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ABSTRACT 

The research on technology for emergency management is usually based either on studies in the field that focus on 
workers using current tools or on the development, testing, and deployment of novel software tools used in 
controlled settings. Little is known about the effects of the new collaborative media and work conditions ‘in 
comparison to’ the current media and conditions. In 2007, we presented at ISCRAM a method for studying common 
ground development through a paper prototype in face-to-face collaboration and subsequently presented preliminary 
findings on common ground development. In this paper we present preliminary findings from an analogous 
experiment on teams working remotely via a geo-collaborative software prototype. We compare these findings with 
those from the prior paper prototype study. We use this comparative research design to explore implications for 
system design and theory development in computer-supported cooperative work. 
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INTRODUCTION 

Our research program is studying the development of common ground in an emergency management planning task 
in order to develop a system that could support a distributed version of this task. The common ground between two 
people is the sum of their mutual, common, or joint knowledge, beliefs, and suppositions [3]. Common ground is 
crucial for effective communication and work. We study the CG process in the context of computer-supported 
collaborative planning (i.e., work). Our research differs from prior research on computer-mediated communication. 
In fact, the studies in this area investigate communication as a standalone process, whether face-to-face or 
distributed. Differently, in the context of cooperative work, communication consists of task-oriented dialogs, and the 
process of communication is instrumental to higher-order group functions, such as production [12].  

A field study of local emergency management teams in Central Pennsylvania had shown that these teams are 
periodically engaged in various planning activities that involve geocollaboration. A central activity observed was the 
tabletop exercise, where the team members walk through a scenario and revisit existing response procedures on a 
shared map in a meeting table setting – e.g., responding to an emergency at the local airport. The team rehearses the 
interdependencies and builds a shared planning experience, which helps to improvise during actual crises [13]. An 
important need of these teams is having a proper planning environment. Since the meetings are conducted only a 
few times a year, the shared experiences from each meeting tend to be lost across the meetings and are regenerated 
each time. These teams also need suitable tools for efficient and unbiased sharing (e.g., processing large amount of 
information and balancing the contributions from different experts). We maintain that collaborative tools can be 
engineered to address these needs, if the design of the tools is informed by the systematic investigation of 
collaborative planning in representative conditions, which is the aim of this paper.  

For about three years we have investigated the process of common ground building in teams making group decisions 
on geographic maps. We developed a reference task for emergency management teams and utilized it to investigate 
the use of a face-to-face paper-prototype as a method for validating our reference task, testing our initial system 
design, and eliciting software design requirements along with experimental results. In our program of study, we 
studied three-person groups collaborating on an emergency planning task, where the collaborative planning system 
was simulated by paper maps, post-it notes, and other physical materials. In 2007 [1] we presented to ISCRAM the 
use of this face-to-face paper-prototype as a method for testing our reference task, testing our initial conceptual 
system design, and eliciting specific software design requirements along with preliminary results.  We recently 
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expanded those results in [7] to explore the regularities and factors that affect common ground as a small group 
works together on a complex geo-collaborative planning task.  Since then, we have developed a software prototype 
[6] and run a comparable distributed software experiment.   

The contribution of our research program is the systematic comparison of tool-mediated decision-making across two 
experimental conditions. Our motivation for conducting the software experiment and comparing the results was to 
explore implications for system design and theory development in computer-supported cooperative work. In this 
paper, we present preliminary results from the software study, we compare these findings with those from our paper 
prototype study, and discuss some implications for design and theory. 

STUDY DESIGN 

The study was a 2x3 factorial, with one between-groups factor (role-specific task pre-briefing or no pre-briefing) 
and one within-subjects factor (three ‘runs’ that were different instances of the same type of group task). Each 
participant was given the role of an ‘expert’ relevant to the task. The role pre-briefing manipulation was designed to 
increase the initial amount of shared knowledge among team members about each other’s roles, knowledge base and 
responsibilities relevant to the group task.  

