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Abstract

Large-scale, group-to-group collaboration is an emerging trend, yet has so far not received much attention. We performed an ethnographic study of a large-scale space mission design team composed of collocated teams distributed at three different sites. We examined how interaction differs between the collocated and distributed settings. We discovered that subgroup interaction occurred very differently within sites compared to across sites, which impacted negotiation and information seeking. We also found that the distributed team could successfully create new common terms and methodologies, but failed to adopt them. Last, we found a number of misattributions that occurred in the distributed interaction, i.e. beliefs that the technology is conveying one’s actions across distance as they believe that others locally would perceive them. We discuss how such differences in distributed collaboration can lead to risk in design and how technology can better support large-scale distance interaction. 

1. Introduction

A new paradigm in collaborative interaction is arising. Large-scale collaborations across distance are becoming more common enabled by technological development and the need to bring together not just individuals, but entire groups of experts to solve complex problems. The development of technologies such as the Access Grid [1]], information-visualization systems, HDTV video conferencing [6], and large communication bandwidth infrastructure provide advanced communication and data-sharing capabilities for large teams to exchange data across sites. In domains such as aerospace or atmospheric science, teams are composed of multiple specialists. In the current Mars Exploration Rover mission, large teams of experts situated at different scientific laboratories and universities collaborate together from around the U.S. With the exception of scientific collaboratories that are starting to be studied, e.g. [2], large-scale group-to-group collaborations have generally not received much attention. 

Large-scale, group-to-group collaboration, which involves entire teams residing at each site, is distinct from the more typically studied distributed teams which have one or a few individuals collaborating from each site, e.g. [7],[8]. This distinction is important as it raises important social and technological concerns. First, technologies must meet the demands of scalability and often new and unfamiliar technologies (to the users) are deployed such as large data and video displays. In group-to-group collaboration, multiple actors exist at most sites, whereas in individual distance collaboration, a single or a few individuals exist at each site. Multiple information networks exist in group-to-group settings, as information can be communicated across a single shared channel, or by subgroups who interact in parallel. 

We expect the trend of group-to-group distance collaboration to continue and to become even bolder in scale. System designs continue to increase in complexity and capabilities, corporations are becoming more geographically dispersed, communication bandwidth is increasing and becoming cheaper, and gathering large groups of people together continues to be expensive and prone to delays. Thus, it is important to understand the problems and successes of this form of collaboration. In an earlier study, we focused on the information sharing that occurs through the main shared communication channel in group-to-group collaboration [5]. In this paper we focus instead on how team members simultaneously manage their collocated and distributed team interactions and how they make sense of their practices and the consequences when sensemaking breaks down. The domain that we investigate is space-mission design.

1.1 Interaction in Large-Scale Collaboration

Large-scale group-to-group collaboration introduces a new kind of interaction order. In this collaborative setting, people are interacting in multiple social worlds simultaneously: that of their collocated team, and that of a larger, distributed team, connected across distance. This notion of duality in a collaborative context has so far not received much attention. More typically, the focus of collaboration studies has been on one particular mode, i.e. either collocated or distributed. Issues such as fleeting trust [4], not knowing identity [7], and lack of collaboration readiness [8] have been identified as factors affecting distributed team interaction, as contrasted with collocated interaction. However, in this study we asked what issues do teams face as they manage their experiences in a large-scale context that has simultaneous collocated and distributed interactions?

Space mission design is a highly interdependent activity in which each decision can influence design elements well beyond its local scope. Though the design agenda for a space mission may be well-planned in advance, the reality of what occurs is ongoing ecological changes in the design environment. Engineers continually propose new design ideas, while selecting, negotiating, and modifying aspects of the design. Design, in general, is also iterative; there is never a “final” parameter, but rather it is a process where a parameter is continually changed until it is accepted, when it satisfices. Even nominally “accepted” design parameters are subject to subsequent revision. As a result of its highly interdependent and iterative nature, even a collocated design environment is a rich source of new information that must be continually reconsidered to reduce opportunities for risk to enter the design When a design environment is distributed, as in this study, this rich information continually enters through multiple channels: a single shared channel across sites, simultaneous smaller group conversations within sites, and computer-mediated conversations across sites. 

We are interested in whether design interaction operates differently in the collocated and distributed contexts in group-to-group large-scale collaboration. People are members of both their collocated teams and, at the same time, a larger distributed team. Social interactions are altered when sensory perceptions of others are mediated through technology. Breakdowns in understanding are repaired differently than in collocated situations [11]. Organizational culture, policies, and practices are different between sites, in response to local environment and contingencies, even if the organization is nominally the same [7]. It is thus reasonable to expect that such factors will affect interaction and may impede the capacity of a distributed team to converge on a design.

