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Abstract

Computerized data entry and display in trauma
resuscitation: a case study

Diane Golay and Petra Söderlund

Trauma resuscitation, the initial management of a critically injured 
patient, still mostly relies on paper-based documentation. The aim of 
the current thesis is to design computerized tools fitted to the 
needs of the trauma resuscitation setting. Previous research has 
found that computerized support in the form of shared wall displays 
could make the trauma resuscitation work practice less error-prone 
and more efficient. However, the question as to how the data required 
by such screens could be collected has been rather neglected. As 
such, the focus of the current work lies on the development of design 
hypotheses of a mobile data entry system for real-time data entry and 
corresponding shared wall displays supporting team cognition in the 
trauma resuscitation setting. Those design hypotheses have been 
developed by means of a case study conducted at the Uppsala 
University Hospital, Sweden. To the extent of our knowledge, this is 
the first attempt to design a fully digital data entry system to 
support real-time documentation of trauma resuscitations as well as 
the first work to present a synthesis of the existing research on the 
design of shared wall displays in the trauma resuscitation setting.

Tryckt av: Reprocentralen ITC
IT 16050
Examinator: Anders Jansson
Ämnesgranskare: Mikael Laaksoharju
Handledare: Mats Lind





2 

Computerized data entry and display in trauma resuscitation: a case study 

Acknowledgements 

We would like to express our very great appreciation to our supervisor, Mats Lind, who has 
provided us with extensive support and guidance throughout the whole project. 

Our grateful thanks are extended to our reviewer, Mikael Laaksoharju, for his precious advice in 
the elaboration of the current report. 

We also would like to thank Anders Jansson for his contribution within his area of expertise. 

We are extremely grateful to Gustaf Jacobson for having, at multiple occasions, taken time out 
of his own Master’s project in order to grant us access to the trauma flow sheets required for our 
analysis. 



4 

Computerized data entry and display in trauma resuscitation: a case study 

Table of Contents 

1   Introduction .................................................................................................... 10

2   Purpose ............................................................................................................ 12

3   Background ..................................................................................................... 13

3.1   Computerized support in healthcare ............................................................................ 13  

3.1.1   Motivations, forms and benefits ........................................................................... 13  

3.1.2   In practice: limited success of EMRs ................................................................... 14  

3.1.3   Main issues with EMRs ........................................................................................ 14  

3.1.4   Reasons for poor EMR design .............................................................................. 16  

3.2   Trauma resuscitation .................................................................................................... 16  

3.2.1   Definition and characteristics ............................................................................... 16  

3.2.2   Advanced Trauma Life Support (ATLS).............................................................. 18  

3.2.3   Trauma team ......................................................................................................... 19  

3.2.4   Team leader and nurse recorder ............................................................................ 19  

3.2.5   Trauma flow sheet and documentation process .................................................... 21  

3.3   Team cognition and successful collaborative work ..................................................... 22  

3.3.1   Team cognition ..................................................................................................... 22  

3.3.2   Shared cognition ................................................................................................... 22  

3.3.3   Interactive team cognition .................................................................................... 23  

3.4   Team cognition in trauma teams .................................................................................. 24  

3.4.1   Shared mental models ........................................................................................... 24  

3.4.2   Common ground ................................................................................................... 24  

3.4.3   Communication and information sharing ............................................................. 26  

3.5   Data display ................................................................................................................. 27  

3.6   Data entry ..................................................................................................................... 32  

3.6.1   Paper-based vs. digital data entry ......................................................................... 32  

3.6.2   Theory on digital data entry.................................................................................. 33  

3.6.3   Digital data entry in healthcare ............................................................................. 34  

3.6.4   Digital data entry for trauma resuscitation ........................................................... 39  

3.7 Conclusion ........................................................................................................................ 40  

4   Case study methods ........................................................................................ 42

4.1   Pre-study ...................................................................................................................... 42  



5 

Computerized data entry and display in trauma resuscitation: a case study 

 

4.1.1   Educational simulation (training session) ............................................................. 42  

4.1.2   Interviews ............................................................................................................. 43  

4.2   Analysis of information usage (and process) ............................................................... 44  

4.2.1   Trauma flow sheet analysis .................................................................................. 44  

4.2.2   Video analysis ...................................................................................................... 45  

4.3   Design hypotheses ....................................................................................................... 46  

4.3.1   Displays ................................................................................................................ 46  

4.3.2   Data entry ............................................................................................................. 46  

4.4   Limitations of the applied methods ............................................................................. 47  

5   Case study results ........................................................................................... 49  

5.1   Pre-study ...................................................................................................................... 49  

5.1.1   The trauma resuscitation process at Akademiska sjukhuset ................................. 49  

5.1.2   Trauma Team ....................................................................................................... 53  

5.1.3   SBAR ................................................................................................................... 55  

5.2   Trauma flow sheet analysis .......................................................................................... 57  

5.2.1   Prehospital report.................................................................................................. 57  

5.2.2   Documentation of the main trauma resuscitation event........................................ 62  

5.2.3   Documenting responsibility .................................................................................. 71  

5.2.4   Main conclusions .................................................................................................. 72  

5.3   Video analysis .............................................................................................................. 73  

5.3.1   T1 ......................................................................................................................... 73  

5.3.2   Team leader .......................................................................................................... 76  

5.3.3   Surgeon ................................................................................................................. 77  

5.3.4   Latecomers ........................................................................................................... 80  

5.3.5   Prehospital report by the EMS .............................................................................. 80  

5.4   Design hypotheses ....................................................................................................... 81  

5.4.1   Overview over system components ...................................................................... 81  

5.4.2   Consistency across the different system components ........................................... 86  

5.4.3   Information displays: main design principles ....................................................... 88  

5.4.4   Prehospital information display ............................................................................ 89  

5.4.5   Patient-centered display ........................................................................................ 90  

5.4.6   Process-centered display....................................................................................... 91  

5.4.7   Data entry : main design principles ...................................................................... 93  

5.4.8   Prehospital data entry ......................................................................................... 100  



6 

Computerized data entry and display in trauma resuscitation: a case study 

 

5.4.9   Resuscitation data entry ...................................................................................... 100  

6   Conclusion and Discussion .......................................................................... 104  

6.1   Overview and contribution ........................................................................................ 104  

6.2   Methods ..................................................................................................................... 104  

6.3   Data entry ................................................................................................................... 105  

6.3.1   General conclusions ........................................................................................... 105  

6.3.2   Case study-specific conclusions ......................................................................... 106  

6.4   Data display ............................................................................................................... 108  

6.5   Ethical considerations ................................................................................................ 109  

6.6   Limitations of our work ............................................................................................. 110  

7   Future work .................................................................................................. 111  

8   References ..................................................................................................... 113  

9   Appendix ....................................................................................................... 120  

9.1   Data display : Suggested information structures and locations for shared wall displays 
in trauma resuscitation ............................................................................................... 120  

9.2   Trauma flow sheet at Akademiska sjukhuset ............................................................ 121  

9. 3 Examples of patient evaluation findings reported by the surgeon ................................ 125  

9.4 Summaries of patient evaluation findings during resuscitation ..................................... 127  

9.5  Information displays: overview over information redundancy ..................................... 128  
 
 

 



7 

Computerized data entry and display in trauma resuscitation: a case study 

 

List of tables 

Table 1: What research questions have been addressed by the 8 studies presented above. ......... 28  

Table 2: Information categories and subcategories recommended on shared displays supporting 

SSA............................................................................................................................................... 30  

Table 3: Comparison between the EMS SBAR template and the SBAR structure of the trauma 

flow sheet ..................................................................................................................................... 57  

Table 4: Frequency of the different accident categories. ............................................................. 59  

Table 5: Types of information given depending on the accident category. ................................. 60  

Table 6: Frequency of different types of symptoms and injuries. ................................................ 64  

Table 7: Types of information required and given for the different types of interventions. ........ 65  

Table 8: Information types required for the different types of IV-access and their frequency. ... 66  

Table 9: Frequency of the different types of interventions (excl. IV-access). ............................. 67  

Table 10: The different advanced examination techniques and their frequency. ......................... 67  

Table 11: Frequency of all laboratory tests performed at least once. .......................................... 68  

Table 12: Staff accompanying the patient to the CT/X-ray department and the frequency of their 

carrying out this task. ................................................................................................................... 68  

Table 13: Types of information required in the grid of the monitoring page. ............................. 70  

Table 14: Number of timestamps for which values were given in the monitoring grid and the 

frequency with which that number of timestamps was given. ..................................................... 71  

Table 15: Trauma flow sheet fields for which a signature is required. ........................................ 72  

Table 16: Overview over the structure of the different EMS reports in the recordings ............... 81  

Table 17: Legend of table 5.14 ..................................................................................................... 81  

Table 18:Overview over the different component of the proposed solution. ............................... 81 

  



8 

Computerized data entry and display in trauma resuscitation: a case study 

 

List of figures 

Figure 1: Background” section of the trauma flow sheet ............................................................. 60  

Figure 2: Home screen of the smartphone application. ................................................................ 82  

Figure 3: Prehospital data entry home screen. ............................................................................. 83  

Figure 4: Prehospital information display .................................................................................... 84  

Figure 5: Resuscitation data entry home screen ........................................................................... 85  

Figure 6: Patient-centered display ................................................................................................ 85  

Figure 7: Process-centered display ............................................................................................... 86  

Figure 8: Overview over the two-column layout in the four main components of the system 

(prehospital information display, process-oriented display, prehospital data entry and 

resuscitation data entry). .............................................................................................................. 87  

Figure 9: "Not OK" status for femur: (right) femur fracture (as shown on the process-oriented 

display) ......................................................................................................................................... 88  

Figure 10: Phase 1. Prehospital information available, but the team has not started patient 

evaluation yet. .............................................................................................................................. 92  

Figure 11: Phase 2. The trauma team has started the first iteration of patient evaluation. The 

prehospital values are still visible, though slightly faded. ........................................................... 92  

Figure 12: Phase 3. The trauma team has performed 2 or more evaluations of the three first 

parameters but not the remaining ones, for which only the first iteration value is shown. .......... 93  

Figure 13: Data entry shortcuts for the most frequently documented configurations on the home 

screen of the resuscitation data entry system. .............................................................................. 95  

Figure 14: Structured input fields dedicated to the documentation of intubation-related 

parameters such as the width and length of the tube used. .......................................................... 96  

Figure 15: Soft QWERTY keyboard and 5-word-at-a-time text prediction for free text entry. .. 96  

Figure 16: Free text field buttons on the "list" of patient parameters on the resuscitation data 

entry home screen. ........................................................................................................................ 97  

Figure 17: Undo button in the header of (1) the prehospital data entry system and (2) the 

resuscitation data entry system. .................................................................................................... 97  

Figure 18: The T1 has selected the "OK" status for the "breathing sound" patient parameter. ... 98  

Figure 19: Disambiguation dialogue. Here, the T1 is clicking on the "OK" status button for the 

third time, as she wants to cancel the documented value for the second iteration of patient 

evaluation. .................................................................................................................................... 98  

Figure 20: "Right" ("Hö") and "Left" ("Vä") labels on either side of the body shapes on the IV-



9 

Computerized data entry and display in trauma resuscitation: a case study 

 

access screen (resuscitation data entry screen). ........................................................................... 98  

Figure 21: Data entry screen for injuries and symptoms ............................................................. 99  

Figure 22: Choice of accident categories on the home screen of the prehospital data entry 

system. ........................................................................................................................................ 100  

Figure 23: Background section in the prehospital data entry system. ........................................ 100  

Figure 24: “Sign” button in the header of resuscitation data entry screen ................................. 101  

Figure 25: Button to indicate that all the parameters belonging to B are "OK"......................... 101  

Figure 26: Options available to document the status of the pupils ............................................ 102  

Figure 27: IV-access screen in the resuscitation data entry system ........................................... 103  

  



10 

Computerized data entry and display in trauma resuscitation: a case study 

1 Introduction 
According to the 2014 report of the European Association for Injury Prevention and Safety 
Promotion (EuroSafe), “injuries due to accidents and violence are a major public health problem, 
killing more than 240 000 people in the EU-28 each year […] and disabling an estimated number 
of one million people in the region. […] Every two minutes one EU-citizen dies of an injury. […] 
Each year a staggering 5.4 million people are admitted to hospital and 35.7 million people are 
treated as hospital outpatients as a result of an accident or violence related injury […]” (p.6). The 
initial management, in the emergency department (ED), of a critically injured patient is referred 
to as “trauma resuscitation”. It revolves around three central activities: stabilizing the patient, 
determining the extent of her /his injuries and developing a first plan of care for hospitalization 
(Sarcevic & Burd, 2008). Those activities are carried out in accordance with well-established, 
carefully codified work protocols by a multidisciplinary team of clinicians formed ad hoc at the 
time of the resuscitation. 

In spite of the growing penetration of technology in healthcare, most notably with the spreading 
of the electronic medical record (EMR), “trauma resuscitation remains one of the few medical 
settings with minimal ICT support, primarily depending on paper artifacts” (Sarcevic, Weibel, 
Hollan, & Burd, 2012, p.2). Indeed, despite the general tendency aimed at filtering out paper-
based artifacts in healthcare, the documentation of trauma resuscitations in most hospitals is still 
almost exclusively paper-based: if “many trauma centers […] implemented the electronic medical 
record (EMR) for inpatient and outpatient care […] [the] implementation of an electronic trauma 
resuscitation flow sheet has lagged behind […]” (Eastes, Johnson, & Harrahill, 2010). This 
continued dependence on paper-based documentation is a problem as “[it] is a barrier to using 
real-time digital information processing for improving patient care and reducing medical errors” 
(Sarcevic, Weibel, Hollan, & Burd, 2012, p.2). 

Within the last ten years, several studies have been dedicated to the trauma resuscitation setting. 
They have focused on investigating the dynamics and needs of trauma teams (Bergs, Rutten, 
Tadros, Krijnen, & Schipper, 2005; Sarcevic, Marsic, & Burd, 2012; Sarcevic, Marsic, Lesk, & 
Burd, 2008), uncovering opportunities for computerized support in trauma resuscitation (Sarcevic, 
Marsic, et al., 2012; Sarcevic, Weibel, Hollan, & Burd, 2011; Sarcevic, 2010) as well as defining 
requirements for such support (D. Kusunoki, Sarcevic, Zhang, & Yala, 2015; Sarcevic, Weibel, 
et al., 2011). Those efforts have mainly resulted in the tentative design of shared displays meant 
to support team members in building and maintaining accurate situation awareness as well as 
reduce their cognitive load through the externalization of information. However, the central issue 
as to how the data required by such displays can be collected before and during trauma 
resuscitation has so far only been very superficially addressed. 

This gap in the literature is not due to a lack of interest from the researchers, but rather to the 
complexity of the challenge at hand. As Sarcevic, Weibel et al. (2012, p. 2) point out, “several 
attempts have been made to introduce ICT in resuscitation areas, but they have not yet yielded 
feasible solutions. The key reasons for the lack of success include the challenge of capturing and 
manually entering data from diverse sources in a fast-paced environment […]”. The main reason 
for this state of things is that digital data entry presents some significant drawbacks in comparison 
with the paper-based input of data, especially in regard to ease of use, rapidity and flexibility. Yet 
those three factors are essential to the accurate and timely documentation of trauma resuscitations 
(Sarcevic, 2010; Eastes, Johnson, & Harrahill, 2010), which explains why this highly time- and 
safety-critical setting still relies on paper-based documentation. 

It must be noted that a few trauma centers in the United States have reported having successfully 
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implemented electronic trauma flow sheets (Wurster, Groner, & Hoffman, 2015; Eastes et al., 
2010). Those flow sheets are computer-based and require nurse recorders (the nurses responsible 
for the documentation of trauma resuscitations) to have been trained in using the system in order 
for them to be able to document a resuscitation event in a satisfactory manner. In addition, they 
are not linked to any shared team display supporting the trauma team’s work in real time. 

In this thesis, we want to tackle this complex of problems and develop a design hypothesis of a 
mobile-based electronic trauma flow sheet as well as of corresponding shared team displays aimed 
at supporting trauma teams’ team cognition and information externalization before and during 
trauma resuscitations. To achieve this, we will investigate how trauma resuscitations are 
performed and documented at the University Hospital of Uppsala (Akademiska sjukhuset), 
Sweden, and design an input-and-output system in accordance with the requirements and needs 
identified in this particular case study. 
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2 Purpose 
Our work fits into a broader body of studies, mostly from the computer-supported cooperative 
work (CSCW) field, dedicated to gathering requirements and designing computerized support for 
the trauma resuscitation setting. Accordingly, the high-level aim of this thesis is to develop 
computerized tools to improve the performance of trauma teams and thus to make the trauma 
resuscitation work practice less error-prone and more efficient. 

Like other researchers (e.g. D. Kusunoki et al., 2015; Sarcevic, Weibel, et al., 2012; Zhang, 
Sarcevic, & Burd, 2013), we believe that a way to achieve this is through providing trauma teams 
with a support, in the form of digital, shared team displays, for team cognition and information 
externalization before and during trauma resuscitations. This assumption is based on previous 
research conducted within different domains, showing that wall displays could support teamwork 
by facilitating task coordination, communication and problem solving (Sarcevic, Weibel, et al., 
2012). The first goal of our work is thus to develop a design hypothesis of such displays. 

However, the use of displays supporting team cognition will only be beneficial in practice if the 
relevant, accurate data is shown in a timely manner. To achieve this, a digital data entry system 
fitted to the needs and requirements of such fast-paced and complex a setting as trauma 
resuscitation is necessary. Therefore, the second, and main, goal of this thesis lies in the 
development of a design hypothesis of an electronic documentation system (or “flow sheet”) 
aimed at efficiently collecting data before and during trauma resuscitation. 

In order to fulfill this efficiency condition, the design hypothesis of this electronic flow sheet 
should attempt to, as a whole, be at least as effective and efficient as the paper-based trauma flow 
sheet currently in use at the Akademiska sjukhuset. 

Those two design hypotheses of a data entry system and corresponding information displays, will 
be in the form of pen-and-paper prototypes. They will be grounded in findings from both previous 
research and our own case study conducted at Akademiska sjukhuset. This means that they will 
be built around the specific needs and requirements of the trauma unit at the hospital in question. 

Our design hypotheses will include the following components (in addition to their visual 
representation through the pen-and-paper prototype): 

1. The user needs they correspond to; 

2. The design requirements they need to fulfill; 

3. An explanation based on previous and our own research findings as to why / how they fit 
the user needs. 
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3 Background 
3.1 Computerized support in healthcare 
3.1.1 Motivations, forms and benefits 

Motivations for computerized support in healthcare 
Since the 1980’s, the medical practice has known an ever-increasing degree of computerization 
(Wehlou, 2014). Through the implementation of digital systems, there has been an attempt to filter 
out paper-based artifacts and documentation with the aim of improving the safety, efficiency and 
quality of care (Coffey et al., 2015). Indeed, many limitations of paper-based patient records (PPR) 
have been identified (Tange, 1995; Fitzpatrick & Ellingsen, 2013; Pickering, Gajic, Ahmed, 
Herasevich, & Keegan, 2013), both in regard to content (missing, illegible or inaccurate data, 
duplication of documentation) and form (poor structure, disorganized charts). In addition, the 
availability of paper-based patient data is limited (a PPR is location-bound, and can only be at one 
place at a time), which makes a full integration of information impossible. As a consequence, it is 
difficult to incorporate paper-based information into decision-making (Pickering et al., 2013). The 
digitization of PPRs has been expected to solve those issues (Pickering et al., 2013): “the primary 
aim of [EMRs] is to support the delivery of good care, clinical decision-making, communication 
between healthcare workers and continuity of care” (van Engen-Verheul, Peute, de Keizer, Peek, 
& Jaspers, 2016, p.16). 

Extent of computerized support in hospitals 
In hospitals, digitization efforts have mainly (though not exclusively) resulted in the development 
of the electronic medical record (EMR) and the physician order entry (POE) system (Poston, 
Reynolds, & Gillenson, 2007). Those systems are being adopted by a growing number of hospitals 
in the United States (Coffey et al., 2015; Poston et al., 2007), including the emergency department 
(ED) (Dela Cruz et al., 2014). In this regard, Coffey et al. (2015, p.55) state that “by 2010, 46% 
of US emergency departments reported having adopted some form of EMR system, and that figure 
is expected to rise to well over 80% in the coming years”. However, those numbers need to be 
considered with some caution, as it is unclear what functionalities the implemented EMRs actually 
cover, as well as to what extent they have replaced paper-based documentation. So-called 
“comprehensive” EMRs, comprising “24 key identified capabilities, including clinical 
documentation, testing and imaging results, computerized physician order entry, and decision 
supports such as drug- allergy alerts, and drug-dose support” (Ahmed, Chandra, Herasevich, 
Gajic, & Pickering, 2011, p.1626) have reportedly been implemented in only 1.5% of US hospitals 
(Ahmed et al., 2011). This suggests that further research is needed to determine with accuracy 
exactly how widespread the use of EMRs is within healthcare in the US, taking into account not 
only how many hospitals and hospital departments use an EMR, but also how (for what tasks) 
they use it. In spite of this, it is undisputable that digital systems are now part of the medical 
practice, in particular “in services such as refilling routine prescriptions, scheduling appointments, 
lab tests, billing, and exchanging data among healthcare participants” (Poston et al., 2007, p.60). 
As for Sweden, “[it] is generally considered one of the leading eHealth countries in the world 
[today]” (Janols, 2013, p.26). 

Benefits of EMRs 
Studies concur in saying that one of the main strengths of EMRs is the standardization and 
increased efficiency of patient information management (Zikos, Diomidous, & Mpletsa, 2014). 
They are able to store large quantities of data and to keep patient information organized, available 
(accessible) and searchable at any time and from any place (Coffey et al., 2015; Dela Cruz et al., 
2014; Zikos, Diomidous, & Mpletsa, 2014; Pickering et al., 2013; Ahmed et al., 2011), whereby 
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data retrieval, review and sharing are facilitated (Coffey et al., 2015). This makes of them “a 
valuable source of quality assurance of medical practice and scientific research” (van Engen-
Verheul et al., 2016, p.16). Data quality is increased through improved data legibility, accuracy 
and precision (Zikos et al., 2014; Dziadzko et al., 2016; Coffey et al., 2015). In addition, EMRs 
allow for a certain flexibility in data presentation (Zikos et al., 2014). Furthermore, in regard more 
specifically to clinical work processes, “the major benefits of [EMR] adoption are cited as 
increased adherence to guidelines, enhanced surveillance and monitoring, and decreased 
medication errors” (Ahmed, Chandra, Herasevich, Gajic, & Pickering, 2011, p.1626). 