Collaborative Task and Roles 

The teams were asked to generate the best plan for evacuating a family from a flooded area to an appropriate shelter. 
Identifying the best plan involved consideration of route, shelter, transportation, and evacuee information. The 
information provided for participants was in one of three forms: individual role-specific maps, information sheets 
with role-specific and shared information, and a shared task scenario with background information. 

Each member played the role of an expert (Public Works, Environmental, or Mass Care) and received shared and 
unshared information to complete the task). Because the participants were not experts we had to impose the beliefs 
and knowledge possessed by an expert. Each participant was given a detailed description about his/her role and role-
specific background information. For example, the Public Works expert was given background knowledge relating 
to roads, bridges and public utilities such as power lines, sewage, waterlines, and gas lines (see [1] for more details).  

Each team was directed to develop plans for three alternative scenarios of the same type of task; members played the 
same roles in each scenario. All of the scenarios were similar in that there was a family in need of rescue in a flood 
plain (map center); there were four possible shelters (map periphery); and only one route to each shelter. The three 
scenarios were designed and refined through pilot testing to be of equivalent complexity. The order of the scenarios 
was counterbalanced across the twelve groups. 

For the structure of the experimental task we adapted the “hidden profile” paradigm [10]. That is, an overall superior 
decision alternative exists but is “hidden” from individual members, each of whom is provided with information 
biased toward suboptimal solutions. The best alternative can only be discovered if all the members pool and use 
their relevant information.  

In each of our emergency management scenarios, four possible solutions are available as evacuation plans – 
corresponding to four shelters to which the family could be evacuated. One is optimal (i.e., it has the least number of 
problems), but the information provided to each member is biased toward different choices from the three 
suboptimal solutions. The critical pieces of information items are risks or constraints (what we call “cons”) 
pertaining to each of the four possible solutions. Each member is given a unique set of cons; each individual’s set of 
cons is biased toward a different shelter. But if the team pools its information across roles, the fourth shelter is 
clearly the best alternative: it has only 4 total cons versus 7 each for the other three shelters (see [1] for details). 

Software Study Procedure 

Participants signed an informed consent form and completed a background questionnaire online. They then were 
seated at three different workstations in three adjoining rooms.  At each workstation, a participant had a Dell 
Optiplex with a 19” widescreen LCD as well as an individual workarea for their information sheets.  A microphone 
and set of speakers was provided for verbal communication between team members and the experimenters. 

The participants were read a short introduction to the task, which explained that they would solve three emergency 
planning problems. They then read descriptions of their individual roles and the shared task scenario (10 min), and 
completed a role manipulation check to verify their understanding of task and roles (3 min). In the pre-briefing 
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condition, when the participants were given their individual role description, they also received role descriptions for 
their partners' roles with time to read them over. The participants were then instructed to read the role-specific 
information sheet (their list of cons), relate each piece of information to their role-specific map, and choose which 
pieces of information were relevant risks (10-15 min).  For each identified risk, they rated its severity on a scale 
from 1 (minimal risk) to 5 (very severe risk) and select the optimal solution based on their role knowledge.  

At this point, the participants began to collaborate on the planning task. They were instructed to share information 
with the team by copying information onto the shared map. When they reached a decision, they wrote down the final 
plan along with three alternatives in order of preference in a final plan document. Teams were given about 20 
minutes to complete this task. At the end of the task, the participants completed 1) a questionnaire that asked them to 
rate various aspects of their groups’ process and performance; and 2) a set of open-ended questions that  assessed the 
participants’ recall of the solutions generated, and the information considered (cons) in generating the solution. This 
process was repeated three times in total, with new scenarios and cons presented each time; participants maintained 
the same expert role throughout. 

Software Prototype 

The prototype features a team map and multiple role-specific maps (Figure 1).  Each map displays multiple layers of 
geographical data. The team map is a shared object that is used collaboratively by all the team members. The role-
specific maps contain unshared data layers that are used privately by each user. In addition, the role-specific maps 
share common data layers with the team map (shared data). A toolbar has tools for navigation (e.g., zoom-in and 
zoom out) and tools for annotation (e.g., add a text note, scribble tool, and various conventional symbols). A more 
detailed description of the prototype is given in [6]. 