Compared to the views expressed, e.g. by Van Maanen [12] of collective action relying on fully shared meanings among team members, perhaps a more realistic view is that proposed by Schutz [10] who argues that points of alignment in perspectives occur for the context at-hand. Wiley [15] builds on this idea by describing that interaction can be characterized as occurring on multiple levels ranging from the micro to the macro. Organized activity can be simultaneously intrasubjective (within a person), intersubjective (between individuals) or generically subjective (what is commonly accepted in a larger group). In a single interaction in the same space mission design session, a power engineer can intrasubjectively consider various battery sizes and configurations, while intersubjectively negotiating power requirements from an instrumentation engineer, and both are adhering to a generically subjective norm of challenging each other’s assumptions. Over time, intersubjective interaction evolves into habituated patterns of interaction between individuals that can be taken for granted and which affords a degree of predictability to the interacting individuals [13]. Experiencing distant behavior through limited social bandwidth, however, makes it difficult to develop and predict routines and patterns. 

Wiley [15] describes that interaction continually transitions between these different levels of subjectivity. New information or new experiences can throw off the established order and lead people to resort to a different level of interaction as they accomplish their work. When the predictability of patterns of behavior (generic subjectivity) breaks down in contingent circumstances, individuals retreat to intersubjective interaction to repair the breakdown, to negotiate a new, shared understanding, and to establish new routines and patterns. No interaction is purely one form or the other [13],[15]. As individuals move back and forth between their collocated and distributed team interaction, we propose that they are also shifting between these different levels of perception and interaction and, further, that such shifts occur differently in each circumstance. 

In this paper we present an ethnographic investigation of a large-scale, group-to-group collaboration. The members of the entire distributed team did not have previous experience of collaborating together. We argue that in large-scale collaboration, this is not unusual, e.g. as two scientific teams may join an ad-hoc discussion to solve a problem using the Access Grid. Our goal is to consider these circumstances, and examine the consequences of simultaneous collocated and distributed interaction for large-scale collaboration. 

2. Research Setting and Methodology 

We performed an ethnographic investigation, guided by our research question of examining different types of sensemaking in group-to-group collaborative settings. We studied a large distributed technology organization, which researches, designs, and develops space-based scientific technologies and missions. We observed a design team from this organization, comprised of four engineering groups distributed around the U.S. Team 1 had 24 team members at Site 1 on the west coast, team 2 had 12 members at Site 2 in the Midwest, team 3 had 9 members at Site 3 in the south, and there was a single person at Site 4 in the southwest. Most of the people on teams 1, 2, and 3 had previously worked together within their teams but had never worked with the other teams in the past. The purpose of collaborating together was to combine different specializations to work on a conceptual design for an actual space mission. Each site had one or two facilitators. A large team of technology coordinators from sites 1–3 continuously attended to technology connectivity issues. This team was in constant communication with each other through a dedicated phone line and portable wireless phone microphones. We refer to the entire team, composed of the people at all four sites, as the distributed design team.

The distributed design team relied on a number of technologies to share design data, audio, and video streams. NetMeeting shared applications across sites projecting document views from Microsoft Excel and PowerPoint. ICEMaker [9] linked workstations and shared data, thus enabling the members of the distributed design team to publish design specifications and parameters relevant to a particular subsystem as numeric data in the spreadsheets. A dedicated person managed the updating of spreadsheets and the projection of spreadsheets both locally and remotely. A video-teleconferencing (VTC) service shared the audio of all four sites, and switched the video such that it displayed the view of the recent most vocally active site to the other sites. Due to delays in switching sites, people occasionally viewed a remote site, different than the locale of the current speaker. Multiple large public displays (12 x 6 feet at Site 1 and 6 x 5 feet at Sites 2 and 3) showed the video and the shared applications. Site 3 showed the video on a TV monitor. MeetingPlace managed distributed small group discussions, or sidebars, by sharing multiple voice streams by telephone. More commonplace technologies, such as e-mail and fax, were also available.

The distributed design team collaborated for a total of nine hours, three days within a week. Three researchers traveled to Sites 1–3 and observed the teams’ interactions for the whole session. We videotaped the teams at Sites 1–3 and interviewed team members at Sites 2–3. 

The Site 1 participants agreed to wear wireless microphones during their interaction, which enabled us to capture separate audio streams of 20 participants. We could thus determine who was talking with whom in a sidebar from the videotape, and what was said, from the wireless microphone recordings. We also were able to audio record all distributed sidebars.

We transcribed the audio data of the nine-hour main meeting carried by the VTC. We captured 3.8 hours of individual audio streams for 20 team members (total of 76 hours) at Site 1, on days 2 and 3 via wireless microphones (Due to technical difficulties, we lost the recordings for day 1 and for part of day 2). We analyzed both distributed sidebars, recorded for all 3 days, and the Site 1 collocated sidebars. We constructed the latter from the individual audio recordings. Over 380 hours were spent coding the audio data from the collocated and distributed sidebars. We used grounded theory to identify concepts relevant to sensemaking and breakdowns. We identified the codes through an iterative process of watching videotapes and discussing interaction. We also compared personal observations with the video data. We cross-referenced all sidebar references in the main meeting to actual sidebars. We also compared this to data from two other design collaborations, one of which comprised only Site 1, and the other comprised Site 1 and two other sites, with one or two participants at each of these. 