3.1.2 In practice: limited success of EMRs 
However, “even though the expectations regarding health IT are high, real-world experiences 
globally have shown for decades that the expected benefits are difficult to achieve (Janols, 2013, 
p.17). Indeed, the actual patient-centered benefits of using EMRs are still unclear (Ahmed et al., 
2011; Thompson, O’Horo, Pickering, & Herasevich, 2015) and, from a clinician-centered point 
of view, research findings are rather negative in regard to the success of EMR implementation and 
the advantages stemming from its use: “current research demonstrates that health information 
technology (HIT) can improve patient safety and healthcare quality, in certain circumstances. At 
the same time, other research shows that HIT adoption rates are low, and that HIT may not reliably 
improve care quality or reduce costs (Karsh, Weinger, Abbott, & Wears, 2010, p.617). 

Many studies have brought to light that paper still is very much valued in healthcare and continues 
being used alongside EMRs (Fitzpatrick & Ellingsen, 2013). Findings from previous research lead 
to believe that the main reason for this state of things is that EMRs and other medical digital 
systems do not fit their users’ needs. They thus bring with them issues and inconveniences that 
can be avoided (worked around) through the continued, complementary use of paper-based 
records. As Fitzpatrick and Ellingsen (2013, p.623) note, “to enable their own work, clinicians 
have evolved workarounds in the form of parallel documentation systems by making notes on 
paper”. 

In the following paragraphs, some of the issues related to the use of EMRs are described in more 
detail. 

3.1.3 Main issues with EMRs 

Disruption of clinical workflow 
Some of the critics directed at EMRs “relate to interoperability, patient flow and integration into 
clinical work, real-time decision support, and the interaction between information technology 
systems and clinical workflow” (Zikos et al., 2014, p.460). The disruption of physicians’ and 
nurses’ workflow resulting from the EMR implementation is a major concern (Zikos et al., 2014; 
Ahmed et al., 2011; Bisantz & Pennathur, 2010). Indeed, changes in established work practices 
can lead to an increased workload, poorer performance and even errors “if users are forced to 
adapt either the system of their tasks and strategies during critical periods” (Bisantz & Pennathur, 
2010, p.43). 

Lack of flexibility 
An additional issue of the EMR is its lack of flexibility. While PPRs have an intrinsic ecological 
flexibility that enables them not only to be easily read and written, but also to be “mobilized and 
manipulated for various purposes around a relatively […] ‘at hand’ domain” (Luff & Heath, 1998, 
p.306), Bisantz and Pennathur (2010, p.62) note in their study that “the shift to electronic 
technology has fundamentally limited practitioners’ ability to change the functionality of the 
information system in response to moment-to-moment or more general shifts in circumstances”. 
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Extensive training 
In general, clinicians expected to interact with a new digital system are required to undergo 
training before the actual real-life implementation of the system (Zikos et al., 2014; Coffey et al., 
2015). Nonetheless, this training is often perceived as insufficient (Poston et al., 2007). Learning 
how to use the new system is difficult and takes time (Clayton et al., 2005; Poston et al., 2007). 

Increased documentation time 
Apart from the learning curve effect, some findings point to EMRs increasing the time needed for 
documentation in comparison with PPRs (Dela Cruz et al., 2014). One of the explanations is that 
“although computers automate charting and data collection, there may be an additional time 
burden spent to enter these data into the computer application” (Zikos et al., 2014, p.470). 
However, there is no consensus among researchers about this particular topic. While some studies 
have found that working with an EMR requires more time and effort (Nygren & Henriksson, 
1992), others have found no difference between the amount of time allocated to documentation 
before and after implementation of an EMR. Nonetheless, those latter studies have not pointed to 
any time gain through digital documentation either. For instance, Pierpont and Thilgen (1995) 
found that, although the time spent charting in an ICU decreased of 10% following the 
implementation of a computerized charting system, the total amount of time dedicated to 
documentation was unchanged because the time thus “gained” was spent on the computer entering 
or reviewing data. 

Furthermore, it has also been shown that reading from a screen is significantly slower than reading 
from a paper record, which is in part due to the “the delays and the commands involved in 
switching between screen pages [that cause] a strain on the short-term memory” (Nygren, 
Johnson, & Henriksson, 1992, pp.13-14) although Nygren & Henriksson (1992, pp.2) argue that 
“it is not the computerized structure itself which accounts for slower reading but the human-
computer interaction”. In that regard, issues created by EMRs in relation to data entry and 
information retrieval are well-documented in the literature. 

Data retrieval and information overload 
While one of the main issues regarding digital data entry is the way it constrains and limits the 
user’s input possibilities, data retrieval, on the other hand, can be problematic due to the (too) 
large amount of data presented to the user. Wehlou (2014, p.34) states that “current medical 
records are characterized by a torrent of largely useless details without a unifying context”. A 
consequence of this is “the information overload created by availability of data in a digital form” 
(Ahmed et al., 2011, p.1627), as the users “struggle to use large quantities of patient- related 
information” (Pickering et al., 2013, p.1502). Indeed, the “identification and extraction of relevant 
data from the inevitable noise” has become a key challenge for clinicians using some form of 
EMR (Ahmed et al., 2011, p.1627). Pickering et al. (2013, pp.1505-1505) explain that “more data 
may be presented simultaneously or may be more readily accessible [with an EMR], potentially 
overwhelming or distracting the clinician. The view that EMRs obscure vital data is further 
reinforced by studies describing the negative impact of EMRs on the physician’s ability to find 
the appropriate clinical information with which to make necessary medical decisions”. Although 
EMRs typically comprise all the information relevant to the clinicians’ decision-making process, 
this information “exist[s] within the context of a very large quantity of unused clinical data that 
may predispose the ICU physician to the phenomenon of information overload” (Pickering et al., 
2013, p.1509). Furthermore, because of limited screen real estate, patient data is generally 
scattered across several different windows, which makes pattern recognition harder for clinicians 
and can lead to delays in diagnosis and care delivery (Ahmed et al., 2011, p.1627). This issue is 
inherent to digital systems, as PPRs can be browsed through easily (Tange, 1995). This means 
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that the retrieval of the right information at the right time is difficult with an EMR. 

3.1.4 Reasons for poor EMR design 
The main reason behind those issues seems to be the way the EMRs are designed – and for whom. 
In his book “Rethinking the Electronic Healthcare Record”, J. Martin Wehlou states that “the 
electronic record is designed as if it was a paper record, but in digital form” (2014, p.34). Reddy 
et al. (2003, p. 439) explain that, by deriving the form and content of EMRs from the PPRs, the 
relevant pieces of information have been taken into account, but not, however, the work practices 
related to the writing, reading and the broader context of use of the record. This has led to a 
“mismatch between practice and technology” (Reddy, Pratt, Dourish, & Shabot, 2003, p.439), 
especially since the affordances of paper and digital records are fundamentally different (Bisantz 
& Pennathur, 2010). As Karsh et al. (2010, p.619) point out, “this mismatch between the reality 
of clinical work and how it is rationalized by HIT leads clinicians to perceive that these systems 
are disruptive and inefficient”. Another side of the problem is that “most HIT has been designed 
to meet the needs of people who do not have to enter, interact with, or manage the primary (ie, 
raw) data” (Karsh et al., 2010, p.619). This has led to a “mismatch between who benefits and who 
pays” as “most of the benefits of current HIT systems accrue to entities upstream from direct 
patient care processes [such as ] hospital administrators, quality improvement professionals […] 
and the government” while “those who suffer the costs of poorly designed and inefficient HIT are 
front-line providers, clerks, and patients” (Karsh et al., 2010, p.619). 

In conclusion, it seems that a fundamental issue in the design and implementation of computerized 
support in healthcare is that it “focuses too much on the administrative aspects […] (e.g., complete 
and accurate documentation to meet authorization rules or to improve revenue) rather than on care 
processes and outcomes (i.e., the actual quality of disease management)” (Karsh et al., 2010, 
p.619). This has led to a “missed opportunity to truly transform care” (Karsh et al., 2010, p.619). 

3.2 Trauma resuscitation 
3.2.1 Definition and characteristics 

Definition 
Trauma resuscitation revolves around “the initial management of a critically injured patient” 
during which “the trauma team must stabilize the patient, determine the extent of the injury and 
develop an initial treatment plan for hospitalization” (Sarcevic & Burd, 2008, p.1). It is a 
“temporary stop on a patient’s path; the patient’s stay in the [trauma bay] is kept at a minimum 
(on average, 20 minutes), until the patient is stable enough to move to a different hospital unit” 
(Sarcevic, Zhang, & Kusunoki, 2012, p.100). Trauma resuscitation is an emergency medical 
domain (D. Kusunoki et al., 2015), and is part of the emergency department (ED). 

Characteristics of the ED 
Reddy and Spence (2008, p. 243) define the ED as “one of the most information-intensive and 
collaborative settings in a hospital” where “team members […] often work under tremendous time 
pressure because of the critical status of the patients and the need to treat all waiting patients”. ED 
settings share a certain number of attributes with other safety- and life-critical complex 
sociotechnical environments and confront the medical practitioners to a certain number of 
challenges, among which an unpredictable set of problems, the occurrence of incomplete or 
conflicting information, intense time pressure, a low margin for error as well as variable 
knowledge and expertise among team members (Sarcevic, Marsic and Burd, 2012). 
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Process overview 
The ED is notified by the EMS of the pending arrival of a trauma patient and initial patient 
evaluation by cellular. Trauma team members are then called in and, upon receiving the alert, 
gather in a designated room, generally referred to as the trauma bay (Sarcevic & Burd, 2009; 
Sarcevic et al., 2008). Upon patient arrival to the trauma bay, the EMS brief the trauma team 
members on the situation and patient status before transferring the patient into their care (Sarcevic 
& Burd, 2009). 

The main trauma resuscitation event then begins. The trauma team conducts a detailed patient 
evaluation (D. Kusunoki et al., 2015; Sarcevic, Marsic, et al., 2012). This patient evaluation 
commonly lasts between 20 to 30 minutes (Sarcevic, Marsic, et al., 2012). Upon evaluation 
completion, the patient is prepared for transfer to another hospital unit. Patients requiring 
immediate surgery are taken to the operating room and patients for whom further examination is 
needed are brought to the CT scan in order for potential internal injuries to be uncovered (Sarcevic, 
Marsic, et al., 2012). 

Specificities of trauma resuscitation 
More specifically, trauma resuscitation essentially consists in “an interdisciplinary team of 
medical specialists […] [providing] rapid and focused intervention in an organized manner to 
identify and manage potentially life-threatening injuries” (Zhang et al., 2013, p.1579). 

Trauma teams are brought together ad hoc at the time of the resuscitation, meaning that the 
different team members do not necessarily know each other nor have worked with each other prior 
to the resuscitation event (D. Kusunoki et al., 2015). The resuscitation process is structured 
according to “a set of established protocols for patient evaluation and management” (D. Kusunoki 
et al., 2015, p. 2), namely ATLS (see section 3.2.2). 

Throughout the intervention, the trauma team members undertake “time-critical tasks under 
physical and emotional stress” (Brown & Motte, 1998, p.590) with patients who are in life- 
threatening conditions. They wear “protective clothing such as gloves, gowns, and masks that may 
interfere with using the equipment” (Brown & Motte, 1998, p.590) and often dispose of limited 
space to act (as they stand around the patient’s bed) (D. S. Kusunoki & Sarcevic, 2015; Brown & 
Motte, 1998). Complex tasks distributed among multiple team members need to be coordinated 
and critical decisions need to be made about once every minute (Sarcevic, Zhang, & Kusunoki, 
2012, p.99). To avoid redundancy and ensure completion of needed tasks, the respective roles and 
responsibilities of all team members are precisely defined (see section 3.2.3) (Sarcevic, Marsic, 
Lesk, & Burd, 2008, p.2). 

A significant specificity of trauma resuscitation is that critical decision-making is “based on 
emerging rather than existing information” (Sarcevic & Burd, 2008, p. 2), requiring the trauma 
team members to provide their patient with appropriate care using information obtained within 
the last half hour only (Sarcevic & Burd, 2008). This contrasts with other medical settings such 
as the intensive care unit (ICU) where care providers sometimes have access to the detailed 
medical history of their patients (Sarcevic & Burd, 2008). Additionally, in trauma resuscitations 
events, critical information “becomes available during a very short time period and in a continuous 
data flow from sources inside and outside the hospital” (Sarcevic & Burd, 2008, p. 2). This makes 
trauma resuscitations prone to information losses and communication breakdowns, especially in 
conjunction with the highly dynamic, stressful and noisy nature of the environment (Sarcevic, 
Marsic, et al., 2012). 
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3.2.2 Advanced Trauma Life Support (ATLS) 
Trauma teams work in accordance with a well-defined and well-established intervention protocol 
called Advanced Trauma Life Support (ATLS) (Sarcevic & Burd, 2008). This protocol “was 
introduced in 1978 in response to a need for standardization of the early care of seriously injured 
patients” (Kelleher et al., 2014, p.1129) in order to “improve efficiency, reduce errors, and guide 
the initial evaluation of patient injuries” (Kusunoki, Sarcevic, Zhang, & Burd, 2013, p.528). 
Although ATLS was “originally designed for clinicians who only rarely encounter trauma victims, 
[it] has become the accepted standard of care at trauma centers worldwide” (Kelleher et al., 2014, 
p.1129). As such, ATLS-based protocols are now used throughout the world, providing “a 
common language and framework for trauma resuscitation” (Bergs, Rutten, Tadros, Krijnen, & 
Schipper, 2005, p.906). 

ATLS is an extensive protocol which encompasses many different aspects of trauma resuscitation. 
However, in accordance with the scope of this thesis, only the prescribed methodology to assess 
and stabilize the patient’s condition will be described here. This methodology is based on the 
concept of the golden hour of care, which represents “the window of opportunity [within minutes 
to several hours following injury] during which providers can have a positive impact on the 
morbidity and mortality associated with injury” (American College of Surgeons, 2012, p.xxii). 
This golden hour is thus not intended to represent a “fixed” time period of 60 minutes, but is rather 
meant to emphasize the time- critical aspect of trauma resuscitation (American College of 
Surgeons, 2012). At the core of the ATLS protocol lies the so-called “ABCDE” approach, which 
defines in what order evaluations and interventions should be performed in all injured patients. 

Simultaneously, the mnemonic ABCDE provides “an easily remembered approach […] for any 
provider, irrespectively of practice specialty, even under the stress, anxiety and intensity that 
accompanies the resuscitation process” (American College of Surgeons, 2012, p.xxix). The main 
principle underlying ABCDE is that the greatest threats to life should be treated first. More 
specifically, each letter corresponds to a specific “component” of patient evaluation (American 
College of Surgeons, 2012), namely: 

 Airway with cervical spine protection 

 Breathing 

 Circulation (bleeding) 

 Disability (neurological status) 

 Exposure (undress) and Environment (temperature control) 

Patient evaluation according to the ATLS protocol is primarily composed of a rapid primary 
survey, aimed at identifying life-threatening injuries, followed by a more thorough patient 
evaluation (called the secondary survey), “a head-to-toe evaluation of the trauma patient […] 
including reassessment of all vital signs” (American College of Surgeons, 2012, p.13; Sarcevic & 
Burd, 2008). Specialized diagnostic tests, like for example X-rays and ultrasound, may be 
performed during the secondary survey to identify specific injuries (American College of 
Surgeons, 2012). Both the primary and the secondary survey are structured according to the 
ABCDE mnemonic described above (American College of Surgeons, 2012). Sarcevic, Marsic and 
Burd (2012, p.6) note that “while ATLS is conceptually conceived and taught as a hierarchically-
ordered process, each step may be repeated as patient status changes or more information becomes 
available”. Indeed, “trauma patients must be reevaluated constantly to ensure that new findings 
are not overlooked and to discover deterioration in previously noted findings. Continuous 
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monitoring of vital signs and urinary output is essential” (American College of Surgeons, 2012). 

3.2.3 Trauma team 

Team formation and characteristics 
Trauma teams are highly multidisciplinary and bring together medical practitioners with various 
backgrounds and specialties who do not necessarily know each other nor have worked with each 
other before (Sarcevic, Palen, et al., 2011). Sarcevic, Palen et al. (2011, p.466) underline that “the 
interdisciplinary nature of team composition is dictated by the anticipated needs of the trauma 
patient. Because patients come with a range of injuries, specialists in more than one area are 
needed to provide timely and efficient care”. Trauma team members are not exclusively dedicated 
to trauma resuscitation and are called from their other, routine duties upon the activation of a 
trauma alert (Sarcevic, Palen, et al., 2011). The size and exact composition of the team brought 
together for a specific resuscitation event varies depending on the severity of the injury. For 
instance, “a response to a [lesser-injured] patient may include only a surgeon, an ED physician 
and a few nurses” while “a highest-level response to a severely injured patient includes a complete 
team” (Sarcevic, Palen, et al., 2011, p.466) with a number of team members as high as 15 (Sarcevic 
et al., 2008). During an intervention, turnover within a trauma team is often high: “while a core 
team is present through the entire effort, some workers may leave and return, and additional 
specialists may join after the evaluation has started”.(Sarcevic et al., 2008, p.2). 

Team structure 
To ensure completion of needed task but also to facilitate, or rather enable, coordination of 
resuscitation tasks, each team member has a specific role to fulfill during the trauma resuscitation 
with an associated set of pre-defined responsibilities (Sarcevic et al., 2008; Sarcevic, Palen, et al., 
2011). Each role also has a specific spot around the patient’s bed (Sarcevic, Palen, et al., 2011). 
The structure of trauma teams follows a similar pattern in most trauma centers (Sarcevic et al., 
2008). While we describe the team structure specific to our case study in detail in section 5.1.2, 
we give here an overview over trauma team composition taken from Sarcevic et al. (2008, p.2): 

“The team leader (usually a senior resident, TL) mainly directs team activities 
and avoids getting involved in procedures. A chief resident (CHF), with more 
years of training than the team leader, may also be present. The chief resident 
provides additional oversight and supervision for the team leader, when 
present. The leadership role may change between residents (TL and CHF) and 
attending surgeons (ATP) depending on the changing patient condition and 
skills of the individuals involved [15]. The team leader is assisted by a junior 
resident (JR) who performs hands-on evaluation and treatment. An 
anesthesiologist (ANST) and respiratory therapist (RT) are available to assist 
with management of the airway injuries, while orthopedic surgeon (ORT) 
manages orthopedic injuries. One nurse is dedicated primarily to the patient 
care (the primary nurse, PNR) and is aided by a second nurse (the recorder, 
REC) who documents the event. A critical care technician (CCT) performs 
routine tasks, such as blood pressure measurement, and provides needed 
equipment and supplies. Other members of the team include a pharmacist who 
dispenses medications on-site and an x- ray technician available for obtaining 
radiographs”. 

3.2.4 Team leader and nurse recorder 
In the following paragraphs, we describe in more detail the respective roles of the team leader and 
nurse recorder as they represent two key roles in the management and documentation of trauma 
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resuscitations. The remaining roles within the trauma team are described within the framework of 
our case study (see section 5.1.2). 

Team leader 
Several studies have shown that the team leader plays a particularly important role in the trauma 
team’s performance during resuscitation (Sarcevic et al., 2008, 2011; Courtenay et al., 2013). For 
instance, Courtenay et al. (2013, p.8) describe the team leader’s role as “being pivotal for the 
effective coordination of the team members’ contributions”, while Sarcevic et al. (2008, p.5) 
observe that “critical decision-making in trauma teams is mostly concentrated in the current 
leader’s role”. Indeed, because of the extreme time pressure characteristic of trauma resuscitation, 
solo decision making by the team leader is a common occurrence (Sarcevic, Zhang, et al., 2012). 
In accordance with her decision-making responsibility, the team leader is the main “information 
seeker” during the trauma resuscitation (Sarcevic & Burd, 2008) and has specific information 
needs. 

Team leader’s decision-making before and during trauma resuscitation 
The team leader’s decision-making task starts as soon as a trauma alert is given. All decisions 
revolve around two main goals, namely addressing immediate threats to life (in order to stabilize 
the patient’s condition) and determining a suitable plan of care (Sarcevic, Zhang, et al., 2012). 
The first decisions, generally made before patient arrival based on the prehospital information 
already available, regard whether the patient needs to be taken to the operating room (OR), 
whether a computer tomography (CT scan) is needed and whether additional specialists need to 
be called in (Sarcevic, Zhang, et al., 2012). Those triage-related decisions are generally made as 
early as possible in order to allow for enough time for everybody involved to, if possible, get ready 
before patient arrival (Sarcevic, Zhang, et al., 2012). This stresses the importance for the team 
leader to have timely access to detailed prehospital information (Sarcevic, Zhang, et al., 2012). 

Once the patient has been brought into the trauma bay, the decision-making process follows the 
patient evaluation protocol and decisions are primarily based on findings from each protocol step 
(Sarcevic, Zhang, et al., 2012). Beyond the reports on the patient’s physical examination, the 
relevant sources of information for the team leader include the EMS briefing at the very beginning 
of the resuscitation, the patient, the vital signs monitor, and the results from the laboratory tests 
performed (Sarcevic, Zhang, et al., 2012). Interestingly, Sarcevic and Burd (2008, p.3) note that 
the trauma leader “gather[s] information mostly through inquiries rather than through direct 
observations”, which means that she relies on the other team members’ information sharing to 
keep an accurate and up-to-date understanding of the situation. In regard to the resuscitation 
process, the team leader’s information needs include what has been done, how much time has 
passed since the last intervention and, in regard to multi-step procedures, what the current stage 
is (Sarcevic et al., 2008, p.6). It must be noted that, “because few mechanisms exist to help 
externalize information and distribute team cognition, leadership roles must internally synthesize 
information reported by multiple team members” (D. Kusunoki et al., 2015, p.6). The reliability 
of the provided information is essential to ensure that the “right” decisions are made (Sarcevic, 
Zhang, et al., 2012). 

Nurse recorder 
The nurse recorder’s main role is to document the trauma resuscitation event in written form by 
means of the trauma flow sheet (more about the documentation process in the following section 
(3.2.5)). In accordance with her documenting task, she is the second primary information seeker 
during trauma resuscitation events after the team leader (Sarcevic & Burd, 2008). However, 
Sarcevic (2010) has found that the nurse recorder overtakes several additional responsibilities 
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throughout the trauma resuscitation event, such as reminding the team about skipped tasks, 
managing the trauma bay environment, playing intermediary between the team and remote 
specialists / hospital units as well as transferring relevant administrative patient data to the 
responsible unit clerk. As such, the nurse recorder plays an active role throughout the whole 
trauma resuscitation event and contributes to the management of the resuscitation process through 
providing feedback to the team (Sarcevic, Weibel, et al., 2011). 

