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ABSTRACT

Streaming video on the World Wide Web is being widely deployed, and workplace training and distance education are key applications. The ability to annotate video on the Web can provide significant added value in these and other areas. Written and spoken annotations can provide “in context” personal notes and can enable asynchronous collaboration among groups of users. With annotations, users are no longer limited to viewing content passively on the web, but are free to add and share commentary and links, thus transforming the web into an interactive medium. We discuss design considerations in constructing a collaborative video annotation system, and we introduce our prototype, called MRAS. We present preliminary data on the use of Web-based annotations for personal note-taking and for sharing notes in a distance education scenario.  Users showed a strong preference for MRAS over pen-and-paper for taking notes, despite taking longer to do so. They also indicated that they would make more comments and questions with MRAS than in a “live” situation, and that sharing added substantial value.
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1 INTRODUCTION

There has been much discussion about using streaming video on the World Wide Web for workplace training and distance learning. The ability to view content on-demand anytime and anywhere could expand education from a primarily synchronous “live” activity to include more flexible, asynchronous interaction [20]. However, key parts of the “live” educational experience are missing from on-demand video environments, including the comments and questions of other students, and the instructor’s responses. A crucial challenge to making on-demand video a viable educational tool is supporting this kind of interactivity asynchronously.

A Web-based system for annotating multimedia web content can satisfy many requirements of asynchronous educational environments. It can enable students to record notes, questions, and comments as they watch Web-based lecture videos. Each note can be stored with meta data which identifies the precise time and place (in the video) at which the annotation was created.  Students can share annotations with each other and instructors, either via the system or via email, and email recipients can be presented with a URL which will take them back to the part of the video which contextualizes the annotation.  Students can watch their own and others’ annotations scroll by as the video plays. Annotations can be used as a table-of-contents to allow jumping to relevant portions of the video. By allowing students to organize their annotations for public as well as personal use, such a system can go “beyond being there.” Most note-taking is personal, but the communication and information-management capabilities of the Web can potentially promote greater interactivity than a traditional classroom.

We have implemented a protoype system called MRAS (Microsoft Research Annotation System) which implements much of this functionality. We present the MRAS architecture, its functionality, and its user-interface.  MRAS is a Web-based client/server framework that supports the association of any segment of addressable media content with any other segment of addressable media. The underlying MRAS framework can be used for virtually any annotation task, for instance taking notes on “target” documents of any media type (such as web pages, 3D virtual reality simulations, or audio recordings), supporting automated parsing and conversion routines such as speech-to-text and video summarization, or even composing dynamic user-specific user interfaces. Since MRAS supports the storage and retrieval of media associations without placing restrictions on the media themselves, it represents a first step toward a distributed authoring platform in which multimedia documents are composed at runtime of many disparate parts.  The current client-side user interface is specifically tailored for annotating streaming video on the Web.

In this paper we focus on the use of MRAS in an asynchronous educational environment featuring on-demand streaming video. In addition to describing the MRAS system design, we report results from preliminary studies on its use. We compare taking notes with MRAS to taking notes with pen and paper. We look at how users built on each others’ comments and questions asynchronously using MRAS, similar to the way discussions evolve in “live” classroom situations.  We examine issues in positioning annotations for video and how users track previously made annotations. Finally, we examine the differences and similarities in how users create text and audio annotations with MRAS.  

While we focus here on the use of MRAS in an educational context, we observe that Web-based annotations on multimedia content have much broader applicability.  When content represents captured audio-video for presentations and meetings in corporate settings, for instance, annotations can enhance collaboration by distant and asynchronous members of the group, and can enhance institutional memory.  Similarly, in a product design scenario, user-interface engineers can capture videos of product use and then create annotations to discuss with developers the problems the end-users are experiencing.  Annotations also offer a novel way for authoring multimedia content, where the instructions on how to put together the final content are not hardwired and stored with the original “base” content, but are assembled dynamically based on the available annotations and the end-users interest profile.  Indeed, there are few Web-based scenarios involving collaboration where annotations would not enhance the situation significantly.
The extensive literature on annotation systems primarily addresses annotation of text [5, 15, 12]. The few systems concerned with annotations of video have mainly focused on the construction of video databases [21, 3] rather than on promoting collaboration. We discuss the relationship between our work and earlier projects in Section 5.

The paper is organized as follows. Section 2 describes the architecture, functionality, and user interface of the MRAS system. Section 3 presents results of our personal note-taking study, and Section 4 presents results of our shared-notes study.  We discuss related work in Section 5, and we present concluding remarks in Section 6.

2 MRAS SYSTEM DESIGN

In this section we present the MRAS architecture, including how it interfaces to other server components (database, video, web, email), the protocols that provide universal access across firewalls, and how it provides rich 
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Figure 1: MRAS System Overview.

control over bandwidth use for annotation retrieval. We show how MRAS supports asynchronous collaboration via annotation sharing, fine-grained access control to annotation sets, threaded discussions, and an interface to email. We discuss the unique user-interface challenges and opportunities involved in annotating video, including precise temporal annotation positioning, video seek by annotation position, and annotation tracking while a video is playing.

2.1 MRAS System Overview

When a user accesses a web page containing video, the web browser contacts the web server to get the HTML page and the video-server to get the video content.  If there are annotations associated with the video in the web page, the user can contact the MRAS Annotation Server to retrieve them. Figure 1 shows the interaction of these networked components. The MRAS Annotation Server manages the Annotation Meta Data Store and the Native Annotation Content Store, and communicates with clients via HTTP. Meta data about target content is keyed on the target content’s URL. The MRAS Server communicates with Email Servers via SMTP, and can send and receive annotations in email. Since the display of annotations is composed with target media at runtime on the client, location and user access rights for target content are not restricted.

2.2 MRAS System Components

Figure 2 shows the MRAS system components and illustrates how they work together.  MRAS is composed of a server, clients, and stateless client-server communication via HTTP.
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Figure 2: MRAS System Components.
2.2.1 MRAS Server

The MRAS Annotation Server’s activities are coordinated by the Multimedia Annotation Web Server (MAWS) module, which is an ISAPI (“Internet Services API”) plug-in that runs in the Microsoft IIS (“Internet Information Server”) web server. Client commands arrive at the server in the form of HTTP requests which are unpacked by the Httpsvcs modules and forwarded to the Annotation Back End (ABE) module. ABE is the main system module, containing objects for accessing annotation data stores, composing outgoing email from annotation data, processing incoming email from the Email Reply Server, and making method calls to the server from the client side.  The Email Reply Server is an independent agent which monitors the server’s email inbox and processes email messages when they arrive.  If a message contains the necessary information to be considered an annotation, the Email Reply Server converts the email to an annotation and inserts it into the annotation data stores.

Annotation meta data and “native” annotation content (i.e. annotation content authored in the MRAS user interface, which for now is either unicode text or wave audio) are stored in Microsoft SQL 7.0 relational databases. Since a clear distinction between meta data and content is maintained, however, annotation content need not be stored in the native annotation content store.  Instead, it can be stored anywhere as long as the annotation server can retrieve it (i.e. as long as it is addressable).  Alternative storage locations include other web servers or other databases, for instance, and this reveals the possibility that annotations can  themselves be third-party content.  In addition, nothing in the underlying MRAS architecture restricts the media type of annotation content.  Although the MRAS user interface prototype presented here only supports text and audio annotations on digitized video, the underlying framework supports associating any type of electronic media with any other type of electronic media.