 

 

Figure 1: Software Prototype User Interface 
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Functions supported by the collaborative software prototype: 
 Annotations: allow experts adding their role-specific information to the map (e.g., standard symbols, text 

notes, and free-drawing marks for routes and areas).  
 Transfer: allows sharing annotations from the role view to the team view. 
 Sidebar: provides a overview of all shared annotations of the team 
 Dual-pointer: allows coordinating between the two views of one user. 
 Telepointer: allows coordinating among the views of different collaborators and provide action awareness 

among roles. 
 Role-based indication: in the prototype, consistent role-based color-coding is used to indicate roles and 

role-based actions. 

SW Study Participants 

The study was run with twenty-one teams. Sixty-three university students were recruited from a large northeastern 
United States university and were assigned to teams. Due to data loss in one team, here we present the results from 
twenty teams only (Table 1). We formed same-gender groups, resulting in ten male teams and ten female teams. 
Group tasks were performed in English and all participants were fluent English speakers, but about 28% of the 
participants were non-native speakers. About 70% of the participants had undergraduate degrees and the remaining 
had graduate degrees (their age ranged from about 20 to 40 years).  

The participants had little prior experience with emergency management planning or operations including issues 
pertaining to roads or public infrastructures, environmental and geological problems, weather patterns, or 
transportation and mass care logistics for emergency management. The participants’ amount of experience with the 
task domain and tools were pre-tested and did not vary with the role pre-briefing factor. 

Table 1: Group Task Times and Optimal Plan Selections (opt) by Performance Level 

 High Perform. Medium Performer groups Low Perform.  

Var. 1 2 3 4 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 Tot 

r1tm 19 20 21 21 23 21 16 20 20 25 22 21 25 23 21 10 20 19 21 27 20 

r1op Y N Y Y Y N N Y N N Y N Y N N N Y N N N 40% 

r2tm 16 7 17 22 20 14 10 9 10 25 12 14 24 19 14 18 17 8 13 n/a 15 

r2op Y Y N Y N Y Y N Y N N N N N N Y N N N N 35% 

r3tm 14 7 12 14 12 20 5 10 10 17 15 15 18 19 20 27 21 7 8 11 14 

r3op Y Y Y N Y Y Y N N Y N Y N Y Y N N N N N 50% 

 

SOFTWARE STUDY RESULTS 

A summary of the twenty groups’ performance across the three tasks appears in Table 1; the listing shows the task 
time for each run (e.g. “r1tm”: time for run 1, in minutes) and whether or not the optimal plan was recommended by 
the group (e.g. “r1op”: if optimal response for run 1, Y/N). The groups are ordered by a performance heuristic that is 
based on both the relative speed-up from the first to the third run, and the number of times the group came up with 
the optimal plan. We distinguish high, medium, and low performing groups. As we had done for the analysis on the 
paper-prototyping study we elected to focus on the high and low performing groups (four of each) so as to cover the 
entire range of variability in team performance. The groups were identified by first sorting on solution optimality 
and secondly on relative task speed increase from first to third run.  

As we had done in the paper-prototyping study we first examined changing patterns in communication within the 
teams through a content analysis of their dialogue acts. We adapted the Conversation Game Analysis method for our 
coding process (see [9, 11] for prior uses of the method in CMC research). This scheme is used to characterize the 
communicative functions of dialogue acts (what the speaker is attempting to achieve) rather than their linguistic 
form or meaning. This method has been validated on dialogs with map-based tasks (see [9, 11]). The first three 
columns of Table 2 summarize the categories of dialog acts used to code the verbal behavior of our teams. 
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Two coders were trained in parallel to use the coding scheme. For better reliability they coded the dialogues on 
separate printed transcripts. For every few minutes of a session, they first viewed the video and coded the transcript 
then compared their codes. At each such review step they negotiated and agreed about any conflicting codes, 
referring to the coding scheme. One coded transcript had an inter-coder conferral of about 80%.   

