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Abstract
Many advantages have contributed to the growing popularity of Instant Messenger, or IM, use as a collaborative tool within the workplace.  Some largely appealing features are its less intrusive manner and provision for multitasking.  IM’s growing use for collaboration in the workplace raises the challenge of managing interruptions caused by the incoming messages.  This paper will examine methods of providing message senders awareness displays that indicate the availability of a recipient.  Furthermore, methods of predicting a recipient’s willingness to receive a message will be explored.  Finally, the paper discusses features that assist an IM recipient in filtering through and prioritizing messages.  When used in combination, the features described in this paper may result in the construction of an ideal IM tool: one which promotes awareness as a solution to controlling the interruptions caused by IM use in the workplace.
Introduction
Let us begin by examining the traditional method of workplace collaboration: face to face interaction.  Within the workplace, employees seek assistance, expertise, advice, feedback, or even distraction from coworkers on a daily basis.  For the purpose of this paper, a “seeker” is considered the message initiator, while a “target” refers to the message recipient.  When two employees share a working environment, they are able to easily gain a visual understanding of each other’s availability.  A collaboration seeker may stop by a target’s office and get immediate visual feedback about his/her presence.  If the target’s door is closed, the seeker is likely to return at a later time or leave a note.  However, if the target is present, the seeker then attempts to minimize the inconvenience of the interruption by paying close attention to the target’s actions.  With a polite knock on the door, the seeker begins to analyze the helper’s social cues while looking for smiles, nods, avoidance, posture, and gestures.  If the target is pouring intently over work, the seeker gets an immediate awareness of the inconvenience of his/her disruption and may choose to interrupt at a later point.  By making contact in person, both parties are able to come to this mutual appreciation of the cost of the interruption to the helper’s workload.  Furthermore, social cues alert the helper to the level of urgency of the interruption and context cues allow the helper to assess the time demand of the response.  The visual cues given and received in face to face collaboration promote a level of awareness that leads to mutually convenient collaboration.    
On the other hand, face to face interaction has some very distinct drawbacks.  Face to face interruptions can be intrusive, as a seeker may feel comfortable unnecessarily interrupting a target or may even disregard the target’s body language entirely.  The target may then find himself awkwardly trapped in a long discussion due to social obligation.  The target is forced to participate in the discussion with no alternative option of multitasking available.  Thus, the productivity of the target may be negatively affected by the serial time demands and social obligation of face to face collaboration.
Technology equips workers to collaborate remotely in a less intrusive manner with the goal of going “beyond being there,” or minimizing the negative aspects of face to face interaction while still providing all of the benefits of being there.  One of the collaborative tools utilized in the workplace to accomplish this goal is IM.  IM is regarded as less intrusive because it permits a target to selectively choose which communication he/she would like to engage in at any given point while still upholding a positive social dynamic.  IM enables users to multi-task with work and conversations.  Instead of imposing on a coworker, a question may be asked in a quick, spontaneous way.  This communication may yield an immediate or possibly later response.  The convenience of these characteristics of IM has caused it to quickly grow in popularity.  By the end of 2000, nearly 140 million people worldwide engaged in IM activity, and this number will only grow as more distance partnerships are formed.
IM’s nearly synchronous behavior provides the benefit of remote communication that numerous employees are utilizing to compliment their work style.  IM is frequently attached to the reputation of a social play application due to the communicative nature of the application.    Employers certainly worry about whether IM is actually used for work within the workplace.  Are people using IM for legitimate work, or are they utilizing the tool to catch up with family and friends?
IM in the Workplace
AT&T published a research study in 2002, [6], that examined the function of IM within the workplace.  A chat client called Hubbub was distributed within AT&T and at a Computer Human Interaction conference.  Recipients agreed to have their chat conversations logged, though many claimed to forget this agreement and discussed sensitive and revealing information through the client.  The study collected data from 437 participants that utilized the chat client for at least a week.  By logging natural IM conversations for 16 months, the AT&T researchers acquired a large collection of data to be analyzed for content.  Since the majority of the participants used the chat client at work, the conversation content served as a valuable representation of the basic functions of chat in the workplace.