User identification is authenticated on the server by refering user logon credentials to the underlying network.  Once the user is authenticated, her access rights are enumerated by comparing the network user groups to which she belongs with the MRAS access rights stored in the Annotation Meta Data Store.  Access rights are keyed on annotation sets, which group annotations into organizational units.  In this way, groups of users are given specific access to groups of annotations.  Annotation sets therefore can be private to an individual (in a group consisting of one person), restricted to a particular user group, or made public to all network users.

2.2.2 Client-Server Communication

Communication between MRAS clients and servers consists of HTTP request/response pairs wherein commands are encoded as URLs and Entity-Body data is formatted as OLE Structured Storage documents. OLE Structured Storage is a flexible binary standard for storing arbitrarily complex composition documents, but is not widely supported on the Web, so we plan to convert our wire data format to XML.

HTTP is used as the primary client-server protocol since it is widely supported on the Internet, and because most firewalls allow HTTP traffic through.  Firewall neutrality is important since it allows collaboration among users of MRAS across corporate and university boundaries.


Due to the nature of the HTTP protocol, client-server communication is always initiated by the client.  Although a push model of annotation delivery is possible, where users register their interest in a particular annotation set and the annotation server in turn delivers updates as the set is modified by other users, this has not yet been implemented in MRAS.  Instead, the MRAS client “Query” functionality (described below) allows users to retrieve annotations created after a particular time, and this opens the possibility for regular client-driven polling of the server.

2.2.3 MRAS Client

The last piece of the MRAS system is the client, where the HttpSvcs module handles communication with the server and ABE translates user actions into commands destined for the server. The MRAS user interface is encapsulated in the Multimedia Annotations module (MMA), which hosts ActiveX controls that display an interface for annotating streaming video on the Web.  The next section is devoted to an in-depth discussion of MRAS system functionality and how it is manifested in the MRAS client user interface.

2.3 MRAS System Functions

Figure 3 shows the MRAS toolbar, the top-level user interface supported by the ActiveX controls in the MMA module. This toolbar is positioned in a web browser just below the web page display, or it can be embedded anywhere in a web page. After logon to a MRAS server, users choose the annotation activities they want to perform from this toolbar.

2.3.1 Adding New Annotations

Figure 4 shows the dialog box for adding new annotations. When a user presses the “Add” button on the top level annotations toolbar (Figure 3), this dialog box appears. As shown, it currently supports adding text and audio annotations. If there is a video in the current web page, then when the dialog comes up, the annotation’s target position is set to the current position in the video’s timeline, and the video pauses. Pausing is required when adding an audio annotation due to hardware constraints on most PCs: There is usually only one sound card available for all applications, which the video uses for its audio track, and the MRAS client uses to support audio annotations.  Based on results from pilot tests, we decided to automatically pause the video in both the audio and text cases to make the user experience more consistent.
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Figure 3: MRAS toolbar. The top-level toolbar is displayed at the bottom of the web browser window. It allows the user to logon to an MRAS server, retrieve existing annotations, add new annotations, and see annotations that have been retrieved from the server.
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Figure 4: MRAS “Add New Annotation” dialog box.  Here, an audio annotation is being recorded.  It will be added to the “TOC” annotation set and mailed to Jeremy@smallware.com.  The user has specified that the annotation is contextualized by the target video from 6 minutes and 47 seconds to 7 minutes and 45 seconds.

2.3.2 Positioning Annotations

Just as an annotation on a text-based document can correspond to a text span, so an MRAS annotation can correspond to a time range within a target video. Each annotation maintains its own range positioning data. Annotation ranges may overlap. Controls at the top of the ‘Add’ dialog box (Figure 4) allow users to refine or change the range beginning and end so that their annotations can be positioned more precisely “over” the appropriate segment of the target video.

2.3.3 Organizing Annotations

After the annotation has been positioned, a user must choose from a drop-down list the Annotation Set to which the annotation will be added.  Annotation Sets are the fundamental organizational mechanism in MRAS. An Annotation Set can be thought of as any collection of comments, questions, or notes.  For example, it may correspond to an individual user’s personal notebook, or to the transcript of a meeting.  As discussed later, annotation sets also form the basis for access control and sharing.  For now, Annotation Sets are implemented as a single-level flat organizational scheme, and an individual annotation can belong to one and only one Annotation Set.  This relatively limited implementation will be relaxed in the future, however, so that Annotation Sets can be organized in arbitrary user-defined hierarchies, and so that individual annotations and sets may belong to more than one set.

2.3.4 Sending Annotations In Email

After an Annotation Set has been specified, a user can enter SMTP email addresses to which the annotation will be sent after being validated by the server. The server copies contextual information and annotation data into the email message, allowing the message recipient(s) to quickly and easily navigate to the appropriate place in the target video. Replies to annotation email messages – as well as user-created email messages which contain the appropriate meta data tags -- are handled by the MRAS Email Reply Server (ERS).  The ERS receives, validates, and processes email messages as if they were annotations.  By fully integrating MRAS with SMTP, we take advantage of the power and flexibility of existing email applications as collaborative tools.  Users who do not have access to the MRAS client can still participate in the shared discussions supported by the MRAS framework.

2.3.5 Retrieving Annotations

Figure 5 shows the MRAS “Query Annotations” dialog box, used to retrieve existing annotations from the MRAS server. This dialog box is accessed via the “Query” button on the MRAS toolbar (Figure 3). The controls at the top of the dialog are similar to those in the “Add New Annotation” dialog box (Figure 4); however, here they describe the time range in the target video for which annotations are to be retrieved. This, along with the “Max To Retrieve” and “Annotation Create Date” boxes in the dialog box, narrow the range of annotations to be retrieved.  
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Figure 5: Query Annotations dialog box.
The “Level of Detail” box provides users with control of bandwidth usage when downloading annotations, by allowing them to download various amounts of information for the annotations being retrieved. For instance, if a user selects the “deferred download” checkbox, then only enough meta data to identify and position each annotation is downloaded.  Later, if the user wishes to see the full content of a particular annotation, she can download the data for only the one she is interested in, without having to download the content of other annotations in the query result set.

As in the “Add New Annotation” dialog box, users are presented with a list of annotation sets in the Query dialog.  However, here the list shows sets to which a user has read access, and which contain annotations on the current target video (all other annotation sets are either off-limits to the user or are empty, so it does not make sense to query from them).  Users can choose any combination of annotation sets to constrain their query. When the query is launched, only annotations from the specified sets will be retrieved.


The “Use URL in Query” checkbox at the very top of the dialog box allows a user to specify whether the current video target content URL will be used as a constraint in the annotation query operation.  If it is selected, only the annotations on the current target (the video being viewed in the web browser’s current page, for instance) will be retrieved from the server.  If it is deselected, the URL will not be used, and all annotations in the specified set(s) will be retrieved (regardless of what video they were created on).  This opens the possibility for annotation “playlists,” wherein a list of annotations can be used to define a composite view of information across a number of targets.  We have prototyped several composite video presentations involving different web pages using this feature.