3.2.5 Trauma flow sheet and documentation process 

Role and characteristics of the trauma flow sheet 
The trauma flow sheet’s role within trauma resuscitations is particular, as it is the only official 
record produced during, and documenting, the event. The trauma flow sheet records the 
information necessary for administrative purposes, but it is also a living document that helps 
managing trauma resuscitation events, supporting and enhancing the trauma team’s performance 
(Sarcevic, 2010). For example, the sheet allows for the quick identification of missing information 
(Sarcevic, 2010; Sarcevic et al., 2011). Nevertheless, Sarcevic et al. (2008, p. 220) found that 
“artifacts such as the trauma flow sheet […] [are] only minimally used” during trauma 
resuscitations. 

The trauma flow sheet typically is a paper-based, multi-page form that the nurse recorder is 
responsible for filling in throughout the intervention. Its structure corresponds the patient 
evaluation procedure applied by the team, namely ATLS (Sarcevic, 2010). Two crucial 
characteristics of the flow sheet are simple navigation and quick data recording, as the nurse 
recorder is required to be able to both catch up with previously reported information and filling in 
simultaneous reports from different trauma team members working in parallel (Sarcevic, 2010). 

Known issues of the documentation process 
There are several issues related to the documentation process of trauma resuscitation events. Those 
issues can be divided into two main categories: data acquisition and data entry. Sarcevic (2010) 
identified several issues related to data acquisition by the nurse recorder during trauma 
resuscitation: delayed arrival of the nurse recorder, incomplete or missing reports of findings from 
patient evaluation, multitasking of the nurse recorder as well as difficulty for the nurse to acquire 
the needed information items because of visual or audible hindrances. 

In regard to data entry, it first must be noted that it currently (still) commonly relies exclusively 
on manual data entry. Indeed, Sarcevic, Marsic and Burd (2012, p.2) note that “critical patient 
data are usually recorded manually even when digital devices are used in data acquisition”. This 
reliance on manual data entry contributes to the difficulty of the documentation task, in particular 
when recording and time-stamping events (Sarcevic, 2010; Kusunoki & Sarcevic, 2015). Not all 
the fields on the flow sheet are optimally designed for real-time capture and display of the relevant 
information (Sarcevic, Weibel, et al., 2012) . 

Furthermore, even though the structure of current paper-based trauma flow sheets generally 
follows the standard patient evaluation procedure, the nature of the patient’s injuries frequently 
requires the team to deviate from it. This leads to the nurse recorder having to “jump” from one 
section of the sheet to another. 

As a consequence of those multiple issues, trauma flow sheets often contain inaccurate or missing 
data. This is problematic because other clinical settings rely on this documentation of the trauma 
resuscitation event (Sarcevic, 2010). 
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3.3 Team cognition and successful collaborative work 
3.3.1 Team cognition 

Team cognition refers to “the cognitive activity that occurs at a team level” (Cooke, Gorman, & 
Rowe, 2009) and revolves around the study of “how team members manage information, 
communicate, coordinate actions and collaborate […]” (Berggren, 2016, p.19). Two different 
theoretical perspectives are embedded into the broader concept of team cognition: shared 
cognition and interactive team cognition (Gorman & Cooke, 2011). Those two approaches 
represent complementary perspectives on team cognition. 

3.3.2 Shared cognition 
The shared cognition approach considers team cognition as shared, relatively stable knowledge 
representations (Gorman & Cooke, 2011). Those knowledge representations can be either 
complementary (distributed across different team members) or overlapping (similar across 
different team members) (Berggren, 2016). For example, the domain-specific knowledge of each 
role within the trauma team can be defined as complementary knowledge, as each role has an 
expertise of its own that, during trauma resuscitation, is combined with that of others. This makes 
it possible for the team to resort to the whole range of skills required by the resuscitation process. 
On the other hand, knowledge about the ATLS protocol is an example of overlapping knowledge, 
as all team members know how to apply it. 

Two shared cognition constructs are of particular relevance for the current thesis: shared mental 
models and shared situation awareness. 

Shared mental models 
Mental models can be defined as “organized knowledge structures that allow individuals to 
interact with their surroundings” (Berggren, 2016, p.21). By extension, shared mental models 
(also called team mental models) correspond to those organized knowledge structures that are 
shared within a team (Berggren, 2016). More specifically, the term refers to the team members’ 
overlapping knowledge about the team (for example, what roles are involved and what the 
expertise of each role is) as well as the tasks they need to perform (for instance, the ATLS 
protocol) (Berggren, 2016). In other words, shared mental models enable teams to “apply a shared 
understanding of the task, the structure of the team and the team members’ roles within it” (Westli 
et al., 2010, p. 2) and thus act as “an implicit coordinating mechanism” (Westli et al., 2010, p. 6). 
They have been pointed out in several studies as contributing to high team performance, increasing 
team efficiency and flexibility (Westli, Johnsen, Eid, Rasten, & Brattebø, 2010; Courtenay, 
Nancarrow, & Dawson, 2013). 

Shared mental models are per definition rather static, “long-term” knowledge structures as they 
correspond to elements that do not often change (such as the respective skills of the different team 
members or the verified, established intervention procedure) (Berggren, 2016). 

Shared situation awareness 
With simple words, situation awareness refers to “knowing what’s going on” (Endsley, 1995). It 
encompasses “the perception of the elements in [a dynamic] environment […], the comprehension 
of their meaning [in light of one’s goals] and the projection of their status in the near future” 
(Endsley, 1995, p.36), thus forming a basis for decision making (Endsley, 1995, pp.33-34). As 
such, situation awareness “is traditionally concerned with the present situation and […] the 
projection of future states mainly concerns states that are seconds to minutes away. […] Situation 
awareness is about dealing with the current and immediate, developing situation” (Berggren, 
2016, p.22). 
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Kusunoki et al. (2015) identify four facets of awareness that are relevant and required in medical 
emergency situations: team member awareness (which team members are present, what activities 
they are carrying out and what space they are occupying), task awareness (what the status of past, 
present and future activities is, how tasks are prioritized and how they can be coordinated), elapsed 
time awareness (how much time has passed since a specific, relevant action) and overall progress 
awareness (how far in the overall process the team has come). 

Accordingly, shared situation awareness (SSA), also referred to as team situation awareness, 
“relate[s] to how the individual team member’s situation awareness and team processes support 
the team in reaching the team goals” (Berggren, 2016, p.21) and can be understood as “ the 
collective understanding of the unfolding situation” (Parush et al., 2011, p. 477). SSA is more 
than the addition of each team member’s “individual” awareness, and does not imply that all team 
members must be aware of the same things at the same time (Parush et al., 2011). In contrast, it 
refers to the team’s building and maintaining a shared, collective body of knowledge (Parush et 
al., 2011). Like shared mental models, SSA is a determining factor in team performance and is at 
the heart of successful collaboration – as well as, by extension, patient safety (Parush et al., 2011). 
However, it must be stressed that SSA is in essence a much more dynamic knowledge structure 
than shared mental models as it is “shaped by emerging information and events” (D. Kusunoki, 
Sarcevic, Zhang, & Yala, 2015, p. 4). 

It must be noted that the situation awareness concept as defined by Endsley (1995) does not 
include the more static knowledge structures such as established doctrine and procedures which 
are proper to mental models. However, other researchers have pointed to the significant role 
played by shared mental models in building and maintaining SSA (Parush et al., 2011). 

Some researchers have also pointed to the necessity of establishing a common ground across team 
members in order to achieve SSA (D. S. Kusunoki, Sarcevic, Zhang, & Burd, 2013; D. Kusunoki 
et al., 2015). Although the shared mental models previously mentioned can be considered as type 
of common ground, the term refers here to a shared knowledge state about the specific situation 
at hand and requiring to be built anew for each new resuscitation. This is in contrast to shared 
mental models which, as they relate to the common understanding of intervention procedure and 
work organization, remain unchanged across cases. As such, establishing a common ground seems 
particularly important for task awareness because it enables the team to develop a shared 
awareness of what plan of action is required for the given situation. 

3.3.3 Interactive team cognition 
The interactive team cognition approach was elaborated in response to data inconsistent with the 
shared cognition approach (Gorman & Cooke, 2011) and is built on the consideration that “team 
interaction is team cognition” (Gorman & Cooke, 2011, p.304). Unlike shared cognition, which 
“is often based on aggregated individual-level inputs”, interactive team cognition “is looking at 
team-level inputs” (Berggren, 2016, p.22). As such, it “focuses on the [dynamically changing] 
interaction among team members […], which is directly observable and correlated to team 
effectiveness” (Berggren, 2016, p.22). From the interactive team cognition perspective, 
communication is thus seen as a central process (Berggren, 2016). In accordance with this view, 
many studies place communication at the core of teamwork and collaboration (Courtenay et al., 
2013; Sarcevic, Marsic, Lesk and Burd, 2008; Reddy & Spence, 2008). For instance, Westli et al. 
(2010, p. 6) state that “information exchange is a particularly crucial mechanism in excellent 
teams”, pointing to the positive impact of information sharing and communication on team 
performance. 
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Some researchers have also stressed the relation between communication and SSA, stating that 
“information sharing based on communication is essential to building and maintaining [SSA]” 
(Parush et al., 2011, p.478). This is somewhat consistent with the finding that shared cognition “is 
a minor consequence of team interaction as the interactions might alter shared knowledge” 
(Berggren, 2016, p.23). 

3.4 Team cognition in trauma teams 
3.4.1 Shared mental models 

As already mentioned above, the trauma resuscitation practice is structured after standardized, 
codified protocols for patient evaluation and management. Kusunoki et al. (2015, p.2) note that 
“[those] protocols […] serve as mechanisms by which medical teams manage the complexity of 
articulating their own work”. In addition to the common knowledge of those trauma resuscitation 
protocols, trauma team members also have a shared understanding of the area of expertise and 
activities for which each team member is responsible for in the trauma room (Sarcevic, Palen, et 
al., 2011). The latter is as important as the former as “knowledge of expertise and responsibilities 
of coworkers can be essential in identifying and addressing problems” (Sarcevic, Palen, & Burd, 
2011, p.465). Depending on their disciplinary expertise, all team members have a specific role to 
fulfill during trauma resuscitation. Their knowledge of what responsibilities their own and others’ 
role entail is what makes it possible for them to efficiently work together even if they personally 
never have met or worked together before. 

Previous research suggests that this shared understanding of work distribution across different, 
clearly defined roles might be more important for efficient collaboration within trauma teams than 
the knowledge of the patient evaluation and management protocols. 

Kusunoki et al. (2015, p.2) point out that “even with a protocol defining how and in what order 
each physiological system must be evaluated, task coordination is still dynamic and changes with 
patient needs”. However, Sarcevic, Marsic, Lesk and Burd (2008, p.5) observe that “variations in 
distribution of control tasks across teams and resuscitations are minor despite the need for 
adaptation to different scenarios”. Those findings hint to the fact that, as trauma teams are required 
to deviate from the standard procedure in certain cases, they need to rely mostly on their shared 
knowledge of who can do what within the team in order to set up work structure and task 
coordination. Sarcevic, Palen et al. (2011, p.467) accordingly found that “insufficient awareness 
of roles and responsibilities of others in the team may lead to delays in both assigning and 
accomplishing tasks”. This stresses the need for trauma team members to be able to quickly 
identify which roles are accounted for in the trauma bay. 

3.4.2 Common ground 
As underlined in section 3.3.2, some researchers have made a link between SSA and common 
ground, arguing that the establishment of common ground among trauma team members is a 
prerequisite in order to build and maintain SSA (D. S. Kusunoki et al., 2013; D. Kusunoki et al., 
2015). However, previous research points to the fact that building a shared understanding of the 
situation at hand before and throughout trauma resuscitation is challenging for trauma teams (D. 
Kusunoki et al., 2015). 

A first issue is the lack of information available prior to the trauma resuscitation event (D. 
Kusunoki et al., 2015). Their ability to form a shared picture of the situation is highly dependent 
on the available preparation time available as well as the urgency and complexity of the event. 
Those parameters can greatly vary from case to case (D. Kusunoki et al., 2015). As Zhang, 
Sarcevic and Burd (2013, p.1586) point out, “the biggest challenge is not getting enough 
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information about an incoming patient, or not receiving a notification at all” since “patients often 
arrive either unannounced or are described in insufficient detail to allow appropriate preparations” 
(p.1579). However, some studies have found that, even if a prehospital report is communicated to 
the trauma team, the information handover between EMS and the team presents some issues that 
often prevent it from fulfilling this role (Sarcevic & Burd, 2009; Zhang et al., 2013). Those issues 
mainly have to do with the content and structure of the report and with its assimilation by the 
trauma team. In regard to former, the most recurring issues are lack of structure, incompleteness 
(omission of relevant information) and presence of inaccuracies. The severity of the patient’s 
injuries seems to be negatively correlated to the quality of the prehospital reports: in their 2013 
study, Zhang et al. found that the more severe the injury, the less structured and the more 
speculative the resulting report was. In regard to the assimilation of the prehospital report by the 
trauma team, a first hindrance is that the team receives all the information from the EMS crew at 
once. This is inconvenient because not all the information is relevant at the time it is given, making 
it necessary for the team members to memorize the pieces of information they do not need right 
away and recall them later on (Sarcevic & Burd, 2009). A second hindering factor is that, as the 
EMS report “is usually heard once during preparation for patient arrival or upon patient arrival, 
when teams already start evaluating the patient, […] teams rarely pay attention to the report” 
(Zhang et al., 2013, p.1587). As a consequence, trauma team members’ knowledge of prehospital 
information is often incomplete and possibly even partially inaccurate due to their having to recall 
the given information. This leads to information losses that trauma teams need to compensate later 
on in the intervention. 

Another recurring problem in trauma resuscitations in regard to the establishment of a common 
ground within the team is the late arrival of trauma team members, who miss the EMS briefing 
entirely (Zhang et al., 2013; Sarcevic & Burd, 2009). This happens quite frequently as the trauma 
team members “are not dedicated only to trauma care and are called from their regular duties when 
trauma occurs” (Sarcevic & Burd, 2008, p. 2). This leads to their arriving late and at different 
times (D. Kusunoki et al., 2015; Zhang et al., 2013). Even if in some trauma centers “basic 
prehospital information [from the first EMS report] is also written down on whiteboards near 
resuscitation areas […]”, this information “[…] offers limited insight into the patient status and is 
often ignored” (Zhang et al., 2013, p.1580). In consequence, latecomers rely heavily on their team 
members’ verbal recollection of the relevant information from the prehospital report to get an 
understanding of the situation. 

Team fluctuations are a related further impediment in establishing a common ground across all 
team members (Courtenay et al., 2013; Kusunoki et al., 2015). Not only do some team members 
arrive late to the trauma bay, but some may also have to leave in the middle of the intervention 
(D. Kusunoki et al., 2015; Zhang et al., 2013), possibly requiring for other team members to step 
in in order to take their place around the patient. Those changes in team composition are 
problematic because “each time team members enter the room, they need to build common 
ground, and each time a latecomer arrives, extra effort is required to bring them up to speed. This 
[…] introduces a potential risk to establishing awareness, making it challenging to support 
meaningful social awareness beyond knowing roles and levels of experience […]”(D. Kusunoki 
et al., 2015, p. 5). 

A consequence of those multiple issues is that, as knowledge of prehospital events varies across 
team members, it is difficult for the team to build and maintain a shared understanding of the 
situation at hand. 
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3.4.3 Communication and information sharing 

Enhanced importance of communication in emergency medical settings 
Communication has been pointed out in many studies both as one of the most fundamental and 
one of the most problematic aspects in the trauma resuscitation setting. Although the crucial role 
of information sharing and communication in successful collaboration has already been 
underlined (see section 3.3.3), it must be noted that it has been pointed out in previous research 
as even more vital in the medical emergency and trauma resuscitation contexts (Courtenay et al., 
2013; Sarcevic et al., 2008; Bergs, Rutten, Tadros, Krijnen, & Schipper, 2005). In fact, it has 
been found that the intensity of information transfers within a team had a direct impact on team 
performance. For instance, Westli, Johnsen, Eid et al. found in their 2010 study that higher-
performing teams showed more information exchange than lower- performing teams. 

Strong reliance on verbal communication and lack of information externalization 
Communication within trauma teams is mostly verbal (Sarcevic & Burd, 2008; Sarcevic, 
Weibel, Hollan, & Burd, 2011). Sarcevic, Marsic, Lesk, et al. (2008, p.8) state that “verbal 
communication strains team’s cognitive capabilities, but is accepted as a solution because of the 
lack of an effective alternative”. Oral communication is all the more necessary in trauma 
resuscitation as it operates with few devices for tracking patient status and team activities, and 
thus, by extension, for supporting teamwork (D. Kusunoki et al., 2015; Sarcevic et al., 2008): 
“few artifacts […] help teams externalize their cognitive processes. Additionally, instruments 
and technologies in the trauma bay are rarely networked. While each helps to monitor a single 
parameter of patient state, they do not integrate into a single system that could be used to 
support workflow and communication or enable tracking changes in patient status” (Sarcevic et 
al., 2008, p. 217). The trauma resuscitation setting is consequently characterized by a 
“surprisingly low amount of externalization of information” (Sarcevic et al., 2008, p. 222). 

Team members therefore rely mainly on each other to gather and interpret the relevant pieces of 
information and maintain situation awareness (Sarcevic et al., 2008; Sarcevic, Palen, et al., 
2011; Sarcevic, Weibel, et al., 2012). 

Issues related to the heavy use of verbal communication during trauma resuscitation 
Nonetheless, this almost exclusive reliance on oral communication can become problematic in 
certain situations. The lack of audible interaction between team members is a recurrent issue, 
leading to their having either to repeat their reports or questions several times or to speak out 
loud (Sarcevic et al., 2008; Bergs et al., 2005). The reason for the elevated number of inaudible 
statements delivered by team members seems to be the high noise level in the trauma bay, 
caused by overlapping voices (several team members speaking at the same time) and ambient 
noises (Sarcevic et al., 2008). Other communication-related deficiencies include failures to 
communicate information, such as omitting to report findings from patient evaluation, and the 
sharing of incomplete information (partial reports by team members) (Sarcevic, Marsic, et al., 
2012; Sarcevic, 2010). 

Those issues related to communication and information sharing lead to lacking knowledge 
transfer during trauma resuscitation events (Bergs et al., 2005), making it difficult for the team 
members to acquire the required information for critical decision-making (Sarcevic et al., 2008). 
A study by Sarcevic et al. (2012) namely found that communication errors are the main type of 
errors within trauma teams. 
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3.5 Data display 

Purpose of shared wall displays 
Within the last five years, there has been research around how to support medical team 
performance through the use of shared team displays, both in the OR (Parush et al., 2011; Wu et 
al., 2014) and in medical emergencies, especially in the more specific trauma resuscitation setting 
(D. S. Kusunoki et al., 2013; D. S. Kusunoki & Sarcevic, 2015; D. Kusunoki et al., 2015; Sarcevic, 
Weibel, et al., 2011; Sarcevic, Zhang, et al., 2012). Large, shared displays have been believed to 
efficiently support teams in building and maintaining TSA. Wu et al. (2014, p.316) note that 
“shared visual referents to the procedure, its state, and the resources involved may increase the 
shared understanding” and thus support both shared mental models and common ground, 
facilitating decision-making (Sarcevic, Zhang, et al., 2012). In fact, several studies conducted in 
different settings have shown that “wall displays can help support work that is distributed over 
people, time and space by facilitating task coordination and management, resource planning and 
tracking, synchronous and asynchronous communication, and problem solving” (Sarcevic, 
Weibel, et al., 2012). 

In regard to trauma resuscitation in particular, where the need for a better support for information 
externalization has already been stated (see section 3.4), it has been hypothesized that “displaying 
critical patient information using peripheral, large wall displays could facilitate information flow 
from providers […] to seekers […], while also enabling quick information absorption at a 
minimum interference with the team’s focus of attention—the patient” (Sarcevic, Weibel, et al., 
2012, p.3). So far, findings from previous research (Sarcevic, Weibel, et al., 2012; Wu et al., 2014) 
seem to concur in suggesting that large information displays may indeed enable faster access to 
patient- and process-related information and contribute to improving team performance. 

Existing research on shared team displays in the trauma resuscitation and OR settings 
Building on this premise, several studies have investigated how shared information displays could 
be designed in order to effectively and efficiently support medical teams’ work performance. In 
particular, 8 studies (6 specifically about trauma resuscitation as well as 2 more specific to the OR 
setting1) from within the past four years (2012-2015) are directly relevant to the problematic of 
the display of information to medical teams during trauma resuscitations. Here we briefly present 
the studies in question: 

(1) Kusunoki et al. (2013) investigated whether or not the use of a wall display to support 
TSA was feasible in the trauma resuscitation context through studying the use of the vital 
signs monitor by the different team members. 

(2) Sarcevic, Zhang, et al. (2012) have looked at what decisions trauma leaders are required 
to make before and during trauma resuscitations and what information sources they rely 
on to do so. 

(3) In their 2012 study, Sarcevic, Weibel et al. tested the feasibility of a large wall display in 
the trauma resuscitation setting, taking both data entry and display in consideration. 
Using the digital pen technology to electronically capture the data that was entered on the 
flow sheet by the nurse recorder, they attempted to display the information gathered on a 
large wall display specially designed for trauma resuscitations in the trauma bay. They 
were thus able to evaluate both the input method chosen and the design of their display. 

                                                 
1 Those two studies conducted within the OR setting were included as we felt that some of the findings the 
researchers have come to, in particular in regard to visualization recommendations, had some relevance in the 
trauma setting as well. 
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(4) Kusunoki et al.’s 2015 paper is, to our knowledge, the most detailed study about the 
design of shared team displays in the trauma resuscitation setting published so far. 
Applying the participatory design principles, they have asked several groups of clinicians 
to sketch designs for such displays. 

(5) The question of what timing-related indications were relevant for which of the different 
categories of information relevant to trauma resuscitation has been the object of a study 
by Kusunoki and Sarcevic (2015). 

(6) Parush et al. (2011) looked into recommendations and requirements for the design of a 
shared wall display aimed at augmenting and facilitating SSA and teamwork in the 
cardiac OR setting. 

(7) The study conducted by Wu et al. (2014) addresses the question of how dynamic 
checklists can be used to support clinicians’ work in the OR during medical interventions 
and how they compare to paper-based checklists or the absence of checklists in terms of 
impact on work performance. 

(8) Zhang, Sarcevic, Yala et al. (2014) focused on how digital cognitive aids can be designed 
in order to support trauma teams in maintaining SSA. More specifically, they suggest 
showing checklist information on a shared team display during trauma resuscitations and 
issue corresponding design recommendations. 

