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ABSTRACT

When a student is away from school for an extended time due to illness, s/he is provided with a tutor or access to in-hospital classrooms to keep up with his/her studies. This isolates the child from normal classroom experiences. 

A remote controlled video conferencing system (VCS), P.E.B.B.L.E.S.™ (Providing Education By Bringing Learning Environments to Students), was developed which allows a student access to his/her regular class from the hospital and provides the student with a classroom presence. Remote control is provided by a game pad, which allows the student to direct P.E.B.B.L.E.S.

The first iteration, P.E.B.B.L.E.S. I, tested the feasibility the system. P.E.B.B.L.E.S. II was designed and developed to provide an integrated version of the system with user interface aimed at children. Four case studies examined the effectiveness of P.E.B.B.L.E.S. in allowing a student to participate in typical classroom activities and in providing the student with a sense of presence in the classroom. 

Results indicate that the system can be used with relatively few errors when performing the majority of the required activities. The study participants reported a positive experience using the system and remote users appeared to have a sense of presence in the classroom 
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INTRODUCTION

When an elementary or secondary school student is away from school for an extended period of time due to illness, the student is either provided with a special classroom in the hospital, or a tutor to keep up with his/her studies. Even though some of a student’s developmental needs are met through this type of educational program, hospitalized children often miss being at school and are isolated from their familiar peer group. The student’s school friends and regular teacher may not remain in close contact with the child in hospital. They may not have a chance to understand or relate to the changes that occur in their friend’s life while in hospital. Many children who stay in hospital for long periods of time will eventually return to school. Continued contact with classmates and teacher during hospitalization may reduce the stress of hospitalization, the isolation from friends and peers, and may facilitate reintegration into school.

P.E.B.B.L.E.S™ is a modified VCS combined with simple remote control that allows a child to maintain social interactions with school while in the hospital. The student is represented by and controls a “robot” like mobile unit that is located in the classroom. A unique human-computer interface was created to support the needs of a child while permitting him/her to perform complex tasks such as remote control 

There are a number of issues that make this research project distinct from either research in remote navigation or manipulation of systems, user interface design for children, or video conferencing. A combination of approaches must be used to produce an effective strategy. 

Mobile robotic arm systems used by people with disabilities (including children) have been developed and investigated (Masanic, Milner & Goldenberg, 1990; Hammel, Hall, Lees, Leifer, Van der Loos, Perkash & Crigler, 1989; Harwin, Rahman & Foulds, 1995; Dallaway, Jackson & Timmers, 1995). Researchers suggest that effective remote control systems integrate human factors principles such as user needs and interface design with the technical requirements and limitations of the robot. In addition to the needs of the remote student in this project, the classroom component of P.E.B.B.L.E.S. must support the needs of support staff, teachers, parents and other students so that there is effective interaction between the remote student and the class.

The problem of providing effective control of remote systems has been well documented in the literature. A number of different strategies have been employed for controlling remote systems. These include: direct manipulation using video monitoring and a joystick, or programmable switches, etc. (Masanic et. al, 1990); manipulation of graphic representation of the environment (Zhai, Buxton & Milgram, 1994); voice control (Hackenberg, 1986; Cammoun, Detriche, Lauture, & Lesigne, 1993); robot navigation using control languages (Masanic et al, 1990; Kameyana, & Ohtomi, 1993); and multi-dimensional (3-D, 6-D) manipulation with 3-D or stereoscopic displays (Halpern-Hamu, 1993; Kameyama et al, 1993; Zhai et al, 1994). Many of these control strategies have been investigated for robotic aids performing specific manipulation tasks such as moving physical objects from one place to another as directed by a remote user. The system described in this paper must move as directed by a remote student allowing that student to communicate and have a presence in the classroom. An interface is required which supports two-way communication between the student and the individuals in the classroom and which allows tasks such as moving to an appointed group and turning toward a speaker to occur.

Less research is available in designing interfaces for children rather than adults (Robertson, 1994). Alloway (1994) suggests that interface design for children, specifically input device design should be based on children’s stated preferences rather than “adult logic or reasons.” Commercial computer products are available in the entertainment sector specifically oriented toward children (e.g., Nintendo, and BrÆderbund). The popularity of these products with children seems to indicate that the interface designs are largely successful (Rimalovski, 1996). 

Research in video conferencing has been focused primarily on studying interactions between adults (Gowan & Downs, 1994). Generally these interactions take the form of meetings with specific, goal-oriented agendas (e.g., Montage system developed by Tang and Rua (1994), Hydra/Brady Bunch systems developed by Buxton, Sellen and Sheasby (1997), or distance learning activities (Isaacs, Morris, Rodrigues, & Tang, 1995) in which the teacher lectures to students.

Buxton (1992) suggests that a crucial element to the success of video conferencing is the ability of users to have a social presence. The concept of video-mediated presence has been studied in a structured, adult environment where participants are following known and practiced social protocols and roles. Researchers suggest that the interactions between users of a video conferencing session are improved through a more realistic sense of presence and awareness of each other (Tang et al., 1994). In this project, we are attempting to provide students with video-mediated presence in a less structured, dynamic learning environment through P.E.B.B.L.E.S. Presence is provided by three representations: a physical interface (a “robot” like device located in classroom with a “head” and “body”); an audio/visual interface (VCS); and remote control of the system by the user.

Hospitalization of any type can be very stressful on children (Katz, Varni, Rubenstein, Blew & Hubert, 1992; Lambert, 1984). Among many other variables, separation from familiar surroundings, parents (or family) and school have been found to contribute to this stress (Katz et. al, 1992; Lambert, 1984; Bossert, 1994). 

Researchers have suggested that in order to reduce stress on the child in hospital, it is very important to adequately support the child and the parents before, during and after hospitalization (Bossert, 1994; Thompson, 1994; Calculator & Jorgensen, 1994). Much of the research on reducing stress to children resulting from hospitalization has focussed on providing adequate sensitivity training for in-hospital staff, and appropriate information to individual children and their parents. This information seems to be mainly related to the medical procedures, and their potential results. 

Little research has been performed on the importance of maintaining and supporting other types of interactions in the child’s life while in hospital (e.g., contact with friends, homework, etc.) as another mechanism for reducing the stress to the child. One of the goals of this research is to investigate and construct a system which would maintain social interactions with school while the child is in hospital. It is projected that this is one possible mechanism for reducing the stress on the child that is complementary to the ones reported in the literature.

Also, the benefits of instruction in an integrated classroom setting rather than a segregated individual setting have been well researched and documented (Lipski, 1995; Stainback & Stainback, 1985). Researchers (Lambert, 1984) suggest that maintaining links with school as early as possible is very important for children with cancer. In addition to academic gains, students experience significant non-academic benefits particularly in social and communication skills. Students develop greater self confidence and independence. Instructional strategies which prove most effective for students with special needs can only be implemented in integrated classroom settings (Lipski, 1995; Stainback & Stainback, 1985). These strategies include cooperative learning where a group of students work together to complete an assignment or solve a problem, and the use of classmates as tutors or instructional "buddies." It is hoped that through this project, participants can remain sufficiently connected to their classroom to continue to benefit from the classroom community and process.
This paper provides a description of two design iterations of the P.E.B.B.L.E.S. system. We report the results of four case studies that were conducted to examine the effectiveness of the system in allowing the remote student to participate in classroom activities and to have a sense of presence in the classroom. We focus on the performance of the system in tasks and communication activities in the classroom environment.

P.E.B.B.L.E.S. I 

System Description

An IBM compatible 80486 equipped with a PictureTel LIVE100ä VCS provides communications from the hospital end of P.E.B.B.L.E.S. I. On the classroom end, a Mitsubishi Diamond Series 9000ä system is used. Connection is provided over Integrated Services Digital Network (128 kbps).

The remote user’s image (head and shoulders) and voice are captured by an ordinary video camera and hands-free headset microphone respectively. The video and audio are transmitted to the classroom end and output on a television and its internal speakers. In the classroom, images and sounds are gathered using a Canon VC-C1ä communications camera and microphones. The classroom video and audio are transmitted to the hospital and output on the computer screen and through external speakers. Both ends of the VCS allow local video feedback so that the user can see him/herself on the computer screen and the classroom participants can see themselves on the classroom television monitor. Figure 1 provides a schematic view of P.E.B.B.L.E.S. I.

******************************************************

Insert Figure 1 about here.

******************************************************

The on-screen interface for this first P.E.B.B.L.E.S. iteration consists of the software interface provided by the PictureTel and Mitsubishi video conferencing systems.

Children’s control preferences for this type of system were gathered in an informal study performed early in the life-cycle of this research, resulting in the specification of Nintendoä game pad as an input device (Treviranus & Smith, 1995). The game pad is used to perform the seven control actions: left, right, up, down, zoom-in, zoom-out, and attention.

The classroom end of P.E.B.B.L.E.S. is on wheels so that the remote student can be pulled around the classroom allowing him/her to participate in a variety of activities. The classroom television monitor is mounted on a pedestal with the centre of the television monitor at 107 cm high or at approximate eye level for a child (age 7-13). The pedestal allows the classroom camera (mounted on top of the television) and the television to pan together left and right in response to left and right control signals from the user. The up, down, zoom-in, and zoom-out controls manipulate the tilt and zoom the classroom camera. The attention control activates a red light on the top of the classroom television in order to gain the attention of a teacher or classmates without interrupting. In the first case study, this light was only activated when the child was pressing the button (normally activated for less than 2 seconds). In the second case study, the light was activated so that it flashed on and off for approximately five seconds after the attention control button was pressed. 