3. Contrasts in Large-Scale Collaboration

In this section we describe how different types of interaction existed between the collocated and distributed team environments. We begin with an ethnographic description of the entire design team working. In general, engineers describe their experiences in space mission design with a lot of passion. The environment within a site, especially at Site 1 the largest, is usually noisy and appears chaotic to an outsider, with many people talking at once, speaking in small groups or shouting across the room. The task of space mission design involves constant problem-solving. The design involves calculating a vast array of different parameters, e.g. choice of technology to employ, trip time, weight, power type, as well as graphically designing the spacecraft configuration. Parameters begin with initial estimates and are constantly refined in an iterative process. The work is highly interdependent, e.g. the power engineer needs information from the mission design and instruments expert to calculate her work. The interdependencies lead to much interaction to negotiate values or discuss design tradeoffs.

Site 1 members worked in an electronic meeting room dedicated for their collocated collaboration. They were seated at individual workstations by their engineering specialty, and those who frequently interact with each other were seated close. The distributed design team meeting was led by the facilitator of Site 1. We refer to public voices carried over the VTC as the ‘main meeting’ in contrast to local meetings held at each site.

The main meeting proceeded with the Systems Engineer projecting different parts of the spreadsheet on the shared display, and the facilitator at Site 1 using the spreadsheet as an agenda. He stepped through the lines on the spreadsheets and asked for the design values one by one. In the meantime, Site 1 members performed calculations on their workstations, interacted with others in sidebars (sometimes at the same time), exchanged data through e-mail, or by linking their data to the shared spreadsheets. They occasionally listened to the facilitator, particularly when he broached a topic relevant to their expertise, or when he specifically called upon them to supply information. They occasionally contributed to the public conversation carried over the VTC. They also monitored the large displays sharing the data across sites. They also could view the recent, most vocally active remote site that was shown on the video display.

Sites 2–4 used smaller, more general purpose meeting rooms that were not dedicated to collaborative design. The facilitator from each site dominated the public contributions from their respective sites. Team members listened to the VTC most of the time, and talked the rest of the time either locally (by muting their VTC microphone) or publicly over the VTC. They also participated in sidebars. Given their smaller size, and their seating proximity (at Site 2), their local sidebars tended to include the majority of the team. They muted the VTC microphone or lowered their voice when discussing an issue locally, and then presented the result publicly, usually through their facilitator. They monitored the public displays (data and VTC) most of the time, to a much larger extent than the Site 1 team members who focused more on their own workstations.

3.1 Shared and unshared perspectives

The following contrasts how perspectives were aligned differently in the collocated sites compared to in the distributed design team. In general, the members at Site 1 had worked together in previous design sessions, on average for several years in the collocated setting of three hours per day, three days per week, for each session. Not every team member participated in every session and it was not unusual to find members new to the Site 1 process. For the most part, however, all were familiar with each others’ identities and were aware of their areas of expertise. Interaction was often characterized by referring to the members by their specialty, i.e. “Structures”, “Power”, or “Cost”. Some areas of expertise were similar enough for team member to share professional perspectives, as well as team perspectives. For example, there were five members representing different aspects of spacecraft communications but who shared professional perspectives: two Control & Data Systems (CDS) experts, two Telecommunications experts (Hardware and Systems), and a Ground Systems expert. Similarly, four experts shared professional perspectives on the design of the physical spacecraft: Structures, Configuration, Thermal, and Attitude Control Systems. In 189 collocated, primarily “design-oriented” sidebars (totaling 7 hrs. 16 min. 53 sec.), 48.5% of this time was spent in discussion between team members with shared professional perspectives. The remainder occurred between different perspectives.

More commonly, collocated team members shared perspectives about basic aspects in the design process. They were all concerned with keeping costs down, minimizing mass in the design, and assessing “technology readiness levels” to estimate the amount of research and development needed between that design session and the commencement of mission operations.

Shared perspectives also emerged in individual interaction in a variety of ways. Collocated team members, particularly novices, made guesses about the meanings and implications of numeric values they encountered in a spreadsheet, which were acknowledged by another member. Team members occasionally shared jokes about the habitual practices of other team members. For example, the CDS experts joked about the typical capacity of the Instrumentation expert “to saturate any (data) bus we give him” and the facilitator at Site 1 joked about the Science experts’ typical reluctance to give up an instrument for non-science reasons. Such local joking also occurred at sites 1 and 2 each about a different remote site, reflecting a shared, local perspective.

An essential aspect of design is the capacity to explore various scenarios for benefits and risks. When, in the course of such exploration, a feature is identified and its implications are immediately grasped by another, it indicates a point where perspectives are aligned. For example, a telecommunications hardware expert expressed concern about the effects of the cold temperatures found in space on an instrument intended to penetrate the surface of a spatial body. The Science and Instrumentation experts immediately grasped that cold-induced brittleness was a risk that had not yet been identified in this design.