These papers have focused on identifying what information categories need to be present on the 
display(s), how data should be distributed across team members and multiple displays, how many 
monitors (screens) are necessary as well as where inside or outside the trauma bay monitors should 
be placed in order to best serve their purpose. The question of how certain information items and 
visual components could be visualized has also been addressed. Table 1 shows what questions 
have been addressed by which of the six studies presented above. 

 (1) (2) (3) (4) (5) (6) (7) (8) 

What information categories need to be present 
on the display(s)? 

        

How should data be distributed across team 
members and multiple displays? 

        

How many monitors (screens) are necessary?         

Where inside or outside the trauma bay 
monitors should be placed? 

        

How can certain information items and visual 
components be visualized? 

        

Table 1: What research questions have been addressed by the 8 studies presented above. 

Information needs of medical teams during interventions 
In regard to the identified information needs of trauma teams and, more generally, of medical 
teams, the different studies come to similar conclusions. It is generally accepted that a wall display 
supporting team cognition and information externalization for medical teams should contain both 
patient- and process-centered information. 
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Patient-centered information is, of course, seen as the central component of the display. Vital signs 
are essential, as they are what clinicians look at the most to evaluate and monitor the patient’s 
state. However, it seems to be accepted that a shared wall display could contain, in addition to the 
vital parameter data currently already available through the vital signs monitor, more contextual 
information about the patient (demographics, medical history) and the mechanism of injury (how 
the patient got injured). This additional contextual data is seen as particularly useful for the team 
leader and should support faster and safer decision-making. 

Process-centered information, on the other hand, would enable team members, and in particular 
latecomers, to build and maintain a shared understanding of the team’s progress, which could 
facilitate team coordination. In addition, an overview over the main components of the work 
process could also play the role of a checklist and support team members in identifying omitted 
steps, as well as help them stick more strictly to the established protocol without adding to their 
already high cognitive load. A further process-related information category that seems to be 
considered as fundamental is administered medications and fluids. Unlike certain other process-
related information items, “the amount of fluid and medications already administered […] cannot 
be inferred by looking at the patient- bed area” (Sarcevic, Weibel, et al., 2012, p.3). However, it 
is often there that tight coordination and collaboration between different team members are 
required, which makes it a priority candidate for externalization. Finally, two of the studies 
(Sarcevic, Weibel, et al., 2012; Zhang, Sarcevic, Yala, & Burd, 2014) have pointed to the need 
for better support in regard to more administrative information, such as the availability of 
equipment, the ordering of tests and the coordination with other hospital units. 

In table 2, the detailed, combined findings from the eight studies mentioned above regarding what 
information should be shown on a shared display supporting team cognition and information 
externalization have been put together. 

Information category Subcategories 

Prehospital information 
and patient background 

 Patient demographics (age, weight) 
 Mechanism of injury 
 Prehospital interventions 
 Patient’s name, allergies, past medical history 

Patient status 

 Raw vital signs and trends (incl. initial/prehospital 
values) 

 Results from patient evaluation (incl. abnormal findings) 
 Results from lab tests 
 Results from X-rays 
 Changes in patient status (incl. time since changes) 

Treatment 

 Medication (name, dosage, timestamp, [for sequentially 
given medication] time since and drug timer [to indicate 
when the next dose should be administered]) 

 Fluids (type, amount, type started, rate) 
 Other interventions (time since [last iteration], number 

of iterations) 
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Progress / process status 
 Overview over tasks recently completed 
 Periodic checklists of ATLS protocol steps (completed 

tasks, tasks in progress, tasks remaining to be done) 

Orders and coordination 
with other hospital units 

 Lab tests (ordered tests, test that should be ordered, 
whether the results are back, test results) 

 Plan of care (surgery needed, CT-scan planned, hospital 
unit taking over the patient’s care) 

 Available equipment and resources (amount of blood 
available) 

Team 
 Roles present, roles missing, team leader, other 

specialist called 

Time 
 Absolute time since patient arrival 
 Time since patient arrival (timer) 
 Time the information on the display was last updated 

Table 2: Information categories and subcategories recommended on shared displays supporting SSA. 

Visualization-related recommendations 
Most visualization-related recommendations expressed in the different studies have to do with 
legibility of text and images (D. Kusunoki et al., 2015; Wu et al., 2014) in consideration to the 
distance from which the display(s) will be looked at as well as the use of highlights in order to 
guide the attention of the trauma team members towards the most appropriate / important 
information items at a given time (D. S. Kusunoki et al., 2013; Zhang et al., 2014). For example, 
Zhang et al. (2014) suggest for abnormal findings from patient evaluation to be emphasized using 
visual primitives so as to help the team prioritize treatments. Furthermore, Parush et al. (2011, 
p.482) recommend displaying critical elements and items “in more than one fashion or in more 
than one place to ensure that the information is conveyed to the medical and nursing staff in one 
way or another”. 

Approaches to limit the amount of information on the displays 
In consideration of the high amount of relevant information items (and the resulting danger of 
information overload), two studies (D. S. Kusunoki et al., 2013; Sarcevic, Weibel, et al., 2012) 
suggested making the content of the display dynamic. There are two different perspectives on the 
topic. One is to have the display show different information depending on the progress of the 
resuscitation. This suggestion relies on the finding that not all information is needed at all times, 
and that the need for certain information items fades or fluctuates over time. For instance, 
Sarcevic, Weibel, et al. (2012, p.3) note that “mechanism of injury was important for making the 
initial decision about the patient treatment; airway status was needed during initial evaluation; age 
and weight were needed throughout the event to determine medication and fluid dosage”. The 
second perspective, suggested by Kusunoki et al. (2013) is for the display to adapt to the use the 
team is making of it, that is, how long the team members focus on the display. The idea here is 
that the longer the display is being scrutinized, the more (contextual) information can be shown. 
However, the feasibility of this approach from a technical point of view is not yet ascertained. 

A different strategy to limit the amount of information needed on the display is to distribute it 
across multiple displays, and to have different displays for different team members. This strategy 
builds on the finding that different roles have different needs and thus require different information 
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to be visible at different times (D. Kusunoki et al., 2015; Sarcevic, Weibel, et al., 2012). In this 
context, it seems accepted that the team leaders have specific information needs as they are not 
involved in the hands-on care of the patient but are responsible for making decisions regarding 
immediate treatment and plan of care. In accordance with this, Kusunoki et al. (2013) and 
Sarcevic, Weibel, et al. (2012) both suggest having one display exclusively meant for the trauma 
leader (and possibly the other decision- makers involved in the trauma resuscitation process). In 
regard to the rest of the team, three different user groups in particular have been distinguished: 
non-leadership roles, latecomers and supportive staff (working in the administrative area and not 
directly involved in patient care). However, a significant drawback of the distribution of 
information across several displays is that it can potentially negatively affect the team’s shared 
awareness of the ongoing trauma resuscitation as not all team members have access to the same 
information. This is to some extent in contradiction with the purpose of shared wall displays 
discussed above. For this reason, Zhang, Sarcevic, Yala and Burd (2014) suggest having one 
display shared by the whole team, though this recommendation refers only to process-centered 
information. 

It must be noted that several of the studies investigating the design of shared displays for the 
trauma resuscitation setting present a concrete suggestion as to what information should be 
included on the display as well as how it could be structured and distributed across different roles 
(and, in one case, locations). The different solutions proposed are brought together in appendix 
9.1. 

Number, location and form of the displays 
The number of monitors needed and their ideal location has also been discussed in the literature, 
though no definite consensus has been reached: “the question of whether there should be multiple 
displays presenting different information for different roles is still debatable, as is the form factor” 
(D. Kusunoki et al., 2015, p.33). Nevertheless, some researchers have found that mirrored displays 
(one display shown on multiple monitors, placed in different spots across the room) might be 
necessary in order for it to be equally convenient for team members standing at different spots 
around the bed to access the displayed information (D. S. Kusunoki et al., 2013; Wu et al., 2014). 
In regard to the location of the displays, a general recommendation is for them to be placed “as 
near to the patient as possible to minimize the time spent switching between looking at the patient 
and the monitor” (Kusunoki et al., 2013, p.538)2.  However, it is clear from looking at the different 
solutions presented in the articles that the emplacement of a display depends first and foremost on 
which role(s) it is meant for and what information it contains. Kusunoki et al. (2015, p.33) even 
argue that “as […] different roles expressed different preferences for information types, […] there 
is no need for a ‘visible-by-all’ kind of display. Given the relatively consistent positioning of roles 
during resuscitations, it may be possible to tailor displays to particular roles and their information 
and awareness needs (some roles even suggested distributing information across the room). These 
displays may appear in different forms (e.g., wall displays, tablets, or wearable displays), which 
will again depend on the work and space constraints around each role”. 

The need for a display that would enable team members on their way to the trauma bay to update 
their knowledge of the situation has also been pointed out (D. Kusunoki et al., 2015). Such a 
display could be shown on monitors in other hospital departments, or could be designed for a 
wearable device that team members could have on them. 

Feasibility of shared team displays in the trauma resuscitation setting 
                                                 
2 For this reason, Kaulen (2015) looked into the feasibility of using Google Glass to support time-critical teamwork 
instead of wall displays. 
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However, the feasibility of a shared team display in the trauma resuscitation setting has not yet 
been definitely demonstrated. Although a study conducted by Kusunoki et al. (2013) has shown 
that trauma team members would have the availability to look at a display at the condition that 
“the displayed information can be absorbed within a safe amount of look-away time from the 
patient” (p. 537), there are several further concerns that remain with such an approach. Most of 
those concerns can be divided into two categories: information content and visualization and data 
collection. 

The potential issues related to the first category have to do with the ability of the display to adapt 
to different situations as well as with the visibility and the assimilation of the information (D. 
Kusunoki et al., 2015). Different situations might require different information, both in terms of 
content (what information is relevant) but also in terms of quantity (how much information on a 
specific aspect of the trauma is needed). The attention that clinicians can give to the display is 
limited and their cognitive load already high; accessing a specific information item should be fast 
and easy, without requiring any additional time or effort (D. S. Kusunoki & Sarcevic, 2015). This 
tradeoff between the quantity of potentially relevant information and the simplicity of the display 
required by the context of use is a complex challenge (Wu et al., 2014). 

Nonetheless, the main concern in regard to shared displays in the trauma resuscitation setting lies 
in data entry. This problematic is addressed in detail in the following section (3.6). 

3.6 Data entry 
3.6.1 Paper-based vs. digital data entry 

The most obvious strength of a digital system is the automated capture of certain types of data, 
such as author, time, date and, in the context of trauma resuscitation, IV fluid totals, among others 
(Coffey et al., 2015). Technology enhanced data entry is reportedly also less error-prone than 
manual input (Poston et al., 2007), and can in some cases also be quicker, albeit after a certain 
learning (training) period (Zikos et al., 2014). 

However, in comparison with PPRs, digital systems have some fundamental disadvantages. In 
fact, despite their aforementioned advantages, the difficulties and constraints that computerized 
systems place on data entry seem to be one of the major factors leading to the clinicians’ 
dissatisfaction with them (Dziadzko et al., 2016) and as such one of the main barriers to the 
adoption of EMRs (Celikkan, Sahin, & Senuzun, 2013; van Engen-Verheul et al., 2016). 

The main disadvantage of digital input lies in that it requires structured data entry. Digital systems 
are as such “perceived to restrict freedom of expression compared to free text”(Celikkan et al., 
2013, p.2). Unlike PPRs, which grant the user with the freedom to be ambiguous and to “record 
which data, how and where in the PPR” (Tange, 1995, p.128) and thus to easily put down “soft” 
data, EMRs require a much more structured form of input. The problematic this causes is two-
dimensional. First, “much of the data within healthcare records is difficult to standardize because 
it is in the form of […] heterogeneous free-text” (Poston et al., 2007, p.60), which makes the 
capture of all relevant data through a digital system hard to achieve. By restricting the user’s range 
of input possibilities, there inevitably is some information “that doesn’t fit in the formal electronic 
record, rendering certain types of work invisible, […] making the procedural information that 
facilitates the clinical work too difficult to track (Fitzpatrick & Ellingsen, 2013, p.623). Second, 
this dependence on structured data entry can lead to an increase in the user’s cognitive load: 
“structured data entry […] may be a challenge for physicians when design and implementation of 
an EPR do not align with their cognitive and workflow requirements and preferences” (van Engen-
Verheul et al., 2016, p.16). This can result in a loss in workflow efficiency, as “cognitive demands 
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introduced by the system on physicians who are already engaged in many other vital tasks 
contribute to decrease in efficiency” (Marian et al., 2012, p.5). For example, Marian, Dexter, 
Tucker, & Todd (2012, p.5) note that “with a paper record, writing down the name of a drug and 
dose administered takes a couple of seconds. With a touch screen interface, the [user] has to find 
the drug from the list of available […] medications and document it”, which requires both more 
time and focus from the user. 

3.6.2 Theory on digital data entry 

Laws and factors involved in data entry 
Previous research on data entry has shown that input through a keyboard and mouse is composed 
of “two basic kinds of movements: (1) movement of the hands toward a target and (2) keystrokes” 
(Card, Moran, & Newell, 1983, p.51). Based on this observation, different laws and models have 
been defined in order to calculate and predict data entry speed (of expert users). 

Fitts’s law (1954) is one of the most central of those laws. As summarized by Card, Moran and 
Newell (1983, p.53), “[Fitts’s law] says that the time to move the hand to a target depends only 
on the relative precision required, that is, the ratio between the target’s distance and its size”. In 
other words, the farther away and smaller a target, the more time it takes for the hand to reach it; 
reversely, the closer and bigger a target, the quicker the movement towards it will be. In addition 
to the physical characteristics of the target (i.e. distance and size), it has been proved that practice 
is a significant factor influencing the time required to carry out a task. Indeed, according to the 
power law of practice, “the time to do a task decreases with practice” (Card et al., 1983, p.57). 

However, data entry is not a purely physical (motor) activity, but also requires the user to engage 
in mental processes. In particular, the time needed by the user to decide which target to choose, 
that is, which button to press, also needs to be taken into consideration. The general rule here is 
that the more numerous the proposed alternatives, the more mental steps are required and the 
longer it takes for the user to select a specific option. Nevertheless, Card, Moran and Newell 
(1983, p. 72) stress that “the relationship between time required and number of alternatives is not 
linear because people apparently can arrange the processing hierarchically (for example, dividing 
the responses into groups, then on the first cycle deciding which group should get further 
consideration)”. In addition, it must be noted that the number of mental steps involved in choosing 
a target also decreases with practice (Card et al., 1983, p.76). 

Keystroke-Level model 
The keystroke-level model (KLM) has been developed to enable designers to, within a certain 
extent, “predict how much time a user would take to accomplish a given task with a given 
interactive computer system” (Card et al., 1983, p.260). More precisely, the model makes it 
possible to predict “the time an expert user will take to execute the task using the system, provided 
he uses the method without error” (Card et al., 1983, p.260). This prediction is based on different 
given parameters, including the task, the method used for the task (the steps required to carry out 
the task in the system) and the response time parameters of the system. 

KLM is interesting in that it deconstructs the human-computer interaction process into the 
different physical, mental and system-related steps involved. Those steps are “coded” in the form 
of primitive operators: “the execution part of a […] task can be described in terms of four physical-
motor operators, K (keystroking), P (pointing), H (homing, i.e. switching from keyboard to mouse 
and vice versa) and D (drawing), one mental operator M, and system response operator R” (Card 
et al., 1983, p.262). The method designed to carry out a task in a system can be encoded in terms 
of these operators (Card et al., 1983, p.261), resulting in a method-specific sequence of operators. 
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Performance time can then be deduced from the sum of time for each of the operators (benchmark 
values) in the sequence (Card et al., 1983, p.422). As such, according to the model, the time 
required to execute a task in the system can be reduced through the simple elimination of 
operators, that is, the removal of steps within the method applied to the task (Card et al., 1983). 

Touch-level model 
Although subsequent research has validated the KLM approach for keyboard and mouse 
interaction method, it has been recognized that “[it] is ill-equipped to accurately describe a “post-
PC” world of touchscreen and mobile devices” (Rice & Lartigue, 2014, p.1). Rice and Lartigue 
(2014, p.1) argue that “because the predominant model of user interaction has shifted so radically 
from the WIMP (Windows, Icons, Menus, Pointer) paradigm of the classic desktop PC to the more 
flexible, natural interaction possible with constrained- input touch screens, the basic tenets of […] 
KLM must be reexamined”. Although it has been found that “most original KLM operators can 
produce good prediction accuracy for touchscreen interfaces”, several researchers have suggested 
extending KLM through the addition of new operators able to “account for the novel interactions 
afforded by touchscreen interfaces” (Rice & Lartigue, 2014, p.3). 

Building on the existing research on the topic, Rice and Lartigue (2014) have developed a “touch-
level model” combining some of the original KLM operators (K, H, M, R) with new, touch-
specific operators. Most of those new operators are dedicated to the new types of interaction 
introduced by the touch technology. Those operators are Z (zoom), P (pinch, the opposite of 
zooming), T (tap), S (swipe), L(d) (tilt, d-degree rotation of the device), O(d) (rotation, d-degree 
rotation of at least 2 fingers on the screen) and D (drag). In addition to those, three further new 
operators are suggested: I (initial act, as touchscreens generally have to be prepared for use, for 
example through pressing the home button), X (distraction, as mobile users are frequently 
distracted while carrying out a task) and finally G (gesture, standing for specialized gestures other 
than those covered by the aforementioned operators). 

Frequency of tasks 
Optimizing task execution efficiency is not equally important for all the types of tasks supported 
by the system. Card, Moran and Newell (1983, p.420) stress that “the different types of tasks occur 
with unequal frequency – most of the user’s time will be spent doing a very few task types. It is 
important to specify those high-frequency tasks. The user will become highly skilled on these 
tasks, and they should be made easy and efficient to do”. 

Error recovery 
Error recovery is a critical aspect of data entry (Card et al., 1983; MacKenzie & Tanaka-Ishii, 
2007) that is not equally well-supported by the different data-entry techniques and devices 
available. For example, MacKenzie and Tanaka-Ishii (2007) state that while error recovery is 
fairly straightforward with the keyboard and mouse data entry method (“hit the backspace key and 
retype”), it is more problematic with ASR (see section 3.6.3). Referring to error correction as a 
“highly skilled behavior”, Card, Moran and Newell (1983, p.423) stress that “error recovery 
methods should […] be designed for learnability and efficiency” and point to the necessity for an 
“undo” command. 

3.6.3 Digital data entry in healthcare 

Overview over the different data entry tools used currently in healthcare 
Common data entry tools within healthcare include keyboard and mouse, touch screens and 
automatic speech recognition (ASR) (Celikkan et al., 2013). In addition, the resort to the digital 
pen and paper (DP&P) technology in different healthcare settings appears to have been the object 
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of a significant number of studies within the last 10 years (Despont-Gros, Rutschmann, 
Geissbuhler, & Lovis, 2007; Dykes et al., 2006; Estellat et al., 2008; Luff, Heath, Norrie, Signer, 
& Herdman, 2004; Sarcevic, Weibel, et al., 2012). 

In the following paragraphs, those different data entry methods are described in some detail and 
from a more general perspective, that is, beyond their usage in the medical domain. It is assumed 
that clinicians are no different than the general population when it comes to data entry behavior 
and preferences. 

Keyboard and mouse 
Even though “there is no generic data entry system in the medical domain” (Baas, Bernonville, & 
Kolski, 2014, p.1046), a 2013 study found that keyboard and mouse was both the main method of 
data entry within healthcare and the data entry tool seen as the most reliable by clinicians 
(Celikkan et al., 2013). However, the fact that some of them resort to dictation (and transcription 
through a medical clerk) (Celikkan et al., 2013) suggests that keyboard entry is, in spite of 
everything, not fulfilling their expectations and needs. Indeed, Coffey et al. explain that keyboard 
entry “is often perceived to be […] cumbersome […] because it requires more involved hand-eye 
coordination skills (ie, inputting data via a keyboard and mouse rather than using a paper and pen) 
and more cognitive energy to navigate and interact with data fields on a screen compared with the 
more familiar layout of a paper flow sheet” (2015, pp.52-53). The fact that the “the mouse-
keyboard keyboard appears to be poorly adapted in many clinical settings […]” has been given as 
the reason why “several [data entry] alternatives, such as voice or handwriting recognition, have 
been tested and used […]” in the medical domain (Despont-Gros, Rutschmann, Geissbuhler, & 
Lovis, 2007, p.850). 

In regard more specifically to keyboard entry, QWERTY is the classical keyboard layout (Martin 
& Pecci, 2007, p.150). Nevertheless, it has been known as not being ideal in terms of efficiency 
(Martin & Pecci, 2007). There have thus been attempts to improve keyboard entry performance 
through the development of so-called optimized keyboards, that is, keyboards on which the layout 
of the keys has been modified in order to maximize typing speed (Martin & Pecci, 2007). The 
elaboration of these keyboards is mainly (though not exclusively) based on Fitts law (see section 
3.6.2). ATOMIK is maybe the most well-known example of such an optimized keyboard (Martin 
& Pecci, 2007). However, the users’ familiarity with the QWERTY keyboard has prevented any 
other layout from breaking through (Fuccella, De Rosa, & Costagliola, 2014). As Martin and Pecci 
(2007, pp.176-7) note, it is very difficult or even impossible to find users who have never used 
the QWERTY layout. In this context, switching to a different, optimized keyboard is seen as too 
much of an effort and requiring too long of a learning period to be worthwhile, in particular since 
the resulting gain in efficiency would be rather insignificant (4%) (Martin & Pecci, 2007). 

Soft keyboards 
The same is also true for “soft” keyboards (Nicolau, Guerreiro, Lucas, & Jorge, 2014), even 
though “the motor skill of two-handed eyes-free touch typing is very different from the simple act 
of one-handed-eyes-on typing with a stylus on a soft keyboard” (Mackenzie, Zhang, & Soukoreff, 
1999, p.236). Soft keyboards are virtual copies of physical keyboards enabling the user to select 
keys through a pointer (mouse, stylus or finger) (Martin & Pecci, 2007, p.151). They represent 
“the most common technique to enter text on smartphones and tablets” (Fuccella, De Rosa, & 
Costagliola, 2014, p.511). With the appearance and growing popularity of small-sized, mobile 
devices with touch screens, soft keyboards have in turn been the focus of a significant body of 
research. 