Methodology

The first case study involved five male participants, ages nine to eleven, participating in a two-hour case session. The participants were cub scouts who wished to obtain their computer badge. One cub participated in the session from a remote location using the system.

Two, one-hour training sessions were provided to the remote student so that he could learn how to use P.E.B.B.L.E.S. before the trial. This included familiarisation and practice with the controls to operate P.E.B.B.L.E.S. I in the classroom. Training tasks included locating stationary objects in the classroom, and playing “hide and seek” with an investigator.

The trial consisted of a briefing and debriefing (of both the remote student and the in-class group) and the badge activities. The briefing/debriefing sessions were conducted to gather pre- and post-subjective assessments of the system, its potential/actual attributes and performance, and the use of P.E.B.B.L.E.S. during the trial.

The second case study was conducted during a two-week multimedia workshop for people with disabilities at the University of Toronto. Between five and ten participants were present at the camp each day. The participants were people over the age of twelve, with and without disabilities, who were interested in learning and creating computer-based multimedia. The remote participant was a senior female student at the University of Toronto with a neuromuscular disability that effected her ability to walk and move for an extended period of time. She used P.E.B.B.L.E.S. from home to attend the workshop.

A one-hour training session, similar to the training in the first study, was provided. The trial consisted of a briefing and debriefing session, and the activities of the workshop. Because different people attended the camp at different times, the detailed debriefing sessions were conducted only with the camp instructors and the remote participant. 

In both studies, data was collected using video cameras, taping the classroom activities (when permission was granted) and the hospital computer screen.

Three areas of interest are reported in this paper: the use of P.E.B.B.L.E.S. to communicate during class activities, the control of each system in performing common tasks during class activities, and attitudes.

Activities in the classroom can be classified as group, individual or one-on-one. The use of P.E.B.B.L.E.S. to communicate is characterized by the level of success of the one-on-one communications that take place within either group, individual or one-on-one activities. Successful communication is defined as initiation, maintenance and closure of a conversation where visual and auditory contact is established. Partially successful communication is defined as missing any one of the above components. Unsuccessful communication is defined as the inability to establish a one-on-one communication link.

The use of P.E.B.B.L.E.S. to participate is also characterized by identifying the control tasks employed by the user and evaluating the errors by different control tasks and successful completion of the intended action. Errors are classified as overshoot (OS), undershoot (US), zoom-in (ZI), wrong button (WB) and reached limit (RL). Overshoot error is defined as visually bypassing the intended target. Undershoot error is defined as not going far enough. Zoom-in error is zooming in on the incorrect target. Wrong button is pressing the incorrect control. Reached limit is defined as reaching the camera/head turning maximum limits and trying to continue past this limit. Occurrences of these errors for each control task were recorded for analysis. Error occurrence level is defined as the number of control errors in each  error category divided by the total number of control actions (button presses). 

Successful completion of a control task is indicated by initiation, maintenance and successful completion of the task. Partial success is defined as missing any one of the above components. An unsuccessful attempt is defined as the inability to perform the task.

Subjective impressions and attitudes toward the system and the processes that occurred in the classroom are gathered through briefing and debriefing questionnaires and discussions and from comments made on the videotapes. Subjective impressions are important to gain an understanding of user preferences and what users believe the effect of P.E.B.B.L.E.S. has.

Results

For the first case study, six control tasks were identified however, only four tasks had five or more occurrences. Those tasks with fewer than four occurrences were not analysed due to the insufficient quantity of data. The four tasks evaluated were: 1) looking at a group (five occurrences); 2) looking at an individual (13); 3) reading a computer screen (five); and 4) reading a blackboard (11).

A one-way ANOVA was performed on error occurrence level for control errors between tasks. There was no significant difference in error occurrence levels between control tasks. The mean occurrence levels expressed for these tasks in case one is illustrated in Figure 2.

In the second study, five control tasks were identified, however only two tasks had five or more occurrences. These tasks were: 1) looking at an individual (17); and 2) reading a black board (7). A one-way ANOVA was performed on occurrence level for control errors between tasks. There is a significant difference for zoom-in (ZI) errors (F[1,24] = 6.0, p < 0.05). The mean occurrence level of zoom-in errors was very low (no errors for looking at a group task and a mean of 0.02 S.D. = 0.04 errors for the looking at a blackboard task). No significant differences were found between control tasks for the other errors. Figure 3 illustrates the mean errors for each task in case two.

A Chi square analysis was performed on success rate categories between tasks for both case studies. For the first case study there was a significant difference between tasks for success rate ((2[3,34]=11.9, p<0.05). Looking at a group was less successful (all of the tasks were only partially successful) than the other three tasks (85%, 80% and 64% successful for looking at an individual, computer and blackboard respectively). No significant difference ((2[2,24] = 0.9, p>0.05) was found between control tasks for success rate in the second case study. The frequency of success of each control task for P.E.B.B.L.E.S. I is shown in Figure 4.

In the first study, 93 instances of one-on-one communication took place. 24 of these instances were successful and 65 were classified as only partially successful. Only four one-on-one communication attempts were unsuccessful. In the second study, 57 instances of one-on-one communication took place. 18 of these were successful, 37 were partially successful and 2 were unsuccessful. Figure 5 shows these results.

******************************************************

Insert Figures 2, 3, 4 and 5 about here.

******************************************************

The cubs’ attitudes towards P.E.B.B.L.E.S. were very positive. When asked about the system capabilities and limitations they expressed the opinion that their friend would be able to participate and complete his computer badge, but that it would be difficult to touch their friend and that he would not be able to type on the computer. All of them were excited when they were introduced to the system and wanted to be first to try the system after the session. They said that the Nintendo control was “really cool”. The remote cub’s comments about the system limitations included not being able to type and draw on the computer, not being able to read the computer screen and the difficulty in “following” people around the room.

In study two, the remote participant and the instructors also expressed an overall positive experience. The remote student did experience some difficulties with both the system and the workshop tasks. 

She expressed difficulties with the audio levels and with adjusting to the time delays introduced by the video conferencing aspect of P.E.B.B.L.E.S. She pointed out that it was difficult for classroom participants to gain her attention. She reported that initially she had difficulties with the game pad due to lack of experience but that she was able to learn how to use it within two sessions. Finally, she mentioned that although the multimedia project was difficult, using P.E.B.B.L.E.S. was “exciting”.

The session instructors reported experiencing difficulties monitoring the remote student’s individual work and giving assignments to the class as a whole. They both agreed that a majority of the classroom teaching activities, such as giving instructions to the class and answering questions from the classroom participants and the remote student, were not affected by P.E.B.B.L.E.S.

The participants of these studies made comments that would imply a sense of presence in the classroom. For example, when the remote user visually located a classmate s/he said “I am over going to see (name of person).” Classroom participants referred to the remote user as if s/he was in the room. For example, “come over here and look at this...”

Discussion

While a statistical comparison between the studies cannot be made because of the lack of subjects, some descriptive comparisons and observations can be made. One interesting observation was that although there was considerable variation in the duration of the first two case studies (2 hours for one and four hours per day for six days for the second) the number of task attempts was greater in the first study. In study one there were a total of 34 task attempts and in study two there were 22 task attempts. The multimedia workshop required much more independent computer work that was performed by the participant at home.

The mean error occurrence for all of the tasks in both studies are relatively low compared with the number of control actions employed for each task. The maximum error occurrence level was 0.26 (SD=0.43) for OS for the task of looking at a group, and 0.26 (SD=0.16) for the task of looking at a blackboard in case one. This level of overshoot error is most likely due to the time delay in image processing from the VCS (it would take approximately 0.5 seconds to transmit an image from one location to the other). Participants would hold down a control button and not release it until they saw what they were trying to find. Because of the timing delay, signals would still be transmitted 0.5 seconds after the button had been released resulting in an overshoot state.

Unlike other tasks, reading the blackboard or the computer screen requires an accurate view of the target object. Looking at an individual or a group may not require as fine controls. There are too few instances of the computer task to analyse, however, the prevalence of errors for the blackboard task may be attributed to this factor. 

It was expected that the number of WB errors would decrease after sufficient training on the system, but they did not. Although the number of WB errors is not significant, we noted that they usually occurred on zoom operations. The user would press one zoom button, realize that the wrong button was depressed, and switch to the other. They also reported that the zoom button functions “were backwards”. That is, the button on the left (zoom-in) should have been zoom-out and visa versa. This may account for the continued occurrence of WB errors. Another explanation may be that the labeling of the zoom buttons was confusing. Attempts were made to find appropriate descriptions to explain zoom-out/in to children, since, unlike up, down, left and right, this is not a natural head movement. Near/far was used in the first study, however the second subject had difficulty with these labels so they were switched to closer/farther.

The majority of tasks were performed successfully for both studies, with the exception of looking at a group (100% and 75% were partially successful in the first study and second studies respectively). Looking at a group requires a wide field of view, which is not provided by the camera on P.E.B.B.L.E.S. I. Most group tasks were rated as only partially successful, in comparison to face-to-face interaction, since the group was not fully visible to the remote user. A wider angle camera may allow the remote student to have a wider peripheral view and provide greater awareness of the classroom activities and its contents.

The majority of one-on-one communication instances for both studies were partially successful (70% in study one and 65% in study two). In most of these cases, it was visual contact with the person that was lacking. Unlike face-to-face communication, the remote participants in these studies seemed satisfied with only a partial view of the person with whom they were speaking. If the remote participant wanted to engage in a longer conversation, usually an attempt was made to obtain a full view of that person. This may indicate that audio feedback during communication and search tasks is preferred and sufficient in some cases. There may also be a tradeoff between the attention and effort required to control the system and the resources required to successfully communicate. Automatic voice or visual tracking may ease the control burden of looking at or following people around the classroom and could provide more natural participation.