Other times, the expression of local norms and attitudes indicated shared perspectives. When one engineer at Site 1 felt he had identified a weakness in another’s work, he told a third person he was going to “pick on him,” reflecting a local norm encouraging informed critique of peer efforts. In another situation, two team members at Site 1 sought advice from a non-team member, also at Site 1, rather than seek assistance from a remote team member with some responsibility for that aspect. Although nominally part of the same overall organization, the attitudes at each of sites 1-3 were competitive with the other sites in this design session.

Finally, the common practice occurred of conveying design information in a “shorthand” manner by referencing similar information from prior designs. For example, when one CDS engineer referred to a data system design as “Seeker,” the other CDS expert immediately understood. Similarly, when designing the mission schedule, the programmatics expert referenced the “Cassini” mission as shorthand for the mission schedule and, subsequently, the Software engineer used “Cassini” as shorthand in explaining cost estimates to other team members. 

In contrast, it was not often observed that the distributed design team experienced similar types of shared perspectives in the design process. The following interchange was more common. An engineer at Site 2 expected a value for peak specific impulse of the propulsion system from Site 1: “I've been looking for Isp on the trajectory (spread)sheet for the last two days, but we don't really have anything, so I was using (a locally-determined value)”. The Site 1 facilitator was under the impression that both sites were using the Site 1 value, as indicated in the system of shared spreadsheets that was maintained by Site 1. The engineer at Site 2, however, pointed out an annotation in the spreadsheet that read “If zero or not available, use Site 2’s own estimate from Site 2’s trajectory run” and that he did as instructed. This discrepancy, in both understanding and design parameters, occurred late on the third day, so there was insufficient time to reconcile that specific design work with a common value. Further, design decisions had been made at each site, based on their own work, and there was insufficient time to track down subsequent design decisions already made with the discrepant values.

Halfway into the session on the third day, Site 1 disconnected itself for 39 minutes from VTC discussion to conduct its own “giant sidebar” (in the words of the Site 1 facilitator), to converge on the design of the science payload. This facilitator was subsequently surprised that sites 2 and 3 didn’t understand the intent of Site 1’s disconnection: “I’m not secretive. I’m letting them work. They’re having a giant sidebar, we’re having a giant sidebar. That’s what we signed up for. They’re going to work their issues, (while) we work ours.” In contrast, during this period, the facilitator at Site 2 remarked to the Site 3 facilitator: “I don't know about you, but the guys at Site 1 are starting to give me the willies, being offline so long. What's going on?” In response, the Site 3 facilitator remarked “I don't know, but it sounds like we're being much more productive (without them).”

Similar difficulties were also experienced by participants in distributed sidebar (non-VTC) discussions. Participants did not know who was participating from the other sites, nor their level of expertise with regard to the topics under discussion. Analysis of audio recordings of these sidebars revealed that, although their names were announced over MeetingPlace when they joined the sidebar, they conducted their design discussions and only at the end did they introduce themselves as individuals (if at all). In one distributed sidebar, requested by the Site 1 facilitator, two telecommunications engineers from Site 1 expected design input from another at Site 2 but ended up only reporting on their own work, afterwards remarking “I guess she just wanted to know what’s going on.”

It was observed that introductions did not help team members learn identities of their distant partners. The facilitator at Site 2 expressed it well at the beginning of this design session. Introductions were made at each site (via the VTC channel) as each team member, in turn, announced name and assigned role for the design. During Site 1’s introductions, the facilitator at Site 2 remarked “This isn't very useful. We can't tell who's who.” 

4. Consequences of different work practices
Thus, the collocated team members exhibited very different types of interaction behaviors compared to the distributed design team. Collocated members knew each others’ identities and expertise and knowledge of norms and other expected behaviors were shared. In contrast, in the distributed design team, many incidents occurred that pointed to a lack of common perspectives. These differences were associated with different types of sensemaking in the two contexts with related consequences, discussed in this section.

4.1 Sidebars: the “heart” of design work

In space mission design, much of the “heart” of design work occurs in smaller groups, or sidebars, where clarifications or design tradeoffs are discussed. We discovered that different sensemaking practices occurred in collocated and distributed sidebars. 

In the collocated teams, interaction is characterized as constant shifting between individual work, public conversations, and sidebar discussions. A characteristic of the sidebars at the collocated sites was their spontaneity. At any time at Site 1, from one to four sidebars were almost always occurring. The conversations could be heard from most points in the room. An interesting phenomenon was that people reported that they continually monitored the environment, listening for keywords in the surrounding discussions that had relevance for them. When such a keyword was detected, the team member would spring up from their seat and join the sidebar. One person described this behavior as “shooting from the hip” to solve the problem. A related observation is that people modulated their voice levels to enable or to prevent this monitoring.

