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[[THIS CHAPTER IS INCOMPLETE]] 

Proceduralization and MERBoard support for open-ended problem solving 

From conversations with designers and users of MERBoard, one pattern that becomes 

evident is that MERBoard was most valuable for group interaction and synchronous 

collaboration when standard procedures for a task were not in place.  In particular, 

MERBoard was used most frequently for collaborative sketching and brainstorming tasks 

early in the missions, as well as in the pre-mission FIDO training trials.  In these early 

uses, MERBoard offered two key benefits:  flexibility and visibility.  Flexibility was 

particularly important because protocols for accomplishing tasks had not yet been 

established, so users needed freedom to explore; visibility was of value because groups of 

people needed to work together on not only to accomplish the tasks but to collaboratively 

develop the processes through which these tasks would be accomplished.  

 The makeup of the science team contributed the initial need for support for open-

ended problem solving; because many of the scientists were brought in from external 

institutions, the team did not already have established collaboration practices that they 

could easily transfer to the new set of activities involved in the MER missions.  Science 

team members were also working in an unfamiliar environment with tools and data that 

may have been unfamiliar.  The many novel aspects of the situation likely contributed to 

the early need for face-to-face synchronous collaboration on using tools that supported 

this type of interaction and provided enough flexibility for ad-hoc and formative 

practices.   

 



Flexible Support for FIDO Tests 

 During the FIDO tests, scientists and engineers used the MERBoard as a support 

tool while learning how to operate the rovers.  In this case, MERBoard served as a 

learning tool; it was used by the scientists for documentation as the training progressed.  

For a task such as documenting the training, MERBoard was a good fit because there 

would clearly have been no established procedure for the documentation, and the 

whiteboard functionality imposed no structure on the note-taking or resulting product.  

Additionally, this was the type of task for which having a persistently visible 

representation of collective knowledge was of value.  The whiteboard functionality of 

MERBoard was also used for brainstorming-type activities during these tests; MERBoard 

allowed scientists to do freeform sketches with a group, and share the designs using 

MERSpace both among the co-located scientists, as well as with parties at remote 

locations.  The tool’s flexibility was found to be very valuable for these types of 

unstructured preliminary planning activities. MERBoard was also used during the FIDO 

tests for advance planning using the SolTree tool; the plans were then distributed via 

email and left visible on the board for reference and later editing.  Although SolTree 

imposed more structure on the activity than the whiteboard tool, there was a clear time 

cycle involved with SolTree planning and SolTree still allowed for a great degree of 

flexibility for planning because it allowed the scientists to visualize all possible options 

and keep these options persistent and editable. 

 Because scientists were in the process of learning new procedures and working 

together, MERBoard was an important tool during the FIDO tests.  While MERBoard 

was used for such interactive tasks early in the mission, reported whiteboard use during 

the actual mission seems to have been considerably less than in the FIDO tests, and 

scientists reported that whiteboard use only decreased as the mission progressed.  The use 

of SolTree was fairly regular for approximately the first 70 Sols of the mission, but was 

eventually replaced by PowerPoint or text on personal machines for the purposes of 

creating plans.  As described in Chapter 1 of this report, the change in the tactical nature 

of the plans from multi-branching trees to straight paths obviated the use of MERBoard 

to some extent. Additionally, as the procedure for creating plans solidified, planners 

could naturally work more autonomously using known and accepted planning practices, 



thus making the visibility of MERBoard less necessary. As procedures became engrained 

and the need to enumerate planning possibilities decreased, there was simply less 

necessity for groups to conduct planning synchronously.  The exploratory aspects of the 

whiteboard also became less necessary as scientists’ practices became routinized and the 

need for ad-hoc support decreased.   

 

Specialized Tools for Known/Proceduralized Tasks in Sequencing MSAs 

 The lack of use of these tools in the Sequencing MSAs supports the idea that 

MERBoard’s more freeform functionalities were of most use while the tasks were most 

exploratory and the procedures were less defined.  In contrast to the science activities, the 

sequencing and engineering activities were more structured and proceduralized in large 

part because they bore significant similarity to activities from previous missions.  The 

sequencing team had tools with which they were already familiar such as RSVP and AP 

Gen for the purposes of creating sequences.  These tools were considerably more specific 

in the tasks that they supported, in contrast to a flexible and general tool such as 

MERBoard’s whiteboard. Because the tasks were already well-known to the people 

engaged in them, there was no reason for them to resort to a more generalized tool.   