Wright et al. (2000) identified three main issues (beyond the layout of the keys) with small- sized 
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soft keyboards. First, keyboards on small touch-screens often distribute the different keys across 
different modes, typically requiring “the use of certain function keys to access certain numeric 
and punctuation characters” (p.703). This is problematic as it has been demonstrated that “moded 
styles of interaction can be confusing to the users” (ibid.). Second, due to the small screen size, 
there is correspondingly little space available for and between each key. This slows down 
performance, makes it more difficult to differentiate between similar-looking characters and 
increases the degree of motor skill required to use the keyboard. Thirdly, with soft keyboard typing 
being first and foremost a visual skill (especially for beginners) (MacKenzie & Tanaka-Ishii, 
2007; O’Brien, Rogers, Fisk, & Richman, 2008), the users need to look at the keys when typing. 
Data entry errors (such as entering a letter from a keyboard location close to the target key or 
having the system misinterpret a single pressure for multiple taps on the same letter) might 
consequently be overlooked (Wright et al., 2000, p. 704), which negatively affects the reliability 
of touch typing. Those drawbacks to small-sized touch keyboards have raised the question as to 
“whether a physical keyboard will be more effective for handheld computers than the touch-screen 
alternatives” (Wright et al., 2000, p.703), as text input has even been described as “the most 
demanding tasks in mobile devices” (Nicolau, Guerreiro, Lucas, & Jorge, 2014, p.292). 

However, unlike physical keyboards, soft keyboards generally offer additional functionality and 
allow for tool-based optimization, which consists in providing the user with new interaction 
techniques in order to facilitate data entry (Martin & Pecci, 2007). The use of visual aids to 
highlight certain letters and predictive input are examples of such tool-based optimization 
methods. The principle of predictive input methods is to “reduce the effort required to enter text 
by predicting what the user is entering. A typical predictive […] system allows the user to select 
an item from a list of candidates, in order to skip manual writing” (Fuccella et al., 2014, p.512). 
Wright et al. underline that such methods “might be well suited to constrained work 
environments” (Wright et al., 2000, p.713). Text prediction has been found to increase the speed 
and accuracy of structured text entry (Hua, Wang, & Gong, 2014). However, it must be noted that 
the efficiency of predictive methods has been put into question by some studies. Fuccella et al. 
(2014, p.?) state that “predictive text entry […] is not necessarily faster than just simply finishing 
typing the words”, while Bisantz and Pennathur (2010, p.62) underline “the cognitive effort 
required to switch from typing to monitoring and selecting the autocomplete entry”. In regard to 
the number of candidates to be shown to the user, many researchers appear to point to 5 predictions 
as leading to the most significant time gains (Hunnicutt & Carlberger, 2001, p.263). 

Menu-augmented keyboards, which enable the selection of two (or sometimes even several) 
characters through a single pointer stroke, are another example of tool-based optimization. Upon 
a key being pressed, a menu containing a small number of frequent characters is shown, making 
it possible for the user to select the fitting option by simply sliding the pointer (mouse, stylus or 
even finger) over it (Fuccella et al., 2014; Martin & Pecci, 2007). Previous research suggests that 
this method requires a significant learning period and penalizes novice users (Martin & Pecci, 
2007). 

A further, different type of soft keyboards are the so-called “gesture-based” keyboards. On such 
data entry tools, the interaction is realized through gestures that the system interprets either as a 
character or as a command ((Martin & Pecci, 2007, p.177). For instance, handwriting recognition 
is a kind of gesture-based data entry. The main advantage of handwriting recognition lies in its 
intuitiveness and ease of use (MacKenzie & Tanaka-Ishii, 2007; Martin & Pecci, 2007). However, 
it is slower than traditional typing (Fuccella et al., 2014; MacKenzie & Tanaka-Ishii, 2007; Martin 
& Pecci, 2007), generally requires the system to undergo a phase of training prior to 
implementation (Martin & Pecci, 2007) and usually presents some difficulty in effectively 
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recognizing handwriting (Fuccella et al., 2014; Martin & Pecci, 2007). It must be noted that 
predictive methods can be applied to handwriting recognition (Fuccella et al., 2014). 

Another kind of gesture-based data entry is shape writing. Shape-writing keyboards enable the 
user to enter an entire word with a single stroke. As such, text is entered word after word through 
bringing the pointer (mouse, stylus or finger) on every letter of the word (Fuccella et al., 2014; 
Martin & Pecci, 2007). This data entry technique is very fast and error-tolerant, as high precision 
is not needed. MacKenzie and Tanaka-Ishii (2007, p.142) note that “the smaller or more specific 
the lexicon is, the more flexibility and error tolerance shape writing can provide. This is a factor 
that can be taken advantage of in certain domains, for example, in medical applications”. Although 
the learning period can be quite short, novice users rely heavily on visual search and cannot look 
away from the keyboard (MacKenzie & Tanaka- Ishii, 2007). 

Automatic Speech Recognition (ASR) 
There have been different attempts to take advantage of automatic speech recognition (ASR) in 
the medical domain. We have identified two main different kinds of use for ASR in healthcare. 
First, ASR has been implemented as a replacement for traditional dictation using a transcription 
service (Dela Cruz et al., 2014; Eng & Eisner, 2004). The aim of this approach was to minimize 
the time physicians spend charting. However, no significant time gain has been observed from 
ASR use, as “the time savings [on dictating] were spent on correcting dictated charts. This is 
somewhat consistent with previous studies that found voice recognition data entry led to more 
average corrections per chart and more time for review and correction than that compared with 
tradition dictation using a transcription service” (Dela Cruz et al., 2014, p.543). In addition, it has 
been found that an efficient use of ASR requires a steep learning curve (Dela Cruz et al., 2014). 

The second main type of use of ASR in healthcare has been as a command-giving tool during 
operations. Alapetite (2008) conducted a study investigating the feasibility of an “audio interface 
[which] would supplement existing electronic anesthesia record systems with voice input facilities 
during the operation” (p.68). The main advantages of ASR in that context are “the opportunity for 
“eyes-hands-free” operation” as well as its being “less disruptive to concurrent manual tasks [than 
touch technogology]” (Noyes & Starr, 2007, p.302). Alapetite’s findings suggest that, although 
ASR lacks accuracy when handling free text, it can be quite effective when used to give structured, 
standard commands. However, for it to work well, terms that are hard to recognize should be 
avoided and the available commands should be as different from each other as possible. In 
addition, the research on a similar use of ASR in the aviation domain that “training will be required 
to learn the control vocabulary […]. The need for training might be a drawback, as the time for 
learning commands can be lengthy in comparison with other input methods” (Noyes & Starr, 
2007, p.300). In regard to the practical aspect of using ASR in the operating room, Alapetite 
underlines the necessity for the system to be stopped when not in use in order to avoid incorrect 
insertions, which are a frequent occurrence when background noises are above the cut-off 
threshold. In contrast, common background noises do not seem to significantly affect the quality 
of speech recognition, in particular if they have been integrated into the system’s training 
(Alapetite, 2008, p.76). 

From a more general perspective, error recovery has been pointed out as one of the main issues 
with ASR(MacKenzie & Tanaka-Ishii, 2007; Shneiderman, 2000) : “[it] presents a problem that 
is very difficult to solve in speech recognition since it requires mode switching between dictation 
and command (for editing), both of which use voice (MacKenzie & Tanaka-Ishii, 2007, p.144). 
Its interference with other cognitive tasks has also been stressed (Shneiderman, 2000). 
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Touch screens 
Touch screens are becoming increasingly common in healthcare (Marian et al., 2012). Touch 
screen technology, which unites input and output in a single location, presents several advantages. 
Albinsson and Zhai (2003, p.105) note that “the zero displacement between input and output, 
control and feedback, hand action and eye gaze, makes touch screens very intuitive to use, 
particularly for novice users”. Indeed, by “providing immediate feedback to the user in the same 
region where information is being input or selected”, touch screens “[reduce] hand-eye 
coordination problems, which should lead to faster operation and a reduction in the opportunity 
for errors” (Noyes & Starr, 2007, p.302). Furthermore, touch screens are “more robust than free 
moving input devices such as the mouse” and do not require any extra input control device as 
“[their] control surface is overlaid on the display” (Albinsson & Zhai, 2003, p.105). However, the 
directness of the interaction with touch screens also comes with certain limitations. An obvious 
issue is the inability for the user to carry out other tasks using the hands (Noyes & Starr, 2007). 
Additionally, in the case of finger-based interaction, as “the fingers and hand can obscure the 
screen during system operation” (Noyes & Starr, 2007, p.203) as well as reduce selection accuracy 
as pointing at targets that are smaller than finger width is difficult (Albinsson & Zhai, 2003). 
Nonetheless, it must be noted that those two latter issues can to a certain extent be solved through 
the use of a stylus, which enables a higher precision than finger-based interaction (Noyes & Starr, 
2007). 

Digital pen 
Recognizing the pervasiveness of paper as well as “its undoubted capabilities for supporting 
everyday activities”, researchers have attempted to “replicate these capabilities and in different 
ways bridge the divide between paper and the electronic” (Luff, Heath, Norrie, Signer, & 
Herdman, 2004, p.525). The digital pen and paper (DP&P) technology, which “retains the 
affordances of paper while allowing users to exploit digital interfaces in [various] domains” 
(Sarcevic, Weibel, Hollan, & Burd, 2012, p.2), is the result of this approach. 

The DP&P technology is composed of two elements, a pen and a paper (Despont-Gros et al., 
2007). The pen contains a “small camera, a memory, several captors, and a communication unit” 
(Despont-Gros et al., 2007, p.851). The paper used is actually plain, standard paper, at the 
difference that “a unique pattern of [micro]dots is printed on the form background to facilitate 
stroke capture the miniature camera that sits inside the digital pen” (Dykes et al., 2006, p.230) and 
“allows the camera […] to record very precise spatial and temporal information about the 
movements of the pen over the paper. The pattern also provides a unique identification of each 
printed sheet” (Despont-Gros et al., 2007, p.851). This almost invisible microdots pattern (Luff et 
al., 2004, p.525) does not require any additional technology and “is printed on-the-fly while 
printing other information of the form, such as layout and pre-existing clinical information” 
(Despont-Gros et al., 2007, p.851). The handwritten data (whose amount can be the equivalent of 
several A4-pages) is generally recorded and stored in the pen before being uploaded to a computer 
or server, though it must be noted that there can be some slight differences in the way different 
models of digital pen process and record the information (Despont-Gros et al., 2007; Dykes et al., 
2006; Luff et al., 2004). 

The most obvious and main advantage of the DP&P technology is its intuitive, natural use, as “the 
writing process is the same than using a standard pen” (Despont-Gros et al., 2007, p.851). It makes 
it possible to digitalize data “without any interaction with a traditional computer " (Despont-Gros 
et al., 2007, p.851) and “theoretically without altering the standard [data] acquisition process” 
(Despont-Gros et al., 2007, p.853). It can as such be considered as a “workflow friendly” digitizing 
technique (Dykes et al., 2006). However, the system’s overall usability seems to depend on the 
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digital pen which, being “bigger and somewhat bulkier than usual” (Despont-Gros et al., 2007, 
p.851), can have a disruptive impact on the clinical workflow if badly designed (Dykes et al., 
2006). 

A more significant drawback to the digital pen is the degree of error related to inaccurate 
handwriting recognition, which can result in incorrect, incomplete or even missing values in the 
EMR (Dykes et al., 2006). This suggests that the data requires verifying before being definitively 
stored into the EMR (Dykes et al., 2006). However, it seems that the degree of inaccuracy of the 
DP&P is strongly related to its context of use and to the type of text (structured, semi-structured 
or free/narrative) to be entered. For instance, a study investigating its application for data capture 
in clinical trials has found that “there is non-relevant difference in accuracy between this data-
entry method and the double manual data-entry system, considered the reference system” (Estellat 
et al., 2008, p.320), and another study conducted in a similar setting reached the conclusion that 
“the [digital pen] was significantly faster and more accurate than secondary manual keyboard and 
mouse data entry” (Cole et al., 2006, p.729). This suggests that the DP&P technology is more 
accurate with structured than with free text. 

3.6.4 Digital data entry for trauma resuscitation 

Keyboard and mouse (existing electronic flow sheets) 
To our knowledge, three different hospitals in the United States have implemented the EMR as a 
documenting tool during trauma resuscitations: the Oregon Health Science University (OHSU) 
(Bilyeu & Eastes, 2013; Eastes et al., 2010), the Gundersen Health System (Wisconsin) 
(D’Huyvetter, Lang, Heimer, & Cogbill, 2014) and the Nationwide Children’s Hospital 
(Columbus, OH) (Coffey et al., 2015; Wurster et al., 2015). All three implementations, carried out 
between 2009 and 2011, have reportedly been successful (Bilyeu & Eastes, 2013; D’Huyvetter et 
al., 2014; Eastes et al., 2010; Wurster et al., 2015). Though each hospital seems to have elaborated 
its own solution through a self-designed development and implementation process, several 
similarities can be found between the three cases, both in regard to the process and in regard to 
the final product and its use. 

First, the three hospitals use the same EMR platform (Epic). Second, all three solutions are 
computer-based (with one or more terminals set up in the trauma bay). Although not explicitly 
specified in the articles that have been published by the different hospitals, mouse and keyboard 
seems to be the chosen interaction method in all cases. Thirdly, the staff expected to interact with 
the electronic flow sheet, in particular the nurses in charge of documenting the resuscitation 
process in the trauma bay, were trained prior to implementation. The training period was varied 
from a one-time 3-hour (OHSU) and 4-hour (Gundersen Health Systen) session to monthly3 3-
hour sessions (Nationwide Children’s Hospital). It must be noted that in all cases, documentation 
during resuscitation is the primary task of a single, specific nurse. 

Digital pen 
Sarcevic, Weibel, Hollan and Burd (2012) investigated the feasibility of using the digital pen 
technology for real-time data capture and display in the trauma resuscitation setting. They printed 
the trauma flow sheet in use on a standard paper layered with a specific dot-pattern enabling the 
pen to capture the user’s writing. Information could be recorded using either checkboxes or free 
text. The system was coupled to a large, shared wall display where a pre- agreed part of the 
documented information was displayed for the whole trauma team to see. The nurse recorder was 
in charge of documenting and was as such used as a proxy for the display of up-to-date information 
                                                 
3 The exact number of months during which the training was provided is unknown. 
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to the remaining team members. The data entered by the nurse recorder was stored in the system, 
and the information relevant for display was presented to the team in real-time as she captured 
information on the paper flow sheet. This was made possible through the elaboration of a data 
model and the mapping of the different fields to the corresponding entries in the data model: 
“checkboxes [were] mapped directly onto the corresponding choices stored as part of the […] data 
model, while freeform text [was] first processed by Intelligent Character Recognition software 
and then mapped onto corresponding entries in the data model” (p.4). The content from selected 
fields on the paper flow sheet was thus “transmitted wirelessly to a computer connected to the 
wall monitor for immediate processing and real-time display” (p.4). All nurse recorders involved 
in the study showed high acceptance for the system and “reported that using the digital pen felt 
like using a traditional pen” (p.7). This suggests that introducing the digital pen as data entry 
method would probably not cause important changes in the way nurses currently document trauma 
resuscitation events. 

However, a significant issue identified with using the digital pen technology as data entry system 
was handwriting recognition and legibility. It was observed that “the system was not recognizing 
[the nurse recorders’] handwriting properly. Handwriting recognition was not only a problem for 
medical terms (e.g., medication names), but also for proper English words (e.g., house fire) and 
numbers. Handwriting recognition raised concerns about accuracy of the displayed information” 
(p.7). In a second experiment, handwriting recognition was thus discarded and the handwritten 
text for all selected free text fields was displayed as an image on the wall display. However, this 
did not solve the issue as “team members had trouble reading the handwritten text in the images. 
First, text in the images was small and illegible from distance. Second, readability of text now 
depended on readability of the recorder’s handwriting. Although both recorders had neat 
handwriting, the images were difficult to read and raised concerns about the ability to capture and 
effectively display handwritten information” (p.8). Those findings suggest that, although the 
digital pen technology is appropriate for capturing information recorded through checkboxes, it is 
not well-fitted to the capture of free text. 

Another, probably less technology-specific issue uncovered in the study regarded timeliness of 
documentation. It was found that the nurse recorder was unable to record all information items 
right away, with “some information [being] captured as observed or reported [and] other [being] 
held in memory and recorded at a later time” (p.8). This led to delays in presenting the data and 
to the display of obsolete information. 

ASR 
To the extent of our knowledge, data entry through speech recognition has never been attempted 
in the trauma resuscitation setting. However, the feasibility of such an approach has been discussed 
– and put in doubt – in the published literature. Indeed, the trauma resuscitation setting is a very 
noisy environment, with several team members communicating at the same time. Sarcevic, 
Marsic, Lesk and Burd (2008, p.9) note that “this may probably make it harder for a speech 
recognition system to differentiate background noises from the commands. Team members, 
working in trauma resuscitations, cannot be expected to be trained on the correct commands 
beforehand. Using specific commands will also contribute with a cognitive effort during work 
with an already high cognitive workload. The system to be used in a trauma must be flexible with 
unpredicted things showing up”. In addition, the equipment necessitated by some team members 
during the resuscitation, such as a stethoscope, “may conflict with wearing a headset, requiring 
design of additional new technologies” (Sarcevic, Marsic, Lesk, & Burd, 2008, p.9). 

3.7 Conclusion 
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Computerized support in healthcare 
Computerized support in healthcare has generally been designed from the perspective of 
administrative instances and, as such, does not usually support clinicians’ work practice in an 
appropriate manner. As a result, the digitizing of paper-based artifacts in the medical environment 
has led to an increase in workload as well as in the time required to find and document information, 
making it harder for clinicians to get an overview (Fitzpatrick & Ellingsen, 2013). 

Trauma resuscitation 
Trauma resuscitation is a fast-paced, life-critical emergency medical domain that currently resorts 
to minimal computerized support and in which information cannot efficiently be externalized and 
shared among team members. As a consequence, information is either lacking or fragmented 
across multiple sources. This increases the cognitive load of the different members who are 
required to coordinate complex life-saving activities without necessarily knowing or having 
worked with each other before. As a consequence, errors are relatively frequent, even within 
experienced teams (Sarcevic, Marsic, et al., 2012). 

Team cognition in trauma teams 
In regard to team cognition, trauma teams rely strongly on shared mental models of the different 
roles within the team and the tasks and responsibilities of each role as well as of the patient 
evaluation procedure. This evaluation procedure is based on the well-established ATLS protocol. 
On the other hand, trauma teams often struggle building and maintain a shared situation 
awareness. The main reasons for this are the lack of common ground among team members, 
mostly due to unequal access to prehospital information, and communication issues. This points 
to the need for better support for sharing information as well as building and maintaining SSA. 

Information display 
Several studies have already been conducted around the design of displays supporting team 
cognition and information externalization in the trauma resuscitation and the OR settings. Those 
studies have in part resulted in very concrete suggestions and recommendations in regard to what 
information such displays should contain and how this information should be structured. 
However, there is no consensus on how many different displays are required, where they should 
be placed or to what extent they should be tailored to specific roles. 

Data entry 
In contrast to data display, data entry in the trauma resuscitation setting has been the focus of little 
research, even though it has been recognized as a prerequisite for shared team displays and as a 
central issue in their implementation. The reason for this seems to be, at least to some extent, the 
difficulty in designing a digital structured data entry system fitted to the requirements of the 
trauma resuscitation setting. Indeed, structured data entry is known to be slow, cumbersome and 
to increase users’ cognitive load. This points to the need for a flexible digital data entry system 
that does not force on users a specific data entry order (van Engen- Verheul et al., 2016). 

Electronic trauma flow sheets currently in use rely on keyboard and mouse for data entry. Those 
flow sheets require being filled in by trained nurse recorders in order for the documentation to 
fulfill the qualitative and quantitative goals set. An alternative technology that has been tested in 
the trauma resuscitation setting is the digital pen, however with unsatisfactory results. In regard 
to speech recognition, it seems to be accepted that it is, in its current state, not suitable to as noisy 
an environment as the trauma bay. A touch-based data entry device has never been developed for 
the trauma resuscitation setting. 
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4 Case study methods 
4.1 Pre-study 

During the first two months of the project, we conducted a pre-study in order to become familiar 
with the way trauma resuscitations are carried out at Akademiska sjukhuset as well as the specific 
needs of the trauma teams there. 

More specifically, we sought to clarify the following points: 

 Process overview and structure: how is the whole trauma resuscitation process 
structured at Akademiska sjukhuset? 

 Roles: what is the composition of the trauma team and what are the responsibilities of 
each role ? 

 Breakdowns: what are the main issues encountered by trauma team members and other 
involved medical staff in relation the trauma resuscitation process? 

 Information flow: when is what type of information available and to whom? How is the 
exchange of information between the different groups and individuals involved in trauma 
resuscitation structured? 

 Information prioritization: when does the trauma team need what information? 

 Trauma flow sheet: how is the trauma flow sheet used throughout the resuscitation event 
and by whom? 

Throughout this preliminary phase, we had continuous access to mainly two information sources, 
both of them authored by Akademiska sjukhuset and available to the broader public: educational 
videos4 aimed at future trauma team members and a manual describing the different aspects of 
trauma resuscitation at that hospital (Juhlin & Frick Bergström, 2014). 

In addition, we attended an educational simulation of a trauma resuscitation and conducted semi-
structured interviews with some trauma team members. In the remaining of this section, we 
describe those two methods in more detail. 

4.1.1 Educational simulation (training session) 
On October 6, 2015, before the official start of this thesis, we were invited to attend an educational 
simulation of a trauma resuscitation at Akademiska sjukhuset. 

The simulation was built around a scenario of a red trauma alert (highest alert level used for 
patients whose vital parameters are affected). It was a complete scenario in that it did not only 
include the trauma resuscitation itself, but also the patient’s transfer to the OR. The role of the 
patient was played by an actor. 

The first phase of the simulation took place in the emergency room / trauma bay used during real-
life resuscitations. During this first phase, we were allowed to stand behind the two screens 
isolating the bed area from the rest of the room among the non-active team members (doctors and 
nurses in stand-by in case they should be needed at some point during the event). Although efforts 
had been made to make the simulation feel as real as possible, the vital signs monitor was not 
working during the event. In addition, because it was an educational simulation, there were more 
people in the room than is normally the case during real-life resuscitations. For the second phase 

                                                 
4 Available at http://www.traumautbildning.se/. 

http://www.traumautbildning.se/
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of the simulation, we were invited to follow the team up to the OR to observe the patient handover 
from the trauma team to the OR team. However, a real trauma alert was then activated, putting an 
end to the simulation before the handover could be properly carried out by the team members 
involved. 

Throughout the whole event, the two authors took notes on paper. No further recording equipment 
was used. 

4.1.2 Interviews 
All interviews were conducted in Swedish and audio-taped. One of the authors was in charge of 
asking the questions and the other was responsible for taking notes, ensuring that all points had 
been covered and keeping track of time. 