The “Summary Keyword Search” box allows a user to retrieve only those annotations which meet all of the other query criteria and which also contain the specified keywords in their summary strings.  This feature is particularly useful if a user knows what they are looking for in a large set of annotations.

2.3.6 Access Control and Sharing

The Annotation Set list presented in the “Query Annotations” dialog differs slightly from the list in the “Add” dialog. Here, it lists sets to which a user has read access and which contain annotations on the current target video, whereas in the “Add” dialog it is simply a list of sets to which the user has write access. In addition to being the fundamental organizational mechanism, Annotation Sets serve as the basic entities against which access rights are established and controlled. Users are identified and authenticated in MRAS by their network user accounts and user group affiliations. A table in the Annotation Meta Data Store (Figure 2) stores a permissions map that relates user groups to Annotation Sets. In this way, MRAS affords a fine grained mechanism for controlling access rights between groups of users and sets of annotations.

Another important use of Annotation Sets is to support collaboration through fine-grained, structured sharing of annotations. In a college course, for instance, one set could be created for each student called “student X’s notebook,” to which only the student has read/write access and the professor has read access. Another set entitled “class discussion” could grant read/write access to all class members. And a set called “comments on homework” could be created, to which TAs have read/write access and everyone else has read access.

2.3.7 Viewing and Using Annotations

The MRAS “View Annotations” window (Figure 6) displays annotations retrieved from the server in a tree structure. Several interesting MRAS features are introduced here, including annotation reply, seek, tracking, and preview.
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Figure 6: MRAS “View Annotations” window.  The annotation entitled “Educating the Teachers” and its children are being tracked.  A reply to the annotation entitled “Teacher/Student relationships” has been selected by the user.  The preview pane shows the contents of the user-selected annotation in this example, but it can also show the contents of the tracked annotations.  The mouse-click menu for manipulating the selected annotation is also displayed.

Reply and seek functionality are accessed through a menu that appears when a user clicks over an annotation in the view window. “Reply” allows a user to elaborate on a previously created annotation by creating a child annotation. The ability to create child annotations forms the basis for support of threaded discussions in MRAS. Child annotations inherit all of their contextual meta data from their parent, so that a threaded discussion is consistently contextualized by the target video at every point in the discussion, and the context can be recovered from any part of the discussion.  

“Seek” changes the current video position to the beginning of the range over which an annotation was created. Using seek, users can easily see the part of the video that corresponds to the annotation.  This also allows annotations to be used to create personal or shared table-of-contents.

The tracking feature polls the target video at regular intervals for its current position and updates the “View” window. Annotations close to the current target video position (within some epsilon) are highlighted with red icons and bold typeface, and the closest annotation gets an arrow icon. Tracking allows users to see where they are in a list of annotations as the target video plays. As annotations are tracked, the preview feature displays the content of the closest annotation, without the user having to manually expand it. This was a popular feature in our usage studies, especially in the “shared annotations” condition in which users added comments and questions to a set containing annotations added by previous users. 

3 PERSONAL NOTES USAGE STUDY

We conducted two studies of annotation creation on streaming video over the Web. The first concerned personal note-taking using MRAS.  Since there is little if any past experience with the use of such systems, our primary motivation was to gain intuition about how people do use it---how many annotations they create, how they position annotations within the lecture video, what their reaction is in contrast to pen-and paper (with which they have decades of experience).

3.1 Experimental Procedure

3.1.1 Participants 

Six people participated in the “Personal Notes” usage study. They were intermediate to advanced Microsoft Windows users with no involvement with the research, and were given software products for their participation.

3.1.2 Methods
Participants were asked to assume that they were students in a course. As preparation for a discussion planned for the next class meeting, they needed to watch a video presentation of Elliot Soloway’s ACM ’97 conference talk “Educating the Barney Generation’s Grandchildren.” Their goal was to generate questions or comments from the video for the class discussion. Each was given as much time as needed to complete the task.

During the video, subjects made annotations in two ways: using handwritten notes and using text-based MRAS notes. Half of the subjects (three) took handwritten notes during the first half of the video and switched to MRAS for the second half of the video (Paper-first condition). The other three used MRAS for text-based note taking during the first half, and pen and paper for the second half (MRAS-first condition).

Subjects began the study session by completing a background questionnaire. For the MRAS-first condition, subjects watched the first half of the video after familiarizing themselves with the MRAS user interface. For the Paper-first condition, subjects were told to take handwritten notes in the way they normally would in a "live” classroom situation. Halfway through the talk, the video stopped and subjects switched to the other note taking method. Those in the Paper-first condition familiarized themselves with taking notes using MRAS before continuing with the video, and those in the MRAS-first condition were told to take handwritten notes in they way they were accustomed.

From behind a one-way mirror we observed behaviors such as pausing or rewinding the video. Task time and annotation number and content were also recorded. After the study, subjects completed a post-study questionnaire and were debriefed.

3.1.3 Results

Table 1 summarizes the results of the Personal Notes Study. 
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Table 1: Personal Notes Study Results.  “SEM” is the Standard Error of the Mean.

3.1.4 Number of Notes and Time Spent Taking Notes

Although the video was just 33 minutes, the participants using MRAS took an average of 16.8 notes; subjects using pen and paper took a statistically indistinguishable average of 16.2 notes. 

Interestingly, taking notes using MRAS took 32% longer than on paper (this difference was significant at probability p=.01, based on a repeated measures analysis of variance (ANOVA), the test used below unless indicated otherwise). With paper, users often took notes while the video continued to play, thus overlapping listening and note-taking.  For MRAS, the system pauses the video when adding, to avoid audio interference. One might reconsider the design decision to force pausing when conditions allow (e.g., for text annotations). However, this difference did not seem to negatively affect the subjects’ perception of MRAS---as noted below, all six subjects reported that the benefits of taking notes with MRAS outweighed the costs.

Another surprising discovery was how MRAS-first subjects took paper notes differently from paper-first subjects.  All three MRAS-first subjects paused the video while taking paper notes; none of the paper-first subjects paused. This suggests that people modified their note-taking styles as a result of using MRAS.

3.1.5 Contextualization and Positioning Personal Notes

An important aspect of MRAS is that annotations are automatically linked (contextualized) to the portion of video being watched.  We were curious how subjects associated their paper notes with portions of lecture, and their reactions to MRAS.

Examining the handwritten paper notes of subjects, we found little contextualization. It was difficult or impossible to match subjects’ handwritten notes with the video.  The exception was one subject in the MRAS-first condition who added timestamps to his handwritten notes.  On the other hand, it was easy to match subjects’ notes taken with MRAS with the video, using the seek feature. Subjects’ comments reinforced this. One subject in the Paper-first case told us that MRAS “...allows me to jump to areas in the presentation pertaining to my comments.”  We elaborate on this in the shared-notes study described below.
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Table 2: Shared Notes Study Results.  Table 2 shows the results of the “Shared Notes” usage study, in which subjects were divided into three conditions (Text Only, Audio Only, and Text+Audio). The number of annotations added by each subject was analyzed for type (new vs reply). In the Text+Audio condition, it was also analyzed for medium (text vs audio). Subjects tended to use text as an annotation medium slightly more than audio for both new and reply annotations, subjects did not take significantly longer to complete the task in any of the three conditions, and on average the number of replies went up per subject in sequence.