[image: image1]Chat in the workplace can be classified into several basic categories, pictured on the left.  The “simple” category refers to simple information exchange conversations, of which nearly 92% pertained to work.  Almost 86% of the “scheduling” conversations pertained to work material as well.  Furthermore, a large margin of the “no response” messages were used as electronic sticky notes to remind a target of information pertaining to the workplace.  In addition to all of these work-related conversations classified in “simple,” “scheduling,” and “no response,” just over 60% of all IM conversations were specifically placed under the “work” heading [6].  
Function of IM in the Workplace
Figure published in “The Character, Functions, and Styles of Instant 
Messaging in the Workplace”

Work Chat 
[image: image4.wmf]To gain a greater understanding of the nature of “work” chat, [6] subdivided the “work” category into “work talk,” “work-related talk,” and “doing work.”  “Work talk” encompasses all discussion that assist the progress of work, such as answering a co-worker’s question or providing feedback about the implementation of a project.  “Work-related talk” includes administrative and coordination tasks in work collaboration, such as deciding which partner will commence with the next piece in a project.  “Doing work” is the time during which the collaborators accomplish work during chatting.  The data presented in the chart below reveals that the majority of IM conversations classified as “work” were spent in “work talk” or “work-related” talk instead of actually doing the work [6].  These results to the left can place employers’ fears at ease: employees are using IM for mostly work purposes while in the workplace.  However, if the users are not spending a great deal of time actually doing work using IM, then are they taking advantage of the ability to perform multiple tasks?  Are IM users multitasking while 
Subcategories of “Work” Chat

      chatting?
Figure published in “The Character, Functions, and Styles of Instant
 Messaging in the Workplace”

IM Multitasking
The AT&T research study, [6], revealed that nearly 86% of IM users multitask.  In order to evaluate multitasking, researchers agreed that observing the times a user removed focus from the IM window would provide a satisfactory estimate of the extent to which the user multitasked.  Interestingly, users switched window focus an average of once every 70 seconds!  One might assume that focus switching could be caused by vacillating between multiple chat windows, but it was found that nearly 77% of users never had overlapping conversations [6].  Therefore, the IM users must be multitasking with their work on the side: perhaps answering questions for one project through IM while working on their own projects.
If users are multitasking and juggling their own work with IM use in the workplace, then employers may begin to worry that the employees’ productivity is negatively impacted by IM distractions.  Employers may begin to wonder exactly how costly all of the IM interruptions are to their employees’ work.
IM Effects on Productivity
[image: image5.wmf]Dabbish and Kraut at CMU investigated the effects of multitasking on productivity, [4].  In their study, “helpers” were assigned the task of saving jumpers in a simple 2D game.  They were also privy to a full image of an object.  “Seekers” viewed small pieces of the object’s image, and were asked to identify the object.  In order to assist their investigation, seekers were also allowed to ask helpers 20 questions via a chat client.  The study found that a greater number of questions from seekers severely devastated the helpers’ performance.  Far fewer jumpers in the game were saved by helpers that were incessantly interrogated by seekers.  So, in order to preserve the productivity of employees using chat clients in the workplace, we need to reduce or control the number of interruptions that they are receiving [4].

“Helper” View for IM Interruption Study
  Figure published in “Controlling Interruptions: Awareness
          Displays and Social Motivation for Coordination”

Typical Methods of Controlling IM Interruptions
The first common approach to controlling IM interruptions is to turn off the device.  Toggling the device status can help a target avoid IM disruption.  However, users may forget to turn the device off when most busy, since that is probably the last thing on their mind.  Additionally, if the user remembers to turn the device off, he/she may forget to turn it back on when the extreme busyness has ceased.  This could cause the user to appear unreachable and miss important messages.  

[image: image6.wmf]
Next, a user can choose to screen incoming messages, much like utilizing a caller ID feature.  Unlike caller ID and the phone, IM users are not able to deny their presence.  The seeker can see when a target is online, not away, and not idle.  The target is not granted any sense of anonymity.  If a target chooses not to respond to a seeker’s message, an awkward social dynamic ensues and the seeker may become irritated.  Furthermore, when a target screens messages, the target must take a certain amount of time to assess the importance of each incoming message.  This assessment may waste a significant amount of time.

