. Participants would be required to move to a target areawhich was a large yellow rectangle. At the target, half of the participants would make a local map.Then, all participants would increase magnification and smaller rectangles would become visiblewithin the large rectangle. They were asked to count the small yellow rectangles within the largeyellow rectangle and use the same search strategy. The large rectangle was too big to fit entirelywithin the microscope field-of-view at the higher magnification. Therefore, the user would have tosweep the large rectangle in a back-and-forth pattern counting small yellow rectangles.Twenty-four participants were recruited from the University community and paid $10 with a $10bonus to the fastest error free participant. They were divided into two groups. The first groupused the local map. The second group could not, as the feature was disabled for them. Allparticipants performed three counting tasks at each of three magnifications, 100x, 200x, and 400x.The order in which the different magnifications were performed was permuted to counterbalancefor learning effects. Both time to complete and accuracy of each task were recorded. We alsoasked participants to rate how confident they were that their answer was correct on a scale of 1 to 7with 7 as certain.At 100x there was no significant difference in either speed or accuracy between users with the localmap and those without. However, users with a local map were significantly more confident oftheir answers (Figure 9). Since the global map represented a 5x magnification of the search space,100x represents a 20:1 ratio between the global map and the microscope display. All local mapswere constructed at 25x. Thus, users were more confident with a 4:1 ratio than a 20:1 ratio.However, their performance was not significantly different.

� Carr, Plaisant, & Hasegawa, 1994, 199511Printed: 5/15/95100x (20:1)With local mapWithout local mapt valueErrors per 3 tasks.58(.64).92(1.04)0.91Time in sec. for 3 tasks394.67(62.56)477.00(128.94)1.91Confidence (1 to 7=high)6.56(.39)5.92(.93)2.09*Figure 9 -- Means and (standard deviations) for 100x (20:1). (* significant at =.05 using Tukey’s HSD.)At 200x the ratio increases to 40:1. At this ratio users without a local map began to have problems(Figure 10). They made significantly more errors than those with a local view. Even worse, theydid not realize it. Non-local-map users had the same confidence as they did at 100x. For apathology task where accuracy is important, this has very serious consequences. Watching theparticipants, we observed that non-local-map users still tried to use the global map for navigation.However, the level of detail had fallen so that they could not differentiate position finely enough toeliminate skipping or overlapping their search paths.200x (40:1)With local mapWithout local mapt valueErrors per 3 tasks.25(.60).92(.76)2.29*Time in sec. for 3 tasks749.91(191.41)804.00(246.52)0.56Confidence (1 to 7=high)6.28(.52)5.94(.83)1.13Figure 10 -- Means and (standard deviations) for 200x (40:1). (* significant at =.05 using Tukey’s HSD.)At 400x (80:1 ratio) the non-local-map users abandoned the global map as a navigational aid. Theyused the microscope screen exclusively. This improved their accuracy relative to local map users,but slowed them dramatically (Figure 11). Direct comparisons between magnifications were notmade. While the tasks at all magnifications were similar, they were not the same. In addition, wereduced the size of the rectangles at 400x to speed up the experiment. The reduced size accountsfor the shorter times at this magnification. It probably accounts for increased confidence of local-map users as well.400x (80:1)With local mapWithout local mapt valueErrors per 3 tasks.25(.60).83(.99)1.68Time in sec. for 3 tasks364.33(95.57)493.50(140.31)2.52*Confidence (1 to 7=high)6.56(.46)5.92(.82)2.26*Figure 11 -- Means and (standard deviations) for 400x (80:1). (* significant at =.05 using Tukey’s HSD.)IMPROVING THE WORKSTATION (FUTURE WORK)Our efforts to improve the navigation interface by replacing the original keypad were successful inshowing that improvements can be made. The most positive effects are the increased sense ofcontrol and likelihood of retaining users who are reluctant to use a new system. For ourexperienced users the revised interface was significantly faster, especially at longer delays.