3.1.6 User Experience

In comparing note-taking with MRAS to using paper, all six subjects expressed preference for MRAS to paper. Comments emphasized organization, readability, and contextualization as reasons for preferring MRAS annotations. One subject stated that the notes she took with MRAS were “...much more legible, and easier to access at a later time to see exactly what the notes were in reference to”. 

Subjects also felt that the notes taken with MRAS were more useful. When asked which method resulted in notes that would be more useful 6 months down the road (for instance for studying for an exam) all six subjects chose MRAS. They again cited issues such as better organization, increased readability, and the fact that MRAS automatically positions notes within the lecture video. In this regard a subject said of her notes “the end product is more organized...The outline feature...allows for a quick review, with the option to view detail when time permits”. Subjects noted that the seek and tracking features of the MRAS user interface were particularly useful for relating their notes to the lecture video, and this added to the overall usefulness of their notes.  While the subject population was too small to make any broad generalizations, these results are extremely encouraging.

4 SHARED NOTES STUDY

Our second study sought to assess the benefit of sharing notes, and to using a particular medium for making notes. 

When notes are taken with pen and paper, the possibilities for collaboration and sharing are limited at best, and people generally are restricted to making text annotations, incidental markings, and drawings. With a Web-based system such as MRAS, users can share notes with anyone else on the Web. Users can group and control access to annotations. The potential exists for annotations using virtually any media supported by a PC. In our second study, we explore these possibilities. 

4.1 Experimental Procedure

The design for the “Shared Notes” study was similar to that of the “Personal Notes” study. The same video and similar instructions were used. The difference was that all subjects used MRAS to take notes for the entire duration of the video, and they were told that they were adding their comments and questions to a shared set of notes.

4.1.1 Subjects 

Eighteen new participants were recruited from the subject population used in the “Personal Notes” study. Each participated in one of three conditions, a Text-Only condition where they only added text annotations, an Audio-Only condition, and a Text-and-Audio condition, where both text and audio annotations were allowed.

4.1.2 Procedure

Again, subjects were told to assume that they were creating discussion questions and comments for participation in a class discussion. For each condition, subjects participated in sequence and notes were saved to a common annotation set, so that each subsequent subject could see, review, and respond to the annotations created by previous subjects. The first subject in each condition started with a set of “seed” annotations, which had been created by a subject in an earlier pilot study and adapted to the appropriate annotation medium for each condition. Subjects were asked to look at existing annotations before adding their own to avoid redundant annotations.

4.2 Results

4.2.1 Number and Nature of Annotations 

One goal of the “Shared Notes” study was to evaluate the impact of different annotation media on how users annotate. Several previous studies have compared the use of text and audio for annotation of text [4, 14]; however, little if any work has been done to investigate the effect of annotation medium on Web-based video annotations. Also, whereas these previous studies have focused on a qualitative analysis of annotation content, we focus on quantitative issues.

There was a fairly high rate of participation in all three conditions: A total of 50 annotations were added in Text-Only, 41 in Audio-Only, and 76 in the Text and Audio condition (Table 2). However, the number per subject was not significantly different for adding new annotations (one-way ANOVA, p=0.45), replying to existing ones (p=0.35), or for the combination of the two (p=0.37). Neither medium nor the choice of medium had a significant effect on the number of annotations added.  

Table 2 shows the results of the “Shared Notes” usage study, in which subjects were divided into three conditions (Text Only, Audio Only, and Text+Audio). The number of annotations added by each subject was analyzed for type (new vs reply). In the Text+Audio condition, it was also analyzed for medium (text vs audio). Subjects tended to use text as an annotation medium slightly more than audio for both new and reply annotations, subjects did not take significantly longer to complete the task in any of the three conditions, and on average the number of replies went up per subject in sequence.

Furthermore, subjects in the Text-Only  condition took an average of 64.0 minutes (SEM or standard error of the mean +/- 5.8) to complete watching the video and taking notes, whereas Audio-Only subjects took 77.1 minutes (+/-10.5), and Text and Audio subjects took 65.2 minutes (+/-7.4). Again, the differences were not significant (p = 0.47), indicating that neither medium nor the choice of medium affected the time to take notes using MRAS.

Subjects in the Text and Audio condition tended to use text more than audio for creating annotations (both new and reply, see Table 3) (p=0.06), and most expressed a preference for text. When asked which medium they found easier for adding annotations, 4 out of 6 chose text. One said typing text “...gives me time to think of what I want to put down. With the audio, I could have paused, gathered my thoughts, then spoke. But, it is easier to erase a couple of letters... than to try to figure out where in the audio to erase, especially if I talked for a while.”
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Table 3: Effect of Medium on Reply Annotation Counts.  The effect of annotation medium on the number of replies was substantial. Subjects in the Audio-Only and Text-Only conditions were limited to a single medium, so all replies were in that medium. Subjects in the Text and Audio condition were more likely to reply to text annotations using text, and were more likely to reply to text annotations overall.

Subjects also favored text for creating reply annotations in particular. This is shown in Table 3. When we looked at replies in the Text and Audio condition, we discovered that subjects were as likely to use text to reply to audio annotations as they were to use audio. Furthermore, subjects were more likely (p=.03) to use text when replying to text. 

Interestingly, subjects in the Text and Audio condition were much more likely to reply to text annotations in the first place (p = 0.01).  User feedback from both the Text and Audio and Audio-Only  conditions explains why: Subjects generally felt it took more effort to listen to audio than to read text. One subject in the Text and Audio condition was frustrated with the speed of audio annotations, saying that “I read much faster than I or others talk. I wanted to expedite a few of the slow talkers.” Another subject pointed out that “it was easy to read the text [in the preview pane] as the video was running. By the time I stopped to listen to the audio (annotations) I lost the flow of information from the video.” 

Medium therefore does have a quantitative effect on the creation of annotations in a Web-based system, albeit a subtle one.  We anticipated some of these difficulties in our design phase (e.g., as pointed by [14]), and that was our reason for providing a text-based summary line for all annotations, regardless of media type.  Several subjects in the Audio-Only and Text and Audio  conditions suggested a speech-to-text feature that would allow audio annotations to be stored as both audio and text. This would make it easy to scan audio annotation content in the preview window. We plan to explore this in the near future.

4.2.2 Annotation Sharing

Web-based annotations can be shared easily. This opens the door for rich asynchronous collaboration models. We explored several dimensions of annotation sharing, including the impact on the number of annotations over time and the distribution of new and “reply” annotations added over time. Neither of these dimensions has been explored in depth in the literature.