The right-hand columns of Table 2 summarize the results from eight groups during their first and third run. We 
present the coding results as percent values to normalize with respect to total dialogue acts produced by the group in 
each run. By comparing the first to the third runs we identified two trends of interest: a change in information 
transfer strategies from pull to push and an increase in judgment acts (see bold numbers in Table 2).   

Table 2: Dialogue Act Codes.  Information Processing (e.g., think aloud) and Digression (e.g., off topic) acts are not included. 

Class Dialogue Act Description R1 (%) R3 (%) 

Add Info (AI)  Provides new information, not elicited, describe status quo with 
respect to goal.  8.6 12.6 

Query (Q)  Question used to elicit new information. Types: Yes/No, Open (Role-
Specific, Generic)  5.5 3.7 Information 

Transfer 

Reply (R)  Reply to any query to provides new information. Types: Yes, No, 
Open (Role-Specific, Generic) 3.9 2.7 

Check (CH)  Short question or statement used to verify own understanding, or state 
with respect to goal, refers to information previously presented by 
others (e.g. Polaris, right?)  

7.2 6.8 

Align (AL)  Short question or statement used to verify partner’s understanding, or 
state with respect to goal, refers to information previously presented to 
others (e.g. I meant Polaris, ok?)  

0.7 0.8 

Clarify (CL)  Clarifies by yes-no surface form, or restate information already 
presented (e.g., that’s correct).  9.1 8.8 

Check 
Understanding 

Acknowledge 
(AC)  

Signals receipt of information, understanding to other speaker(s); (e.g. 
“uh huh”, “sure”, “yup”)  12.8 12.6 

Manage (MN)  Instruction, command, direct or indirect request for action. Statements 
that orchestrate the strategy or direct how to perform group activities  8.8 8.5 

Judge (J) Individual judgment, opinion, or preference. It assesses information or 
constructs a decision.  18.1 20.8 

Summarize 
(SA)  

Statement that summarizes information previously presented or 
abstracts in more general concept  3.0 3.3 

Confirm (CO)  Statement that requests partners’ agreement on a propose decision.  1.5 2.0 

Manage 
Group 
Process & 
Decision 

Agree (AG) Statement that indicates approval for a prior judgment or decision 7.9 10.4 

 

Information Transfer 

As common ground increased within a team, we expected that information transfer would become more efficient. 
The careful examination of two categories of dialogue acts reveals this change in efficiency: member-initiated “add 
information” events (what we refer to informally as a “push” event) and replies to partner-initiated queries (“pull” 
events). The function of these two acts is the same – transferring information. But they differ with respect to the 
initiative taken by the members, and in the resulting efficiency of the communication (i.e., one versus two acts).   

Our analysis of these contrasting dialogue acts revealed an inverse trend between the push and pull of information.  
We observed a marked increase for add information acts to increase whereas replies decreased (Figure 2, Table 2). 

The increase in information push events suggests that the team members are becoming more effective at introducing 
into the group discussion the information that they have been given as members. This may reflect two underlying 
changes that are occurring with the increment of common ground—the group is moving toward a more efficient 
communication protocol for this complex task and, as part of this, the members are becoming more attuned to the 
responsibilities of the roles that they are playing. 
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Figure 2: Add Info vs. Reply (N=8) 

When reviewing these findings by group performance level, we find that the low performers primarily increased 
their add information acts while high performers decreased their replies as well as increased their add information 
acts (Figure 3).  Thus, high performers adopted both methods for creating more efficient discussions as opposed to 
overcompensating with only one method as the low performers had. 
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Figure 3: Add Info vs. Reply by Performance Level (N=8) 