Standard Default Away Message  

       From GAIM       
IM clients provide users with the ability to set an busy message in order to allow a user to remain online while encouraging seekers to refrain from contacting the target.  When busy, a user may forget to set the away message.  Moreover, a user may miss important or helpful messages that are blocked from view by the away message.
The final traditional method of controlling IM interruptions is to maintain multiple accounts, called proactive management.  A user can limit the people added to the buddy list of each account.  The user may then selectively choose which account to sign in with depending on his/her level of busyness.  Proactive management requires a great deal of effort to remember to switch between accounts and to get multiple accounts customized to functionality [2].  Since all of these traditional methods are insufficient, we must find other ways to improve our control over IM interruptions.
The Standard Chat Client
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To begin our investigation for improvement, we will look at a typical chat client, GAIM, and discuss additional features for it.  The traditional chat client has sounds for incoming and outgoing messages that alert a user to activity through audio cues.  The sound chimes are identical, regardless of message content or recipient.  Traditional IM clients also provide an indicator that displays a buddy’s away status.  Hovering over a buddy’s screen name typically allows a user to view the buddy’s idle time or online time.  Also, many IM clients allow chat partners to view when their correspondent has focus within the conversation window, is typing, or has gone idle. 
The traditional chat client can be improved by adding a better sense of IM awareness, as the Hubbub client from AT&T demonstrates [6].  Individual users can be [image: image8.png]€ Buddy List
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assigned a unique sound ID.  The unique sound ID may be played when a message is received from that buddy, allowing a user to maintain a background awareness of the IM messages received with some notion of their content.  Additionally, a feature may be added to display the user’s self-assigned location, such as “work,” or “home.”  If a target is at home, a seeker may be less likely to interrupt with a work-related question.
      GAIM Chat Client
These IM functions provide users with the ability to set their status, but it is necessary to take the pressure off of the target.  We might want to provide additional IM tools that help automatically detect and display awareness information to the seeker.  How might we improve IM to make a seeker more aware of a target’s availability?









        Hubbub Chat Client
Adding Presence Awareness to IM
What if we utilize a device to log a user’s location, determined by where the user logs into our system?  We could also track his/her online calendar as well as email activity.  If we update this information frequently, for instance every minute, then we might be able to predict whether a user is present in his/her office.  If the user doesn’t have any meetings, has recently sent email and is logged on to his/her office machine, the user is very likely to be present in his/her office.  
Begole’s Awarenex, [3], is a tool that implements the concept of assessing presence and analyzes the data collected.  The data is then displayed in a graphical visualization, coined an Actogram.  The Actogram displays a user’s trends in start, stop, and lunch times.  It also displays trends in reoccurring meetings and thus times typically spent out of the office.  One such Actogram may be viewed below. 

If presented with an Actogram for a target, a collaboration seeker can view the target’s trends in presence and thus time an interruption such that it is likely to reach the target while in the office.  For instance, if a particular target tends to spend 15 minutes after lunch in the office checking email and decompressing, then a seeker may send a quick IM during that time period in order to most likely reach the target.  Examining a target’s Actogram may further assist the seeker in estimating when he/she may receive a response from the target.  The target is not likely to respond immediately to an IM during a period when he/she is often out of the office.  

[image: image16.wmf]
An Actogram Presence Display

Figure published in “Work rhythms: analyzing visualizations of awareness histories of distributed groups”