With subjects participating sequentially, we expected to see the number of new annotations drop off as the study progressed. We thought earlier subjects would make notes on the most interesting parts of the lecture video. Later subjects would have fewer opportunities for adding new and different annotations, and so would add fewer overall. In fact, something very different happened. We looked at total annotations added in sequence across all three conditions, and found that the number increased significantly (Pearson r = 0.49, p = 0.04). This is illustrated in Figure 7. Furthermore, this increase in the total number of annotations arose from a significant increase in replies alone (Pearson r = 0.52, p = 0.02), suggesting that more sharing occurred as the study progressed. This suggests than an easy means for supporting moderation could be good to add to the system.
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Figure 7: Annotations Added Over Time.  The number of annotations added over time increased (Pearson r = 0.491, p = 0.039). Here, the numbers for all three conditions (Text-Only, Audio-Only, and Text and Audio) have been combined. A linear least-squares trend line is superimposed in black.

4.2.3 Positioning Shared Notes

Positioning annotations in this study was particularly important because the notes were shared. Subjects who participated later in the study relied on the positioning of earlier subjects’ annotations to contextualize the annotation contents. Our hypothesis was that if annotations were not accurately positioned in the video, they would be confusing. We expected an “accurately” positioned annotation to be placed directly over the place in the video that contextualized it.

As in the “Personal Notes” study, users mostly positioned their annotations 10 to 15 seconds after the relevant part of the video. (This was not a conscious decision of the subjects, but just that they pressed the “add” button after they had formulated a response to something in the video.)  Contrary to our expectations, subsequent subjects were not confused or distracted by the lack of accuracy. When they watched the lecture video from beginning to end, most found it natural to see annotations display in the preview window a few seconds after the relevant part in the video.

4.2.4 User Experience

Subjects generally liked using MRAS for taking shared notes on streaming video over the Web. As already noted, their feedback reinforced many of our observations, especially with respect to their choice of medium for creating annotations. Moreover, their feedback lends fresh insight into the process of creating and sharing Web-based annotations.

Asked whether they made more comments and questions using MRAS than they would have in a live lecture, 14 out of 18 said yes. However, this was due in part to the fact that they were watching a video that could be paused and replayed. One participant in the Text-Only  condition told us he “...would not have had the opportunity to make as many comments or ask as many questions” in a live lecture. Another subject in the Audio-Only  condition commented that she “...would not have had as much to say since... I’d be taking up everyone’s time [and] ‘hogging the stage.’” Regardless of the reason, this is good news for asynchronous collaboration in education contexts: Web-based support for making comments and asking questions asynchronously may increase class participation.

The fact that Web-based annotations can be shared also had a big impact on users. Asked whether the other annotations helped or distracted them, some reported the additional information confusing because it was not perfectly synchronized with the activity in the lecture video. The majority, however, found others’ annotations useful in guiding their own thinking. This indicates that the positive results of [12] for annotation of text carry over to Web-based annotations. One Text and Audio subject said “it was thought-provoking to read the comments of others.” Another remarked “it was more of an interactive experience than a normal lecture. I found myself reading the other notes and assimilating the lecture and comments together.” These comments were echoed by subjects in the other conditions: An Audio-Only subject said that it was interesting and useful to see “...what other people find important enough to comment on.” And a Text-Only participant pointed out that MRAS “...gives you the opportunity to see what others have thought, thus giving you the chance to prevent repetition or [to] thoughtfully add on to other's comments.” Note-sharing in a Web-based annotation system could significantly enhance collaboration in an asynchronous environment.

Finally, subjects were asked whether they found using MRAS to be an effective way of preparing for a class discussion. A strong majority across all conditions agreed. The average response of subjects in the Text and Audio condition was 6.0 out of 7 (with 7 “strongly agree” and 1 “strongly disagree”). The average in both the Audio-Only and Text-Only conditions was 5.0 out of 7. One Text-Only subject was particularly enthusiastic: “I think that this software could really get more students involved, to see different viewpoints before classroom discussions, and could increase students’ participation who would otherwise not get too involved.”

5 RELATED WORK

Annotations for personal and collaborative use have been widely studied in several domains. Annotation systems have been built and studied in educational contexts. CoNotes [5] and Animal Landlord [18] support guided pedagogical annotation experiences. Both require preparation of annotation targets (for instance, by an instructor). MRAS can support a guided annotation model through annotation sets, but does not require it, and requires no special preparation of target media. The Classroom 2000 project [1] is centered on capturing all aspects of a live classroom experience, but in contrast to MRAS, facilities for asynchronous interaction are lacking. Studies of handwritten annotations in the educational sphere [12] have shown that annotations made in books are valuable to subsequent users. Deployment of MRAS-like systems will allow similar value to be added to video content.

The MRAS system architecture is related to several other designs. OSF [17] and NCSA [9] have proposed scalable Web-based architectures for sharing annotations on web pages. These are similar in principal to MRAS, but neither supports fine-grained access control, annotation grouping, video annotations, or rich annotation positioning.  Knowledge Weasel [10] is Web-based. It offers a common annotation record format, annotation grouping, and fine-grained annotation retrieval, but does not support access control and stores meta data in a distributed file system, not in a relational database as does MRAS. The ComMentor architecture [16] is similar to MRAS, but access control is weak and annotations of video are not supported.

Several projects have concentrated on composing multimedia documents from a base document and its annotations. These include Open Architecture Multimedia Documents [6], DynaText [19], Relativity Controller [7], Multivalent Annotations [15], DIANE [2], and MediaWeaver [22]. These systems either restrict target location and storage, or alter the original target in the process of annotation. MRAS does neither, yet it can still support document segmentation and composition with the rich positioning information it stores. 

The use of text and audio as annotation media has been compared in [4] and [14]. These studies focused on using annotations for feedback rather than collaboration. Also, the annotations were taken on text documents using pen and paper or a tape recorder. Our studies targeted an instructional video and were conducted online. Finally, these studies reported qualitative analyses of subjects’ annotations. We concentrated on a quantitative comparison and have not yet completed a qualitative analysis of our subjects’ notes.

Research at Xerox PARC has examined the use of software tools for “salvaging” content from multimedia recordings [13].  This work concentrated primarily on individuals transcribing or translating multimedia content such as audio recordings into useable summaries and highlights.  Our work focuses not only on empowering the individual to extract meaningful content from multimedia presentations, but also on providing tools for groups to share and discuss multimedia content in meaningful ways.

Considerable work on video annotation has focused on indexing video for video databases. Examples include Lee’s hybrid approach [11], Marquee [21], VIRON [8], and VANE [3], and they run the gamut from fully manual to fully automated systems. In contrast to MRAS, they are not designed as collaborative tools for learning and communication.

6 CONCLUDING REMARKS

The ability to annotate video over the Web provides a powerful means for supporting “in-context” user notes and asynchronous collaboration. We have presented MRAS, a prototype client-server system for annotating video. MRAS interfaces to other server components (database, video, web, email), employs protocols that provide access across firewalls, and provides control over bandwidth use in annotation retrieval. MRAS supports asynchronous collaboration via annotation sharing, fine-grained access control to annotation sets, threaded replies, and an email interface. Unique interface design issues arose, including annotation tracking while video is playing, seek capability, and annotation positioning.

We report very encouraging results from two studies of video annotation. In a study of personal note-taking, all subjects preferred MRAS over pen-and-paper (despite spending more time with MRAS). In a study of shared-note taking, 14 of 18 subjects said they made more comments and questions on the lecture than they would have in a live lecture. Precise positioning of annotations was less of an issue than we expected, and annotation tracking was heavily used by all subjects when annotations were shared.