Judgment Acts 

Prior research from simple communication tasks would suggest that as common ground increases we should expect 
that judgment acts would decrease as team members have an increased understanding of one another’s mental 
models.  However, our findings contradict this prediction. Overall, judgment acts increased significantly from run 1 
to run 3 – an increase of 18.1 to 20.8 (Figure 4). Specifically, judgments elicited by prior judgments (judgments for 
or against a prior judgment) increased from 3.7 to 5.8. Moreover, when comparing judgment acts by performance 
there was no difference in the rate of increase between the low performers and the high performers. 
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Figure 4: Judgment Acts by Performance Level (N=8) 

Thus, there was an overall increase in Judgment acts. An analogous increment was also observed in the explicit 
agreement acts (Agree) in response to prior judgments of decisions (7.9 to 10.4). However, we have no clear 
indication as to the reason for this increase in elicited judgment acts or explicit agreement acts.  In addition, prior 
literature would suggest the opposite trend.  This leaves us with the task of finding a suitable explanation for this 
discrepancy.  We expect these findings to the effect of characteristic of the medium and setting, which we 
manipulated. In order to describe this more systematically, in the next section we present a one-to-one mapping of 
results between a collocated, paper context and a distributed, software context. 

 

COMPARISON OF RESULTS TO PAPER PROTOTYPE STUDY 

The above results present us with some initial understandings of how team conversations change due to common 
ground developing.  However, further understanding can come about through a comparison to the results from our 
analogous paper-prototype study.  Both studies used the same experiment design, roles, information, etc.  The only 
differences in the method were the medium (paper vs. computer) and setting (collocated vs. distributed) used. 

In comparison to the Software Study findings we had discovered the following three trends in the Paper Prototype 
Study: a marked increase in check and clarify dialogue acts, a change in information transfer strategies from pull to 
push, and a decrease in dialogue acts related to process management (see details in [7]).  

0%

2%

Run1 Run3

4%

6%

8%

10%

12%

14%

Add Info Replies

Figure 5: Push vs. Pull in Paper Study 
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Figure 6: Push vs. Pull in Software Study 

 

The results from the Software Study showed a change in the information transfer strategy, which is consistent with 
the same changes found in the Paper Prototype Study.  However there was an enhanced effect of push over pull acts 
in the Software Study compared to the Paper Prototype Study (Figures 5 and 6). This most likely is due to the nature 
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of the medium – the software tool makes the sharing process more explicit. This is what the tool is primarily made 

, no 

have 

are 
study (distributed) and decreased in the Paper study (collocated). The same explanation applies to this change. 

for.  Thus, the team members were more inclined to share and add information rather than wait for a request.  

We also found a significant increment in judgment acts that was not found in the Paper Prototype Study – in the 
former study there was instead a minimal decrement in general judgment acts from 16.9 to 15. 6% and, basically
change in support or countering judgment acts (6.2 to 6.3%).  This noticeable increment in judgment acts in the 
Software Study versus the decrement in the Paper Prototype Study may have more to do with the distributed (vs. 
collocated) setting of the study rather than the software (vs. paper) medium.  The normal social cues that would 
been available to determine one another’s preferences and thoughts were diminished.  Thus, as a compensation 
strategy the team members increased their use of judgment acts to ensure their opinions were being considered 
(Figures 7 and 8). The same trend was observed with the explicit Agreement acts, which increased in the Softw
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Figure 7: Judgment Acts for Paper Study 
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Figure 8: Judgment Acts for Software Study 
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In addition to the comparison of the main Software Study findings to those in Paper Prototyping Study we have 
some results which had no overall change in the Software Study but were prominent findings in the Paper Prototy
Study.  In the Paper Prototype Study we found an overall increase in check, align, and clarify acts – more so fo
lower performers than for higher performers.  With the Software Study we find no overall effect but rather an 
inverse in the low and high performers: low performers dropped considerably (32.1 to 25.0%) while high per
increased their usage of these acts for checking mutual un rstanding (27.2 to 32.9%) (Figures 9 and 10). 
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acts in comparison to low performers that tended to increase them (Figures 11 and 12).   

