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ABSTRACT 
Synchronous collaborative sensemaking faces challenges 
because of the barriers among individuals’ knowledge 
domains, the diversity of information distributed among 
individuals, and the disjunctions of information artifacts 
and user actions. In this paper, we discuss the needs of 
synchronous collaborative sensemaking and our design to 
support such needs with visualization.  
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INTRODUCTION 
Sensemaking usually happens when we encounter large 
amount of information or unfamiliar situations, where we 
need to make sense of ‘what is going on’. Sensemaking can 
be an individual activity or a collaborative activity in larger 
social contexts, such as groups or organizations. In 
collaborative sensemaking, information artifacts are often 
first collected, assessed, and filtered by individuals, and 
then those artifacts that are relevant and important to the 
group are integrated and discussed by the whole group.  

Several challenges arise when we move from individual 
sensemaking to collaborative sensemaking:  

Domain barriers. In collaboration, individuals collect and 
process information artifacts before sharing. Information 
collectors and processors may have different perspectives 
on the same event. For example, in emergency situations 
where multiple domain experts are involved in information 
assessment and decision-making, these domain experts may 

interpret the same information differently because of their 
domain biases. A message that seems trivial to one expert 
may be critical to another. It is important to ensure the 
values of information be well understood by all individuals.  

Media diversity. Collected information may be in multi-
formats, such as video, pictures, or simple textual 
documents, and stored in different locations. It is needed to 
construct meta-data based on the relevancy to team goals.  

Temporal disjunctions. Sensemaking is usually an 
ongoing and iterative process, in which temporal context 
and development could be critical. Individuals who fail to 
see the whole process may have difficulty in understanding 
what is going on. Even though there are documentations 
and records for reference, because these representations are 
often made under different mental models and in different 
situations, it is still a challenge to make sense of all these 
representations. Take the emergency example again. When 
an expert is added into the group discussion later and sees a 
great numbers of representations collected, she may not 
understand the origins, purposes, and possible structures of 
these representations, which usually make sense to others.  

Recent research on collaborative sensemaking has largely 
focused on sharing and reusing representation schema. 
While this type of asynchronous collaborative sensmaking 
is important, we also need to examine synchronous 
collaborative sensemaking, which is more complicated due 
to the involvement of multiple sensemakers with 
knowledge biases, and continuous information exchanges.  

In this paper, we discuss our design to support collaborative 
sensemaking in an emergency management situation, which 
involves synchronous collaboration among domain experts. 
Our design focuses on supporting information exploration 
and assessment of individual sensemakers and information 
aggregation and representations at group level.  

RELATED WORK 
Two conventional sensemaking approaches have been 
proposed: top-down and bottom-up. Russell et al. 
generalized the structure of sensemaking as an evolutionary 
process of building (if the observation fits), or modifying (if 
there are many ‘residues’) a schema and encoding the 
current observation into that schema. This top-down 
approach emphasizes the importance of finding proper 
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representations to sensemaking [1, 2]. In contrast, ‘from 
data to wisdom’ adopts a bottom-up approach by 
connecting information pieces to build a knowledge schema 
[3]. 

When a group of people work together, original 
representations that are meaningful to individuals may be 
distorted as they pass from one part to another [4]. 
Collaborative sensemaking has been defined as ‘a process 
where a group of people (a group, a community, a society, 
etc.) seeks or creates a shared representation collaboratively 
to accomplish a shared task’ [5]. In collaborative 
sensemaking, the key point is not the structuring process, 
but finding mutually understandable representations. In a 
study of software development lifecycle, Selvin and Shum 
have identified the representation literacy obstacles across 
different stakeholders and proposed ‘representation 
morphing’ as a solution to overcome these obstacles [6]. 
However, due to task specific, choosing these morphings 
and their proper derivatives becomes another sensemaking 
process, the goal of which is to build a schema. 