Although these preliminary results are exciting, we are only scratching the surface of possibilities that a system like MRAS provides. We are now experimentally deploying MRAS in a number of workplace and educational environments to evaluate its effectiveness in larger-scale and more realistic collaborative communities. Users in these environments access video content on the web and annotate it with questions, comments, and references. For these sessions, face-to-face time in meetings or class can be reduced or used for in-depth discussion, and users are able to organize their participation in the community more effectively.
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		Audio+Text		new		%		reply		%		audio		%		text		%		total

		user_7		4		67%		2		33%		2		33%		4		67%		6				*later users added more annotations

		user_8		3		50%		3		50%		1		17%		5		83%		6				*In general, everyone added more new annotations than replies

		user_9		5		63%		3		38%		3		38%		5		63%		8				*In general, everyone added more text annotations than audio

		user_13		6		50%		6		50%		7		58%		5		42%		12				*

		user_14		6		60%		4		40%		1		10%		9		90%		10

		user_15		14		41%		20		59%		12		35%		22		65%		34

		Avg		6.33		55%		6.33		45%		4.33		32%		8.33		68%		12.67

																										ownername		target_begin		target_end		depth		annotation_size		MIMEType

																										user_13		135		1972		0		82		text/x-wchar

																										user_13		188		1972		1		320		text/x-wchar

																										user_13		274		1972		0		90892		audio/x-wav

																										user_13		312		1972		0		59980		audio/x-wav

																										user_13		343		1972		0		60		text/x-wchar

																										user_13		376		1972		1		262		text/x-wchar

																										user_13		423		1972		1		149420		audio/x-wav

																										user_13		465		1972		1		588		text/x-wchar

																										user_13		906		1972		0		197708		audio/x-wav

																										user_13		1134		1972		1		171244		audio/x-wav

																										user_13		1483		1972		1		96436		audio/x-wav

																										user_13		1972		1972		0		324140		audio/x-wav

																										user_14		0		1972		0		24		text/x-wchar

																										user_14		55		1972		0		86		text/x-wchar

																										user_14		277		1972		0		232		text/x-wchar

																										user_14		458		1972		0		270		text/x-wchar

																										user_14		660		1972		0		127884		audio/x-wav

																										user_14		735		1972		1		190		text/x-wchar

																										user_14		795		1972		2		100		text/x-wchar

																										user_14		913		1972		2		284		text/x-wchar

																										user_14		1286		1972		0		334		text/x-wchar

																										user_14		1664		1972		0		214		text/x-wchar

																										user_14		1687		1716		3		162		text/x-wchar

																										user_15		55		1972		1		65228		audio/x-wav

																										user_15		76		1972		0		62892		audio/x-wav

																										user_15		176		1972		0		76		text/x-wchar

																										user_15		214		1972		1		246		text/x-wchar

																										user_15		294		1972		0		55169		audio/x-wav

																										user_15		312		1972		1		130		text/x-wchar

																										user_15		343		1972		1		230		text/x-wchar

																										user_15		371		1972		0		174		text/x-wchar

																										user_15		376		1972		1		152268		audio/x-wav

																										user_15		420		1972		0		112556		audio/x-wav

																										user_15		423		1972		2		264588		audio/x-wav

																										user_15		451		1972		0		256		text/x-wchar

																										user_15		458		1972		1		448		text/x-wchar

																										user_15		465		1972		2		288		text/x-wchar

																										user_15		480		1972		0		117068		audio/x-wav

																										user_15		545		1972		1		164204		audio/x-wav

																										user_15		557		1972		0		148		text/x-wchar

																										user_15		660		1972		1		156908		audio/x-wav

																										user_15		682		1972		2		300		text/x-wchar

																										user_15		735		1972		1		282		text/x-wchar

																										user_15		906		1972		1		254		text/x-wchar

																										user_15		911		1972		0		206		text/x-wchar

																										user_15		949		1972		0		231084		audio/x-wav

																										user_15		954		1972		1		214		text/x-wchar

																										user_15		958		1972		1		284		text/x-wchar

																										user_15		1056		1972		1		206		text/x-wchar

																										user_15		1236		1972		0		144		text/x-wchar

																										user_15		1282		1972		0		366		text/x-wchar

																										user_15		1458		1972		1		324		text/x-wchar

																										user_15		1687		1716		1		86		text/x-wchar

																										user_15		1732		1972		0		218796		audio/x-wav

																										user_15		1800		1972		1		662		text/x-wchar

																										user_15		1897		1972		0		223116		audio/x-wav

																										user_15		1972		1972		1		524		text/x-wchar

																										user_7		300		1972		0		196		text/x-wchar

																										user_7		465		1972		1		178		text/x-wchar

																										user_7		545		1972		0		71948		audio/x-wav

																										user_7		682		1972		1		146		text/x-wchar

																										user_7		906		1972		0		104396		audio/x-wav

																										user_7		958		1972		0		220		text/x-wchar

																										user_8		376		1972		0		394		text/x-wchar

																										user_8		603		1972		1		786		text/x-wchar

																										user_8		682		1972		1		227276		audio/x-wav

																										user_8		913		1972		0		792		text/x-wchar

																										user_8		1458		1972		0		922		text/x-wchar

																										user_8		1687		1716		1		994		text/x-wchar

																										user_9		188		1972		0		166		text/x-wchar

																										user_9		423		1972		0		92876		audio/x-wav

																										user_9		735		1972		0		202		text/x-wchar

																										user_9		913		1972		1		60		text/x-wchar

																										user_9		1056		1972		0		229452		audio/x-wav

																										user_9		1458		1972		1		22		text/x-wchar

																										user_9		1687		1716		2		354		text/x-wchar

																										user_9		1800		1972		0		256460		audio/x-wav

																										(77 row(s) affected)
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		Text Only		new		%		reply		%		total

		user_4		7		100%		0		0%		7						*no definite trend in number of annotations added

		user_5		0		0%		1		100%		1						*in general, more new annotations than replies

		user_6		7		78%		2		22%		9

		user_10		9		60%		6		40%		15

		user_11		4		33%		8		67%		12								ownername		target_begin		target_end		depth		annotation_size		MIMEType