 

Finally, in the paper prototyping study we had found an overall drop in management acts from run 1 to 3.  Furt
examination had shown that high performers had an overall drop greater than those of the low performers.  In 
addition, a further sub-categorization of the management acts revealed an increase in action related management a
and a reduction in strategy related management acts. In contrast, the Software Study had no change in the overall 
percentage of management acts between run 1 and 3, although high performers tended to re
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Figure 11: Management Acts for Paper Study by 
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Figure 12: Management Acts for Software Study Low and 
High Performers 

 

DISCUSSION 

This research aimed to respond to needs that were observed with emergency management teams in the field [13]. 
These teams engage periodically in planning activities that involve geocollaboration. The would benefit from a 
planning environment that affords, for the members, the ability to effectively manage and share large amount of 
information and, for the team, an unbiased decision process. Our software prototype was developed with the specific 
aim of supporting these needs.  We presented a comparison to previous results of a comparable experiment on a 
paper prototype. We identified regularities in the geocollaborative planning process (dialog acts) with the aim of 
engineering collaborative technology that better support such process. 

We found that all the teams improved their information sharing strategies as the amount of experience shared by the 
teams increased (i.e., repeated task runs). But this improvement was more evident in the teams that used the 
software prototype. The performance for software teams was at least equal, if not better, than for paper teams. We 
also found changes in the verbal behavior as a result of our manipulation of medium and setting in the software 
experiment.  In the collocated paper-prototype experiment, the teams reduced management acts and increased acts 
for checking understanding; whereas in the distributed software-prototype experiment, the teams increased their 
judgment acts and explicit agreement acts, but did not show changes in management or checking-understanding acts. 

Implications for Research: Comparing Media in Collaborative Planning 

By devising two comparable studies that differ only by medium and setting, we are provided with the opportunity to 
learn about phenomena, which would be obscured if we focused on only one work context.  For instance, we would 
not have been able to explain with any degree of certainty the increase in judgment acts in the Software Study 
without being able to compare those results to those in the Paper Prototype study.  We feel these initial findings have 
shown a beneficial method for developing effective design implications that maintain the benefits of mediated 
environments while enabling them to be augmented with the benefits of face-to-face processes.  

Implications for Design: Supporting Emergency Management Planning 

Researchers have compared the support for common ground among contexts for communication in terms of specific 
combination of grounding constraints that characterize each context (e.g., visibility, revisability) [3, 4]. Using a 
similar model we can draw implications for the design of geo-collaborative tools based on the similarities and 
differences observed in the verbal behavior of teams in the two work contexts (media + settings) investigated.  

Compared to the paper medium, the software medium elicited a more proactive role in sharing information in 
contrast with waiting for partners’ request. Despite the distributed setting, this medium also helped the team to 
remain focused on the task and perform at least at the same performance level of the collocated teams that used the 
paper medium. This supports the design rationale of the software prototype. 

On the other hand, as prior research has shown, additional process costs are introduced when removing the visibility 
constraint: the distributed teams could not leverage visual non-verbal cues as the collocated teams. The increment of 
judgment and agreement acts, and the missing decrement in the management acts observed in the distributed work 
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setting indicate such additional process costs. In oral communication, judgments remain ephemeral (e.g., via phone).  
Thus, the collaborators needed to make their judgment and agreement acts explicit while collaborating on the 
software tool. Specific support can be introduced to reduce these costs. The planning environment can make 
argumentations of pros and cons more visible to the users, which will reduce the need to extend verbal discussion on 
judgments. A rationale discussion tool could be integrated in the current software system to allow team members 
record their threads of judgments pertaining to specific decision points and keep it in the background for reflection.  

Future Research 

The results presented in the paper are highlights from a work in progress. The analysis is being extended to a larger 
sample of groups to validate the trends presented. We expect that some patterns that are currently latent due to the 
small-N sample will become more evident. We are also extending the analysis to non-verbal acts. This will help us 
understand if the differences in verbal acts attributed to Run, Medium or Setting, and Performance level, reveal 
changes in the function of the dialog acts or in their modality (verbal or non-verbal). Finally, we are designing and 
testing annotation and visualization tools that may extend the features of the current software prototype [14].      
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