� Carr, Plaisant, & Hasegawa, 1994, 199512Printed: 5/15/95Our experience clearly shows the advantages of using remote devices providing constant statusfeedback. This feature is still not adequately considered by manufacturers, but is essential to thedesign of interfaces by giving users a sense of control and confidence. The same problem arises inmany applications. For example in the case of a home automation system (Plaisant &Shneiderman, 1992), devices in the home can be operated and scheduled remotely, but theytypically do not send status feedback. When users start a CD player and do not hear anything theybecome confused and frustrated. They have no way to know if the volume has been turned waydown by somebody else, if the CD player is off, or if it is malfunctioning.On the other hand, our improvements to the interface had a relatively limited effect on the overallspeed of operation. It is clear that remotely controlling a motorized stage will always be slowerthan the direct manual control of the slide. It only takes a few seconds to take a quick look at theslide with the naked eye and slide it under the objective at the desired place. When the slide is at aremote site, it must first be digitized to obtain a global view of the sample, then mounted tightly onthe stage, and finally moved slowly to the appropriate coordinate. Innovative features likeautomated task functions might help compensate for the reduced interaction during the navigationprocess. Possible automated task functions include: saved points, trail following, automaticscanning, and slide annotation.Saved points: Traditionally slides are "dotted" to mark a location that can be inspected again later.But "dotting" is not very easy to do, tends to be imprecise, and hides other parts of the slide.Automatically saving points is fast and will not interrupt the exploration of the slide. There can beas many points as desired. The points can be retrieved easily and set to the original magnificationautomatically. The only limitation is that mounting the slide has to be consistent between uses.Rapid return to saved points will speed the second opinion process and the review of a student’swork.Trail following: While glancing at the slide before putting it under the microscope the pathologistestablishes an initial plan to explore the slide. In many cases this plan includes first following atrail or exploring a specific area, then rapidly checking the rest of the slide. Following a sinuoustrail with the remote control is a demanding task. A possible way to simplify and accelerate thetask is to allow the user to specify a trail on the overview and let the microscope trace it. Once themicroscope is following the trail, the user can stop the microscope at any time, explore theneighborhood, and then resume following the trail.Automatic scanning: Users could circle an area to be systematically scanned and indicate apreprogrammed scanning strategy. Potentially the system could automatically recognize the smallpart of the slide occupied by the specimen and reduce the scanned area to its minimum.Pathologists could stop, explore locally, and resume scanning.Slide annotation: Another benefit of the computerized control environment is the possibility ofsimplifying the annotation and report making associated with the diagnosis. For example, aresident doing a pre-examination of the slide could link comments or questions to certain locationson the slide. Later, the pathologist can cycle through the questions and enter the final diagnosis.We believe that the combination of such features will increase the usability of the workstation andallow pathologists to conduct remote work efficiently. To compensate for the inherently slowerremote process, the workstation should also include access to bibliographic databases, imagearchives, and patient records.

� Carr, Plaisant, & Hasegawa, 1994, 199513Printed: 5/15/95CONCLUSIONOur efforts to improve the navigation interface by replacing the original keypad had a limited effecton the overall speed of operation for inexperienced users. However, for the few experienced userswe tested (the experimenters), a predictive display produced dramatic improvements. Our hope isthat with more experience the performance of inexperienced users would approach ours. Oursecond experiment showed that once the magnification ratio between the microscope image and ascanned image used for navigation reaches 40:1, inexperienced users have trouble using thescanned image . We recommend magnifying an image used as a navigational aid to keep that ratioabout 20:1.Our experience clearly shows the advantages of using remote devices which provide constantstatus feedback. This feature is still not adequately considered by manufacturers but is essential tothe design of such interfaces to give users a sense of control and confidence.Beside improving the direct remote control of the microscope, other techniques could be used toimprove the microscope’s functionality. These include:¥Drawing a trail on the slide overview and following it automatically.¥Saving the location of points of interest.¥Annotating the saved points.¥Automatic scanning.We believe that our experience is a good example of a real world application for which addedfeatures and added hardware need to be justified. Company management heard our initialsuggestions, but the prototypes and the results of our experiments were the most important factorwhen management made decisions about future versions of the system.ACKNOWLEDGMENTSWe appreciate the support of the Maryland Industrial Partnerships program and CorabiInternational Telemetrics, Inc. We would like to thank David Doggette, Reinhard Keil-Slawik,Doug Lemmon, Ben Shneiderman, and Ken Stone for their participation at various times in thisproject. We would also like to thank the anonymous reviewers for their comments which helped toimprove this paper. Finally, we would like to thank Carl Rollo for editorial assistance with therevised version.REFERENCESAligned Management Associates (1992). "Medicine Meets Virtual Reality 92" - DiscoveringApplications for 3D Multi-Media Interactive Technology in the Health Sciences, Proceedings ofthe Medicine Meets Virtual Reality 92 Symposium, P. O. Box 23220, San Diego, CA 92193.Beard D. (1991) Designing a radiology workstation: a focus on navigation during the interpretationtask, Journal of Digital Imaging, Vol. 3, No. 3 (August), 152-163.Bejczy, A., Kim, W., & Venema, S. (1990). The phantom robot: predictive displays forteleoperation with time delay, Proceedings of IEEE International Conference on Robotics andAutomation, 546-551.