 The process of creating a sequence bore some similarity to the Sol planning done 

by the science team; sequencers accessed shared sequencing artifacts and documents 

through a common set of tools, namely the RSVP sequencing editor.  After a preliminary 

sequence had been created, it was displayed through RSVP using a projector to the group.  

One person would drive the workstation attached to the projector, but that person was not 

usually the person in charge of the approval meeting.  During this command-by-

command walkthrough, people would suggest changes that would be need to be approved 

by the tactical uplink lead and entered by the person at the machine.  Throughout the 

mission, this walkthrough remained synchronously collaborative.  MERBoard was never 

employed for this walkthrough because of the importance of RSVP for the sequence 

creation.  A tactical uplink lead on the mission described the MERBoard as a tool that 

had been designed for science tasks as opposed to sequencing tasks, and spoke of the 

importance of tools that explicitly supported his tasks, stating that he dealt with “very 



specific bits of hex code going to very specific places” and that a tool like MERBoard 

simply would not offer the level of detail that RSVP and AP Gen afforded. 

 

Quill as Support for Established Procedures 

 The use of the Quill portal also illustrates the shift in collaboration as science 

activities became more routinized; as people became more familiar with their roles and 

tasks on the mission, the need for tightly synchronous and co-located collaboration 

decreased, and the use of Quill increased.  For many science activities, Quill was the de 

facto repository of shared artifacts, including PowerPoint slides for meetings, reports 

from the engineers, and stock images.  In fact, although the images that were displayed 

on MERBoards in the Spirit mission were available in MERSpace, Quill also served as a 

repository for these images.  Once science procedures were established, it was simply 

more efficient when scientists could work alone on their own machines, coming together 

to collaborate only when necessary; as such the use of Quill, unlike the use of 

MERBoard, increased throughout the mission.       

 Interestingly, despite the fact that MERSpace was similarly accessible via 

personal workstations and laptop, scientists and engineers did not mention having made 

use of MERSpace for purposes other than saving MERBoard content and migrating 

artifacts between MERBoard and their machines.  Although this study has not looked 

comprehensively at the users’ perception of MERSpace, scientists’ comments regarding 

MERBoard suggest that there was perhaps a general lack of awareness of MERSpace as a 

well as the perception that MERSpace was specifically for use with MERBoard.  For 

example, several scientists attributed the lack of use of MERBoard for meeting support 

and image display to the difficulty of actually getting artifacts onto the MERBoard.  

While some scientists criticized the necessary steps to do this, several other scientists said 

they simply could not remember or could not figure out how to put materials on the 

MERBoard, suggesting a lack of understanding of MERSpace.  Quill may have been an 

easier tool for scientists to learn and appropriate for sharing and retrieving documents 

because it was browser-based, and therefore familiar.  Additionally, the use of the 

browser as the interface to Quill may have fostered the perception of Quill content as 

shared and laptop-accessible; although we have not investigated this issue in depth, it is 



possible that the personal directory structure of MERSpace and the fact that MERSpace 

was most visibly accessed on MERBoard hindered the perception of MERSpace as a 

group accessible repository of shared documents.            

 

MERBoard as a Support Tool for Exploratory Tasks and Developing Procedures 

 The importance of Quill later in the mission and the contrast between the 

sequencing and science teams in the perceived need for flexible task support are evidence 

that MERBoard may be best suited for early collaboration in which tasks are not yet 

distributed among group members and in which procedures for accomplishing tasks are 

not yet fully developed. One mission manager compared sequencing to science on the 

mission, saying that the science work was more “unique” and procedures and knowledge 

could not be well transferred from previous missions Less preparation for the science 

work could be done “up front” and science tasks therefore had to be figured out and 

proceduralized “along the way.” Another scientist described MERBoard as being an 

important tool because it helped to get them through the initial phases “when we didn’t 

know what we were doing.” Additionally, MERBoard’s interactive functionalities seem 

best suited to exploratory work in which options and variations are being considered, and 

shared visuals can serve as a collective working memory during group work sessions. 

