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Abstract  
 
We propose a system for information acquisition, integration and presentation to support situation 
awareness during trauma resuscitation. The system consists of (a) medical devices for data acquisition, 
(b) a database and middleware applications for storing and processing data, and (c) a computer coupled 
with a large wall display for data presentation. We discuss the initial design of this system and the 
planned evaluation and implementation steps in the future. 
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Introduction  
 
 Trauma resuscitation is a safety-critical medical domain, with frequent decisions being made 
rapidly within a short period of time (on average 20 to 30 minutes) (Faraj & Xiao, 2006). This fast-paced 
and critical nature of work requires an overall situation awareness of the patient status and team activities 
during resuscitation. To maintain situation awareness, team members must obtain and share a large 
amount of diverse information in a timely fashion. Even so, information gathering and sharing are 
currently minimally supported by information and communication technology (ICT). Trauma teams 
primarily rely on verbal communication to share information and team leaders rely on short-term memory 
for information retention. Although introducing ICT in this domain poses many challenges—it may, for 
example, require changes in the current work practices—we believe that implementing ICT could facilitate 
information flow, improve situation awareness, and support decision making. 
 Our long-term research goal is to design and develop ICT solutions to improve situation 
awareness in high-risk and safety-critical medical settings. In this poster, we focus on designing a system 
to allow for acquisition and integration of heterogeneous information, and to present the integrated 
information to trauma teams in real time. The key contributions of this poster are: (1) system requirements 
for technologies to support situation awareness and decision making in an emergency medical domain. 
(2) Initial design of a prototype system for real-time information acquisition, integration and presentation. 
 

Related Work 
 
 Information technology has been used for optimal data acquisition, integration and presentation in 
a number of medical and non-medical domains (Bardram et al., 2006; Heath & Luff, 1992; Hourizi & 
Johnson, 2001; Hutchins, 1995; Mumaw et al., 2000). Despite these efforts, trauma resuscitation remains 
one of the few information-intensive work environments with minimal ICT support. Several attempts have 
been made to introduce computer-based decision support systems in resuscitation areas, but they have 
not yet yielded optimal outcomes (Berlin et al., 2006; Fitzgerald et al., 2011). The key reasons for the lack 
of success include the challenges of capturing real-time data from diverse sources (Sarcevic et al., 2012), 
and integrating these disparate data in a dynamic environment (Barthell et al., 2004; Berlanga et al., 
2008; Halevy, 2005). The increasing use of technologies, such as radio frequency identification (RFID)  
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(Fry & Lenert, 2005) and personal digital assistants (PDAs) (Anantharaman & Swee, 2001) in medical  
domains provides an opportunity for exploring automatic techniques for capturing data in real time. Large 
wall displays, on the other hand, allow for efficient data presentation and visualization, and the 
effectiveness of this approach has already been evaluated in several medical domains (Bardram et al., 
2006; Bitterman, 2006; Parush et al., 2011). Coupling computerized data entry using medical devices with 
large wall displays offers a mechanism for providing additional teamwork support during trauma 
resuscitation. 
 

System Requirements: Information Acquisition and Sharing 
 
 The initial design of our prototype system is based on in-depth field studies conducted at two 
Level I trauma centers over the past five years (Sarcevic & Burd, 2008; Sarcevic & Burd, 2009; Sarcevic 
et al., 2012). These studies revealed several challenges in information acquisition and sharing during 
resuscitations.  
 
Incomplete and Missing Information 
 
 En route communication between Emergency Medical Services (EMS) paramedics transporting 
the patient and the emergency department (ED) receiving the patient is a critical source of information 
about the incoming patient. This pre-hospital information is used to formulate initial decisions about 
treatments, resources, and needed personnel (Sarcevic & Burd, 2009; Sarcevic et al., 2012). Our field 
studies have shown that only a small portion of this information reaches the trauma team leader before 
patient arrival; the rest is available from the EMS report upon patient arrival. The trauma leaders we 
interviewed expressed the need for more detailed and timely pre-hospital information to aid their initial 
decisions. This finding led us to consider approaches for automatic capture and display of pre-hospital 
information as it is being communicated en route. 
 