However, deciphering complex displays such as this Actogram make it difficult for a seeker to interpret and appropriate time to reach a target.  Presenting work trends may therefore be extended by adding the research of Eric Horvitz at Microsoft.  Horvitz utilized work trend data in order to offer the seeker a prediction of the target’s return or response time [8].  Alerting seekers to a target’s expected return time would augment the seekers’ knowledge and allow them to move on to other work without anxiously awaiting a response.  The seeker might then want to instigate communication with another employee or attempt to contact the target via another method if the message is urgent.  Thus, presence sensing and return prediction can assist a seeker in understanding the presence of a target.
Detecting Social Engagement for IM
Although a target is present, he/she may not be available to IM interaction.  The target may be in a meeting, on a conference call, or otherwise socially engaged.  If he/she is occupied, it may not be polite or ideal to interrupt.  Thus, we can extend beyond presence detection and attempt to sense social engagement.  
We can add a sound sensor, phone sensor, and door sensor to the Awarenex system.  This new system, Lilsys [2], can predict office or hallway social engagement by detecting sustained sounds, phone calls by detecting wireless signals, and in-office meetings by sensing closed doors.  The data accumulated from the sensors is sent through a blackbox inferencing engine to help predict whether the target is involved in a social engagement activity.  The inferencing engine is treated as a black box in the study.  The prediction is then combined with the presence data monitored by Awarenex.  Finally, a display is shown to the collaboration seeker to imply a level of availability.  This social engagement detection process is pictured below.
Availability is revealed to a seeker through Lilsys with a traffic sign metaphor display.  Someone with a warning sign would be considered “possibly unavailable,” while a target with a yield sign is deemed “probably unavailable.”  The meaning attached with the symbols is left purposely vague to represent the degree of uncertainty in the prediction of availability [2].  Furthermore, a vague display allows a target to appear approachable and does not unnecessarily prevent useful interaction.  Of course, the target still has the option of invoking plausible deniability by claiming busyness or social engagement.

[image: image9.jpg]



Although Awarenex and Lilsys may help a seeker to have a better estimate of a target’s presence and social activity, there is still no feedback about the willingness of a target to receive an interruption.  Reachability does not necessarily map to receptivity.  A seeker would benefit from information indicating how well received their interruption will be at any point.  
Lilsys Information Flow
Figure published in “Lilsys: Sensing Unavailability”
Predicting Receptivity to IM Disruption

One of the first ideas for providing seekers with a target’s receptivity to disruption is to allow a seeker to view a constant video stream of the target’s actions.  The seekers may infer their target’s willingness to receive an interruption based on what types of actions the target is involved in. It is also possible to allow a target to annotate the video stream, stating what moments in which a disruption would be well received versus ill received, much like the Notification Platform project attempted [5].  However, a constant video stream of actions significantly infringes on a target’s privacy.  The target may feel very uncomfortable allowing their every action to be broadcast.  An abstract view of the awareness is necessary for the seeker to benefit while still protecting the privacy of the target.  

[image: image10.png]



Instead of requiring the target to annotate busyness, we can train a computer system to assess the target’s receptivity to interruption.  The target may be periodically presented with a “Busy palette,” such as the one used by the BusyBody system, over a training period.  This palette will acquire data about a user’s self-assessed level of busyness and duration of task each time the palette appears.  We may also ask the user to assess the cost of a disruption at the point when the palette appears by asking the user to state how much money he/she would be willing to pay to avoid an interruption at that point.  This cost can be scaled to a 


Busy Palette
user-defined range.  For instance, a user may decide to 
Figure published in “BusyBody: creating and fielding 
assign $0 to a state in which a disruption would be 

    personalized models of the cost of interruption”
received well and $1 to a state of maximum busyness during which all interruptions should be avoided.  




          

Once data is gathered about a user’s busy states and the cost of interruption at those states, it can be used to predict willingness to receive an interruption.  A Bayesian Network and a case library are built based on the data that is collected.  The user also has the ability to retrain the Bayesian Network in case opportune interruption states change in the future.  The probability that a target is in a certain state is calculated and the expected cost of interruption is determined.  The expected cost of interruption is the sum of the probability that the target is in a busy state along with the cost associated with a disruption at that state [5].    






[image: image11.wmf]

 

Expected Cost of Interruption Equation
Displaying the cost of interruption to a seeker may help to give the seeker a better sense of the degree of [image: image12.wmf]inconvenience an interruption would cause the target.  The cost of interruption may also begin to infer a user’s willingness to receive an interruption.  A seeker could take the cost assessment into consideration when timing a message to the target.  Thus, presence information along with an indicator of willingness to receive an interruption would benefit IM collaborators.
Bayesian Network

Figure Published in “BusyBody: creating and fielding personalized 
            models of the cost of interruption”
It would be possible to build systems that filter messages being sent to the target based on the cost of interruption.  Messages received during moments of high cost of interruption could be written to a log so that their arrival will not disturb the target.  The target could then review the logs once they are in a calmer state.  This filtering would benefit targets when seekers neglect to pay attention to the awareness information presented to them.  
Attention to Awareness Displays
Will a seeker actually pay attention to the information presented in an awareness display about a target’s presence and availability?  Or, will these awareness features go largely unused?  Does a seeker’s attention to awareness displays affect a target’s performance?  