� Carr, Plaisant, & Hasegawa, 1994, 199514Printed: 5/15/95Carr, D., Hasegawa, H., Lemon, D., & Plaisant, C. (1992). The effects of time delays on atelepathology user interface", Proceedings of the 16th Annual Symposium on ComputerApplications in Medical Care, M. E. Frisse, Ed., (SCAMC, Baltimore, MD, Nov. 7-11, 1992),256-260.Ferrel, W. R. & Sheridan, T. B. (1967). Supervisory control of remote manipulation; IEEESpectrum, 4(10), 81-88.Foley, W. D., Jacobson, D. R., & Taylor, A. J. (1990). Display of CT studies on a two-screenelectronic workstation versus a film panel alternator: sensitivity and efficiency amongradiologists, Journal of Radiology, No. 174 (March), 769-773.Funda, J., Lindsay, T. & Paul, R. (1992). Teleprogramming: toward delay-invariant remotemanipulation, Presence, Vol. 1, No. 1, 29-44.Hirzinger, G., Brunner, B., Dietrich, J., & Heindl, J. (1993). Sensor-based space robotics --ROTEX ands its telerobotic features, IEEE Transactions on Robotics and Automation, Vol. 9,No. 5, 649-663.Kim, W., & Bejczy, A. (1993). Demonstration of a high-fidelity predictive/preview displaytechnique for telerobotic servicing in space, IEEE Transactions on Robotics and Automation,Vol. 9, No. 5, 698-704.Mercurio, P., Elvins, T., Young, S., Cohen, P., Fall, K. & Ellisman, M., (1992). Thedistributed laboratory: an interactive visualization environment for electron microscopy and 3dimaging, Communications of the ACM, Vol. 35, No. 6, 54-63.Plaisant, C. & Shneiderman, B. (1992). Scheduling home control devices: design issues andusability evaluation of four touchscreen interfaces, International Journal of Man-MachineStudies, 36, 375-393.Plaisant, C., Carr, D., & Hasegawa, H. (1992). When an intermediate view matters: a 2Dbrowser experiment, University of Maryland Center for Automation Research Technical Report,CAR-TR-645 (also, CS-TR-2980, SRC-TR-92-119).Plaisant, C., Carr, D., & Hasegawa, H. (1993). Exploring remote images: A telepathologyworkstation, Proceedings of ACM CHI’93 Conference on Human Factors in ComputingSystems, 1993, 518, the CHI’93 Formal Video Program, ACM, New York (this video is alsopart of the HCIL 1992 Open House Videotape available from HCIL).Sheridan, T. B. (1987). Supervisory control; in Handbook of Human Factors; Gavriel Salvendy(Ed.), John Wiley & Sons, 1243-1268.Sheridan, T., B. (1988). Task allocation and supervisory control, in Helander, M., Ed.Handbook on Human-Computer Interaction, Amsterdam, North-Holland, 159-173.Sheridan, T., B. (1993). Space teleoperation through time delay: review and prognosis, IEEETransactions On Robotics and Automation, Vol. 9, No. 5, 592-606.Shneiderman, B. (1992) Designing the User Interface, 2nd Edition, Addison-Wesley.Stark, L. (1987). Telerobotics for the evolving space station: research needs and outstandingproblems, Human Factors in Automated and Robotic Space Systems: Proceedings of aSymposium, Thomas B. Sheridan, Dana S. Kruser, and Stanley Deutsch editors, Committee onHuman Factors, Commission on Behavioral and Social Sciences and Education, NationalResearch Council, Washington, D. C.Weinstein, R., Bloom, K., & Rozek, S. (1987). Telepathology and the networking of pathologydiagnostic services", Archive of Pathology and Laboratory Medicine, 111, 646-652.Weinstein, R., Bloom, K., & Rozek, S. (1989). Telepathology, long distance diagnosis,American Journal of Clinical Pathology, 91 (Supplement 1), S39-S42.

� Carr, Plaisant, & Hasegawa, 1994, 199515Printed: 5/15/95Weinstein, R., Bloom, K., & Rozek, S. (1990). Telepathology, static and dynamic imaging inpathology, IEEE Proceedings Image Management and Communications, Vol. 1, 77-85.