In the first study, the response to the Nintendo interface for control of P.E.B.B.L.E.S. I was very positive. The game pad was easily recognized and afforded a natural interface for remote control of P.E.B.B.L.E.S. The participant in the first study could be classified as an experienced computer user whereas in the second study, the participant was considered a naïve user. For the naïve user, the use of the Nintendo controller was awkward and unfamiliar. This experience and comfort with computers may have contributed to the lack of control actions in this study.

One key technical issue which emerged from these studies was the difficulty in obtaining appropriate audio levels and quality. The audio is transmitted at a single level, so that it is sometimes difficult to pick out the speaker’s voice from ambient noise and talking. Since it is most important for the student to be able to hear the teacher during class, a separate microphone should be provided for the teacher.

While P.E.B.B.L.E.S. I did not seem to increase the difficulty of most teaching tasks, some logistics problems were identified. For instance, it was difficult for the teacher to monitor written work at the remote location or to send written instructions to the remote user. The remote user found it difficult to share written material with the class. This issue has been addressed in many VCS by providing document sharing. However, the on-screen interface of P.E.B.B.L.E.S. on the classroom end is intended to represent the child’s head/face in the classroom and as such it would be incongruent to show documents on-screen. Another method of document transfer must be developed, such as an on-board fax machine to address this issue.

Overall, the participants in both studies reported having a positive experience with P.E.B.B.L.E.S. I and enjoyed using it or having it in their classroom. Remote participants reported that they were not isolated from their classmates. The classroom participants indicated that the remote participant was present in that they would speak directly to him/her. While these initial studies demonstrated that P.E.B.B.L.E.S. could work (even well), the next version of P.E.B.B.L.E.S. had to address some of these issues to ensure P.E.B.B.L.E.S. was a viable solution.
P.E.B.B.L.E.S. II 

System Description

The first iteration of P.E.B.B.L.E.S. tested the concept of this unique VCS. P.E.B.B.L.E.S. II was designed and developed to provide an integrated version of the system with a user interface aimed at children.

Both ends of P.E.B.B.L.E.S. II are based on Pentium computers equipped with PictureTel Live50ä systems. The same peripheral hardware devices are used to input and output the audio and video as were used in P.E.B.B.L.E.S. I, with the exception of an additional wireless lavaliere microphone on the classroom end (for the teacher). 

A typical video conferencing interface is complex and often based on a telephone metaphor. Children may find a telephone metaphor confusing, since the physical system interface is a computer. Additionally, most VCS provide numerous features including the ability to switch camera inputs, control volume, access “phone” books and share documents. For basic video conferencing calls, these features may not be required. Thus the video conferencing elements of P.E.B.B.L.E.S. II were customized to better suit the user and the application.

A game pad, interfaced with the game port, is used as the input device. The same control actions are provided (left, right, up, down, zoom in, zoom out, attention).

As shown in Figure 6, the on-screen interface for the hospital end of P.E.B.B.L.E.S. II is highly simplified and provides only two mouse accessible functions: Stop (ends connection) and Rest/Go (mutes and reactivates the audio and video). A local video window is provided. Feedback for the left, right, up and down controls is provided by altering the colour of the frame around the video window when the control is pressed. For example, when the up control is pressed down, the upper part of the video frame changes colour from blue to yellow. When the control is released the colour changes back to blue. Feedback for the zoom and attention controls are indicated through icons which appear just above the local video window when the corresponding control button is pressed and disappear after release. The attention icon (the hand) is shown on-screen in Figure 6. The zoom icons are shown in Figure 7.
******************************************************

Insert Figures 6 and 7 about here.

******************************************************

The on-screen interface for the classroom end of P.E.B.B.L.E.S. II shows only the head and shoulders of the remote student. In this version, a local feedback window was not provided on the classroom end due to software limitations.

The classroom end of P.E.B.B.L.E.S. II is similar to the original system in its control functions (camera and head turning). One key difference is the appearance of the unit. It is brightly coloured and its rounded fibreglass shell is designed to be attractive to children. Figure 8 shows an image of this system. The attention device was changed to a metal hand, which waves when the attention control is activated.

******************************************************

Insert Figure 8 about here.

******************************************************
Methodology

The first case study for P.E.B.B.L.E.S. II was conducted during a one-hour art class at Avondale High School in Toronto. Four high school students took part in the test with a fifth student participating remotely from the University. 

A one-hour training, similar to the training in the first two studies, was provided to the remote student. The trial consisted of a briefing and debriefing session, and the activities of the art class.

The second case study for P.E.B.B.L.E.S. II allowed the research team to study P.E.B.B.L.E.S. in the environment for which it was originally envisioned. An eight year old girl, who had been in hospital for four months, attended her regular class via P.E.B.B.L.E.S. for approximately two one-hour sessions each day for one-week. The classroom participants were a grade three special education class consisting of, the teacher, a teacher’s assistant and four children (three boys and one girl). 

A one-hour training was provided to the child, with training tasks similar to those in previous studies. Briefing/debriefing questionnaires were completed by the teacher, the assistant, the child’s parents, the hospital teacher and the child’s two physiotherapists three times during the study (Monday, Wednesday and Friday). Questions were administered verbally to the class and the hospitalized child, before and after the one-week period. 

For the trial, the child usually attended school for one hour in the morning and one in the afternoon. The hospital teacher sat with the child during the morning hour in order to help with the academic oriented activities. A project researcher assisted in the afternoons when the classroom focus was more recreational.

Data was collected in the same manner as in the case studies in P.E.B.B.L.E.S. I (using video taping). The variables used to analyse the P.E.B.B.L.E.S. II are also the same as those used in the analysis of P.E.B.B.L.E.S. I data. 

Results

For the third case study, there was only one task which had more than five occurrences. This task was looking at an individual (19).

In the fourth study, four control tasks were identified, with three tasks being analysed. These tasks are: 1) looking at a group (23); 2) looking at an individual (25); and 3) reading a black board (9). A one-way ANOVA was performed on occurrence level for control errors between tasks. No significant differences were found between control tasks for errors. Figure 9 illustrates the mean errors for each task for case four.

A Chi-square analysis was performed on task success between tasks. No significant difference was found between control tasks for success category in case four ((2[4,57]=9.3, p>0.05). The frequency of success categories for these tasks for both case studies is illustrated in Figure 10.

In the third study, 93 instances of one-on-one communication took place. 24 of these instances were successful and 65 were classified as only partially successful. Only four one-on-one communication attempts were unsuccessful. In the second study, 57 instances of one-on-one communication took place. 18 of these were successful, 37 were partially successful and 2 were unsuccessful. Figure 11 shows these results.

******************************************************

Insert Figures 9, 10, and 11 about here.

******************************************************

The high school students were positive about the opportunity to be part of the P.E.B.B.L.E.S. II test. Before the session, all the classroom participants stated that the system would allow them to interact with their classmate through audio and video. They pointed out that there were physical limitations to full participation. 

After the session they noted that the system was effective in that it had allowed them to talk with and see their classmate. However, most commented on the poor audio quality and two students disliked the appearance of the system. One student mentioned the problems that were associated with sharing their work with each other. Most of the students felt that their classmate would miss the social aspects of the class, such as playing cards and going to the cafeteria. One student stated that having her friend communicate via P.E.B.B.L.E.S. was not as good as communicating in person.

When asked about the system capabilities, the remote student talked about the potential benefits of the system for a hospitalized child, rather than any benefits for herself. She stated that she would miss the physical interaction with her classmates, but that her classmates would be jealous that she was the one chosen to test the system.

After the session, the student reported that she liked the system and thought that the game pad made it easier to control. She was unhappy with the quality of the audio. She stated that she was not always sure what was going on in the classroom because she could not see everything that was going on around her. She reported that she did not have any problems with the system control or the game pad and that overall, it was a good experience.

In study four, subjective assessments were gathered from the remote participant, her parents, two physiotherapists, the hospital teacher the two classroom teachers and the class participants. Determining the attitudes of children using questionnaires (even verbally) is difficult, since children are often reluctant to express their feelings. However, their attitudes are clearly demonstrated on the videotapes.

All participants expressed a positive experience with P.E.B.B.L.E.S. The adult respondents emphasized the perceived benefits of the system to the hospitalized child, despite any inconveniences that were encountered. All suggested that the system provided motivation to the child and facilitated communication between the child and her class and teacher. The physiotherapists and teachers thought that introducing the system required them to be more flexible to accommodate for the sessions.

The teachers pointed out problems with pre-planning and coordinating lesson plans between the class and hospital. They suggested that lesson materials should be provided to the child in-hospital in advance of the classes. The hospital teacher also stated that the system interrupted the child’s hospital lessons and that her role as a teacher was diminished. She suggested that P.E.B.B.L.E.S. should be used in addition to regular tutoring in-hospital. However, she described the system as “excellent” for the child’s social interaction.

The classroom teachers noted that the system caused high levels of disruption in the classroom, from visitors wanting to see the system to difficulty in maintaining the attention of the students. This effect seemed to decrease over the test period. They mentioned problems with monitoring and evaluating the remote student’s work and also that it increased their workload. They noted the positive effects on the interaction between the class and the student in hospital. The children were excited by the P.E.B.B.L.E.S. system and stated that they liked the colour and the attention hand. They said that seeing their friend again made them happy.

The physiotherapists rescheduled treatments around session times, but stated that this was not a problem. One noted that the child “appeared more outgoing and positive” and that contact with her classmates had been beneficial. She commented on the benefits for the child’s transition back to her “real life”.