Nearly all the collocated sidebars were self-organized. Team members started sidebars by approaching another team member. Members also joined existing sidebars. Thus, in the collocated setting it was expected that self-organized and spontaneous sidebar interaction was the expected pattern of interaction. Rarely did the facilitator organize a sidebar and only then in response to a request from a remote site. The content discussed in sidebars encompassed many different types, ranging from simple questions to seek clarification or to seek specific information (e.g. “what is the surface temperature of Mars?”) to lengthy and complex design tradeoff discussions, such as how to reduce mass on the spacecraft. 

In contrast, sidebars in the larger distributed design team were always delegated by facilitators who announced publicly over the VTC who would join them. Nearly all sidebars were held via MeetingPlace. Once a person was delegated to a sidebar, a technical coordinator gave them the number of an available phone line. Usually no more than four participants were in a distributed sidebar, from up to three different sites. It was perfectly possible for any team member to initiate a sidebar across distance by asking the coordinator for a phone line and dialing the other site. Yet of the 24 distributed sidebars that occurred, only three were self-organized. 

In contrast to the many instances of swift interaction in collocated sidebars, where often quick clarifications or information-seeking occurred, the distributed sidebar interactions were characterized as involving complex discussions of longer duration, generally around a single topic. The shortest duration we observed was 1 minute, 45 seconds and the average duration was about 13 minutes. The distributed sidebar interaction was formal and challenges of assumptions or design values seldom occurred. It would have been advantageous for the distributed design team, if, for example, the Power engineer at Site 1 clarified or challenged a value with the Power engineer at Site 2. 

Here is an example of when a team member at Site 1 did not initiate a remote sidebar, but should have. Engineer B had responsibility for determining power parameters for the science craft. Early on the third day, he expressed to M “I don’t know anything about these, this is the first time I’ve seen them” regarding values for the low and high power buses for the science craft. M pointed out that these values are “requirement(s) you are imposing on them.” B responded that he is “so confused. I have no idea. I don’t have any picture of the architecture” which he attributes to the distribution of responsibilities for the overall power design across multiple sites. M suggested that he initiate a sidebar with participants at Site 2, whom he explicitly identifies as “doing power and power conversion for the … vehicle,” and made the point that “you just can’t sit around.” However, approximately two hours later (shortly before the end of the overall session), the facilitator asked B about the undetermined power values and, again, suggested he talk to the people at sites 2 and 3 and make a recommendation to them regarding the power design for the science craft. Although sites 2 and 3 have explicit responsibility for the power system design, the facilitator expressed his feeling that “they don’t have the capacity (to determine design parameters for the science craft), so (he’s) asking [B] to do that for them.” Clearly, the information was necessary, yet B never initiated a distributed sidebar with sites 2 and 3.

We also coded the purpose of the sidebar discussion: whether design content primarily was discussed or if it was primarily used for articulation/coordination. Following Gerson and Star [8], we defined articulation as “all the tasks involved in assembling, scheduling, monitoring, and coordinating all of the steps necessary to complete a production task. (p. 260).” Nine percent of the time spent in distributed sidebars were coded as primarily used for articulation purposes, and 91% were primarily used for discussing design content. In contrast, 34% percent of the time for collocated sidebars were primarily used for articulation purposes, and 62% were primarily used for discussing design content. To place these values in a larger context, 72% of the main channel discussion over the VTC was coded as concerning design, whereas 28% of the discussion concerned articulation. One explanation for the lack of distributed articulation sidebars is that the facilitators performed much of the articulation across distance. Indeed we discovered that when facilitators engaged in sidebar discussions across distance (i.e. a phone discussion that was not public to the rest of the team) they only discussed articulation and not design content. This may have led the distributed partners to not discuss articulation. 

Thus, a pattern of behavior never emerged where distributed team members would spontaneously contact their colleagues to challenge assumptions or values, to clarify ambiguities, or seek information. Distributed sidebars were formal, far fewer, and delegated by facilitators. The facilitator at Site 1 began the design session by urging team members to use the technical coordinators to establish distributed sidebars, but the coordination overhead may have prevented people from spontaneously engaging in distributed sidebars; it took an average of 3 minutes, 17 seconds to set up a distributed sidebar. In contrast, collocated sidebars at Site 1 took almost no time to set up. People spoke spontaneously to neighbors or moved a few feet to speak with someone. In only two sidebars did team members move physically to another room (for a quieter environment). Table 1 summarizes the differences we observed and coded in the sidebar interaction in the collocated and distributed sites.

4.2 Discrepant methodologies

In collective sensemaking, people try to make sense of equivocal and discrepant information. During the design session, the different sites not only used different concepts and terms, but also unique methodologies and design processes that were distinct to a site. We found four cases where such discrepant concepts were used, and describe three here.