The study discussed earlier in which Dabbish and Kraut tested the effects of interruption had additional statistics which reveal a seeker’s attention to awareness displays and its exact effects on a target [4].  Recall that helpers were assigned the task of saving jumpers in a game.  Seekers posed questions to the helper in order to identify an image of an object.  The study tested the effectiveness of awareness displays by presenting a subset of seekers with no awareness display, an abstract awareness display, and a full awareness display randomly.  The full awareness display provided a seeker a view of a target’s game state.  The abstract awareness display presented the seeker with only a general idea about how involved in the game the target was at a certain point.  And, of course no awareness display presented left the seekers to interrupt the target blindly.  


Moreover, the study was interested in discovering the effect of team membership on attention to awareness displays.  Half of the helper/seeker pairs were classified as a team, and their individual successes comprised a team score.  The other half of the helper/seeker pairs were rewarded for individual success alone.  


As expected, seekers working toward an individual score neglected to utilize awareness displays, and instead simply asked questions at their convenience in order to increase their personal score.  When a helper and seeker were considered a part of a team, the seeker often more carefully timed his/her questions of the helper.  This observation is justified by the decreasing number of jumpers to be saved on the helper’s screen when questions were posed, seen in the figure below.  Subsequent eye-tracking data supported use of an abstract awareness display, as it required less effort for the seeker to interpret.  So, not only does an abstract display help a target to maintain privacy, but it is also less demanding on a seeker.  If the awareness display is less demanding to interpret and use, a seeker is more likely to feel motivated to heed to it.





IM collaborators in a working environment receive many naturally occurring forms of motivation.  Collaborators are motivated by project team membership, deadlines, bonuses for company productivity, or even just out of general respect for co-workers.  Thus, there appears to be a sufficient amount of motivation to inspire a seeker to adhere to a target’s awareness display in the working environment. 
[image: image2.wmf]         [image: image3.wmf]
Timing of Questions Posed




Helper Performance
    Figure published in “Controlling Interruptions: Awareness

      Figure published in “Controlling Interruptions: Awareness
          Displays and Social Motivation for Coordination”

              Displays and Social Motivation for Coordination”

As one would expect from our discussion earlier about the effects of interruption on productivity, observation of awareness displays drastically improve the number of jumpers saved in the game.  The performance of the targets were enhanced when a seeker felt more motivated to distract the target less (as with a team membership), when a seeker was more aware of the target’s state through an easily interpreted display (as with an abstract awareness display), and when a target could ignore the seeker’s questions at moments of high stress.  The figure above depicts this performance improvement [4].
The last scenario that improved performance in the game was a target’s ability to ignore a seeker’s interruptions.  Even the most motivating of circumstances may not prevent some seekers from disrupting a target.  Just as there are people in face to face interactions that fail to uphold positive social dynamics of respect, some IM collaborators will inevitably fail to pay attention to awareness displays that reveal the target’s availability.  Thus, a target must have the ability to ignore a seeker’s interruptions.  We must enable a target to help his/her personal performance even when a seeker completely disregards the awareness displays.
Assisting Target in IM Interruption Filtering

Winograd’s work with the ActionWorkflow system brings to light the structure and flow of conversations [7].  In conversations, there is a producer and consumer of information.  The flow in the conversation follows a certain procedure of proposing, planning, performing, and providing feedback.  By examining the flow of conversations, we can extract portions that are pertinent to a particular IM user.  If we could extract portions of conversations that are pertinent to a user, then we may be able to assist in providing an incoming IM filter that minimizes the effort required for a target to screen messages “by hand.”  


A large portion of the IM messages received in the workplace may be a quick question and answer exchange.  Questions and answers are almost always paired together in conversation flow.  Thus, we can use Winograd’s work and the fact that questions and answers are adjacency pairs in conversation to extract these features in IM conversations.  

