
W. Pnnz, M. Jarke, Y Rogers, K. Schmidt, and V Wulf (eds ), Proceedings of the Seventh European 
Conference on Computer-Supported Cooperative Work, 16-20 September 2001, Bonn, Germany, pp. 259-278. 
© 2001 Kluwer Academic Publishers. Printed in the Netherlands. 

Cognitive Properties of a Whiteboard: A 
Case Study in a Trauma Centre 
Yan Xiao, Caterina Lasome, Jacqueline Moss, Colin F. Mackenzie, 
and Samer Faraj* 
University of Maryland, Baltimore and *University of Maryland, College Park 

yxiao@umaryland edu, lasometc@home com, jmoss001@umaryland edu, 

cmack003@umaryland edu, andfaraj@rhsmith umd edu 

Abstract. Distributed cognition as an approach to collaborative work holds that a work 
unit is cognitive system in which cognitive activities are carried out jointly by workers with 
the use of tools. This approach has several direct implications to the study of 
collaborative work In this paper, we analysed staff interactions with a large display board 
in a Level I trauma centre operating room unit. Coordination needs are exacerbated by 
the unpredictability of incoming emergency surgery patients admitted to the trauma 
centre as well as other contingencies (such as changes in scheduled surgery cases or 
staffing) The public display board has evolved into a key component for supporting 
collaborative work. The physical and perceptual properties of the board are exploited by 
the clinicians to support rapid paced, highly dynamic work. The canvas-like appearances 
of the display board, combined with magnetic objects attached to the board, afford its 
users to taylor the board as an effective coordinative tool and to invent new ways of 
representing information Based on the concept of display-based cognition, our analysis 
illustrates the role of public displays in facilitating negotiation of scheduling, joint 
planning, and augmenting inter-personal communication. 

Introduction 

The field of computer supported cooperative work has brought into focus the 
importance of studying work activities in their natural context (Bannon & 
Schmidt, 1991). Detailed studies of the interaction with the physical environment 
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and collaborative work can lead to insights into how we work together (Suchman, 
1987; Hutchins, 1995a). As reported by those researchers who have paid attention 
to the work environment and to the way in which people exploit and inventively 
use the physical and perceptual properties of the work environment (e g. 
Hutchins, 1995b; Segal, 1994; Berg, 1999; Bardram, 2000), much can be learnt 
still about collaborative work. An equally compelling reason for studying 
artefacts in collaborative work is to inform design. Increasingly human 
collaborative activities are mediated by tools with computing and 
telecommunication capabilities. With rapid advances in technology, ever more 
powerful tools are being built to support collaborative work. One useful source of 
insight into how collaborative tools should be designed comes from observing 
ways in which non-computerised artefacts are exploited for supporting 
collaboration. Studies of computer systems (e.g. Bardram, 1997) have shown that 
these systems failed because of an inadequate understanding of existing work 
practices. Paper-based forms, for example, perform functions beyond simply 
conveying information. Ignoring these other functions may have detrimental 
effects on the usability of computer systems (e.g. Bardram, 1997) 

In this article, we present an ethnographic study of a public display board in an 
operating room (OR) unit in a Level I trauma centre. Coordination needs are 
exacerbated by the unpredictability of incoming emergency surgery patients 
admitted to the trauma centre as well as other contingencies (such as changes in 
scheduled surgery cases or staffing). The board has evolved into a key 
component for supporting collaborative work. 

After describing the study setting and methods, we will present the visual and 
physical properties of the display board. We will then present the cognitive 
properties of public displays through the analysis of the observed interactions 
between the staff and the display board. Discussions will follow the presentation 
of findings in each of the three areas: display-based cognition, distributed 
cognition, and articulation work. We will conclude with implications of our study 
for future research on public display boards and for design of such boards driven 
by computers. 

Large public display boards have previously been studied by researchers (e.g 
Bardram, 2000; Garbis and Waern, 1999; Whittaker & Schwarz, 1999). With the 
advance of technology, more and more such boards will be based on computer 
displays (Stefik et al, 1987; Mynatt, 2000; Berkowicz et al, 1999). It is also the 
aim of the current paper to help researchers to better understand existing public 
display boards in use, so that the development of technology can be guided and 
driven by our understanding of the role of public displays in supporting 
collaborative work. 
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Coordinating schedules in operating rooms 