Visual representation can assist sensemaking. People form a 
coherent understanding by using both external 
representations and internal representations [7]. In fact, 
visual representation tools are well known to increase the 
efficiency in problem-solving at individual level (e.g.[8]). 
Visualization provides external representations that reduce 
internal workload; revisable visualization represents mental 
processes [9] to reduce memory working load, and they 
amplify human mental processes by triggering solutions 
from feature detection. Studies in military area have shown 
that visualization techniques help people to rapidly 
comprehend complexly tangled information in emergency 
situations (Feibush et al., 2000).   

At the group level, Weick has called for “sensemaking 
support systems” to construct consensual definitions for 
building common understanding [10]. Visual 
representations, as a communication media, set up a 
platform for exchanging intelligent assistance. Dibiase 
(1990) has identified visual thinking in private domain 
versus visual communication in public domain [11]. In this 
model, visualization plays roles in exploring and 
confirming information in the private domain as well as in 
synthesizing and presenting information in the public 
domain. Then, visualization tools can work as a medium to 
enhance group communication effectively.  

Compared to the rich theory and field observations in 
collaborative sensemaking, most implementations of 
current systems focus on capturing group memory, which is 
critical to synchronizing collaboration (e.g. workplace that 
supports information searching and structuring [12]). In 
synchronizing collaboration where the interaction between 
collaborators need mutual understanding to give instant 
feedback, supporting systems should facilitate this process 
[13]. However, little research has been done on 
synchronizing collaborative sensemaking. Compendium, a 

hypertext mapping tool developed based on gIBIS [14], is 
one of a few exceptions. As a meeting facilitation 
technique, Compendium largely focuses on public graphic 
representations to support synchronizing face-to-face 
collaboration [15].   

DESIGN RATIONALES 
Our design is aimed at supporting synchronous 
collaborative sensemaking in emergence management. Our 
design rationales were developed based on two previous 
research [16, 17]. These studies focused on emergency 
management planning activities. In this section, we briefly 
present the research work involved in these two studies, and 
then discuss the design requirements we developed from 
them. 

Our first study was a fieldwork on two communities in the 
Centre Region of Pennsylvania[16]. Its focus was on the 
observation of emergency management planning practice. 
In the study, local emergency management coordinators 
were interviewed about their planning activities; archival 
data, such as meeting minutes and email records among 
team members, were collected; and some of emergency 
planning meetings were audio-recorded and analyzed after.  

One of key outcomes of this study is a set of design 
requirements to support emergency management planning 
activities, including 
• Supporting exploration of geographic locations 
• Supporting labeling and annotating possible options 
• Supporting representations of specialized knowledge. 

The second study was a lab experiment to investigate how 
emergency management could be facilitated by a geo-
collaboration system. The experimental task was to 
construct an evacuation plan in an imaginary emergency 
situation. The scenario involved three subjects, acting as 
three domain experts – public works, environment, and 
mass care. Working as a team, they chose the most suitable 
shelter among four options by analyzing and synthesizing 
different pieces of information collected by individuals.  

From this study, we found that to support synchronous 
collaborative sensemaking, several design criteria are 
needed: 
• Provide both private and public working space.  Private 

space allows individuals to explore and confirm. 
Individuals can use their private space to keep 
intermediate information and uncertain information. 
Public space, on the other hand, is used to display 
confirmed information for sharing. The distinction 
between private and public space grant individual 
freedom and deliberate publication.  

• Provide commenting and sketching tools for 
sensemaking in both private and public spaces. 
Comments and sketches can be visually represented 
based on their attributes. For example, if comments and 
sketches are about certain geographical locations, they 
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can be directly positioned on a map to improve the 
understanding, retrieval, and sharing.   

• Provide visualization tools to help information analysis. 
Properly constructing, examining and manipulating 
representations (e.g. clustering and aggregating) leads 
effective sensemaking, especially when people structure 
data by their collected intelligence.   

• Provide tools to help group understand activities of 
individuals. Getting awareness of collaborators' working 
logic, what he did/said first and after, helps to establish 
the common ground building and thus make the 
communication easier. Also, in most collaborative work, 
group members need to coordinate their own progress 
with others' working steps. 