When a target is working on his/her computer, we can design a system that filters incoming IM messages in order to relieve the target from having to screen each incoming message for content.  Instead, we can present an alert to a target when a question or answer is received, like the ones below.  This method will highlight urgent or immediate-attention-demanding message along with awaited responses.  All other messages may be directed to a log or to the background when a target is working.  
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QnA is an implementation of this concept [1].  The application performs string matching on all incoming messages.  If the message potentially matches a question format, the target will receive a notification that a question may be incoming.  Moreover, the system sets a flag to wait for a response [image: image14.wmf]once the target sends a question out.  The target may then work with peace of mind, knowing that as soon as a response or question is received, he/she will be notified.  This will help the target to not miss important, quick, or urgent messages, while still allowing 



    him/her to work efficiently.  

QnA Message Alerts
Figure published in “QnA: augmenting an
 Instant messaging client to balance user
 Responsiveness and performance” 




QnA String Matching Patterns
Figure published in “QnA: augmenting an instant messaging client 
to balance user responsiveness and performance”

Another concept for IM filtering would be to invoke Eric Horvitz’s concept of prioritizing messages within the chat client [8].  When we classified the types of conversations taking place in the workplace, we saw some largely popular categories of “Simple Information Exchange,” “Scheduling,” and “Work.”  We could use Winograd’s conversation structure in order to make some predictions about the contents of incoming messages.  All incoming messages may then be ranked in priority based on a user-defined set of rules regarding category urgency, sender relationship, etc.  
The Ideal IM Client

This paper has presented numerous beneficial features that may be used in combination to construct the ideal IM client for collaborators in the workplace.  We would want to incorporate a good method of presence sensing, with accurate sensors of all varieties.  The system should also have a reliable method of unavailability sensing or observing social engagements.  Our ideal IM client would provide customizeable cost of interruption prediction and infer our willingness to receive an interruption.  While presenting a seeker with an abstract view of this awareness data, the ideal IM client should further provide the target with incoming message filtering options.  

The ideal IM client presence sensing should include a location sensor, or ability to detect a target’s presence in the office.  Logging into a computer does not always provide an accurate determination of presence.  Instead, our system might have a weight-sensitive sensor on the desk chair that indicates whether the target is in the office or not.  Additional sensors may monitor the target’s computer activity and online calendar.  Presence data can be logged and abstracted to reveal trends in working patterns to seekers.  Our tool may also provide an estimated time or return to a seeker, as well as alternative routes to reaching the target if a message is urgent.  

For unavailability sensing, the ideal IM client will observe a phone sensor, door sensor, and sound sensor.  When activity is detected through the phone or sound sensor or when the door is closed, a target will be deemed unavailable for contact.  Furthermore, when a target’s assessment of the cost of interruption exceeds a determined level, the target should be marked as unavailable.  The availability level of the target will be presented to the seeker in a fashion that is necessarily vague.

Our ideal IM client will train based on the target’s trends in presence and unavailability as well as self-assessed levels of busyness.  The system will also learn what types of user states are most inconvenient for interruption.  The system will allow a seeker to view an expected cost of interruption prior to sending a message to the target.  


The system must also filter incoming messages for the target such that productivity is upheld and disruption minimized without relying on the seeker to adhere to an awareness display.  The system will be able to determine messages of high priority, based on content and structure.  The target will receive a quick alert for these messages (which of course should be able to be turned off).  All other messages will be written to a log for later viewing depending on the expected cost of interruption at that point.  The system might also provide this log in a format including prioritization, such that the target can get a sense of urgency even amongst the messages that were not deemed as urgent at particular level of busyness.  
Conclusion

This paper surveys the use of IM as an effective collaboration technology in the workplace.  The nature of IM conversations in the workplace is first classified and then discovered to contain primarily work-related material.  However, the constant distraction of IM negatively affects a target’s performance.  So, we can assist a seeker in timing an interruption by providing presence, availability, and receptivity information.  By combining the data, the seeker can get a fairly accurate assessment of a target’s availability and willingness to receive an interruption.  Some seekers will inevitably ignore the awareness information, but we can equip a target with IM message filtering techniques that can help to minimize distraction.  All messages deemed as unimportant when compared with the target’s level of busyness may be filtered and prioritized.  Thus, combination of the technologies described in this paper may result in the formation of the ideal IM client.  The system that incorporates this paper’s features would be very near the benefits of face to face collaboration, while providing an added beneficial functionality that helps IM go “beyond being there.”  
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