		user_12		5		83%		1		17%		6								user_10		3		1972		0		40		text/x-wchar

		Avg		2.33		59%		0.5		41%		2.83								user_10		46		1972		0		22		text/x-wchar

																				user_10		73		1972		0		170		text/x-wchar

																				user_10		256		1972		0		62		text/x-wchar

																				user_10		325		1972		1		102		text/x-wchar

																				user_10		404		1972		0		108		text/x-wchar

																				user_10		488		1972		0		204		text/x-wchar

																				user_10		523		1972		1		34		text/x-wchar

																				user_10		553		1972		1		76		text/x-wchar

																				user_10		725		1972		0		70		text/x-wchar

																				user_10		778		1972		0		302		text/x-wchar

																				user_10		795		1972		1		168		text/x-wchar

																				user_10		941		1972		0		352		text/x-wchar

																				user_10		962		1972		0		100		text/x-wchar

																				user_10		1061		1972		0		110		text/x-wchar

																				user_10		1134		1972		1		526		text/x-wchar

																				user_10		1373		1972		1		74		text/x-wchar

																				user_10		1629		1972		0		164		text/x-wchar

																				user_10		1665		1972		0		68		text/x-wchar

																				user_10		1972		1972		0		202		text/x-wchar

																				user_11		236		1972		0		258		text/x-wchar

																				user_11		390		1972		1		396		text/x-wchar

																				user_11		465		1972		1		344		text/x-wchar

																				user_11		488		1972		1		322		text/x-wchar

																				user_11		553		1972		1		346		text/x-wchar

																				user_11		655		1972		0		588		text/x-wchar

																				user_11		778		1972		1		494		text/x-wchar

																				user_11		913		1972		1		292		text/x-wchar

																				user_11		1083		1972		0		480		text/x-wchar

																				user_11		1687		1716		1		792		text/x-wchar

																				user_11		1933		1972		0		486		text/x-wchar

																				user_11		1972		1972		1		768		text/x-wchar

																				user_12		297		1972		0		198		text/x-wchar

																				user_12		302		1972		0		166		text/x-wchar

																				user_12		715		1972		0		494		text/x-wchar

																				user_12		717		1972		0		452		text/x-wchar

																				user_12		795		1972		2		400		text/x-wchar

																				user_12		1605		1972		0		572		text/x-wchar

																				user_4		325		1972		0		332		text/x-wchar

																				user_4		461		1972		0		344		text/x-wchar

																				user_4		553		1972		0		260		text/x-wchar

																				user_4		660		1972		0		284		text/x-wchar

																				user_4		913		1972		0		234		text/x-wchar

																				user_4		1373		1972		0		506		text/x-wchar

																				user_4		1642		1972		0		138		text/x-wchar

																				user_5		214		1972		1		358		text/x-wchar

																				user_6		372		1972		0		270		text/x-wchar

																				user_6		376		1972		0		100		text/x-wchar

																				user_6		390		1972		0		370		text/x-wchar

																				user_6		461		1972		1		350		text/x-wchar

																				user_6		523		1972		0		54		text/x-wchar

																				user_6		637		1972		0		154		text/x-wchar

																				user_6		907		1972		0		200		text/x-wchar

																				user_6		1134		1972		1		2		text/x-wchar

																				user_6		1455		1972		0		424		text/x-wchar

																				(55 row(s) affected)
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		Audio Only		new		%		reply		%		total				ownername		target_begin		target_end		depth		annotation_size		MIMEType

		user_16		6		75%		2		25%		8				user_16		362		1972		0		82092		audio/x-wav

		user_17		2		67%		1		33%		3				user_16		465		1972		1		139340		audio/x-wav

		user_18		5		56%		4		44%		9				user_16		907		1972		0		134476		audio/x-wav

		user_19		1		100%		0		0%		1				user_16		1013		1972		0		94412		audio/x-wav

		user_20		4		36%		7		64%		11				user_16		1265		1972		0		66194		audio/x-wav

		user_21		6		67%		3		33%		9				user_16		1645		1972		0		186476		audio/x-wav

		Avg		4		67%		2.8333333333		33%		6.8333333333				user_16		1683		1972		0		92236		audio/x-wav

																user_16		1687		1972		1		123404		audio/x-wav

																user_17		711		1972		0		145260		audio/x-wav

																user_17		795		1972		1		95980		audio/x-wav

																user_17		1720		1972		0		162586		audio/x-wav

																user_18		344		1972		0		238092		audio/x-wav

																user_18		465		1972		1		428140		audio/x-wav

																user_18		663		1972		0		697804		audio/x-wav

																user_18		682		1972		1		90348		audio/x-wav

																user_18		727		1972		0		294220		audio/x-wav

																user_18		907		1972		1		742316		audio/x-wav

																user_18		1134		1972		1		598604		audio/x-wav

																user_18		1291		1972		0		440812		audio/x-wav

																user_18		1620		1972		0		376844		audio/x-wav

																(20 row(s) affected)
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																																		NOTES																Case		Subject		MRAS
Notes				Paper
Notes				Total
Notes				MRAS
Time				Paper
Time				Total
Time

		MRAS->P+P																																*more notes added at the beginning regardless of mode [P+P or MRAS]																MRAS
First		1		15				16				31				46.58				28.05				74.63

				MRAS												Paper																		*more notes added overall when MRAS came first																		2		19				13				32				40.00				28.00				68.00

		User		MRAS Anns		C		N		Q		Mins		Freq		Paper Anns		C		N		Q		Mins		Freq		Total Mins		total anns				*virtually no difference in distributions																		3		39				21				60				38.50				28.20				66.70

		user_23		15		3		10		2		46.58		0.32		16		2		11		3		28.05		0.57		74.63		31				*on paper, users tended to come up with more substantive comments and questions when MRAS came first [I.e. later in the video]																		Avg (S.D.)		24		10.5		17		3.3		41		13.4		41.7		3.5		28.1		0.1		69.8		3.5

		user_26		19		4		15		0		40.00		0.48		13		0		13		0		28.00		0.46		68.00		32				*in the MRAS-first case, comments always out-number questions, regardless of mode;in the P+P-first case, this trend was reversed																Paper
First		4		7				14				21				31.28				30.00				61.28

		user_27		39		1		38		0		38.50		1.01		21		4		17		0		28.20		0.74		66.70		60				*people always used pause to create notes on paper in the MRAS-first case; never in the P+P-first case																		5		13				14				27				34.00				17.07				51.07

		it/bm		59%		7%		51%		2%		60%		0.60		41%		5%		33%		2%		40%		0.59		69.78		41																						6		8				19				27				25.97				16.50				42.47

		bt/im		72%								58%				52%								57%																												Avg (S.D.)		9		2.6		16		2.4		25		2.8		30.4		3.3		21.2		6.2		51.6		7.7

		bt/bm		61%												64%												57%		62%																				Total Avg(S.D.)				17		10.7		16		2.9		33		12.6		36.1		6.6		24.6		5.6		60.7		10.9

																																																		Case		Subject		MRAS
Notes		Paper
Notes		Total
Notes		MRAS
Time		Paper
Time		Total
Time

		P+P->MRAS																																																MRAS
First		1		15		16		31		46.58		28.05		74.63

				Paper												MRAS																		ownername		target_begin		target_end		depth		annotation_size		MIMEType								2		19		13		32		40.00		28.00		68.00