Interview with nurse recorder (T1) 
A semi-structured interview with an experienced nurse recorder (T1) nurse was conducted at the 
very beginning of our work process in order to gain a better understanding of the T1’s role in the 
trauma resuscitation process as well as of the context of use of the trauma flow sheet. 

The focus of that first interview regarded almost exclusively the prehospital phase (prior to patient 
arrival), in particular on the following questions: 

 When and where does the T1 usually answer the EMS’ prehospital calls? 

 In what order is the prehospital information communicated to her? 

 What are the trauma team’s needs in regard to prehospital information? 

 What challenges does the T1 encounter when documenting the prehospital call? 

Interviews with ambulance nurses 
Following our interview with a T1, we sought to investigate the EMS’ perception of the 
prehospital phase of the trauma resuscitation process. More specifically, we wanted to gain a more 
precise understanding of the structure of the conversation between the ambulance nurse and the 
T1 during the prehospital call. Our focus lied on the following questions: 

 When do ambulance nurses make the prehospital call to the T1? 

 What information do they include in their report, and in what order do they communicate 
this information to the T1? 

 How do they perceive the trauma team’s information needs and how do they prioritize 
the information they want to communicate? 

 What challenges do ambulance nurses encounter when delivering the first prehospital 
report to the T1 (during the prehospital call)? 

Through a private contact, we were able to get in touch with one of the heads of the EMS 
department and were invited to go to the EMS quarters in order to talk to willing ambulance 
nurses. The two authors stayed there a whole morning, at the disposal of the EMS’ staff present 
in the quarters. We were able to conduct semi-structured interviews with three different ambulance 
nurses. Each interview lasted for about 20 minutes. 

Interviews with physicians 
In order to gain a better understanding of the in-hospital trauma resuscitation event, we conducted 
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several semi-structured interviews with a surgeon / team leader and an orthopedist. Both had taken 
part in multiple trauma resuscitations at Akademiska sjukhuset and were very familiar with the 
process. The focus of the interviews was not limited to their respective role and responsibilities, 
but also included their perspective on the needs of the trauma team in general. 

Throughout the interviews, we mainly sought to answer the following questions: 

 What are the information needs of the trauma team during the resuscitation? When is 
what information needed? 

 What challenges is the team confronted to during trauma resuscitation? 
In addition, we also took advantage of the interviews to clarify the main medical concepts relevant 
to trauma resuscitations. 

4.2 Analysis of information usage (and process) 
4.2.1 Trauma flow sheet analysis 

We were given black and white copies of 50 anonymized5 trauma flow sheets (TFSs) 
corresponding to red (severe) traumas. Those flow sheets had been randomly selected by a medical 
student out of all the red TFSs filled in during the year 2015. There were some small content-
related differences between the flow sheets as two slightly different designs seemed to have been 
available during that time period. The changes included minor modifications in the spelling of 
some words and, more importantly, the addition of a checkbox field on the first page of the TFS 
(dedicated to the prehospital report delivered by the EMS crew). 

Our analysis encompassed both the form and the content of the TFS. In regard to the form, we 
primarily looked at how frequently and in what way the different fields on the sheets were filled 
in. In addition, we were interested in how free text was used throughout the sheet, whether certain 
information patterns could be found in it as well as whether it was resorted to as a complement or 
as an addition to the existing fields. Content-wise, we focused on the frequency of certain 
occurrences, for example how many times a certain mechanism of injury appeared, how many 
times a certain issue was reported or how many times a certain intervention was reported to have 
been carried out, independently from where and how that information was provided. 

In summary, the focus of our analysis was on the following questions: 

 What types / pieces of information are recorded and in what form (structured input / free 
text)? 

 What types of information are most commonly reported? 

 For each information type, what are the most frequent information items selected? 

 What different types of trauma are there and how frequent is each trauma category? 

 What are the most common types of injuries? 

 What body parts are most frequently injured? 

In accordance with the objective of this thesis, the scope of our analysis was limited to the parts 
of the TFS used before and during trauma resuscitation. The part of the flow sheet dedicated to 
the documentation of events after the trauma resuscitation event (last page of TFS) was only 

                                                 
5 The name and social security number of the patients had been covered with an etiquette. 
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superficially looked at. 

4.2.2 Video analysis 
In general, trauma resuscitations at the Akademiska sjukhuset are recorded with a ceiling- 
mounted camera, recording both image and sound, placed in one of the corners of the trauma bay. 
Those recordings have a quality assurance purpose. 

We were loaned a SD-card with nine high-quality recordings suitable for analysis, corresponding 
altogether to six different trauma resuscitations. In five of those six cases, the final part of the 
preparation phase (before patient arrival) was recorded along with the main resuscitation phase 
(from patient arrival onwards). However, the length of those pre- resuscitation segments varied 
greatly among the recordings. The prehospital report by the EMS crew in the trauma bay was 
included in all five cases. In regard to the main resuscitation phase, all six cases consisted of the 
full evaluation of the patient by the trauma team. Each of the six recorded trauma resuscitations 
had a different nurse recorder, team leader and surgeon. 

We analyzed the recordings from the perspective of three different roles within the trauma team: 
nurse recorder, team leader and surgeon. Additionally, we looked at the behavior of latecomers 
upon entering the room. More specifically, the aim of our analysis was to answer the following 
questions: 

 How is the trauma resuscitation work process structured, how does it commonly unfold 
in practice? 

 What are the duties and responsibilities of the T1? What are the characteristics and 
constraints of the T1’s role? 

 How does the collaboration between the roles under focus (T1, team leader, surgeon) and 
the other team members work? 

In accordance with the questions we wanted to answer, we focused our analysis on the following 
elements: 

 The actions respectively performed by the roles of interest; 

 In the case of interactions with other team members, 

o Who the interaction is initiated by / whether the interaction is initiated by the role 
of interest or the interaction partner(s). 

o The function of the interaction partner(s). Here we have simply divided the 
different staff members present into active team members (wearing protective 
clothing, standing in the bed area) and non-active team members (standing behind 
the screen or in the admin area, not wearing any protective clothing). 

o To a lesser extent, the object of the interaction (what is talked about) and the 
nature (question, order, report etc.) of the interaction. 

Furthermore, we also looked into the prehospital report as it was delivered by the EMS crew upon 
patient arrival. Here, we were interested in the information that was communicated to the team 
and the order in which it was delivered. 

For the analysis, the different roles of interest were divided between the two authors. One author 
was responsible for observing and coding the behavior of the nurse recorder and the team leader, 
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while the other observed and coded the behavior of the surgeon and latecomers as well as the 
content of the prehospital report by the EMS. After watching and making annotations on the first 
half of the videos, each author developed coding schemes for the roles they were analyzing. Since 
the behaviors of the different roles of interest were not to be compared to one another, it was not 
considered necessary to use one single coding scheme for all the roles under focus. On the 
contrary, because each role had a specific behavior, role- specific coding schemes were seen as 
more suitable to capture the specificities of each role. 

The videos that already had annotations were then coded before the remaining recordings were 
looked at. This made it possible to make some adjustments to both the note-taking process during 
the viewing of the recordings and the coding of the resulting transcripts. Each author then analyzed 
their allocated roles based on the coded transcripts of the recordings. 

Because of the limitations mentioned above, the analysis performed was mostly qualitative, as 
quantitative results would have shown a too high degree of uncertainty due to the high amount of 
missed and unclear statements. 

4.3 Design hypotheses 
Our two design hypotheses were designed through an iterative process that spanned over about 8 
weeks (which were split about evenly between the two design hypotheses, meaning that each 
hypothesis represents roughly 4 weeks of work). Initial design decisions were based on findings 
from previous research, our pre-study as well as our own empirical findings. 

Throughout the prototype development phase of our project, the sketches were shown to clinicians 
and refined based on the provided feedback. In the following paragraph, we describe in more 
detail how and from whom we collected feedback for each of our design hypotheses. 

Data extracted from real-life recordings of trauma resuscitations was partly used in the design of 
the prototypes. 

4.3.1 Displays 
The paper-and-pen prototypes for the in-hospital displays supporting team cognition were shown 
to three different clinicians at different stages of the design process. The sketches were always 
discussed within the framework of 30-minute to one hour-long semi-structured interviews. 
Altogether, the design hypothesis of our display went through three main iterations. 

An initial design, in the form of a rough prototype, was shown separately to a team leader / surgeon 
and to an orthopedist (both of whom also participated in the pre-study). These two first design-
centered interviews primarily focused on the general concept of the proposed solution (number, 
orientation and general content of the displays). A second version was presented to that same 
orthopedist a few weeks later as well as to one T1 nurse. This second round of interviews focused 
on the detail of the content and form of each display. The final version was shown to both the 
orthopedist and to an anesthesiologist at the very end of the development phase of the project. 
Those last interviews were mostly focused on very specific design-related questions. 

4.3.2 Data entry 
In regard to the data entry system, the first step in the design process was the selection of a suitable 
device for which the system could potentially be built. In consideration of the high mobility 
required of the system and the large amount of information in need to be shown on the screen, 
Apple’s iPad Pro was seen as the most promising alternative. The screen size and lightness of the 
design were the main reasons for this choice. In accordance with this, our prototypes are designed 



47 

Computerized data entry and display in trauma resuscitation: a case study 

 

to fit a display surface of 19.6cm x 26.2cm. 

Towards the very end of the design process, after about 4 weeks of development, we conducted a 
user-testing session with two T1 nurses (one of whom had participated in our pre- study and was 
familiar with the aim of our project, but they both had never seen our design before). After briefly 
presenting the basic concept of our solution and its different components (the different data entry 
screens and the different displays on which the data entered would be shown), we asked them to 
“document” a trauma resuscitation scenario using an almost complete paper-and-pen prototype of 
our design (for the documentation, in the trauma bay, of an ongoing intervention). The idea was 
for them to try and find out by themselves how the system was meant to work in order for us to 
assess whether or not our design was well- understood and corresponded to their expectations. 
The scenario was based on one of the video recordings used in the analysis and had been 
elaborated prior to the meeting; the prototype had also been made to fit the scenario as much as 
possible in order to give the T1s a more realistic “feel” of how the system was supposed to work. 
Unfortunately, one of the T1s was called away before the end of the testing session, and the 
remaining of the meeting was conducted with only one T1. Finally, the remaining T1 was “walked 
through” the data entry screen meant for the entry of prehospital data. Throughout the session, we 
took the liberty to ask the T1(s) some specific questions about the design and their needs when 
entering data, trying to engage in a design-centered dialogue with them. The meeting lasted for 
about 1 hour and a half. 

4.4 Limitations of the applied methods 

Pre-study interviews 
During our pre-study, we were only able to talk to one T1, one team leader / surgeon and one 
orthopedist. This means that our results may be biased by the personal perspective of the 
interviewees. Furthermore, as our interview with the T1 was almost exclusively focused on the 
prehospital phase, the information we gathered on the trauma resuscitation itself came mostly 
from physicians. However, many hands-on tasks are conducted by nurses during the intervention. 
It is thus possible for important aspects of the resuscitation process to have been overlooked. In 
addition, some further leadership roles, such as for example the anesthesiologist, could not be 
interviewed within the framework of the pre-study, and their insights are missing from the results. 

We were also unable to find interview partners among the clinicians using the trauma flow sheet 
following the trauma resuscitation event. As a consequence, our analysis could only encompass 
the prehospital and intervention phases of trauma resuscitation, without taking into account the 
subsequent care of the patient in other hospital departments and the corresponding information 
needs of the clinicians taking over the patient. 

Trauma flow sheet analysis 
The analysis of the trauma flow sheets had certain limitations which need to be taken into 
consideration when looking at the results of the analysis. First, our analysis relied exclusively on 
what had been documented, without for the accuracy of the documentation to have been 
previously determined. Consequently, the reliability of our results is affected by a certain degree 
of uncertainty, as the fact that an occurrence was not documented does not necessarily imply that 
it did not take place. Both possible omissions and errors in the documentation need to be taken in 
consideration, in particular when looking at the calculated frequency of certain occurrences. 

Second, it must be noted that a (small) part of the data contained in the trauma flow sheets could 
not be included in the analysis because it could not be deciphered by the two authors. The two 
main causes of this problem were illegible handwriting and the use vocabulary unknown to the 
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authors. This problem mostly affected the analysis of the free text. Finally, a further, more general 
limitation of our method was that it did not make it possible for the order of entry of the 
information to be identified. The question as to when what information was entered could not be 
answered with our analysis. 

Video analysis 
The recordings used for the analysis presented different limitations which restricted the scope of 
what could be analyzed and added a degree of uncertainty to our observations: 

-‐‑ Because speech was recorded only through the camera’s built-in microphone and the 
particular resonance in the trauma bay, understanding what was being said, who was 
saying it and to whom it was being said was difficult. Certain statements were inaudible; 
others were indiscernible. Sometimes, we could hear a statement very clearly, but could 
not determine from whom in the room it was coming from. As a consequence, we were 
often unable to determine with certainty the object of verbal exchanges between team 
members. 

-‐‑ Although the image quality was high, determining the respective role of the different 
team members present resulted difficult. Although each role is supposed to stand at a 
specific spot around the patient’s bed, it was uncertain whether this guideline was strictly 
followed in the recorded resuscitations. In addition, only one of the recordings comprised 
an introduction round (which only slightly reduced the degree of uncertainty because of 
the speech-related issues named above) and the team members’ role tags were not 
readable on the screen. Only two roles could be identified with absolute certainty: the 
team leader (always wearing a distinctive red jacket over his clothing for the duration of 
the resuscitation) and the nurse recorder (holding the trauma flow sheet). Another role 
which could be determined with relative certainty was the surgeon (main actor in the 
patient’s evaluation), although the possible presence of other specialists contribute to a 
higher error factor. 
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5 Case study results 
5.1 Pre-study 
5.1.1 The trauma resuscitation process at Akademiska sjukhuset 

Our pre-study investigations have given us a detailed overview over the trauma resuscitation 
process at Akademiska sjukhuset, from the prehospital call from the EMS to the post- resuscitation 
patient transfer to the next department. In the following paragraphs, we describe this process in 
chronological order and from different perspectives. 

Overview over the prehospital phase 
The first step in a trauma resuscitation event is the EMS telephone report, hereafter referred to as 
the prehospital report. The EMS crew on site calls the T1 nurse at the hospital and reports on the 
prehospital situation. The report is structured according to the SBAR communication protocol6 

(see section 5.1.3) and its primary focus is on mechanism of injury and patient’s status (ABCDE, 
vital parameters). After having documented the report on trauma flow sheet and alerted the 
appropriate trauma team, the T1 actively supervises the preparation of the intervention in the 
emergency room. When most of the trauma team members have arrived into the room, the T1 
briefs the team members present on the prehospital situation. The team then awaits patient arrival. 

Prehospital phase: the EMS perspective 
EMS crews responding to an alert are always composed of (at least) two people. The ambulance 
nurse with the highest education level is the one in charge of taking care of the patient. There is 
no clearly defined criteria in regard to when the prehospital call to the hospital should be made, 
except that the patient needs to be immobilized beforehand. As such, the call is generally made 
once that the crew has control over the situation, which depends on the three following elements: 

 Do they know enough about the patient’s status? 

 Do they know what they want to say about the situation? This is the most challenging 
part, as there often are many witnesses delivering slightly different, complementary 
accounts of what has happened. All this information needs to be put together in order to 
provide a complete report to the trauma team. 

 Do they have time to make the call? If they are close to the hospital, the call is frequently 
made earlier in the procedure to make sure that the trauma team on call will have enough 
time to gather and prepare for the intervention. 

The prehospital call is usually made from within the ambulance as the place of the accident 
generally is very noisy. It must be noted that ambulance nurses are usually equipped with a paper-
based SBAR template (A6 format) that they can use to make annotations on site. However, they 
appear to seldom take notes in practice. They have memorized the structure of the SBAR protocol 
and rely mostly on their memory when delivering their report. 

Beyond the SBAR protocol, the amount of information given and the microstructure of the report 
depend on the three following factors: 

 The amount of time left before arrival (at the hospital): the shorter the time available, 
the more succinct the report. Inversely, the longer the way the ambulance has to drive, 

                                                 
6 The use of the SBAR protocol for prehospital communication is a rather recent development, as it reportedly was 
introduced about a year prior to our interviews with the ambulance nurses. 
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the more complete the report. 

 The stability of the patient’s condition: the amount of attention required by the patient 
has an influence on the content and the structure of the report. The more stressed the 
ambulance nurse is, the less information is communicated to the T1 and the less 
structured the information is. 

 The number of ambulances on site: if there is more than one ambulance at the site of 
the accident, more hands are available to take care of the patient. This makes it possible 
for the ambulance nurse making the call to focus more on providing a complete and well-
structured report. 

From the perspective of the ambulance nurse, the aim of the prehospital call is to provide enough 
information to the T1 nurse in order for her to activate the appropriate alert level and for the “right” 
trauma team members to gather before patient arrival. As the primary responsibility of ambulance 
nurses is to take care of the patient, their focus cannot be taken away from the patient for too long. 
Their priority is the patient, not the report. Finding the right balance between those two tasks can 
be challenging in some situations. 

It must be noted that all ambulances are equipped with a touch screen device linked to the EMS 
documentation system. As such, some ambulance nurses do sometimes enter prehospital 
information in their own system before reaching the hospital. However, the EMS documentation 
is not linked in any way with the EMR used at Akademiska sjukhuset or to any other system used 
by the trauma team. 

Prehospital phase: the T1 nurse’s perspective 
At the emergency department of Akademiska, there is always a nurse (known as the “T1” nurse) 
in charge of taking EMS calls. Those calls are answered through a specific portable phone that the 
T1 on call carries with her at all times. 

While on the phone listening to the ambulance nurse, the T1 documents the prehospital report on 
the paper-based trauma flow sheet (the first page of the four-page form is almost exclusively 
dedicated to prehospital information). This means that during the telephone call, one of the T1’s 
hand is always occupied holding the phone. Because T1 nurses can be almost anywhere when 
they get a call from the EMS, trauma flow sheets are deployed at multiple places throughout the 
emergency department in order for them to be always quickly accessible. 

The T1 nurses seldom interrupt the ambulance nurse when she is delivering the report. It is more 
common for them to ask questions or ask for complementary information once the EMS crew 
member is finished. The most frequent questions asked by the T1s are the following: 

 Where are you and when are you here? 

 What are the values the ABCDE parameters? 

In practice, the information is, from the T1’s perspective, not always given in the order prescribed 
by the SBAR protocol as it is given on the trauma flow sheet. 

Once the EMS call has been terminated (and the key elements of the prehospital report have been 
documented), the T1 selects the level of the trauma alert based on the received information. At 
Akademiska sjukhuset, there are two different trauma alert levels: orange and red. The layout of 
the trauma flow sheet supports the T1’s decision-making process by highlighting which 
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configuration corresponds to an orange trauma alert, and which configuration corresponds to a red 
trauma alert. An orange trauma is characterized by an exposition to high-energy violence without 
for the vital signs to be affected. A red trauma, in contrast, is recognizable at affected vital 
parameters (meaning that the vitals are below or above a certain boundary) or specific types of 
injuries known to potentially be life- threatening. It must be pointed out that the criteria, or rather 
the “boundaries”, for orange and red trauma differ depending on whether the patient is an adult or 
a child. 

After the T1 has decided what trauma alert level should be activated, she immediately alerts the 
trauma team through the telephone exchange. The alert level determines what “roles” (such as 
surgeon or anesthesiologist) are alerted. The trauma team is in essence multidisciplinary, 
including clinicians with different duties, expertise and level of experience. The team called in for 
a red trauma is bigger than the one gathered for an orange trauma. The trauma team members 
themselves are not fixed, but the required roles for each alert level are. It must be noted that the 
trauma team members are not exclusively dedicated to trauma resuscitation. As such, they need 
to interrupt their daily routine in order to attend to the resuscitation. Depending on where they are 
and what task they are carrying out when the alert is activated, their reaching the emergency room 
and preparing for the resuscitation can take a varying amount of time. It is also frequent for team 
members to arrive late. It must be noted that not all the alerted team members are expected to take 
an active part in the upcoming resuscitation. Some physicians are required to come in case their 
expertise might be needed during the resuscitation (because their specialism is not represented 
among the members of the “core” trauma team). Others have to be in stand-by in order to replace 
a core team member should the member in question need to leave before the end of the 
resuscitation. 

Once the team has been alerted, the T1 is in charge of setting up the room in which the 
resuscitation will take place. At Akademiska sjukhuset, there is no room exclusively dedicated to 
trauma resuscitations. The emergency room used for such interventions thus needs to be equipped 
with the appropriate tools and equipment before each resuscitation. Those preparations are carried 
out with the support of a paper-based checklist hung on one of two screens on wheels which 
separate the resuscitation area (around the patient’s bed) from the rest of the room. If there is 
enough time available before the estimated time of patient arrival, special arrangements can be 
done based on the known prehospital information. 

Relevant fragments from the prehospital report are also written by the T1 on a white board next 
to the room’s entrance in order for the incoming team members to be able to take note of the 
situation and mentally prepare for the intervention. Upon entering the room, each trauma team 
member puts on protective clothing, including a cloak, a hat and gloves. All team members also 
stick a role tag on their clothing in order for their colleagues to be able to identify their role in the 
resuscitation more easily. 

When all or most team members are in the emergency room waiting for the patient to arrive, a 
short briefing takes place. During this briefing, the team members introduce themselves and the 
T1 reports the known prehospital information to the team. 

Prehospital phase: breakdowns 
The ambulance nurses report prehospital information according to their own SBAR template, 
while the T1 expects the information to be provided in the order given by the structure of the 
paper-based flow sheet. As there are some slight differences between those two interpretations of 
the SBAR protocol, both sides sometimes feel that they are reporting / being reported information 
of secondary importance. A concrete example named by both parties was the name of the patient: 
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ambulance nurses often make the effort of starting off their report with the patient’s name because 
they think it is expected from the T1, while the T1 we interviewed mentioned not understanding 
why the ambulance nurse gave such importance to that information and would have preferred their 
starting the report with more urgent information. 

In regard to the T1’s briefing of the team prior to patient arrival, physicians expressed their need 
for a more complete report, as the provided information is perceived as very scanty. 

Main resuscitation phase: patient arrival 
Upon bringing the patient into the emergency room, the EMS deliver an extensive prehospital 
report. This report is also (according to the physicians interviewed, tentatively) structured in 
accordance with the SBAR protocol and is very much the same than the one communicated to the 
T1 during the prehospital call, though generally more complete. The reason for this is twofold. 
First, the ambulance nurse has spent more time with the patient and has thus gathered additional 
information in comparison with the prehospital call to the hospital. For instance, trends in patient 
status and effects of treatments given can be reported. Second, the ambulance nurses feel less 
pressure once they have reached the emergency room and usually give themselves more time to 
tell the full story than they do on the telephone. 