Information Overload and High Mental Workload 
 

During resuscitation, the team collects and shares a large amount of information about the patient 
status and team activities. We found that a team leader manages about 60 different information types in a 
typical event, including patient demographics, initial status, injury and medical history, vital signs, 
evaluation findings, and patient reactions to treatments (Sarcevic & Burd, 2008; Sarcevic et al., 2012). 
Interviews with team leaders also showed that managing multiple patients increases the difficulties in 
gathering and retaining patient information (Sarcevic et al., 2012). Because there are no mechanisms by 
which this information is acquired, integrated and stored, the leaders mainly rely on their working memory 
to process information. Sole reliance on working memory, however, increases the mental workload of 
team leaders, leading to diagnostic errors. This finding led us to consider mechanisms for providing 
external memory aids to support rapid acquisition and processing of information. 
 
Inefficient Information Capture Techniques 
 

The current low-tech techniques for capturing information during trauma resuscitation cannot 
meet the needs of the rapidly changing environment. For example, fluid dosage administered to the 
patient requires constant monitoring. In the current practice, however, the nurse responsible for 
administering medications also monitors the progression of the fluid drip, making the information about 
the fluid status difficult to obtain in a timely fashion. More recently, RFID technology has been adopted for 
monitoring medication and fluid administration in critical care units (Ohashi et al., 2008). We believe that 
high-tech approaches such as RFID have the potential to increase efficiency and accuracy of information 
capture in trauma resuscitation. 

Based on our findings, we propose a computerized decision-support system that can acquire, 
integrate and present critical patient information in real time to address the identified challenges and 
support teamwork during trauma resuscitation. 
 
 



iConference 2013  February 12-15, 2013 Fort Worth, TX, USA 
 

 
 

787 

A Prototype System for Managing Information during Trauma Resuscitation 
 
 The system architecture is the technological core that allows the optimal management of 
information (Hernando et al., 2008). The architectural design should make the system easy to deploy, 
scale, maintain, and enhance. The most commonly used application for developing system architecture is 
a component-based, three-tier model, which provides several benefits, including reusability, 
manageability, flexibility and scalability (Chu & Cesnik, 2000; Komatsoulis et al., 2008). This model 
divides a system into three subsystems or tiers: (1) the client tier provides a user with access to the 
system, (2) the data tier stores data in a relational database management system (RDBMS), and (3) the 
middle tier defines rules and algorithms for data processing. 

Given the complexity of our application domain, we found the three-tier model the most 
appropriate for architectural design of our system (Figure 1). We selected a web-based application for the 
client tier because it allows portability and flexibility on the client side when accessing the system. For the 
middleware application, we adopted Extensible Markup Language (XML) following the Simple Object 
Access Protocol (SOAP) standard. By doing so, users can use a web client efficiently to communicate 
with the RDBMS.  

The core component for processing and managing data in our system consists of a database, a 
Web server, and middleware applications located on the hospital server (Figure 2). This core system 
component is dedicated to processing incoming data from medical devices and providing the synthesized 
data to trauma teams via the display. The current system integrates three medical devices—EMS 
terminal, RFID scanner, and Lab computer—for obtaining different data types and transmitting them to 
the server (Figure 2). The integration of additional devices is planned for the future. In particular, the EMS 
terminal allows EMS paramedics to enter pre-hospital data that can be fed directly to the system and 
shown on a large wall display in the emergency room. RFID scanner collects data from the environment, 
including objects in use and administered medications and fluids, and presents this information directly to 
the team via the display. The lab computer is used for entering lab results, such as those obtained from 
blood draw, which are then fed directly to the system and shown on the display. 
 

Conclusion and Future Work 
 
 The proposed system has the potential to support the work of trauma teams by acquiring, 
synthesizing and presenting critical patient information in a timely fashion. The system can also be used 
as an external memory aid to help trauma teams, and leaders in particular, acquire and process 
information needed for decision making. 

Client Tier Data Tier  Middle Tier  

 
 

 
 

Metadata Web Application 
(Browser) 

Extensible 
Markup 

Language 
(XML) 

Domain 
Objects 

Data 
Access 
Objects 

 
Figure 1: The three-tier architecture of our prototype system. 



iConference 2013  February 12-15, 2013 Fort Worth, TX, USA 
 

 
 

788 

Our next step is to assess the feasibility of the proposed system using a series of focus groups 
with trauma team members. In doing so, we plan to gather additional design requirements and to 
evaluate the extent to which the system affects current work practices. In addition, we will address several 
technical challenges, including (1) accurately extracting useful information from unstructured or semi-
structured communication data, (2) semantically integrating heterogeneous data from different devices 
and sources, and (3) efficienlty retrieving and presenting information queried by trauma team members. 
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