In one case, different sites used different approaches to calculate a mass contingency factor. The mass of the various system components in a mission design must be estimated and they are iteratively refined as the design progresses. Site 1 used a single scaling factor for mass contingency based on their own site guidelines. Site 2 used a “bottom-up” approach for mass contingency based on estimating values for each component. A sidebar with participants from sites 1, 2, and 3, negotiated a hybrid methodology which corresponded with an organization-wide default value. A new term “validity” emerged, common for the entire design team. However, the facilitator at Site 1 resisted the solution and a second hybrid solution was reached, in which sites 1 and 2 would each apply their methodologies for that part of the design for which they were responsible. Yet Site 1 again resisted this solution and wanted another sidebar to reconcile the issue. Thus, though the distributed design team engaged in sensemaking to negotiate common methodologies and terms, the proposed solutions were not adopted.

In a second case, different methodologies from the sites resulted in different mission trajectories. This was critical, as it affects the mission duration. The sites actually used different definitions of the common term “trajectory.” Site 1 defined this term by beginning with a trajectory of an earlier, exploratory “strawman” design, or starting point intended to be refined, and linearly scaling up factors from that result. Site 2 defined this term by combining different stages of the mission, than Site 1 in a bottom-up approach to yield the mission duration. Site 1 adopted Site 2’s term of “trip time,” but its definition of “trajectory” essentially remained unchanged. The topic was discussed in a distributed sidebar held between the first and second days. A new hybrid term “mission duration” was proposed by Site 1, but was not adopted by the other sites. Site 2 continued to use their term of “trip time” and its definition. Site 1 then reverted back to the use of its own term “flight time”. Again, a proposed hybrid term was not adopted.

In still a third case, Site 1, used the term “power down” to refer to a 0% power mode. Site 3, who led a discussion on this topic on the third day, used the term “shut down” to refer to this same 0% power mode in one context. When the discussion continued, at the end of the first day by Site 2, the term “power down” became used again in a different context. During the next design session, both of these different terms were used according to their different contexts. The two contexts were important as they affected the overall mission. A hybrid solution emerged on the second day that a 0% power mode would be used for all mission phases except science operations. The Site 1 facilitator introduced a different term, “safing,” to refer to the same 0% power mode in the engineering safety context. Thus, different terms referring to a critical function were used by the different teams.

In all cases, the full design team was able to perform sensemaking to resolve their discrepant terminologies and methodologies. These concepts are very fundamental to mission design. Though the distributed design team could intellectually negotiate new hybrid terms and methodologies, these solutions were not adopted by them. A component of sensemaking is to retain the sense and apply it to new situations [14]. The distributed design team did not retain the solutions that it came up with and did not incorporate it into its process.

4.3 Blind trust in technology

A third consequence was observed that indicates how the technology connecting the sites influenced perceptions and interaction among the entire team. We discovered several misattributions influencing interactions between team members during the design activity. Misattributions occurred when team members acted as if they believed the technology mediating their interaction was conveying the same sense of the interaction across distance as it would be perceived locally. Team members developed a blind trust that the collaborative tools that they used to interact and share data across distance were “delivering” the information they intended. The actors extended their assumptions of face-to-face interaction to mediated interaction across distance. They behaved as though their distributed partners would understand their behaviors and work practices as their collocated colleagues would. 

One type of misattribution observed was that team members often behaved in the distributed interaction as though “what I say is what you hear”. However, there were 24 instances, spread approximately equally over Sites 1–3, where team members did not put in the requisite effort, in the main meeting conversations, to make themselves heard at the other sites. Team members at remote sites complained that the site who spoke most recently could not be heard. The speaker either forgot to unmute the microphone, or spoke too far away from the VTC microphone to be heard remotely. Sometimes remote team members were in sidebars that were not visible to the speaker over the video, and the speaker assumed they were present. People had the expectation that what was said on the VTC was available to remote team members, as what is said within the same site is believed to be available to local team members. The actors blindly trusted that the technology was “delivering” their voice to the remote sites without needing to adapt their behavior to a distributed context.

Another misattribution we observed occurred when the design team participants had the false belief that the other teams always had access to the same data that they had, believing “what I see is what you see”. For example, at one point, the Site 3 facilitator noted a discrepancy between a displayed value on the networked spreadsheet, managed by Site 1, and a publicly spoken value. The facilitator of Site 1 challenged this claim because he could not see the value seen by Site 3. The Site 3 facilitator responded: “You’re sharing it! How come you can’t see it?” All sites knew of the system capability of displaying shared spreadsheets, which created a false expectation that everyone at remote sites was viewing the same image. Yet in a remote context, one cannot obtain feedback to modify one’s impressions.

Still another type of misattribution was when team members acted in the distributed interaction as if “what I understand about the data is what you understand about the data”. There was not a common understanding across sites about when a value in the spreadsheet was considered final. Engineers expected to see particular data values on the large display but often revealed surprise to see a different value. This was caused by a lack of understanding that intermediate data values and calculation processes were embedded in the shared spreadsheet. Placeholder values were also used before final design values were chosen and it was not always clear to all sites when a value was just a placeholder. 