DESIGN  
Based on above design rationales, we designed a web-based 
collaborative sensemaking system to support emergency 
management. The system include map-based private and 
public spaces, a set of visualization tools for making sense 
of information artifacts, and tools to support sensemaking 
of individual activities.  

 

 
 

Figure 1. User Interface of Web-based Prototype 

Figure 1 shows the user interface of our system. The overall 
user interface is dominated by two maps, a private and a 
public. Below two maps are a set of tools to support 
sensemaking and collaboration, including an embedded 
chatting tool, a sorting table for all shared information 
artifacts, a chart to aggregate shared information, and a 
timeline to visualize individual activities.  

Supporting Individual Sensemaking 
Individual users can explore information by directly 
interacting with maps. We incorporated Google Map 
services and users can use the map in the exactly same way 
as they do on the web site. Users can add notes and draw 
sketches at a location by directly clicking the map. We 
provided two maps: one private map where users keep their 
personal notes and sketches, and one public maps where 
users share notes and sketches posted. 

Representations in various visualization tools are 
coordinated to help users examine relevant information 
different aspects. All notes shared in the public map are 
also displayed in a sorting table, an aggregation chart, and 
an activity timeline. The sorting table allows users to rank 
notes based on different data attributes (e.g., content, time, 
location). The aggregation chart creates note clusters based 
on data attributes and help users compare notes as groups. 
The timeline shows when individual notes were posted and 
by whom. In our design, visual items in these tools are 
always connected. As Figure 1 shows, clicking the second 
item in the table highlights the notes in the public map as 
well as the corresponding dots in the chart and timeline. 
This design allows users to examine one information 
artifact from multiple aspects and in different contexts 
simultaneously. 

Supporting Collaborative Sensemaking 
We support collaborative sensemaking in three aspects. 
First, information artifacts in private space can be easily 
transferred into the public space for group discussion and 
synthesis. When a user wants to share important notes and 
sketches, she can copy them from the private map to the 
public map, at the exact same location on the map.  

Second, all shared notes are put together for comparison 
and discussion. The table, the chart, and the timeline collect 
shared notes from everyone and allow users to aggregate 
them in different ways. In this way, the group can integrate 
relevant information from different individuals and build a 
better and more holistic understanding of information, 
which was once distributed.  

In addition to understanding information, our design also 
helps the group understand the activities of individuals. All 
notes and sketches are color-coded to indicate which 
domain experts create them. The timeline exhibits the 
temporal characteristics of activities by individual experts. 

DICUSSION AND FUTURE WORK 
In synchronous collaborative work, efficiently exploring, 
exchanging, and synthesizing information is important to 
group sensemaking. Our design is an effort to study 
visualization tools can support different kinds of activities, 
individual or collaborative, in a collaborative sensemaking 
process. In this paper, we discussed the need of 
collaborative sensemaking and design requirement for 
visualization supportive system and presented a system 
prototype to support sensemaking in an emergency 
management scenario.  

Our future work will be focus on three directions. First, we 
will develop tasks to investigate the process of collaborative 
sensemaking. Currently, we are working on a route 
planning task, where team members need to workout a 
rescue route with various constraints. The team needs to 
make sense of event relationships, task priorities, temporal 
and spatial properties of information artifacts, and resource 
availability in developing an optimal solution. This task 
scenario will help us further gain insight into synchronous 
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collaborative sensemaking. Second, we are also interested 
in exploring designs that allow people to combine combine 
the top-down approach with the bottom-up approach in 
sensemaking. Our current design largely focuses on 
supporting data aggregation and structure-finding, a 
bottom-up approach. People may benefit more if tools to 
support top-down analysis are also provided. For example, 
in emergency management, a concept map tool can be used 
to help the team to decompose the overall goal into smaller 
sub-tasks, and then develop information requirement for 
each task. This goal decomposition and task-requirement 
development can guide bottom-up information aggregation 
approaches and help people better understand in what 
directions tangled and complex information should be 
extracted and analyzed.  
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