The child’s parent commented that using system was very good for his daughter, since she had not seen her friends very much. He also said it was easier for him to communicate with her about school when the system was in use.

The remote student was reluctant to respond to direct questioning about P.E.B.B.L.E.S., but several observations can be made from the videotaped data. One key observation was that she enjoyed seeing her friends and taking part in her classes. When the system first connected she eagerly looked around the room to see the classroom and the people in it. At the end of each day, she was very clear that she wanted to go to school again the next day. It was also apparent that she became bored very quickly if she could not participate in the classroom activities. Several times she decided to cut her session short when her classmates were doing a craft or other activity which she could only watch. Her attention span was longer during activities in which she was an equal participant, such as lessons that required her to answer questions and story time. 

The child said that she liked the game pad control and liked being able to look in all directions. She seemed to enjoy finding her friends using the control and following them as they moved around. We observed that she had some difficulty adjusting to the time delays in the system control. Several times she became frustrated and asked for help. The controlling difficulties did not seem to decrease over time. It was also observed that some confusion arose between the on-screen interface (accessed via the mouse) and the game pad. The Stop and Rest/Go icons on the screen are coloured red, yellow and green respectively and are mouse activated. Three buttons on the game pad have the same three colours. It was noticed that the child tried to use the coloured buttons on the game pad to perform the Stop and Rest/Go functions.

Again, comments made by the classroom and the remote participants in both studies point to a sense of presence in the classroom. For example, when the child controlled the system to look away from the classroom activities, the teacher said “Where are you going? Come back here.” 

Discussion

Again, a statistical comparison between the studies for P.E.B.B.L.E.S. II cannot be made because of the lack of subjects, but some descriptive comparisons and observations can be made.

In study three there were a total of 23 task attempts and in study two there were 57 task attempts. The mean error occurrence levels for all of the tasks in both studies are relatively low compared with the number of control actions employed for each task. The highest occurrence level for study four was 0.66 (SD = 0.8) for overshoot errors for the task of looking at a blackboard. Again, errors seem to be more prevalent in the task of looking at the blackboard possibly due to the more accurate views required for this task.

It was anticipated that the time delays inherent in the VCS would cause difficulties in controlling however, the majority of controlling tasks was performed successfully for both studies with the exception of looking at a group in study four (52% were classified as only partially successful). Again, the narrow field of view provided by the camera is responsible for this result. While a wider angle lens was tested for the particular camera, the research team concluded that it did not appear to provide a wider field of view, thus the lens was not used. There may be other cameras that would provide the functionality required and which would also have a wider field of view. 

The majority of one-on-one communication instances for the third study were partially successful (53%). For the fourth study, 54% of these communications were successful and only 26% were partially successful. As in the in the first two studies, partial success was due to the lack of visual contact with the person. The remote participants often seemed satisfied with a partial view of the person with whom they were speaking. While the suggestions of voice or visual tracking were not implemented for this version of P.E.B.B.L.E.S. this is still envisioned as a method of easing the control burdens of the system.

In the fourth study, the frustration that the child showed when she had problems controlling P.E.B.B.L.E.S. II may indicate that some users require more practice to learn to control the system. During the study, it was observed that the child would zoom-in to look at someone and then experience problems trying to pan or tilt to look at someone else nearby. Once the camera is zoomed in, it is very difficult to turn and look at something else with any accuracy. During class, she did not have the opportunity to experiment and learn how to solve the problem, but additional training with research team outside of class time may have helped.

The game pad continued to be an excellent input device, and a natural interface for remote control of P.E.B.B.L.E.S. It is small and light, and it fits well in small hands. It was particularly appropriate for the hospitalized child, who was confined to bed and unable to sit in front of the computer.

The link that the child made between the on-screen icons and the coloured game pad buttons was not anticipated. Future designs may take advantage of this link by providing access to on-screen features through game pad buttons. This may also reduce the necessity to use the mouse and the game pad as input devices. 

The appearance of P.E.B.B.L.E.S. II for elementary level students seemed to be friendly and likable. The children liked to hug and touch the system. However, the high school students did not like the appearance of the system. This design will have to be modified to be more acceptable to high school aged students.

Some improvements were made to address the audio problems experienced with the first version of P.E.B.B.L.E.S. The teacher was provided with a lavaliere microphone and an intelligent mixer was employed to sample and amplify various microphone inputs. However, audio problems continued to be an issue. Software limitations prevented echo cancellation and noise reduction algorithms from being implemented. Thus, the poor audio quality was more noticeable to the study participants. Future developments must address this issue.

P.E.B.B.L.E.S. II did disrupt the classes during the fourth study. Due to the special education nature of the group, it was to be expected that some children would be very excited by the system, however visitors such as interested teachers and children from other classes provided additional disruptions. As a novel piece of technology, this is probably inevitable and effects should decrease over time. It is gratifying that the classroom teachers were willing to endure the disruptions in the interests of the hospitalized child. Also, time could be allotted at the beginning of a study for visits from others (e.g., extra recess time or a school assembly).

Other logistical issues such as providing lesson materials to the child in the hospital and coordinating teaching between the two locations were also identified as being important to the experience. P.E.B.B.L.E.S. II was most successful in facilitating social interaction between the child and the class/teacher. Future studies must also facilitate the academic aspects this interaction by providing lesson materials to the child before class and by providing methods for students to show work to each other. It should be noted that P.E.B.B.L.E.S. is not envisioned as a tool to replace the face to face teaching that is provided by the hospital teachers and schools which is also important for the child’s development.

An overall positive experience was reported by the study participants for P.E.B.B.L.E.S. II. In the fourth study, the adult participants were willing to be flexible to incorporate the use of P.E.B.B.L.E.S. into the hospital and classroom routines. They thought that the system provided benefits to the child in terms of her social interaction, development and motivation. The children in the study were simply pleased to be able to see and talk to each other using the system. While several technical and logistical issues remain to be addressed, the development of P.E.B.B.L.E.S. II is another step in maintaining a connection between children in hospital and their regular classroom.

COMPARISON OF P.E.B.B.L.E.S. I AND II

While there is limited data to compare P.E.B.B.L.E.S. I and II some comparisons can be made with cautious interpretations of the results. There is only one task which is common to all four studies; looking at an individual. A Manning Whitney analysis was performed for error occurrence level between P.E.B.B.L.E.S. I and II for this task. A t-test was performed on the error occurrence level between P.E.B.B.L.E.S. I and P.E.B.B.L.E.S. II for this task. No significant difference was found between P.E.B.B.L.E.S. I and II for error occurrence level for the task of looking at a group. A Chi-square analysis was performed on success rate for this task. No significant difference was found between P.E.B.B.L.E.S. versions.

While a statistical comparison between P.E.B.B.L.E.S. I and II is very limited due to the lack of data, there are a number of observational comparisons that can be made, particularly in communication success rates. 

Comparing Figures 5 and 11 (success rates of one-on-one communications) it appears that there is a higher success rate for communications (26% and 32% success rate for studies one and two respectively with P.E.B.B.L.E.S. I compared with 43% and 54% for studies three and four respectively with P.E.B.B.L.E.S. II). This noticeable improvement is attributed to two main factors: 1) the improved user interface design; and 2) the change using multiplexing the audio channel to transmit both control and audio signals in P.E.B.B.L.E.S. I to using separate channels for data and for audio in P.E.B.B.L.E.S. II. The design of the system as well as the operation of P.E.B.B.L.E.S. II is reported to be likable and interesting to children under 12 years old. 

CONCLUSION

The positive subjective attitudes toward P.E.B.B.L.E.S., and the low number of errors for the control tasks are encouraging. P.E.B.B.L.E.S. seems to be effective in allowing a student to participate in classroom activities and communicate with other students and the teacher. The game pad interface appears to be an effective control method for children but may not necessarily be effective for seniors. Based on the results of the case studies, further development is planned to provide game pad access to the on-screen VCS features and to allow for other input devices. A system designed for high school students is also envisioned. Efforts will be made to incorporate some method to exchange of materials between the hospital and classroom during class time. Further evaluation is required to determine the effectiveness of the system with a variety of activities and users and for extended periods of time.
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Figure 2: Mean occurrence level for each error category by task (Case 1).
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Figure 3: Mean occurrence level for each error category by task (Case 2).
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Figure 4: Success rate by task (P.E.B.B.L.E.S. I). 
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Figure 5: Success rate of one-on-one communications (P.E.B.B.L.E.S. I).
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Figure 6: P.E.B.B.L.E.S. II VCS interface
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Figure 7: P.E.B.B.L.E.S. II Zooming feedback icons




Figure 8: Classroom end of P.E.B.B.L.E.S. II
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Figure 9: Mean number of errors for each error category by task (Case 4).
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Figure 10: Success rate by task (P.E.B.B.L.E.S. II).
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Figure 11: Success rate of one-on-one communications (P.E.B.B.L.E.S. II).