A fourth type of misattribution was when team members behaved as though “what data I can access is what you can access” across distance. They expected that once values were entered into the spreadsheets, they were immediately propagated and accessible to the other remote sites. However, as we observed, this linking did not always occur, or sometimes did so only with delays or errors. For example, towards the end of the design session, the design team discovered that an important piece of information—upon which Site 2 based its design—was known to Site 1, yet was never shared electronically with Site 2. Statements were made at the local sites such as “First time I’ve heard of anything from the trajectory in two days.” A Site 2 engineer said “this is a kind of an example of where the system breaks down. I’ve been looking for [a specific impulse] on the trajectory sheet for the last two days, but we don’t really have anything, so I was using his, so I apologize if we deviated from what was agreed upon in the beginning.” Site 1 blindly trusted that their value for a specific impulse was received by Site 2; Site 2 had blind trust in the procedure: “Electronically, it says on the sheet ‘If [specific impulse] is zero or not available, use [your] own estimate from [your] trajectory run’, so I did so.”
These examples show that sensemaking broke down when team members did not adapt to the distributed team context. While interaction is visible within a collocated site, it was not always clear to team members that they needed to invest extra effort to understand the remote members’ behaviors and work practices with the technology. Further, for most team members, they were using new and unfamiliar technologies. The actors did not have the opportunity to develop appropriate expectations of the capabilities of the technology [8]. 

5. Discussion and Conclusions

In this paper we have investigated a new interaction order of large-scale group-to-group collaboration. We focused on where points of alignment did and did not occur among collaborating partners. When people conduct sensemaking, they focus on particular cues in the environment to make sense of them [14]. Table 2 shows more specifically how the three consequences that we observed for the team relate to different facets of sensemaking. 

When people have the opportunity to continually observe each other and communicate, then habituated patterns of interaction can develop [15]. The sidebar behavior in Site 1 was an example of such habituated interaction. Sidebars were self-organized; people monitored the environment to listen when they needed to join a sidebar. Reciprocal expectations existed: sidebar participants intentionally spoke keywords that they knew would signal certain others to join their sidebar, as when the words “antenna angle” caused the Attitude Control Systems engineer to join a sidebar. Arranging for an open phone line, connection delays, and waiting for distant partners was in stark contrast to the spontaneity of sidebar formation in the collocated setting. Though distributed sidebars enabled people to discuss complex design tradeoffs, the risk for space mission design is that certain interaction patterns (i.e. that encourage challenges) are not the expected behavior when people are distributed. Quickly clarifying a value or seeking information did not become the habituated pattern of interaction across distance. Though over time such patterns could develop, the coordination overhead for distributed sidebars, and limited social bandwidth can likely hinder such patterns of behavior from developing across distance. 

Commitment is another facet in sensemaking that was practiced differently within and between sites. Though the different sites negotiated common terms, these terms were only temporarily used and then abandoned as each site reverted back to the use of their own terminology or methodologies. The entire design team lacked the commitment to adopt them. In Weick’s model [14], successful products of sensemaking are retained, and then applied to future actions. Commitment occurs when the behavior is clear. In distributed interaction, behavior is not as explicit as it is in collocated interaction. As the behavior is mediated through technology, cues are more ambiguous compared to collocated interaction, leaving it more open to interpretation [11].

Expectations are another component of sensemaking. Expectations can operate as filters on the world, influencing to what we attend. When misattributions occur, as we found with people blindly trusting the technology, then it suggests that expectations are poorly developed. One reason for the misattributions is that the participants were guided by their expectations of technology use within their collocated sites. People did not put in the requisite effort of using the technology effectively for distance interaction, such as walking over to the microphone to be heard or ensuring that the other sites were understanding the design parameters as being in the iterative stage, and not final. Wrong expectations were reciprocal across distance: remote people expected that the other sites’ technology setups were similar to theirs. For example, in a smaller conference room, the microphone is never too far away. Therefore, if there is silence on the line, it is believed that no one is speaking at the remote site. When human-computer interaction breakdowns occur in a face-to-face environment, they are visible and actions can be taken to repair them. In the distributed design team interaction, inappropriate actions are hard to detect across distance. 

Inappropriate expectations also were due to the fact that the distributed design team members were experiencing new and unfamiliar settings and technologies. The networked spreadsheets, large public displays, the sampling technique of the video, and application-sharing were introduced to many, if not most, of the team members for the first time. Further, most team members were unfamiliar with the large group-to-group distributed setting, where several conference rooms are connected. The team members likely did not have the experience to develop realistic expectations of the limitations inherent in such systems, which led to the misattributions of behavior that we observed. People acted with the technology using their familiar expectations of the technology capabilities but not necessarily adjusting for the new environment. Even conflicting technology expectations may have been formed, as in the case of the engineer who expected that the other site was sharing data, but could not see it. However, the real question that remains unanswered is whether experience can really lead to the development of appropriate expectations. People must first learn that misattributions occur and then must learn how to adjust their behavior to compensate.