While the EMS are reporting, the trauma team is silent and inactive (all team members are 
attentively listening to the report). This moment is referred to as the “minute of silence”. At the 
end of the report, team members (in general either the team leader, the surgeon or the T1) may 
ask questions or ask the reporting ambulance nurse to give additional information (it does 
sometimes happen that the ambulance nurse forgets to mention some elements in her report). After 
having delivered their report and having helped the trauma team transfer the patient to the trauma 
bed, the EMS commonly leave the emergency room. If they have time, they generally (in an 
estimated 85-99% of the cases) write in a separate system a report of their own which is then 
printed and added to the stack of papers produced in relation to the resuscitation. 

Main resuscitation phase: patient evaluation and stabilization 
Meanwhile, the trauma team goes through with the resuscitation process. In most cases, the patient 
is conscious and able to talk, facilitating the examination. The resuscitation process is structured 
in accordance with the ATLS protocol, which determines what patient parameters need to be 
evaluated and in what order (see section 3.2.2). Although the protocol dictates that every 
evaluation step should be carried out sequentially, this is seldom the fact in practice. On the 
contrary, it is common for different parts of the evaluation process to be done in parallel by 
different team members. During the resuscitation, trauma team keeps track of the time by means 
of an analogue clock hung on the wall above the entrance of the emergency room. 

All findings from the patient evaluation are reported out loud in order for all team members to be 
up-to-date on the status of the process and of the patient. Throughout the resuscitation, the team 
attempts to identify trends in patient status and keep an accurate understanding of the evolution 
of the situation. The different team members communicate mostly verbally. Some of them do use 
handwritten notes as memory aids. Throughout the whole resuscitation, the T1 is documenting the 
activities carried out by the trauma team as well as the patient’s status on the trauma flow sheet. 
However, what medications and infusions are administered to the patient and when is first 
documented by an anesthetic nurse on paper before being communicated to the nurse recorder 
towards the end of the intervention should she have been unable to document everything in real-
time. 

The late arrival of team members is a common occurrence during trauma resuscitations. 
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Latecomers generally update their knowledge of the situation by verbally asking one of their 
colleagues to brief them on the situation, as no other complete source of information is currently 
available. 

The resuscitation generally ends once the full protocol has been carried out and the patient’s status 
is stable. 

Main resuscitation phase: breakdowns 
From the trauma team’s perspective, assimilating the full prehospital report is challenging, as all 
the information is given at once and only once. The different team members sometimes struggle 
remembering elements of the report later on during the resuscitation. This is a problem because 
those initial values are important in order for the team to be able to see trends in the patient status 
as well as patterns in its evolution. 

From the physicians’ perspective, information is the most problematic aspect in the way trauma 
resuscitation are carried out at Akademiska sjukhuset. The main issue is the lack of clear view 
over what information has been given. 

Post resuscitation: overview 
In general, if the patient’s status is stable and does not call for an immediate intervention, the first 
“stop” is the CT-scan, after which the patient is taken either to an intensive care unit or another 
specialized department. Based on the patient’s status, the nature and the severity of the injuries, 
different trauma team members accompany the patient until she can be handed over to the next 
department chosen. If the physicians involved in the resuscitation are not in charge of 
accompanying the patient, they take some time directly after the end of the intervention to 
document it, from their perspective, in the EMR of Akademiska sjukhuset. 

Physicians do commonly not write anything down during resuscitation and document the event 
from memory. All of the physicians’ notes are saved separately in the system. 

As for the trauma flow sheet, it follows the patient to the next department(s). However, once the 
transfer is complete, no additions are made to the flow sheet and the EMR is used for 
documentation instead. At a later time, the trauma flow sheet is scanned along with the printed 
EMS report and both are added to the EMR. 

Post resuscitation: breakdowns 
The main issue here is the fragmentation of the information, as the different units and physicians 
involved document the intervention separately and in different systems. This makes it difficult to, 
later on, gather all relevant information items and gain a complete and accurate understanding of 
the situation. 

5.1.2 Trauma Team 
The composition of trauma teams varies depending on the trauma alert level. Orange traumas are 
handled by a surgeon and several nurses from the emergency department. Red traumas, on the 
other hand, can be composed of a surgeon, an anesthesiologist, a radiologist, a radiographer, a 
thoracic surgeon, a neurosurgeon, an orthopedist, and anesthetic / ICU nurse and nurses from the 
emergency department. In both cases, an experienced surgeon endorses the role of team leader 
and is in charge of leading the trauma resuscitation. The leadership roles are occupied by the team 
leader, the surgeon, the anesthesiologist and, when involved in the resuscitation, the orthopedist 
and the neurosurgeon. Due to their shift rotations, there usually are a couple of months between 
trauma resuscitations for each single team member. 
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Team leader 
The team leader is always a surgeon and wears a red vest during resuscitation in order to be 
unequivocally identified by all team members. She generally does not actively participate in the 
resuscitation, and stands at the foot of the patient’s bed in order to have an overview over the 
proceedings. The team leader can be considered as the coordinator of the resuscitation. She is 
responsible for leading the resuscitation process and prioritizing tasks, as well as summarizing 
findings, deciding on the immediate treatment to be administered to the patient and elaborating a 
plan of care. However, although the team leader is the one overly responsible for all decisions, 
those are generally taken together with other leadership roles. 

Because the team leader is required to keep track of a lot of parameters, both process and patient-
related, she must not be distracted with irrelevant information, but should instead get support in 
building and maintaining an overview over the situation. Having an accurate understanding of 
what has been done in regard to patient evaluation and what are the findings from the examination 
is particularly crucial for the team leader. 

Surgeon 
The surgeon generally stands at the patient’s right side. She is responsible for carrying out patient 
evaluation according to the ABCDE mnemonic from the ATLS protocol as well as for performing 
invasive diagnostic and treatment. She is expected to report all findings from patient examination 
loud and clear. 

Anesthesiologist 
The anesthesiologist stands at the head of the patient. She has a central role throughout the whole 
resuscitation and especially at the beginning of the intervention, as she is responsible for securing 
the patient’s airway and breathing (the first steps of the ATLS protocol). The anesthesiologist is 
also in charge of sedating the patient and assessing the need for blood transfusion: administration 
of medications and fluids is managed by her. Furthermore, she participates in the elaboration of a 
plan of care. 

There usually are two or three anesthesiologists present during each trauma resuscitation. The first 
one reaching the emergency room (trauma bay) is the one actively participating in the 
resuscitation. The others are in stand-by behind the screen in case they are needed. 

Orthopedist 
The orthopedist focuses on the patient’s locomotor system. As such, she is most active during the 
evaluation of D (neurological system) and E (exposure), although the status of C is also relevant 
for her. Her main concern is with the extent to which the patient can sense and move her 
extremities. 

Neurosurgeon 
The active participation of the neurosurgeon is only required in cases where the patient is 
unconscious. She is responsible for the neurological assessment of the patient (D) and participates 
in elaborating a plan of care. 

Thoracic surgeon 
The thoracic surgeon performs emergency thoracotomy, helps placing chest drains and 
participates in elaborating a plan of care. 
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T1 nurse 
The T1 is the one responsible for documenting the intervention as well as videotaping the event, 
controlling identities and printing labels for laboratory tests. Although it is the responsibility of 
the team leader to communicate with other specialists and hospital units such as the blood 
central, surgery and CT, the T1 is the one performing those activities. However, the T1 usually 
does not actively/directly takes care of the patient. 

Anesthetic nurse 
The anesthetic nurse assists the anesthesiologist. She is responsible for handling the different 
routes of administration (IV-access) and is the one who administrates medications and fluids to 
the patient. In cases where the patient is intubated, she is also in charge of respiratory settings. 

Clear communication and accurate documentation are essential for the anesthetic nurse in order 
to avoid errors in the administration of medications and fluids. 

T2 nurse 
The T2 nurse is in charge of taking samples, placing routes of administration on the patient (IV-
access) as well as administrating medications, fluids and blood. 

Sterile processing aide (medical equipment preparer) 
The sterile processing aide is in charge of cutting the patient’s clothes, setting up the monitoring 
equipment and assisting the surgeon during surgery. She generally wears protective gear. 

Circulating nursing aide 
The circulating nursing aide is in charge of cutting the patient’s clothes, setting up the 
monitoring equipment and assisting the sterile processing aide with material. She is also 
responsible for placing the intermittent urinary catheter. 

Radiographer 
The radiographer is in charge of examining X-rays and notifying the emergency CT laboratory 
in case further examination is needed. 

Radiology nurse 
The radiology nurse is responsible for taking X-rays. She is also in charge of placing X-ray 
cassettes in the foreseen stretcher compartment before the start of the trauma resuscitation. 

Ambulance nurse/Helicopter physician 
The ambulance nurse and the helicopter physician are in charge of briefing the trauma team on 
patient status upon entering the trauma bay with the patient. They submit additional written data 
to the T1 nurse. 

Ambulance attendant/Helicopter nurse 
The ambulance attendant and the helicopter nurse are in stand-by until leaving the emergency 
room in case their assistance is needed. 

5.1.3 SBAR 

Motivations for SBAR 
There always is a significant risk of information distortion and loss during information 
handovers. Within healthcare, it is particularly important for communication to be timely, 
complete and accurate in order for both “sender” and “recipient” to establish a common ground 



56 

Computerized data entry and display in trauma resuscitation: a case study 

 

about the situation and thus to ensure the patient’s safety (Wallin & Thor, 2008). 

Description of SBAR 
SBAR is a well-established communication format suited for both verbal and written 
communication and constitutes a foundation for substantial and correct information exchange. It 
is used in the handover of critical information in complex work environments and has been 
implemented in many hospitals (Wallin & Thor, 2008). 

The SBAR acronym stands for “Situation”, “Background”, “Assessment” and 
“Recommendation”. The “sender” is expected to present herself and give the name of the patient 
before starting to report on the situation. The “recipient” is expected not to interrupt and to listen 
attentively until the “sender” is finished with the report (Wallin & Thor, 2008). 

SBAR at Akademiska sjukhuset 
To make the most out of the use of SBAR, the format has to be adapted to current local work 
practice (Wallin & Thor, 2008). In the following lines, we briefly present how it has been 
adapted to the trauma-related emergency communication between the EMS and the T1 nurse / 
trauma team. 

The SBAR communication format is supported by paper-based artifacts on both sides: the EMS 
information handover checklist they have at their disposal is structured after SBAR, as is the 
first page of the trauma flow sheet used by the T1. However, those two SBAR templates are in 
totally synchronized with each other. A comparison between those two templates is shown in 
table 3. 

 EMS’ SBAR checklist 1st page of the trauma flow sheet 

 
 
 
 

Before SBAR 

  Name 
 Patient id 
 Date 
 Time for call 
 Estimated time of arrival 
 Call recipient 
 Time of accident 
 Time of arrival 
 Transport channel 

S 
 

Situation/ ”Situation” 

 Name 
 Age 
 Estimated time of 

arrival 

 Type of accident 
 Support for triage of orange 

trauma 
 Free text field 

B 
 

Background / 
“Bakgrund” 

 Anamnesis 
 Medications 
 Allergies 
 Mnemonic acronym 

SAMPLE7 

 Allergies 
 Blood infection 
 Hemorrhagic disorders 

                                                 
7 S(Signs/Symptoms), A(Allergies), M(Medications), P(Past Illnesses), L(Last Oral Intake), E(Events Leading Up 
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A 
 

Assessment/ ”Aktuellt” 

 ABCDE 
 Measures 
 Treatment 
 Mnemonic acronym 

OPQRST8 

 Vital signs 

 Vital signs (raw values) 
 Support for triage of red 

trauma (ABCD) 
 Types of injuries 
 Treatment for ABCDE (excl. 

medications and infusions) 

R 
 

Recommendation/ 
”Rekommendation” 

  Alert level 
 Whether further specialist 

called in 
 Blood order 
 Time of alert activation 

Table 3: Comparison between the EMS SBAR template and the SBAR structure of the trauma flow sheet 

5.2 Trauma flow sheet analysis 
5.2.1 Prehospital report 

Most of the first page of the trauma flow sheet (TFS) is dedicated to the prehospital report, except 
for thirteen fields which have a more administrative purpose. Those fields are distributed between 
the very first and the very last section of the first page (see appendix 9.2). They include 
information such as the date, the time (of the call), the channel through which the patient is being 
brought to the hospital (ambulance, helicopter or private – the patient came directly to the 
emergencies), the names of the relevant clinicians on call as well as whether another specialty has 
been alerted and, if so, which one (this in case it is felt the “core” trauma team does not have all 
the expertise required to take care of the patient). In between those two top and bottom sections, 
the TFS is structured according to the SBAR protocol (see section 5.1.3). However, there is no 
strict separation between the trauma-related and the more administrative fields, and the top section 
of the page also comprises trauma- related information, more specifically the estimated time of 
arrival (of the EMS at the hospital), the time of the accident as well as some checkboxes to be 
ticked in case the patient fulfills specific characteristics (is below fifteen years of age or is 
pregnant). 

Among those fields, there is a significant variation in regard to how often certain of them, either 
trauma-related or administrative, are filled in. The most frequently given information is the date 
(46/50), the estimated time of arrival (35/50), the channel of transportation (35/50), the time of 
the call (34/50) as well as who is filling in the report (26/50). On the other hand, the most seldom 
available information is the time of the accident (8/50) as well as the different clinicians on call 
(10/50 or less for each of the three fields). In regard to the estimated time of arrival, two different 
formats are used: either the number of minutes until arrival (for example, “10”) or the exact time 
of arrival (for example “16:10”). 

Based on the flow sheets in which the transport channel was given (35/50), the ambulance seems 
to be the most common transport channel (26/35), far ahead the helicopter (8/35). The patient was 
reported to have come to the hospital privately in only one case. 

                                                 
To Present Illness/Injury) 
8 O(Onset of the event), P(Provocation or palliation), Q(Quality of the pain), R(Region and radiation), S(Severity), 
T(Time/history) 
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Situation (“Situation / Skademekanism”) 
The “Situation” section of the TFS is dedicated to the mechanism of injury. It is composed of two 
areas, one with checkboxes and one for free text. 

The checkbox area contains checkboxes covering mainly two types of accidents, transport 
accidents and falls. Based on the different options available, it appears that the elements of interest 
in transport accidents include the following: type(s) of vehicle(s) involved, speed, use of 
protective equipment (airbag, belt, baby seat) as well as patient’s position in the car (driver, 
passenger, front, back). In addition, checkboxes are available to indicate whether the patient was 
stuck in the car or whether she was ejected from it and whether other people have died in the same 
vehicle. In regard to falls, fewer options are available. The elements of interest in that case appear 
to be the height and whether it was a fall in the stairs. Finally, there are three checkboxes dedicated 
to the zone(s) of the patient’s body which have been exposed to a strong impact. Even though 
those checkboxes are surrounded by fields related to transport accidents, it seems that they do not 
belong to any specific accident category. 

It must be noted that there are roughly two different types of checkboxes. On the one hand, some 
checkboxes need to be ticked in case a certain event took place or if a certain configuration was 
involved; for instance, whether the patient was stuck in the car or whether the airbag was activated. 
On the other hand, some checkboxes express a quantity and, more specifically, whether the 
quantitative value in question is below or above a certain boundary; for example, whether the 
height of the fall was below or above 3 meters, or whether the speed of the damaged car was above 
70 km/h. There is no specified space or field where exact values (of the speed of the vehicle or 
the height of the fall, for example) can be written. 

In regard to the layout of the checkboxes, some of them are located within an orange border. This 
border constitutes a support for the T1 when it comes to selecting the level of the trauma alert (see 
section 5.1.1). As such, if any of the checkbox within the orange border is ticked, it points to the 
orange trauma alert level being appropriate in that particular situation. 

In almost a half (23/50) of the 50 TFS we analyzed, at least one checkbox had been ticked. In the 
vast majority of those cases, the accident category was either a car accident or a fall. The 
checkboxes were almost never used for other types of accidents. The different accident categories 
represented in the analyzed flow sheet are listed in table 4 along with their frequency. The most 
common cause of injury were transport accidents (25/50), which were responsible for exactly half 
of the analyzed traumas. Within this same category, car accidents were the most frequent 
mechanism of injury, making up for more than half of the cases. Run over pedestrians and cyclists 
made up for about a fourth of all transport accidents (6/25). Falls and stabbing were equally 
frequent, each making up for a fifth of all cases (10/50). 

Accident category Subcategories Frequency 

Transport accident  25 
 Car 14 

Motorcycle 2 
Bike 2 
Boat 1 
Cyclist or pedestrian run over 6 

Fall  10 
Stabbing  10 
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 Knife 8 
Fork 2 

Other / miscellaneous  5 
 Trampled by a horse 1 

Burns 1 
Physical abuse (assault) 1 
Crushed by a heavy weight 2 

Table 4: Frequency of the different accident categories. 

In contrast to the checkbox area, the free text area was used in all but one case (49/50). In addition, 
the ticking of checkboxes in the checkbox area did not seem to have an influence on the content 
and the kind of information provided in text form. On the contrary, in the cases where some 
checkboxes were ticked, it was very frequent to find in the free text the same information as 
provided by the checkboxes (high information redundancy). Furthermore, a frequent occurrence 
was for information to be mentioned in the free text even though it could have been expressed by 
ticking a checkbox. A typical example is the description, in the free text, of which zone(s) of the 
patient’s body were exposed to an impact during the accident (for instance, “hit his head”). 

Although there was a great variation in the amount of information given across the different cases 
analyzed (from a few words to several lines of text), a set of recurrent information items across 
most accident categories was identified. Those “fixed” information items (presented in detail in 
the first row of table 5) include, among others, the type and location of the injuries (“pain” is 
included here in the different types of injuries), whether or not the patient has lost consciousness 
following the trauma, the status of some patient parameters (included in the ATLS protocol) as 
well as the name and dose(s) of the medications administered to the patient by the EMS crew on 
site. Simultaneously, patterns in the type of information given depending on certain accident 
categories were found. The usual, specific types of information provided for different accident 
categories are presented in table 5 (not all accident categories are included in the table as not all 
accident categories represented in the analyzed flow sheets were the object of additional, category-
specific information). 

Accident category Provided information types 
Category-independent  Type and location of the injuries 

 Whether the patient has lost consciousness and, if so, for 
how long 

 Status of certain patient parameters (RLS, breathing, 
pulse) 

 Whether the patient is drunk (intoxicated) 
 Whether the patient can be spoken to / can speak 
 Name and strength of the medication administrated by the 

EMS crew on site 
 Interventions carried out by the EMS crew on site 
 Age of the patient 
 Patient’s medical background (healthy, hepatitis, 

pacemaker, cannabis consumption) 
 In case of CPR: when it began (timestamp), for how long 

it has been going on 
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Transport accidents  Place of the accident 
 Type of vehicle(s) involved (for example car, minibus or 

truck) 
 Speed of the vehicle 
 Whether stuck in the vehicle 
 “Size” of the accident 
 Whether others have died in the same vehicle 
 State of the car (for example, ”totally demolished”) 

Run over pedestrians 
and cyclists 

 Type of locomotion / category of person (pedestrian or 
cyclist) 

 Speed of the vehicle (who has run over the patient) 
Falls  Type of fall (fall or jump) 

 Height (when unclear, several are given) 
 Whether patient has vomited (and how many times) 

  Attitude of the patient (confused, nervous / worried) 
Stabbing  Penetrating object (for example knife, fork) 

 Number, breadth and depth of the injuries (in addition to 
type and location) 

 How much the patient has bled (for example “4 dl”) 
Fall of an object on the 

patient 
 Weight of the object 

Table 5: Types of information given depending on the accident category. 

In regard to the characteristics of the free text, several elements are of interest. First, it is common 
for a simplified syntax to be used (no complete sentences), in combination with the use of 
abbreviations (for example “hö” for “höger” (right) and “vä” for “vänster” (left)) and symbols 
(typically arrows). Second, it was visible in a few cases that two different people had been 
involved in documenting the prehospital report as two different handwritings were recognizable. 
Although our analysis does not make it possible to identify the exact cause of this situation, it can 
be hypothesized that one person has documented the prehospital call from the EMS, and that the 
other has completed this first prehospital report during the in-hospital briefing of the EMS crew. 
The fact that the information items written in the second handwriting were either above or below 
related information items written in the first handwriting (as if they had been added later in order 
to specify the situation a little bit more) seems to support this hypothesis. Thirdly, no typical order 
or structure in the information could be identified, even though some information types are 
recurrent (as already specified above). 

Background (“Bakgrund”) 

The “Background” section of the TFS is dedicated to the patient’s medical history. It comprises 
three fields: allergies, blood infections and hemorrhagic disorders. Each field contains in turn one 
or more checkboxes as well as a text field. However, the options available for each field (as visible 
in figure 1) are heterogeneous and inconsistent. For allergies and blood infections, it is possible 

Figure 1: Background” section of the trauma flow sheet 
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to indicate that the state of things is unknown, but there is no similar option available for 
hemorrhagic disorders. It must be noted, however, that that same option has a different name for 
allergies (“ingen känd” – none known) than for blood infections (“vet ej” – not known). In regard 
the latter, there is a checkbox available to indicate that the patient does not have any infection, but 
there is no similar option for allergies and hemorrhagic disorders. Finally, when it comes to 
hemorrhagic disorders, the field requires to be filled only if it is known that the patient suffers 
from one. 

Information about the patient’s medical background was given in less than half of the analyzed 
TFS (20/50). However, it was given within the dedicated space (described above) in only half of 
those cases (9/20). In the 11 remaining sheet, information about the patient’s medical background 
was given in text form either in the free text area in the “Situation” section or right above the 
dedicated fields in the “Background” section. Interestingly, the information given in text form was 
different from the one required in the dedicated space: most of the time, the patient was described 
as “healthy”, while there is no such option available in the “Background” section. This might 
explain why resort to free text to write about the patient’s background was so frequent. 

Assessment (“Aktuellt”) 
The “Assessment” section of the TFS is dedicated to the documentation of three different types 
of information. First, the status of the relevant patient parameters according to the ATLS protocol. 
Second, the types of injury of the patient. Thirdly, the interventions (treatment) carried out by the 
EMS crew on site. The areas dedicated to the patient status and the EMS crew’s interventions are 
structured in accordance with the ATLS protocol (A-B-C-D structure), while the area dedicated 
to the types of injury has no particular inner structure. All areas are mostly constituted of 
checkboxes, though the first one (patient status) also contains spaces where the raw values of 
different patient parameters (breathing frequency, oxygen saturation, pulse, blood pressure and 
RLS) can be written. 