Figure 1: Schematic representation of P.E.B.B.L.E.S.
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																																Successful		0		85		80		64																												Group		Individual		Blackboard		Overall								Mean error rate of control tasks (Case Study II)										error vs button presses

																																Partially successful		100		15		20		36																										OS		0.00		0.06		0.86		0.29										Group		Individual		Blackboard

																																Unsuccessful		0		0		0		0																										US		0.25		0.00		0.14		0.07								OS		0.000		0.002		0.017

																																																																		WB		0.25		0.24		0.14		0.21								US		0.031		0.000		0.003

																																																																		ZI		0.00		0.00		0.57		0.14								WB		0.010		0.022		0.003

																																																																		RL		0.00		0.00		0.00		0.04								ZI		0.000		0.000		0.020

																																																																		Total		0.50		0.29		1.71		0.68								RL		0.010		0.022		0.003

																																																																																		Total		0.042		0.024		0.043

																																Success rate of control tasks (Case Study II)

																																		Group		Individual		Blackboard

																																Successful		25		76		86

																																Partially successful		75		12		14

																																Unsuccessful		0		12		0

																																																																																		Mean error rate of control tasks (PEBBLES I)										error vs button presses

																																																																																				Group		Individual		Computer		Blackboard

																																																																																		OS		0.148		0.063		0.081		0.163

																																																																																		US		0.051		0.028		0.000		0.046

																																																																																		WB		0.046		0.029		0.000		0.059

																																																																																		ZI		0.000		0.000		0.000		0.032

																																																																																		RL		0.022		0.000		0.000		0.000

																																																																																		Total		0.226		0.120		0.081		0.247
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		PEBBLES II

																																																Group		Individual				Group		Individual		Blackboard						Mean error rate of control tasks (Focus Group I)										error rates vs. number of tasks								Mean error rate of control tasks (Case Study III)										error vs button presses								Case study III		Case study IV

		Success rate of one-on-one communications (PEBBLES II)														Success rate of attention gaining (PEBBLES I)																Breakdown of control tasks (PEBBLES II)														Successful		0		74				39		76		44								Group		Individual		Blackboard		Overall												Group		Individual		Blackboard										Group		0.083		0.129

				Case Study 3		Case Study 4		Overall										Case Study III		Case Study IV														Case Study III		Case Study IV		Overall								Partially successful		100		16				52		16		33						OS		0.00		0.47		0.67		0.42										OS		0.000		0.086		0.028										Individual		0.192		0.107

		Successful		43		54		51								Successful				100												Group		15		40		11								Unsuccessful		0		11				9		8		22						US		0.00		0.42		0.33		0.35										US		0.000		0.101		0.056										Blackboard		0.083		0.085

		Partially Successful		53		44		47								Unsuccessful				0												Individual		73		44		36																										WB		0.00		0.05		0.00		0.04										WB		0.000		0.040		0.000

		Unsuccessful		4		2		3								Totals				100												Black Board		73		16		22																										ZI		0.00		0.00		0.00		0.00										ZI		0.000		0.000		0.000

		Totals		53		112		165																								Totals		26		57		83																										RL		0.25		0.00		0.00		0.04										RL		0.083		0.000		0.000

																Only two Attention gaining attempts so have to forget this one.																																																Total errors		0.25		0.95		1.00		0.85										Total		0.083		0.192		0.083

																																Success rate of control tasks (Focus Group I)																																Mean error rate of control tasks (Case Study IV)										error rates vs. number of tasks

																																		Group		Individual		Blackboard		Overall																										Group		Individual		Blackboard		Overall										Mean error rate of control tasks (Case Study III)										error vs button presses

																																Successful		0		74				65																								OS		0.48		0.72		1.00		0.29												Group		Individual		Blackboard

																																Partially successful		100		16				27																								US		0.30		0		0.00		0.07										OS		0.036		0.054		0.066

																																Unsuccessful		0		11				8																								WB		0.04		0.00		0.11		0.21										US		0.016		0.000		0.000

																																Totals		4		19				26																								ZI		0.00		0.00		0.11		0.14										WB		0.014		0.000		0.074

																																																																RL		0.52		0.44		0.33		0.04										ZI		0.000		0.000		0.069

																																																																Total errors		1.22		1.16		1.33		0.68										RL		0.088		0.052		0.116

																																																																																		Total		0.129		0.107		0.085

																																Success rate of control tasks (Case Study IV)

																																		Group		Individual		Blackboard		Overall

																																Successful		39		76		44		56																																										Mean error rate of control tasks (Pebbles II)										error vs button presses

																																Partially successful		52		16		33		33																																												Group		Individual		Blackboard

																																Unsuccessful		9		8		22		11																																										OS		0.031		0.068		0.056

																																Totals		23		25		9		57																																										US		0.014		0.044		0.014

																																																																																		WB		0.012		0.017		0.056

																																																																																		ZI		0.000		0.000		0.052

																																																																																		RL		0.088		0.030		0.087

																																																																																		Total		0.123		0.143		0.085
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PEBBLES I

		s1				95% confidence						95% confidence						95% confidence						95% Confidence										s2		95% confidence						95% confidence

		Task		Overshoot		lower		upper		Undershoot		lower		upper		Wrong Button						Zoom In						Reached Limit						Overshoot		lower		upper		Undershoot						Wrong Button						Reached Limit						Zoom In

		Group		0.2667		-0.1776		0.9243		0.0667		-0.1184		0.2518		0		0		0		0		0		0		0		0		0

		Individual		0.1423		0.0624		0.4273		0.0641		-0.0327		0.1609		0.03846		-0.0453		0.1223		0		0		0		0.03846		-0.0453		0.1223		0.00245		-0.00274		0.00765		0		0		0		0.0219		-0.00487		0.0487		0.0219		-0.00487		0.0487		0		0		0

		Computer Screen		0.09714		-0.0723		0.2665		0		0		0		0		0		0		0		0		0		0		0		0

		Black Board		0.2554		0.2538		0.499		0.07414		-0.0029		0.1512		0.0079		-0.0097		0.02552		0.039		-0.0126		0.09059		0.0079		-0.0097		0.00255		0.0168		-0.0243		0.0579		0.0028		-0.0041		0.009655		0.0028		-0.0041		0.009655		0.0028		-0.0051		0.009655		0.02		-0.0124		0.053

		Percent		Overshoot		Undershoot		Wrong Button		Zoom In		Reached Limit																		Overshoot		Undershoot		Wrong Button		Reached Limit		Zoom In

		Group		26.67		6.67		0		0		0																Individual		0.245		0		2.19		2.19		0

		Computer Screen		9.714		0		0		0		0																Black Board		1.68		0.28		0.28		0.28		2		case 2

		Individual		14.23		6.41		3.846		0		3.846

		Black Board		25.54		7.414		0.79		3.9		0.79
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		s1				95% confidence						95% confidence						95% confidence						95% Confidence										s2		95% confidence						95% confidence

		Task		Overshoot		lower		upper		Undershoot		lower		upper		Wrong Button						Zoom In						Reached Limit						Overshoot		lower		upper		Undershoot						Wrong Button						Reached Limit						Zoom In

		Group		0.2667		-0.1776		0.9243		0.0667		-0.1184		0.2518		0		0		0		0		0		0		0		0		0
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		Group		26.67		6.67		0		0		0																Individual		0.245		0		2.19		2.19		0
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PEBBLES I

		s1				95% confidence						95% confidence						95% confidence						95% Confidence										s2		95% confidence						95% confidence

		Task		Overshoot		lower		upper		Undershoot		lower		upper		Wrong Button						Zoom In						Reached Limit						Overshoot		lower		upper		Undershoot						Wrong Button						Reached Limit						Zoom In

		Group		0.2667		-0.1776		0.9243		0.0667		-0.1184		0.2518		0		0		0		0		0		0		0		0		0

		Individual		0.1423		0.0624		0.4273		0.0641		-0.0327		0.1609		0.03846		-0.0453		0.1223		0		0		0		0.03846		-0.0453		0.1223		0.00245		-0.00274		0.00765		0		0		0		0.0219		-0.00487		0.0487		0.0219		-0.00487		0.0487		0		0		0

		Computer Screen		0.09714		-0.0723		0.2665		0		0		0		0		0		0		0		0		0		0		0		0

		Black Board		0.2554		0.2538		0.499		0.07414		-0.0029		0.1512		0.0079		-0.0097		0.02552		0.039		-0.0126		0.09059		0.0079		-0.0097		0.00255		0.0168		-0.0243		0.0579		0.0028		-0.0041		0.009655		0.0028		-0.0041		0.009655		0.0028		-0.0051		0.009655		0.02		-0.0124		0.053

		Percent		Overshoot		Undershoot		Wrong Button		Zoom In		Reached Limit																		Overshoot		Undershoot		Wrong Button		Reached Limit		Zoom In

		Group		26.67		6.67		0		0		0																Individual		0.245		0		2.19		2.19		0

		Computer Screen		9.714		0		0		0		0																Black Board		1.68		0.28		0.28		0.28		2		case 2

		Individual		14.23		6.41		3.846		0		3.846

		Black Board		25.54		7.414		0.79		3.9		0.79
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PEBBLES I

		PEBBLES I

																																														Success rate of control tasks (Case Study I and II)																				Mean error rate of control tasks (Case Study I)										error vs. task						Mean error rate of control tasks (Case Study I)										error vs button presses								Case study I		Case study II				error vs. button presses

		Success rate of one-on-one communications (PEBBLES I)																Success rate of attention gaining (PEBBLES I)														Breakdown of control tasks (PEBBLES I)																Group		Individual		Computer		Blackboard						Individual		Blackboard						Group		Individual		Computer		Blackboard		Overall								Group		Individual		Computer		Blackboard								Group		0.373		0.042

				Case Study I		Case Study 2		Overall												Case Study I		Case Study II		Overall										Case Study I		Case Study II										Successful		0		85		80		64						76		86				OS		0.40		0.46		0.60		2.64		1.18						OS		0.267		0.142		0.097		0.255								Individual		0.245		0.024

		Successful		26		32		28										Successful		33		25		31								Group		15		14										Partially successful		100		15		20		36						12		14				US		0.20		0.15		0.00		1.00		0.41						US		0.067		0.064		0.000		0.074								Computer		0.097		0.000