 

Interactions with MERBoard 

MERBoard offered the benefit of a large, interactive digital surface; none of the other 

display tools available to scientists supported the ability to display and interact on the 

same highly visible surface.  Even so, scientists and engineers described several difficult 

or inconvenient aspects of interacting with the surface that may have discouraged use of 

the tool. 

 

Touchscreen discomfort 
An engineer that we spoke with found the visual parallax on the screen irritating; he 

described the interaction with the touchscreen as being “not quite right” as a result of it.  

This same engineer stated that he had attempted to use the MERBoard once or twice for 

the purpose of giving presentations and “scribbling” but he found the touchscreen so 



difficult to use that he used projection for future presentations.  In his case, the benefit of 

being able to annotate displayed content was outweighed by the awkwardness of the 

touchscreen.  This same user also found the experience of writing and scribbling on the 

board uncomfortable, saying that using the whiteboard on MERBoard effectively 

necessitated “learn[ing] how to write all over again… feels like drawing with a crayon.”  

He felt that the MERBoard’s resolution and pen tools made him unable to use fine motor 

control and required him to use big gestures to write or draw.  This user frequently used 

the keyboard as a way of inputting text on the MERBoard; this allowed him to take 

advantage of MERBoard’s group visibility while avoiding having to write on the surface.   

Another scientist expressed a similar reaction to the parallax and the touchscreen, stating 

that using the touchscreen was “not difficult, but not easy.”  This user was optimistic 

about the potential for the display, saying that he believed people would get used to the 

parallax and adjustment in writing if they used it enough.   

  

Migrating Content to MERBoard 

While it was at times convenient to use MERBoard as a display that did not require the 

appropriation of someone’s laptop for source content (see Chapter 1 section on passive 

image display), migrating content from a user’s laptop onto the MERBoard entailed 

significant interactional overhead, a known problem since before the MERBoard 

deployment stemming from various technical difficulties including NASA firewalls.  In 

comparison, projecting content from a laptop onto a projection screen was described as a 

one-step process, similar to “flipping a switch.”  In addition to this very simple action of 

hooking a laptop up to a projector, one scientist also mentioned the simplicity of 

displaying data from a source on which it was resident; he said that MERBoard was 

valuable for displaying SolTrees and certain images, but if the material needed to be 

edited, created, or displayed using software or tools that people had on their laptops, they 

would not be willing to go to the trouble to migrate it onto MERBoard instead of simply 

plugging the laptop into a projector.   

 

Size and Resolution 



MERBoard’s physical size fits an interesting niche, demonstrating that not all large 

displays are created equal where size is concerned.  Scientists repeatedly said that for 

large meetings such as the end-of-Sol meetings or SOWG meetings that projecting 

content onto a screen was superior to using MERBoard because MERBoard was too 

small and was neither sufficiently visible nor readable from a distance.  Text was 

especially problematic because the ratio of the size of text created on MERBoard to the 

size of the display was much smaller than the ratio of, say, projected text in a PowerPoint 

slide to the size of the projection screen.  For collaborating around images, some 

scientists preferred to use large printouts of terrain data or PanCam images oriented 

horizontally on a table.  In addition to fostering collaborative annotation, which was done 

using conventional magic markers, the images provided considerably more detail because 

they were higher resolution. Additionally, scientists were comfortable with printouts 

because they had used them in previous research or missions.   

 For small collaborations, some scientists found that the size of MERBoard was 

more than necessary, given the overhead required to put content on the MERBoard for a 

collaborative activity.  Two or three people working together could easily crowd around 

an SAP terminal or laptop, and these small screens were found to be brighter and higher 

resolution than MERBoard by the scientists.  MERBoard, being an intermediate size 

between an SAP display and a projection, therefore seems best suited to mid-size 

collaborations of perhaps between four and a dozen or so people.  While it is the case that 

most of MERBoard’s interactive use (especially for SolTree) involved groups of about 

this size, it is also the case that when collaborations grew past the size appropriate for 

crowding around a laptop, they generally migrated to a projected screen rather than to 

MERBoard.  This can likely be attributed to the ease with which content on an SAP 

terminal could be projected on a screen; it is possible that with a similarly simple 

interaction for projecting onto a MERBoard, MERBoard would be more frequently used 

to support the mid-sized collaborations for which the projectors were often employed 

instead during the mission.     