Setting 

The six operating room (OR) unit is part of a busy, urban trauma centre with over 
6,000 admissions per year. Trauma patients are brought directly from incident 
scenes and are first evaluated in the trauma resuscitation unit (TRU). Emergency 
surgery may be performed in the OR unit for those patients who need immediate 
life-saving surgery within a few hours of their admission to the TRU. The OR 
unit is separated by a door from the TRU. When surgery is over, the patient is 
transferred to the post-anaesthesia care unit (PACU), which is also nearby on the 
same floor (Fig.l). 
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Fig. 1 Layout of the Trauma Resuscitation and Operating Room Units 

The majority of the OR surgeries are, however, non-emergency in nature. Non­
emergency patients, either previously admitted to the TRU or referred through 
doctor's offices and clinics, are scheduled for surgery the day before. The OR unit 
is open around the clock. The number of operating rooms open fluctuates over the 
course of the day. Generally, more operating rooms are open during the day and 
weekdays than other times; most of surgery cases occur between the hours of 
7.30am and 3:00pm. 

OR staff members work a combination of eight and twelve hour shifts. Staff 
members on an eight-hour shifts are usually relieved for lunch earlier and 
subsequently complete their shift earlier (3:00pm) than those working twelve-
hour shifts (7:00pm). 

A list of surgical cases is scheduled ("posted") the day before and distributed 
to the OR unit by a print-out. The list of cases posted is almost never the list of 
cases performed the next day. As with many other highly complex and dynamic 
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work environments, uncertainty arises from various sources when changes are 
frequently introduced. In the study setting, change is constant and unpredictable 
Examples of changes affecting the planned surgery schedule include cancelled 
surgeries, unexpected additional surgeries (which result from both newly admitted 
cases as well as deterioration of previous patient cases necessitating re-visits to 
the operating room), multi-patient trauma situations in which demand exceeds 
resource supply, and any external variables impacting OR operational status 
(unavailable or malfunctioning equipment, lack of supplies, and changes in 
staffing patterns). 

The charge nurse's primary duty is, to paraphrase one of the charge nurses we 
observed, "to make the ORs work." The charge nurse takes requests for surgery 
and translates them into a schedule of specific times and sequences in each of the 
individual operating rooms (one of six) If a case is not scheduled as the first 
case, its starting time cannot be scheduled The order of the case is then scheduled 
"to follow" another case. The charge nurse does not have clinical duties 
ordinarily, although all three charge nurses we observed had extensive clinical 
experience as OR nurses. Charge nurses work in a corridor connecting the TRU 
and the OR unit, although they are scrubbed and attired to work in the ORs. For 
the sake of description, we will use "the charge nurse" as a representative of all 
three charge nurses observed. 

Methods 

As part of a larger study of coordination through the trauma care process, access 
was gained to conduct an ethnographic study of the OR scheduling board used by 
staff Data were gathered by direct observation, interviewing, and photographing. 
Due to the sensitive nature of the work observed, most of the data were in the 
form of notes and photographs but not transcriptions of audio-taped verbal 
communications. 

Most of the intensive coordination activities for the OR unit occur early in the 
morning. Researcher observations started 6:30am when the day shift charge nurse 
began shift for the ORs. All three charge nurses were observed. Over a six month 
period, three researchers (two were registered nurses) observed in the OR board 
area on eight days. Short interviews were conducted with nurses, physicians, 
anaesthesia providers in front of the OR board for explanation on its use. 

Notes were taken about the people who came to the board and their 
interactions with the board as well as with other people at the board. When 
opportunities allowed, the research team conducted brief interviews about board 
users' purposes and views on the board. Still images were taken 
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Visual and physical properties of the OR board 

Layout and size 

The OR board measures 365x122cm (12 feet by 4 feet) and holds magnetic 

Fig. 2a Overview of the OR board (A. Fig. 2b A close-up view of the right side of 
General staff information/announcements, B t h e 0 R b o a r d T h e t 0P portion holds name 
magnetic case strips for all six ORs in the unit, t a g s o f a " nursing and supporting staff 
C Holding place for case strips, especially assigned to the unit The name tags of those 
unscheduled add-on cases; D Magnetic staff w h o w e r e currently on duty for the day were 
name tags for off-duty staff, E Magnetic staff arranged on the bottom according to their 
name tags for on-duty staff) assigned shift 

Location 

The OR board is located at the intersection of the OR unit and TRU (Fig. 1). The 
area is accessible to ORs, TRU, and ancillary personnel such as housekeeping, 
supply, patient transport, and administrative staff. Further, the area is supported 
by other communication and collaboration tools such as telephones and bulletin 
boards annotating surgical and anaesthesia staff, pager numbers, and 
announcements. 