		Partially Successful		70		65		68										Unsuccessful		67		75		69								Individual		38		59										Unsuccessful		0		0		0		0						12		0				WB		0.00		0.08		0.00		0.18		0.09						WB		0.000		0.038		0.000		0.008								Blackboard		0.376		0.043

		Unsuccessful		4		4		4										Totals		12		4		16								Computer Screen		15		3																														ZI		0.00		0.00		0.00		0.36		0.12						ZI		0.000		0.000		0.000		0.039

		Totals		93		57		150																								Black Board		32		24																														RL		0.20		0.00		0.00		0.00		0.03						RL		0.000		0.038		0.000		0.008

																																																																		Total errors		0.80		0.69		0.60		4.18		1.82						Total		0.373		0.245		0.097		0.376

																																Success rate of control tasks (Case Study I)

																																		Group		Individual		Computer		Blackboard																										Mean error rate of control tasks (Case Study II)										error vs task

																																Successful		0		85		80		64																												Group		Individual		Blackboard		Overall								Mean error rate of control tasks (Case Study II)										error vs button presses

																																Partially successful		100		15		20		36																										OS		0.00		0.06		0.86		0.29										Group		Individual		Blackboard

																																Unsuccessful		0		0		0		0																										US		0.25		0.00		0.14		0.07								OS		0.000		0.002		0.017

																																																																		WB		0.25		0.24		0.14		0.21								US		0.031		0.000		0.003

																																																																		ZI		0.00		0.00		0.57		0.14								WB		0.010		0.022		0.003

																																																																		RL		0.00		0.00		0.00		0.04								ZI		0.000		0.000		0.020

																																																																		Total		0.50		0.29		1.71		0.68								RL		0.010		0.022		0.003

																																																																																		Total		0.042		0.024		0.043

																																Success rate of control tasks (Case Study II)

																																		Group		Individual		Blackboard

																																Successful		25		76		86

																																Partially successful		75		12		14

																																Unsuccessful		0		12		0

																																																																																		Mean error rate of control tasks (PEBBLES I)										error vs button presses

																																																																																				Group		Individual		Computer		Blackboard

																																																																																		OS		0.148		0.063		0.081		0.163

																																																																																		US		0.051		0.028		0.000		0.046

																																																																																		WB		0.046		0.029		0.000		0.059

																																																																																		ZI		0.000		0.000		0.000		0.032

																																																																																		RL		0.022		0.000		0.000		0.000

																																																																																		Total		0.226		0.120		0.081		0.247





PEBBLES I

		



Successful

Partially Successful

Unsuccessful

Success rate

Success rate of one-on-one communications (P.E.B.B.L.E.S. I)

32%

26%

65%

70%

4%

4%



PEBBLES II

		



Successful

Unsuccessful

Success rate

Success rate of attention gaining attempts (PEBBLES I)



Sheet2

		



Group

Individual

Computer Screen

Black Board

Control task rate

Breakdown of control tasks 
(PEBBLES I)



Sheet3

		Group		Group		Group

		Individual		Individual		Individual

		Computer		Computer		Computer

		Blackboard		Blackboard		Blackboard



Successful

Partially successful

Unsuccessful

Success rate

Success rate of control tasks 
(Pilot study I)

0

100

0

84.6153846154

15.3846153846

0

80

20

0

63.6363636364

36.3636363636

0



		Group		Group		Group

		Individual		Individual		Individual

		Blackboard		Blackboard		Blackboard



Successful

Partially successful

Unsuccessful

Success rate

Success rate of control tasks 
(Pilot study II)

25

75

0

76.4705882353

11.7647058824

11.7647058824

85.7142857143

14.2857142857

0



		



OS

US

WB

ZI

RL

Control task

Mean error

Mean error rate for control tasks
(Case study I)



		Group		Group		Group		Group		Group

		Individual		Individual		Individual		Individual		Individual

		Blackboard		Blackboard		Blackboard		Blackboard		Blackboard



OS

US

WB

ZI

RL

Control task

Mean error

Mean error rate for control tasks
(Case study II)

0

0.25

0.25

0

0

0.0588235294

0

0.2352941176

0

0

0.8571428571

0.1428571429

0.1428571429

0.5714285714

0



		



Successful

Partially successful

Unsuccessful

Case 1 tasks                               Case 2 tasks

Success of control tasks
P.E.B.B.L.E.S. I

85%

80%

64%

76%

86%

100%

15%

20%

36%

12%

14%

12%



		



OS

US

WB

ZI

RL

Control task

Mean error

Mean error rate for control tasks
(Case study I)



		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



OS

US

WB

ZI

RL

Control task

Mean error

Mean error rate for control tasks
(Case study II)



		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



OS

US

WB

ZI

RL

Control task

Mean error

Mean error rate for control tasks
(P.E.B.B.L.E.S. II)



		



Group

Individual

Computer

Blackboard

Error rate

Mean error rates for control tasks
(PEBBLES I)



		PEBBLES II

																																																		Individual				Group		Individual		Blackboard						Mean error rate of control tasks (Focus Group I)										error rates vs. number of tasks								Mean error rate of control tasks (Case Study III)										error vs button presses								Case study III		Case study IV

		Success rate of one-on-one communications (PEBBLES II)														Success rate of attention gaining (PEBBLES I)																Breakdown of control tasks (PEBBLES II)																Successful		74				39		76		44								Group		Individual		Blackboard		Overall												Group		Individual		Blackboard										Group		0.083		0.129

				Case Study 3		Case Study 4		Overall										Case Study III		Case Study IV														Case Study III		Case Study IV		Overall										Partially successful		16				52		16		33						OS		0.00		0.47		0.67		0.42										OS		0.000		0.086		0.028										Individual		0.192		0.107

		Successful		43		54		51								Successful				100												Group		15		40		11										Unsuccessful		11				9		8		22						US		0.00		0.42		0.33		0.35										US		0.000		0.101		0.056										Blackboard		0.083		0.085

		Partially Successful		53		44		47								Unsuccessful				0												Individual		73		44		36																										WB		0.00		0.05		0.00		0.04										WB		0.000		0.040		0.000

		Unsuccessful		4		2		3								Totals				100												Black Board		73		16		22																										ZI		0.00		0.00		0.00		0.00										ZI		0.000		0.000		0.000

		Totals		53		112		165																								Totals		26		57		83																										RL		0.25		0.00		0.00		0.04										RL		0.083		0.000		0.000

																Only two Attention gaining attempts so have to forget this one.																																																Total errors		0.25		0.95		1.00		0.85										Total		0.083		0.192		0.083

																																Success rate of control tasks (Focus Group I)																																Mean error rate of control tasks (Case Study IV)										error rates vs. number of tasks

																																		Group		Individual		Blackboard		Overall																										Group		Individual		Blackboard		Overall										Mean error rate of control tasks (Case Study III)										error vs button presses

																																Successful		0		74				65																								OS		0.48		0.72		1.00		0.29												Group		Individual		Blackboard

																																Partially successful		100		16				27																								US		0.30		0		0.00		0.07										OS		0.036		0.054		0.066

																																Unsuccessful		0		11				8																								WB		0.04		0.00		0.11		0.21										US		0.016		0.000		0.000

																																Totals		4		19				26																								ZI		0.00		0.00		0.11		0.14										WB		0.014		0.000		0.074

																																																																RL		0.52		0.44		0.33		0.04										ZI		0.000		0.000		0.069

																																																																Total errors		1.22		1.16		1.33		0.68										RL		0.088		0.052		0.116

																																																																																		Total		0.129		0.107		0.085

																																Success rate of control tasks (Case Study IV)

																																		Group		Individual		Blackboard		Overall

																																Successful		39		76		44		56																																										Mean error rate of control tasks (Pebbles II)										error vs button presses

																																Partially successful		52		16		33		33																																												Group		Individual		Blackboard

																																Unsuccessful		9		8		22		11																																										OS		0.031		0.068		0.056

																																Totals		23		25		9		57																																										US		0.014		0.044		0.014

																																																																																		WB		0.012		0.017		0.056

																																																																																		ZI		0.000		0.000		0.052

																																																																																		RL		0.088		0.030		0.087

																																																																																		Total		0.123		0.143		0.085
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PEBBLES I

		PEBBLES I

																																														Success rate of control tasks (Case Study I and II)																				Mean error rate of control tasks (Case Study I)										error vs. task						Mean error rate of control tasks (Case Study I)										error vs button presses								Case study I		Case study II				error vs. button presses

		Success rate of one-on-one communications (PEBBLES I)																Success rate of attention gaining (PEBBLES I)														Breakdown of control tasks (PEBBLES I)																Group		Individual		Computer		Blackboard						Individual		Blackboard						Group		Individual		Computer		Blackboard		Overall								Group		Individual		Computer		Blackboard								Group		0.373		0.042

				Case Study I		Case Study 2		Overall												Case Study I		Case Study II		Overall										Case Study I		Case Study II										Successful		0		85		80		64						76		86				OS		0.40		0.46		0.60		2.64		1.18						OS		0.267		0.142		0.097		0.255								Individual		0.245		0.024

		Successful		26		32		28										Successful		33		25		31								Group		15		14										Partially successful		100		15		20		36						12		14				US		0.20		0.15		0.00		1.00		0.41						US		0.067		0.064		0.000		0.074								Computer		0.097		0.000

		Partially Successful		70		65		68										Unsuccessful		67		75		69								Individual		38		59										Unsuccessful		0		0		0		0						12		0				WB		0.00		0.08		0.00		0.18		0.09						WB		0.000		0.038		0.000		0.008								Blackboard		0.376		0.043

		Unsuccessful		4		4		4										Totals		12		4		16								Computer Screen		15		3																														ZI		0.00		0.00		0.00		0.36		0.12						ZI		0.000		0.000		0.000		0.039