		User		Paper Anns		C		N		Q		Mins		Freq		MRAS Anns		C		N		Q		Mins		Freq		Total Mins		total anns				user_22		1008		1972		0		96		text/x-wchar								3		39		21		60		38.50		28.20		66.70

		user_22		14		1		6		7		30.00		0.47		7		0		0		7		31.28		0.22		61.28		21				user_22		1349		1972		0		88		text/x-wchar								Avg (SEM)		24.33 (7.42)		16.67 (2.33)		41.00 (9.50)		41.69 (2.48)		28.08 (0.06)		69.78 (2.46)

		user_24		14		0		14		0		17.07		0.82		13		0		12		1		34.00		0.38		51.07		27				user_22		1434		1972		0		166		text/x-wchar						Paper
First		4		7		14		21		31.28		30.00		61.28

		user_25		19		2		13		4		16.50		1.15		8		3		5		0		25.97		0.31		42.47		27				user_22		0		1972		0		144		text/x-wchar								5		13		14		27		34.00		17.07		51.07

		it/bm		63%		4%		44%		15%		41%		0.81		37%		4%		23%		11%		59%		0.30		51.61		25				user_22		1067		1972		0		250		text/x-wchar								6		8		19		27		25.97		16.50		42.47

		bt/im		48%								43%				28%								42%										user_22		1134		1972		0		234		text/x-wchar								Avg (SEM)		9.33 (1.86)		15.67 (1.67)		25.00 (2.00)		30.41 (2.36)		21.19 (4.41)		51.61 (5.44)

		bt/bm		39%												36%												43%		38%				user_22		1772		1972		0		88		text/x-wchar						Total Avg(SEM)				16.83 (4.79)		16.17 (1.30)		33.00 (5.63)		36.06 (2.95)		24.64 (2.50)		60.69 (4.86)

																																		user_23		283		283		0		262		text/x-wchar

		it = in-trial, I.e. within the MRAS-first case or Handwritten-first case																																user_23		427		427		0		76		text/x-wchar

		bt = between-trial, I.e. between the MRAS-first and Handwritten-first cases																																user_23		483		1972		0		224		text/x-wchar

		bm = between-mode, I.e. between MRAS and handwritten modes of note-taking																																user_23		525		1972		0		134		text/x-wchar

		im = in-mode, I.e. within the MRAS mode of note-taking																																user_23		525		1972		1		660		text/x-wchar

																																		user_23		654		654		0		374		text/x-wchar

				MRAS->P+P						P+P->MRAS																								user_23		654		654		1		84		text/x-wchar

				23		26		27		24		22		25																				user_23		843		994		0		68		text/x-wchar

				MP_1		MP_2		MP_3		PM_1		PM_2		PM_3																				user_23		843		994		1		106		text/x-wchar

		Online		15		19		39		13		7		8																				user_23		843		994		1		856		text/x-wchar

		Paper		16		13		21		14		14		19																				user_23		984		1047		0		284		text/x-wchar

																																		user_24		988		1972		0		68		text/x-wchar

																																		user_24		988		1972		1		96		text/x-wchar

																																		user_24		988		1972		1		66		text/x-wchar

																																		user_24		988		1972		1		88		text/x-wchar

																																		user_24		988		1972		1		220		text/x-wchar

																																		user_24		988		1972		1		112		text/x-wchar

																																		user_24		988		1972		1		168		text/x-wchar

																																		user_24		1340		1972		0		132		text/x-wchar

																																		user_24		1340		1972		1		126		text/x-wchar

																																		user_24		1656		1972		0		126		text/x-wchar

																																		user_24		1656		1972		1		94		text/x-wchar

																																		user_24		1912		1972		0		120		text/x-wchar

																																		user_24		1965		1972		0		214		text/x-wchar

																																		user_25		689		1972		0		64		text/x-wchar

																																		user_25		897		1972		0		232		text/x-wchar

																																		user_25		990		1972		0		68		text/x-wchar

																																		user_25		1039		1972		0		160		text/x-wchar

																																		user_25		1039		1972		1		184		text/x-wchar

																																		user_25		1440		1972		0		136		text/x-wchar

																																		user_25		1476		1972		0		2		text/x-wchar

																																		user_25		1476		1972		1		96		text/x-wchar

																																		user_25		1593		1972		0		38		text/x-wchar

																																		user_25		1729		1972		0		2		text/x-wchar

																																		user_25		1916		1972		0		124		text/x-wchar

																																		user_26		46		1972		0		100		text/x-wchar

																																		user_26		88		1972		0		94		text/x-wchar

																																		user_26		140		1972		0		68		text/x-wchar

																																		user_26		182		1972		0		146		text/x-wchar

																																		user_26		263		1972		0		98		text/x-wchar

																																		user_26		284		1972		0		24		text/x-wchar

																																		user_26		284		1972		1		242		text/x-wchar

																																		user_26		312		1972		0		370		text/x-wchar

																																		user_26		312		1972		1		92		text/x-wchar

																																		user_26		382		1972		0		112		text/x-wchar

																																		user_26		485		1972		0		204		text/x-wchar

																																		user_26		618		1972		0		172		text/x-wchar

																																		user_26		692		1972		0		242		text/x-wchar

																																		user_26		726		1972		0		160		text/x-wchar

																																		user_26		769		1972		0		152		text/x-wchar

																																		user_26		807		1972		0		74		text/x-wchar

																																		user_26		850		1972		0		78		text/x-wchar

																																		user_26		888		1972		0		58		text/x-wchar

																																		user_26		945		1972		0		80		text/x-wchar

																																		user_27		5		1972		0		2		text/x-wchar

																																		user_27		5		1972		1		22		text/x-wchar

																																		user_27		27		1972		0		16		text/x-wchar

																																		user_27		38		1972		0		78		text/x-wchar

																																		user_27		53		1972		0		2		text/x-wchar

																																		user_27		60		1972		0		70		text/x-wchar

																																		user_27		60		1972		1		44		text/x-wchar

																																		user_27		101		1972		0		132		text/x-wchar

																																		user_27		133		1972		0		30		text/x-wchar

																																		user_27		179		1972		0		96		text/x-wchar

																																		user_27		212		1972		0		248		text/x-wchar

																																		user_27		226		1972		0		68		text/x-wchar

																																		user_27		226		1972		1		142		text/x-wchar

																																		user_27		285		1972		0		192		text/x-wchar

																																		user_27		285		1972		1		40		text/x-wchar

																																		user_27		365		1972		0		136		text/x-wchar

																																		user_27		397		1972		0		210		text/x-wchar

																																		user_27		426		1972		0		72		text/x-wchar

																																		user_27		426		1972		1		2		text/x-wchar

																																		user_27		426		1972		1		82		text/x-wchar

																																		user_27		426		1972		1		262		text/x-wchar

																																		user_27		506		1972		0		132		text/x-wchar

																																		user_27		506		1972		1		74		text/x-wchar

																																		user_27		506		1972		1		122		text/x-wchar

																																		user_27		506		1972		1		96		text/x-wchar

																																		user_27		617		1972		0		142		text/x-wchar

																																		user_27		617		1972		1		392		text/x-wchar

																																		user_27		617		1972		1		28		text/x-wchar

																																		user_27		692		1972		0		2		text/x-wchar

																																		user_27		692		1972		1		120		text/x-wchar

																																		user_27		692		1972		1		240		text/x-wchar

																																		user_27		692		1972		1		150		text/x-wchar

																																		user_27		788		1972		0		2		text/x-wchar

																																		user_27		788		1972		1		112		text/x-wchar

																																		user_27		788		1972		1		2		text/x-wchar

																																		user_27		788		1972		1		118		text/x-wchar

																																		user_27		788		1972		1		142		text/x-wchar

																																		user_27		788		1972		1		122		text/x-wchar

																																		user_27		788		1972		1		94		text/x-wchar

																																		user_27		788		1972		1		108		text/x-wchar

																																		user_27		788		1972		1		106		text/x-wchar
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