Articulation is a necessary component of collaboration [3]. We saw a clear neglect of articulation in the distributed sidebars as only 9% of the distributed sidebar interaction concerned articulation, compared to 34% of the collocated sidebar interaction. As the results of distributed sidebars were not retained as much as from collocated sidebars, a deficit of not conducting articulation is that it can limit opportunities to align perspectives. It is possible that distributed sidebar participants did not feel it was necessary to conduct articulation because the facilitators were seen to be performing articulation for the distance interaction. However, we argue that articulation is a critical part of distributed interaction as in collocated interaction.
Breakdowns in interaction can provide opportunities for developing shared perspectives. Sensemaking in organized activity involves iterative transitions between intersubjective and generically subjective interactions [15]. Habituated action patterns, such as sidebars, are routine interactions developed by individuals as they form expectations about results. Sidebars at Site 1 were an example of predominantly intersubjective interaction, due to extensive prior interaction between team members and a shared organizational culture. Only in the cases of novices or temporary replacements did sidebars become generically subjective interactions, e.g. with "the Power guy.” In contrast, distributed sidebars were more generically subjective scripts, as the sensemaking occurred before participants became more aware of each other as specific individuals and less conscious of them as roles at a remote site. When discrepant perspectives become apparent, as above, intersubjective interaction affords the opportunity to repair the breakdown but generically subjective interaction, such as that conducted by remote sites unfamiliar with each other, can afford partial repair but can also impede the selection and retention aspects of sensemaking. For example, when discrepant methodologies were discovered in the determination of contingent mass, three of the sites selected a mutually acceptable solution embodied in new terminology which reflected their shared perspective. Not adopting the solution means that the team did not retain that sense which the sidebar had constructed. They instead applied their prior terminology, reflecting their divergent perspectives.  

Weick [13] describes that organizations which are open to input and diverse information from various sources need to be the most interested in sensemaking practices. Each site brought different expertise and work practices to the mission design. The smaller teams that comprised the entire design team were loosely coupled. Though the VTC served as the main channel of communication across sites, through other technologies, information was shared independently: the spreadsheets shown on the public display, the networked spreadsheets, the telephone lines, etc. The degree to which such a high variety of information could be introduced from any site created an open system environment. Yet exactly because the system was so open, it contributed to the difficulty in performing sensemaking by the distributed design team. 

A major risk for large-scale scientific collaborations is when perspectives are not questioned. At local sites spontaneous challenges to design parameters and assumptions and debate and negotiation were the norm. In contrast, we rarely observed spontaneous challenges made by team members across distance. The facilitators sometimes questioned a perspective or a value, but the mission design would benefit more by having the team members, i.e. experts in multiple specialties, introduce challenges. Challenging perspectives can easily slip away in distance collaboration but must be encouraged.


This study identified challenges that face large-scale group-to-group collaborations. Our study has revealed that though a common sense of “team” at collocated sites existed, a common understanding of the entire design team as a “collective entity” was not yet established. Ad-hoc interactions are not uncommon in large-scale collaborations. Our goal in this paper was rather to examine the consequences and risks for teams in such types of large-scale collaborations. 
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�
Collocated sidebars (Site 1)1�
Distributed sidebars�
�
Duration (average)�
1.52 min.�
12.68 min.�
�
Formation�
Self-organized�
Delegated by facilitator�
�
Set-up�
Very low set-up cost; spontaneously joined�
High set-up cost: avg. 3.3 min. to set up �
�
Nature of content�
Design tradeoffs, quick information-seeking, quick clarifications, challenges of assumptions/values, coordination�
Design tradeoffs, extended Information-seeking, clarifications �
�
Number of participants�
Range: two to whole team, avg. 2.2�
Four participants maximum, avg. 2.6�
�
Number of sidebars�
922 (estimated)1�
24�
�
Type of Discussion�
62% (by time) design, 34% articulation�
91% design, 9% articulation�
�
Table 1. Contrasts of sidebar interaction in the collocated teams vs. the full distributed team.


1 Collocated sidebar data was collected on days 2 and 3, recorded from participants wearing wireless microphones. Due to technical difficulties, we were not able to capture the entire session. Therefore, we report averages and 922 sidebars is an extrapolation of total collocated sidebars from the data. Distributed sidebar data is from all three days.

















Observed consequences�
Facets of sensemaking�
Distributed design team�
Collocated teams�
�
Sidebar differences�
Sensemaking as developing patterns of behavior�
Delegated sidebars, formal, and not spontaneous; high set-up cost; no challenges or information-seeking, identities of partners not always known�
Spontaneous formation of sidebars; monitoring sidebars; used for information-seeking, challenges, design tradeoffs, identities of partners mostly known�
�
Adoption of terms�
Sensemaking as commitment�
Common terms/methodologies were negotiated and agreed upon, but not permanently adopted �
Common language and guidelines were developed and used�
�
Misattributions or “blind trust” in technology use�
Sensemaking as expectation


�
Have not developed appropriate set of expected behaviors for technology use across distance; not aware when human use of technology breaks down�
Expectations of interaction well-formed; Breakdowns in human use of technology are usually visible�
�
Table 2. Different facets of sensemaking in the collocated and full distributed design teams.
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