		Totals		93		57		150																								Black Board		32		24																														RL		0.20		0.00		0.00		0.00		0.03						RL		0.000		0.038		0.000		0.008

																																																																		Total errors		0.80		0.69		0.60		4.18		1.82						Total		0.373		0.245		0.097		0.376

																																Success rate of control tasks (Case Study I)

																																		Group		Individual		Computer		Blackboard																										Mean error rate of control tasks (Case Study II)										error vs task

																																Successful		0		85		80		64																												Group		Individual		Blackboard		Overall								Mean error rate of control tasks (Case Study II)										error vs button presses

																																Partially successful		100		15		20		36																										OS		0.00		0.06		0.86		0.29										Group		Individual		Blackboard

																																Unsuccessful		0		0		0		0																										US		0.25		0.00		0.14		0.07								OS		0.000		0.002		0.017

																																																																		WB		0.25		0.24		0.14		0.21								US		0.031		0.000		0.003

																																																																		ZI		0.00		0.00		0.57		0.14								WB		0.010		0.022		0.003

																																																																		RL		0.00		0.00		0.00		0.04								ZI		0.000		0.000		0.020

																																																																		Total		0.50		0.29		1.71		0.68								RL		0.010		0.022		0.003

																																																																																		Total		0.042		0.024		0.043

																																Success rate of control tasks (Case Study II)

																																		Group		Individual		Blackboard

																																Successful		25		76		86

																																Partially successful		75		12		14

																																Unsuccessful		0		12		0

																																																																																		Mean error rate of control tasks (PEBBLES I)										error vs button presses

																																																																																				Group		Individual		Computer		Blackboard

																																																																																		OS		0.148		0.063		0.081		0.163

																																																																																		US		0.051		0.028		0.000		0.046

																																																																																		WB		0.046		0.029		0.000		0.059

																																																																																		ZI		0.000		0.000		0.000		0.032

																																																																																		RL		0.022		0.000		0.000		0.000

																																																																																		Total		0.226		0.120		0.081		0.247
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		PEBBLES II

																																																		Individual				Group		Individual		Blackboard						Mean error rate of control tasks (Focus Group I)										error rates vs. number of tasks								Mean error rate of control tasks (Case Study III)										error vs button presses								Case study III		Case study IV

		Success rate of one-on-one communications (PEBBLES II)														Success rate of attention gaining (PEBBLES I)																Breakdown of control tasks (PEBBLES II)																Successful		74				39		76		44								Group		Individual		Blackboard		Overall												Group		Individual		Blackboard										Group		0.083		0.129

				Case Study 3		Case Study 4		Overall										Case Study III		Case Study IV														Case Study III		Case Study IV		Overall										Partially successful		16				52		16		33						OS		0.00		0.47		0.67		0.42										OS		0.000		0.086		0.028										Individual		0.192		0.107

		Successful		43		54		51								Successful				100												Group		15		40		11										Unsuccessful		11				9		8		22						US		0.00		0.42		0.33		0.35										US		0.000		0.101		0.056										Blackboard		0.083		0.085

		Partially Successful		53		44		47								Unsuccessful				0												Individual		73		44		36																										WB		0.00		0.05		0.00		0.04										WB		0.000		0.040		0.000

		Unsuccessful		4		2		3								Totals				100												Black Board		73		16		22																										ZI		0.00		0.00		0.00		0.00										ZI		0.000		0.000		0.000

		Totals		53		112		165																								Totals		26		57		83																										RL		0.25		0.00		0.00		0.04										RL		0.083		0.000		0.000

																Only two Attention gaining attempts so have to forget this one.																																																Total errors		0.25		0.95		1.00		0.85										Total		0.083		0.192		0.083

																																Success rate of control tasks (Focus Group I)																																Mean error rate of control tasks (Case Study IV)										error rates vs. number of tasks

																																		Group		Individual		Blackboard		Overall																										Group		Individual		Blackboard		Overall										Mean error rate of control tasks (Case Study III)										error vs button presses

																																Successful		0		74				65																								OS		0.48		0.72		1.00		0.29												Group		Individual		Blackboard

																																Partially successful		100		16				27																								US		0.30		0		0.00		0.07										OS		0.036		0.054		0.066

																																Unsuccessful		0		11				8																								WB		0.04		0.00		0.11		0.21										US		0.016		0.000		0.000

																																Totals		4		19				26																								ZI		0.00		0.00		0.11		0.14										WB		0.014		0.000		0.074

																																																																RL		0.52		0.44		0.33		0.04										ZI		0.000		0.000		0.069

																																																																Total errors		1.22		1.16		1.33		0.68										RL		0.088		0.052		0.116

																																																																																		Total		0.129		0.107		0.085

																																Success rate of control tasks (Case Study IV)

																																		Group		Individual		Blackboard		Overall

																																Successful		39		76		44		56																																										Mean error rate of control tasks (Pebbles II)										error vs button presses

																																Partially successful		52		16		33		33																																												Group		Individual		Blackboard

																																Unsuccessful		9		8		22		11																																										OS		0.031		0.068		0.056

																																Totals		23		25		9		57																																										US		0.014		0.044		0.014

																																																																																		WB		0.012		0.017		0.056

																																																																																		ZI		0.000		0.000		0.052

																																																																																		RL		0.088		0.030		0.087

																																																																																		Total		0.123		0.143		0.085
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PEBBLES I

		PEBBLES I

																																														Success rate of control tasks (Case Study I and II)																				Mean error rate of control tasks (Case Study I)										error vs. task						Mean error rate of control tasks (Case Study I)										error vs button presses								Case study I		Case study II				error vs. button presses

		Success rate of one-on-one communications (PEBBLES I)																Success rate of attention gaining (PEBBLES I)														Breakdown of control tasks (PEBBLES I)																Group		Individual		Computer		Blackboard						Individual		Blackboard						Group		Individual		Computer		Blackboard		Overall								Group		Individual		Computer		Blackboard								Group		0.373		0.042

				Case Study I		Case Study 2		Overall												Case Study I		Case Study II		Overall										Case Study I		Case Study II										Successful		0		85		80		64						76		86				OS		0.40		0.46		0.60		2.64		1.18						OS		0.267		0.142		0.097		0.255								Individual		0.245		0.024

		Successful		26		32		28										Successful		33		25		31								Group		15		14										Partially successful		100		15		20		36						12		14				US		0.20		0.15		0.00		1.00		0.41						US		0.067		0.064		0.000		0.074								Computer		0.097		0.000

		Partially Successful		70		65		68										Unsuccessful		67		75		69								Individual		38		59										Unsuccessful		0		0		0		0						12		0				WB		0.00		0.08		0.00		0.18		0.09						WB		0.000		0.038		0.000		0.008								Blackboard		0.376		0.043

		Unsuccessful		4		4		4										Totals		12		4		16								Computer Screen		15		3																														ZI		0.00		0.00		0.00		0.36		0.12						ZI		0.000		0.000		0.000		0.039

		Totals		93		57		150																								Black Board		32		24																														RL		0.20		0.00		0.00		0.00		0.03						RL		0.000		0.038		0.000		0.008

																																																																		Total errors		0.80		0.69		0.60		4.18		1.82						Total		0.373		0.245		0.097		0.376

																																Success rate of control tasks (Case Study I)

																																		Group		Individual		Computer		Blackboard																										Mean error rate of control tasks (Case Study II)										error vs task

																																Successful		0		85		80		64																												Group		Individual		Blackboard		Overall								Mean error rate of control tasks (Case Study II)										error vs button presses

																																Partially successful		100		15		20		36																										OS		0.00		0.06		0.86		0.29										Group		Individual		Blackboard

																																Unsuccessful		0		0		0		0																										US		0.25		0.00		0.14		0.07								OS		0.000		0.002		0.017

																																																																		WB		0.25		0.24		0.14		0.21								US		0.031		0.000		0.003

																																																																		ZI		0.00		0.00		0.57		0.14								WB		0.010		0.022		0.003

																																																																		RL		0.00		0.00		0.00		0.04								ZI		0.000		0.000		0.020

																																																																		Total		0.50		0.29		1.71		0.68								RL		0.010		0.022		0.003

																																																																																		Total		0.042		0.024		0.043

																																Success rate of control tasks (Case Study II)

																																		Group		Individual		Blackboard

																																Successful		25		76		86

																																Partially successful		75		12		14

																																Unsuccessful		0		12		0

																																																																																		Mean error rate of control tasks (PEBBLES I)										error vs button presses

																																																																																				Group		Individual		Computer		Blackboard

																																																																																		OS		0.148		0.063		0.081		0.163

																																																																																		US		0.051		0.028		0.000		0.046

																																																																																		WB		0.046		0.029		0.000		0.059

																																																																																		ZI		0.000		0.000		0.000		0.032

																																																																																		RL		0.022		0.000		0.000		0.000

																																																																																		Total		0.226		0.120		0.081		0.247
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		PEBBLES II

																																																		Individual				Group		Individual		Blackboard						Mean error rate of control tasks (Focus Group I)										error rates vs. number of tasks								Mean error rate of control tasks (Case Study III)										error vs button presses								Case study III		Case study IV

		Success rate of one-on-one communications (PEBBLES II)														Success rate of attention gaining (PEBBLES I)																Breakdown of control tasks (PEBBLES II)																Successful		74				39		76		44								Group		Individual		Blackboard		Overall												Group		Individual		Blackboard										Group		0.083		0.129