Schedule representation 

Magnetic strips are used to indicate surgery cases (one strip per patient). Three 
types of strips are used- a white strip indicates a scheduled surgical case (Fig. 3a); 
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a blue strip indicates an "add-on" case (those that are not scheduled the day 
before and are not emergency status); and a white strip with red tape at both ends 
(Fig 3b) indicates an emergency case (also not placed on the surgical schedule the 
day prior). With all cases (scheduled, add-on, and emergency), the strip contains 
essential information about the surgical case. The information is hand-written 
onto the strip based on written and verbal surgery requests. From left to right, the 
following information items are usually written: expected surgery start time if the 
case is the first in a particular OR, current patient location (before the surgery) 
within the facility, patient name, name of planned surgical procedure, responsible 
surgeon, specialised equipment/supplies, and expected duration of the procedure 
(see Figure 3a). 

Fig. 3a Left. Surgical case strip (in white) for scheduled operative procedure. The patient and 
surgeon names were blurred to protect privacy On the strip are (left to right) case starting time, 
location of the patient in facility before surgery, patient name, name of the surgical procedure(s), 
surgeon's name, special instrument requirements, and estimated length of the case 

Fig. 3b Right Case strip for emergency surgery (in white) The ends of the strip are marked with 
red tape 

For scheduled cases, the strips are usually prepared by the night shift charge 
nurse. For the add-on cases, the strips are prepared as requests come in 
Scheduled, add-on, and emergency cases are placed on the board under a number 
corresponding to a specific OR or in the holding area. Instead of a fixed table on 
the display board in which each OR has a cell, the number tags indicating 
individual ORs are magnets themselves and can be moved; therefore, display 
space for an OR can be changed by merely moving the OR number tag 

Indicator magnets include a green smiley face (Fig. 4), which when placed 
next to a patient name alerts the staff that the patient requires isolation 
precautions (due to a communicable disease) and may require additional staffing. 

A small piece of paper is sometimes placed under a magnetic strip (Fig 5). 
This paper ("Patient Call Slip") is prepared by the charge nurse to include the 
date, time, patient's name, current location within the facility, assigned operating 
room, whether or not the current unit has been contacted, isolation status, and any 
transfer considerations and equipment that will be necessary while moving the 
patient to the operating room (e.g. oxygen, monitors, medication pumps, patient 
weight, and need for escort by anaesthesia services) Patient call slips are used by 
OR technicians who transport patients from their wards to the operating rooms 
This messaging device ensures the correct patient is collected and transported to 
the appropriate OR. 
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Staffing representation 

Magnetic name tags for all staff members are located in the farthest right section 
of the board. The name tags are placed to the right of the operating room number 
(Fig. 6) to represent the staffing assignments. At least two staff members are 
assigned to each room: one circulating nurse and one OR technician. More staff 
may be assigned based on the acuity of the patient and the complexity of the 
procedure. 

Messages and notices 

Notes can be easily written in empty spaces to alert all staff to critical issues. 
Two examples of such notes are depicted in Fig. 8. In the first example, the 
message "Please remember to turn off the argon tanks" is placed in a location on 
the board that is not used for representing daily schedules. In the second example, 
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Physical and perceptual interaction with and through 
the OR board 

When observing the activities in front of the OR board, we were amazed by the 
utility of the OR board. Its immense size easily accommodates 10 or more 
individuals standing in close proximity either discussing or modifying the board 
Its canvas-like appearance invites new uses for its surface The magnetic strips 
and name tags are like pieces on a chessboard to be moved about to assess the 
impact of scheduling possibilities. Below we will examine how the board 
functions as a critical component of a cognitive system. 

Display-based cognition 

One of the tasks confronting the charge nurse is to balance demands for and 
availability of resources, both of which are constantly changing. On the demand 
side, the number and complexity of the requested surgery cases, their urgency, 
and the preferences of surgical and nursing personnel must be considered. On the 
supply side, the availability of staff, the conditions of the operating rooms, and 
the status of the patient and necessary equipment are also taken into account. The 
end result is the allocation of an operating room for a case in a given time or 
order. Arriving at any schedule seems to be difficult, let alone a schedule that 
approaches maximising the efficiency while at the same time satisfying individual 
preferences. 

With the assistance of the OR board, the difficulty of scheduling appears 
greatly reduced. Below we will examine some of the ways in which the OR board 
is used. 