				Case Study 3		Case Study 4		Overall										Case Study III		Case Study IV														Case Study III		Case Study IV		Overall										Partially successful		16				52		16		33						OS		0.00		0.47		0.67		0.42										OS		0.000		0.086		0.028										Individual		0.192		0.107

		Successful		43		54		51								Successful				100												Group		15		40		11										Unsuccessful		11				9		8		22						US		0.00		0.42		0.33		0.35										US		0.000		0.101		0.056										Blackboard		0.083		0.085

		Partially Successful		53		44		47								Unsuccessful				0												Individual		73		44		36																										WB		0.00		0.05		0.00		0.04										WB		0.000		0.040		0.000

		Unsuccessful		4		2		3								Totals				100												Black Board		73		16		22																										ZI		0.00		0.00		0.00		0.00										ZI		0.000		0.000		0.000

		Totals		53		112		165																								Totals		26		57		83																										RL		0.25		0.00		0.00		0.04										RL		0.083		0.000		0.000

																Only two Attention gaining attempts so have to forget this one.																																																Total errors		0.25		0.95		1.00		0.85										Total		0.083		0.192		0.083

																																Success rate of control tasks (Focus Group I)																																Mean error rate of control tasks (Case Study IV)										error rates vs. number of tasks

																																		Group		Individual		Blackboard		Overall																										Group		Individual		Blackboard		Overall										Mean error rate of control tasks (Case Study III)										error vs button presses

																																Successful		0		74				65																								OS		0.48		0.72		1.00		0.29												Group		Individual		Blackboard

																																Partially successful		100		16				27																								US		0.30		0		0.00		0.07										OS		0.036		0.054		0.066

																																Unsuccessful		0		11				8																								WB		0.04		0.00		0.11		0.21										US		0.016		0.000		0.000

																																Totals		4		19				26																								ZI		0.00		0.00		0.11		0.14										WB		0.014		0.000		0.074

																																																																RL		0.52		0.44		0.33		0.04										ZI		0.000		0.000		0.069

																																																																Total errors		1.22		1.16		1.33		0.68										RL		0.088		0.052		0.116

																																																																																		Total		0.129		0.107		0.085

																																Success rate of control tasks (Case Study IV)

																																		Group		Individual		Blackboard		Overall

																																Successful		39		76		44		56																																										Mean error rate of control tasks (Pebbles II)										error vs button presses

																																Partially successful		52		16		33		33																																												Group		Individual		Blackboard

																																Unsuccessful		9		8		22		11																																										OS		0.031		0.068		0.056

																																Totals		23		25		9		57																																										US		0.014		0.044		0.014

																																																																																		WB		0.012		0.017		0.056

																																																																																		ZI		0.000		0.000		0.052

																																																																																		RL		0.088		0.030		0.087

																																																																																		Total		0.123		0.143		0.085
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PEBBLES I

		PEBBLES I

																																														Success rate of control tasks (Case Study I and II)																				Mean error rate of control tasks (Case Study I)										error vs. task						Mean error rate of control tasks (Case Study I)										error vs button presses								Case study I		Case study II				error vs. button presses

		Success rate of one-on-one communications (PEBBLES I)																Success rate of attention gaining (PEBBLES I)														Breakdown of control tasks (PEBBLES I)																Group		Individual		Computer		Blackboard				Group		Individual		Blackboard						Group		Individual		Computer		Blackboard		Overall								Group		Individual		Computer		Blackboard								Group		0.373		0.042

				Case Study I		Case Study 2		Overall												Case Study I		Case Study II		Overall										Case Study I		Case Study II										Successful		0		85		80		64				25		76		86				OS		0.40		0.46		0.60		2.64		1.18						OS		0.267		0.142		0.097		0.255								Individual		0.245		0.024

		Successful		26		32		28										Successful		33		25		31								Group		15		14										Partially successful		100		15		20		36				75		12		14				US		0.20		0.15		0.00		1.00		0.41						US		0.067		0.064		0.000		0.074								Computer		0.097		0.000

		Partially Successful		70		65		68										Unsuccessful		67		75		69								Individual		38		59										Unsuccessful		0		0		0		0				0		12		0				WB		0.00		0.08		0.00		0.18		0.09						WB		0.000		0.038		0.000		0.008								Blackboard		0.376		0.043

		Unsuccessful		4		4		4										Totals		12		4		16								Computer Screen		15		3																														ZI		0.00		0.00		0.00		0.36		0.12						ZI		0.000		0.000		0.000		0.039

		Totals		93		57		150																								Black Board		32		24																														RL		0.20		0.00		0.00		0.00		0.03						RL		0.000		0.038		0.000		0.008

																																																																		Total errors		0.80		0.69		0.60		4.18		1.82						Total		0.373		0.245		0.097		0.376

																																Success rate of control tasks (Case Study I)

																																		Group		Individual		Computer		Blackboard																										Mean error rate of control tasks (Case Study II)										error vs task

																																Successful		0		85		80		64																												Group		Individual		Blackboard		Overall								Mean error rate of control tasks (Case Study II)										error vs button presses

																																Partially successful		100		15		20		36																										OS		0.00		0.06		0.86		0.29										Group		Individual		Blackboard

																																Unsuccessful		0		0		0		0																										US		0.25		0.00		0.14		0.07								OS		0.000		0.002		0.017

																																																																		WB		0.25		0.24		0.14		0.21								US		0.031		0.000		0.003

																																																																		ZI		0.00		0.00		0.57		0.14								WB		0.010		0.022		0.003

																																																																		RL		0.00		0.00		0.00		0.04								ZI		0.000		0.000		0.020

																																																																		Total		0.50		0.29		1.71		0.68								RL		0.010		0.022		0.003

																																																																																		Total		0.042		0.024		0.043

																																Success rate of control tasks (Case Study II)

																																		Group		Individual		Blackboard

																																Successful		25		76		86

																																Partially successful		75		12		14

																																Unsuccessful		0		12		0

																																																																																		Mean error rate of control tasks (PEBBLES I)										error vs button presses

																																																																																				Group		Individual		Computer		Blackboard

																																																																																		OS		0.148		0.063		0.081		0.163

																																																																																		US		0.051		0.028		0.000		0.046

																																																																																		WB		0.046		0.029		0.000		0.059

																																																																																		ZI		0.000		0.000		0.000		0.032

																																																																																		RL		0.022		0.000		0.000		0.000

																																																																																		Total		0.226		0.120		0.081		0.247
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		PEBBLES II

																																																Group		Individual				Group		Individual		Blackboard						Mean error rate of control tasks (Focus Group I)										error rates vs. number of tasks								Mean error rate of control tasks (Case Study III)										error vs button presses								Case study III		Case study IV

		Success rate of one-on-one communications (PEBBLES II)														Success rate of attention gaining (PEBBLES I)																Breakdown of control tasks (PEBBLES II)														Successful		0		74				39		76		44								Group		Individual		Blackboard		Overall												Group		Individual		Blackboard										Group		0.083		0.129

				Case Study 3		Case Study 4		Overall										Case Study III		Case Study IV														Case Study III		Case Study IV		Overall								Partially successful		100		16				52		16		33						OS		0.00		0.47		0.67		0.42										OS		0.000		0.086		0.028										Individual		0.192		0.107

		Successful		43		54		51								Successful				100												Group		15		40		11								Unsuccessful		0		11				9		8		22						US		0.00		0.42		0.33		0.35										US		0.000		0.101		0.056										Blackboard		0.083		0.085

		Partially Successful		53		44		47								Unsuccessful				0												Individual		73		44		36																										WB		0.00		0.05		0.00		0.04										WB		0.000		0.040		0.000

		Unsuccessful		4		2		3								Totals				100												Black Board		73		16		22																										ZI		0.00		0.00		0.00		0.00										ZI		0.000		0.000		0.000

		Totals		53		112		165																								Totals		26		57		83																										RL		0.25		0.00		0.00		0.04										RL		0.083		0.000		0.000

																Only two Attention gaining attempts so have to forget this one.																																																Total errors		0.25		0.95		1.00		0.85										Total		0.083		0.192		0.083

																																Success rate of control tasks (Focus Group I)																																Mean error rate of control tasks (Case Study IV)										error rates vs. number of tasks

																																		Group		Individual		Blackboard		Overall																										Group		Individual		Blackboard		Overall										Mean error rate of control tasks (Case Study III)										error vs button presses

																																Successful		0		74				65																								OS		0.48		0.72		1.00		0.29												Group		Individual		Blackboard

																																Partially successful		100		16				27																								US		0.30		0		0.00		0.07										OS		0.036		0.054		0.066

																																Unsuccessful		0		11				8																								WB		0.04		0.00		0.11		0.21										US		0.016		0.000		0.000

																																Totals		4		19				26																								ZI		0.00		0.00		0.11		0.14										WB		0.014		0.000		0.074

																																																																RL		0.52		0.44		0.33		0.04										ZI		0.000		0.000		0.069

																																																																Total errors		1.22		1.16		1.33		0.68										RL		0.088		0.052		0.116

																																																																																		Total		0.129		0.107		0.085

																																Success rate of control tasks (Case Study IV)

																																		Group		Individual		Blackboard		Overall

																																Successful		39		76		44		56																																										Mean error rate of control tasks (Pebbles II)										error vs button presses

																																Partially successful		52		16		33		33																																												Group		Individual		Blackboard

																																Unsuccessful		9		8		22		11																																										OS		0.031		0.068		0.056

																																Totals		23		25		9		57																																										US		0.014		0.044		0.014

																																																																																		WB		0.012		0.017		0.056

																																																																																		ZI		0.000		0.000		0.052

																																																																																		RL		0.088		0.030		0.087

																																																																																		Total		0.123		0.143		0.085
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