As in the “Situation” section, there are two different types of checkboxes in this section. Some are 
related to a specific occurrence or configuration (such as absent breathing sound, unstable pelvis 
or spine board), while other correspond to specific quantitative boundaries (for example, pulse 
higher than 120). Furthermore, the layout of the section is also arranged in order to support the 
T1’s decision-making in regard to the level of the trauma alert. The difference is that the border 
in this section is red instead of orange, meaning that if one or more checkboxes within the red 
border are checked, a red trauma alert is appropriate. 

The “Assessment” section contained some information in the majority of the cases analyzed 
(37/499). In a little bit more than half of those cases (19/37), raw values were given in their 
dedicated space (in some cases, there even were several values given for some parameters, 
probably measured at different times). However, it was seldom for all expected raw values to be 
provided. The values most frequently given were RLS, blood pressure and saturation. In some 
cases (11/37), the raw values given were complementary to a more general evaluation of the same 
parameters in the free text area of the “Situation” section. For example, the blood pressure was 
given has high in situation and exact blood pressure value was provided in the dedicated space in 
this section. The checkboxes within the red border corresponding to the critical boundaries of the 
different parameters given were not always used when they should have been, that is, when it 
would have been correct for them to be ticked based on the provided raw values. This was also 
true for the second type of checkboxes. For instance, the checkbox “absent breathing sound” was 
                                                 
9 Out of the 50 TFS we analyzed, one could not be taken into account for this section as the EMS had not been 
deployed (the patient came directly to the hospital) and those values could thus not be available. 
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never ticked even though it was mentioned in several cases in the free text area of the “Situation” 
section. Further inconsistencies between the information given in the free text and the one 
provided within the red border of the “Assessment” section were found in regard to the types of 
injury suffered by the patient. The dedicated area dedicated was used in only a few sheet (9/49)10, 
but contained new information (meaning that the types of injury ticked were not mentioned either 
in the free text area in the “Situation” section or anywhere else on the first page of the sheet) in 
2/3 of those cases (6/9). For example, the checkbox “unstable chest cage” was ticked in two cases, 
although it was never mentioned in the free text area of the “Situation” section. As a consequence, 
in order to get an accurate and complete picture of the prehospital report, it is necessary to look at 
both the free text area in the “Situation” section and the contents within the red border in the 
“Assessment” section, as they often contain complementary information. Either section is, on its 
own, unreliable, as it often contains only  

In regard to the information on the interventions of the EMS crew on site, it is provided in less 
than half of the cases (19/49). The preferred way to document this information seems to be through 
the ticking of the relevant checkboxes in the dedicated area in the “Assessment” section (16/19). 
In the remaining cases, it is given in text form in the free text area of the “Situation” section. 

Recommendation (“Rekommendation / larmnivå”) 
The “Recommendation” section is dedicated to the documentation of the level of the activated 
trauma alert as well as other related parameters, including whether an additional expert (a 
physician not forming part of the core trauma team, but whose expertise is seen as necessary in 
the given setting) has been called, whether blood has been ordered and the time at which the alert 
has been given. 

In the vast majority of the flow sheets, the alert level was recorded (46/50). In three of those cases, 
two different levels (red and orange) were ticked. A short text explanation as to why those two 
options had been selected was provided in only one of those three cases. There was in general 
seldom additional free text within this section (4/46). In two cases, the text annotation seemed to 
refer to the person who had recommended the selection of the particular alert level activated 
(either a name or a role (here: “helicopter physician”) was given). The surrounding fields were 
also rarely filled in. For instance, the time at which the alert was activated was provided in about 
only a fifth of the sheets (12/50). 

5.2.2 Documentation of the main trauma resuscitation event 
The second and third pages of the TFS (which form a double page) are dedicated to the 
documentation of the trauma resuscitation event itself. The first page (hereafter referred to as the 
report page) comprises fields for the documentation of the findings from the patient evaluation as 
well as the actions carried out by the trauma team. The other (hereafter referred to as the 
monitoring page) serves the monitoring of the patient status over time and the documentation of 
the medications and fluids administered to the patient. 

Report page 
The report page is roughly divided in five different sections, each dedicated to a specific aspect 
of the resuscitation. 

The first section is meant for the documentation of the primary survey (from the ATLS- protocol). 
It is thus structured in accordance with the A-B-C-D-E classification of the different patient 
                                                 
10 Our analysis could not determine whether it was correct for this area not to be more used, that is, whether its low 
usage was the result of the characteristics of the documented traumas or of the fields being overlooked by the T1. 



63 

Computerized data entry and display in trauma resuscitation: a case study 

 

evaluation phases. Mostly composed of checkboxes, this section is primarily built for the 
documentation of abnormal patient findings and is in form quite similar to a checklist. As such, 
most checkboxes correspond to a specific issue that may be identified through the evaluation of 
the patient. However, each evaluation phase (letter) has a respective “no comment” checkbox in 
case nothing abnormal is uncovered. The raw values of certain patient parameters (oxygen 
saturation, breathing frequency, blood pressure, RLS, spinal cord injury and temperature) can be 
given in text fields situated above the checkboxes. 

Text annotations outside of the given fields are relatively seldom. In the minority of cases 
additional text remarks are resorted to, two different uses can be identified: clarification 
(additional information about an intervention or symptom) and information redundancy (the 
information that can be understood by looking at the ticked checkboxes is repeated in text form). 
Clarifications were frequent for certain elements only, in particular intubation and subcutaneous 
emphysema, and were of a respectively similar nature across several cases. 

Information redundancy can be found both when everything is normal as well as when a particular 
symptom has been found. However, in the case of the fields dedicated to the assessment of the 
pupils, free text seems to be used as a workaround to avoid the constraints of the field: the result 
of the evaluation is almost always given in text form. 

The second section addresses the ordering of blood. It comprises two separate boxes: one for the 
documentation of the reason(s) (in terms of patient status) why (additional) blood is ordered 
(checkboxes, three different options are available) and one for the documentation of the quantity 
of blood (number of transfusion packages) ordered (text field). A blood order was reported in only 
1/10 of the sheets (9/4911). The first box was used in only one case (all three checkboxes were 
ticked). In the remaining cases, only the number of transfusion packages was given (second box). 
Either one or two packages were ordered. 

The third section is dedicated to the documentation of the patient’s injuries. It consists of two 
body shapes (one representing the front and the other the back of the body) and of one list of 
symptoms and injuries (each having its respective abbreviation). 

The body shapes were used in about 2/3 of the analyzed flow sheets (34/49). It must be noted that 
in general, the symptoms and injuries represented on the body shapes were different than those 
reported in the prehospital report on the first page of the flow sheet. More particularly, some 
injuries or symptoms reported in the prehospital report were not shown on the body shapes. The 
elements thus “overlooked” were minor (such as nosebleed) to very significant (like for example 
amputation). 

The way the patient’s injuries were documented was globally consistent across cases. Typically, 
the abbreviation of the symptom or injury was written on the affected body part. There were some 
small differences across cases in the way the abbreviation was placed in relation to the real-life 
location of the injury and how some further characteristics of the injury were documented. The 
size of an injury could for example be represented by the length of a straight line (at the scale of 
the body shapes), a circle delimiting the surface of the injury or could be given as free text next 
to the body shapes. In addition, the abbreviations used for certain injuries slightly varied across 
flow sheets; and in some cases, the full word was used instead of the abbreviation. Furthermore, 
not all symptoms and injuries documented on the body shapes, such as bump, bruise or blood, 
stood on the list provided next to the body shapes. It must also be noted that, in a few cases, no 
                                                 
11 One TFS was excluded from the analysis as none of the page’s fields had been filled in due to the patient’s death. 
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indication, textual or otherwise, was given as to the nature of the injury, whose location was then 
shown only by a cross or an undulated line on the body shape. The different symptoms and injuries 
documented on the body shapes as well as their frequency (number of flow sheets in which they 
were mentioned) are listed in table 6. 

 

Table 6: Frequency of different types of symptoms and injuries. 

In addition to the type of injury, there are two main categories of free text in relation to the body 
shapes. The first category is the clarification of the nature of the injury, typically the length, 
breadth or depth of the wound. The second category is the clarification of the location of the injury 
(for example, “thorax”). A further, less recurrent category is the way an injury has been treated 
(for example, the placement of a temporary cast). In one case, free text was used to indicate which 
side of the body is “right” and which side is “left”. Finally, free text was also used in one case to 
give information on the protective equipment worn by the patient at the time of the accident (in 
this instance, a helmet). 

The fourth section is meant for the documentation of the actions (activities) carried out by the 
team during the resuscitation. There are basically two different kinds of actions: advanced 
examination (for example ultrasound) and treatment (such as IV-access, intubation etc.). This 
section comprises mostly checkboxes, though some text fields are included as well. Partially 
structured textual input is required for the routes of administration (IV-access) placed on the 
patient. The sheet differentiates between four different types of routes: peripheral venous catheter 
(PVC), for which both size and location are required, and central venous catheter (CVC), 
intraosseous access as well as arterial line (a-line), for which only location seems to be required. 
Beyond the size of a certain piece of equipment and its location on the body, other types of 
required text input include the result of an intervention (bladder scan, thoracotomy) and the time 
when an intervention was performed (bladder scan, tourniquet). 

Our analysis has shown that the addition of text annotations into the proposed fields within this 
section of the flow sheet is limited. However, we observed that textual indications about size, 
location, result or time are sometimes given for interventions for which they are not pre- required. 
Table 7 summarizes for what fields textual information is pre-required, for what fields it is given 
as well as what types of information are required and given. In the cases where we were not able 

Symptom or injury Frequency 

Pain 19/49 
Scrap wound 11/49 
Stab wound 5/49 
Blood (bleeds) 3/49 
Open wound 3/49 
Unspecified 3/49 
Fracture 2/49 
Open fracture 2/49 
Suspected injury 2/49 
Burn 1/49 
Swollen 1/49 
Bump 1/49 
Bruise 1/49 
Paresthesia 1/49 
Sore 1/49 
Impact injury 1/49 
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to determine any given data because a certain intervention was not (reported) performed in any of 
the TFS included in our analysis, a simple “–“ is written. 

Field Type(s) of textual 
information required 

Type(s) of textual information 
given 

Bladder scan Result (in ml.), time 
performed 

- 

Intermittent urinary catheter None Size (tube number) 

Focused assessment with 
sonography for trauma 

(FAST) 

None Result (negative or positive) 

PVC Size, location Size (color or number), location 
(side and body part) 

CVC Location Location 

Intraosseous access Location Location, number 

A-line Location Location, time at which it was 
interrupted, name of the responsible 
doctor 

Intubation None Size (tube number), length (in cm) 

Nasogastric tube Size - 

Cast Location - 

Tourniquet Location, time set in 
place 

- 

Thoracotomy Result (in ml) - 

Table 7: Types of information required and given for the different types of interventions. 

In practice, the PVC size is given either as a color (for example, green) or as a number (for 
example, 1.3). The location given for the different routes of administration can be more or less 
precise, being either the side of the body (right or left) or the side with the body part (for example, 
right hand). It must be noted that the required textual information for the different routes of 
administration was almost always given (when it was relevant for it to be). Table 8 shows the 
frequency with which each required type of information was given for the different routes of 
administration reported as used at least once in the analyzed TFS. 
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IV-access type Text field Frequency (of use) 

PVC 46/49 
 Size 44/46 
 Location 44/46 
Intraosseous access  5/49 
 Location 3/5 
A-line  11/49 
 Location 7/11 

Table 8: Information types required for the different types of IV-access and their frequency. 

Table 9 presents all interventions (excluding IV-access) reported to have been performed in the 
analyzed TFS, along with their frequency of occurrence. It must be noted that some of these 
interventions, more precisely Bulow drain, oxygen mask, HARE and CPR, are not offered as 
option in this part of the sheet and were thus reported in the free text area on the monitoring page. 
In one case, a text annotation was added in the margin of the page to indicate that a pelvic binder 
had been used, even though there is a checkbox specific to this intervention under a different 
name. The most common interventions were intermittent urinary catheter (11/49) and intubation 
(10/49), both appearing in about 1/10 of the cases. Altogether, “E” was the phase of the ATLS 
protocol where most interventions were performed, followed by “A”. 

Evaluation phase 
(ATLS protocol) 

Intervention Frequency 

A  11/49 
 Intubation 10 

Oropharyngeal (Guedel) airway 1 
B  8/49 
 Chest drain 3 

Bulow drain 1 
Thoracotomy 1 
Oxygen mask 1 
Nasogastric tube 2 

C  4/49 
 Pelvic binder 1 

Spine board 1 
Neck brace 2 

E  15/49 
 Intermittent urinary catheter 11 

Urinary catheter 3 
HARE 1 

Other  5/49 
 Suturing 1 

Plaster cast 3 
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Cardiopulmonary resuscitation (CPR) 1 

Table 9: Frequency of the different types of interventions (excl. IV-access). 

In addition to different interventions, the TFS also contains checkbox fields for different advanced 
examination techniques: bladder scan, FAST, peritoneal lavage and EKG. In addition to those 
fields, X-rays carried out in the trauma bay were also reported in the free text area on the 
monitoring page. Table 10 presents the different advanced examination techniques along with the 
frequency with which they were documented in the analyzed TFSs. 

Advanced examination technique Frequency 

Bladder scan 0/49 
FAST 4/49 

Peritoneal lavage 0/49 
EKG 10/49 

X-rays (trauma bay) 2/49 

Table 10: The different advanced examination techniques and their frequency. 

The fifth and last section of the report page is meant for the documentation of the laboratory tests 
ordered as well as for the X-rays (incl. CT) planned right after the resuscitation. The trauma team 
members accompanying the patient to the CT / X-ray department can also be indicated. This 
section is almost exclusively composed of checkboxes. Only two fields, the laboratory tests 
“capillary glucose” and “capillary hemoglobin”, explicitly require a textual input. The expected 
input is the test result, which was always provided if the test had been performed. However, the 
dedicated checkboxes were not always used to document the execution of the tests and their result. 
In those cases, a text annotation containing the test name, result and sometimes even the time 
when it was taken was made either in the margin of the report page or in the free text area on the 
monitoring page. It must be noted that the “capillary glucose” test was sometimes referred to as 
“b-glucose” when documented as free text. Furthermore, in one case, a venous hemoglobin test 
was performed instead of a capillary one. This was indicated in a text annotation next to the 
“capillary hemoglobin” field. 

According to our analysis, there is a significant variation in the frequency of the different tests. 
Only three (groups of) tests are performed in more than 70% of the cases: trauma samples, basic 
tests and blood type. All the other tests were resorted to in less than 25% of the cases. Table 11 
shows the frequency of each laboratory test performed in at least one case (independently from 
whether it was documented in the dedicated section or as free text). It must be noted that this 
quantitative analysis is based on only 38 flow sheets (out of the initial 50)12. 

  

                                                 
12 Out of the 50 TFSs we analyzed, two had to be excluded from the analysis of the in-hospital pages as the 
intervention was aborted before the second page could be completed. Out of the 48 remaining sheets, 10 did not 
contain any information on the laboratory tests and X-rays performed (without considering the results of the CT- 
scan, reported on the 4th and last page of the sheet once the resuscitation event is already finished) either inside or 
outside the dedicated section of the flow sheet. 
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Test name Frequency 

Trauma samples 38/38 

Basic tests 32/38 

Blood type 28/38 

Capillary hemoglobin 9/38 

Arterial blood gas 8/38 

Capillary glucose 5/38 

Urine test 2/38 

Toxicology screening tests 1/38 

Table 11: Frequency of all laboratory tests performed at least once. 

A trauma CT was reported to have been performed in slightly more than half of the analyzed flow 
sheets (27/4813). In two cases, the CT was only documented in the free text area on the monitoring 
page. The resort to further X-ray examinations seems much more seldom (5/50). Additional text 
annotations in relation to the “further X-ray examinations” field were almost systematic, being 
present in all but one case. Those annotations always referred to the body part(s) for which an 
additional X-ray was required, like for example “thorax” or “lungs”. 

The personnel accompanying the patient to the CT/X-ray department was documented in above 
1/3 of the TFS (21/48). In almost half of the cases (10/21), more than one checkbox had been 
ticked. In the cases where a single checkbox was selected, either the “emergency department 
nursing aide” (“Akutmottagningen usk”) or the “emergency department nurse” 
(“Akutmottagningen ssk”) was selected. Table 12 shows how frequently different roles were 
selected. 

Role Frequency 
Emergency department nursing aide 7/21 
Emergency department nurse 16/21 
Anesthetic nurse 7/21 
Anesthesiologist 6/21 
ICU physician 3/21 
Surgeon 
 

10/21 

Table 12: Staff accompanying the patient to the CT/X-ray department and the frequency of their carrying out this task. 

  

                                                 
13 Out of the 50 TFS we analyzed, two had to be excluded from the analysis of the in-hospital pages as the 
intervention was aborted before the second page could be completed. 
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Monitoring page 
The monitoring page is divided into four different parts. The first part is a free text area used 
during iterations that are following the first primary survey. Several different types of data are 
documented in that field. It is often very hard to interpret what is written in the free text area. 

In 31 of the cases, the free text is not used at all. In the remaining 19 cases, the free text entered 
varies greatly in content and in form. However, it generally contains information about what 
happened during the resuscitation, the treatment given. The different types of data in the free text 
field are 

 A description of the patient’s state and injuries 

 Placement of the injuries 

 The time at which the patient was taken away (from the emergency room) 

 To what hospital unit the patient has been transferred 

 In some cases the second iteration for primary survey A-E seems to be the content 
(inclusive X-ray and CT) of the field and also the treatment needed for A-E 

 If the patient has died, it is sometimes indicated here 

 Often times for some events is to be found 

 Information aimed to be written in the grid to the right or somewhere else is sometimes 
entered here: 

o SAT + SPO2 

o Status pupils 

o Information about catheter and urine 

o Plasma ordered 

o RLS 
In some cases, some more general indications about the context are also given (for example that 
the parents are here, that they are waiting to get the X-rays done etc.). Four times they have written 
when a patient is released from a board of some kind (trauma board, spine board). Both this and 
when the patient has been fixed on a board have been noted in different places in the flow sheet. 

As time indications written in the free text area are later than the time written for the primary 
survey it seems that the initial writing on this page starts after the first iteration of the primary 
survey is finished. 

The second part of the monitoring page is an area, to the right of the first one, used for monitoring 
vital signs of the patient. The monitoring grid is composed of rows and columns. Each row is 
dedicated to a specific parameter to insert values for ABCDE. 
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B Breathing frequency (“AF”) 
Saturation (“SAT”) 
Oxygen (“O2”) 

C Pulse (“Puls”) 
Blood pressure (“BT”) 
Mean Arterial Pressure (“MAP”) 
Urine measure in ml. (“Urinmätning”) 

D Reaction Level Scale (“RLS”) 
Pupils - Small Medium Wide (“LMV”) 
Pupils - Normal Slow Missing (“NTS”) 

E Temperature (“Temp”) 
Visual Analogue Scale (“VAS”) 

Table 13: Types of information required in the grid of the monitoring page. 

In 16 cases the monitoring grid is used. It contains both raw values (A, B) and symbols (C). It 
doesn’t seem to be a correlation between the free text and the use of the grid as there are cases 
where there are both text and symbols, or only one of the two. 

In some cases, there are time indications given at the top of the grid (“Klockan”), but the grid at 
the top is empty. In these cases there are medications or infusions given for that time but time is 
still written at the top. It seems that the free text is more used for treatments done at different times 
and in the grid to the right it is written the outcome of evaluations and measured values. Notes 
about pupils are only done in four cases. Two of those are written in the free text. The field VAS 
was only used once. Within the grid, the row dedicated to urine measure is used only two times. 
The third and the fourth part can also be seen as one part divided in two subparts as both parts are 
intended for prescriptions. The third part is for documentation of medications given and in the 
fourth part documentation of infusions are done. As they have different attributes they are written 
in different areas with different fields connected to each of them. 

For the medication the following pieces of information seem to be important. 

 Time at which the medication is given 

 Name of the medication 

 Concentration of the medication (can be in three different units: (m)g, ml, IE) 

 Dosage given which also can be in different units 

 Who has ordered it and who has given it? 

Medications was filled in 4/5 of the cases. How they were filled in differed a lot although. 

 Medication 

 Concentration (“Styrka”) 

 Physician signature or nurse 

 Given dosage 

 Time 

Fluids are documented in 42 of our flow sheets. For infusions, there generally is only a name given 
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in the text field, and then the quantity (number of packages? it is generally a number between 1 
and 4) is given in the grid (in some cases, the quantity is written next to the name as in “Ringer 
Acetat x2” for example). A type of infusion that is mentioned in several different journals (39/42) 
is “Ringer Acetat” (in some cases abbreviated “RA”). However, in some cases the concentration 
seems to be given as well (as in “Ringer Acetat 1000” for example). 

The information that seems important 

 Name 

 Quantity 

 Possible concentration 

 Time for starting the infusion 

 Time when infusion is finished 

Fluids are administered very often, especially Ringer Acetat. Fluids are always given during a 
period of time. There are notes indicating if it is the first, second or third infusion and so on in the 
order. Sometimes there are also notes telling that the infusion was given in the ambulance or in 
the helicopter. Dosage is also written sometimes. 

Part 2, 3 and 4 (monitoring, medications, fluids) are all documented in relation to the aspect of 
time. The background color of every other column is therefore different to make it easier to follow 
the column to see what happened that minute. 

Sometimes time written on the top above the second part (for monitoring) is used also for 
prescriptions but other times there are other times written below for prescriptions. It could be hard 
to follow time the whole way down from top to bottom to read what time it is for that column. 

The number times result of evaluations and values of measures are written are varying. 

Number of 
timestamps 

Number of 
flow sheets 
giving that 
number of 
timestamps 

0 15 
1 8 
2 9 
3 6 
4 5 
5 4 
6 2 
7 1 

Table 14: Number of timestamps for which values were given in the monitoring 
grid and the frequency with which that number of timestamps was given. 

5.2.3 Documenting responsibility 
On each page of the TFS, certain fields require a signature. An important function of the trauma 
flow sheet seems to the documentation of responsibility and making sure that a medical decision 
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or intervention can be answered for by one specific trauma team member. In a few cases, the team 
member at the origin of certain documented action (decision) was provided next to the related 
field in the form of a text annotation, even though it was not pre- required on the sheet. The 
concerned fields or interventions were intubation (both pre- and in- hospital), a-line and CPR. 
Table 15 presents the different fields for which a signature is required on the TFS. 

Prehospital report (1st page) 
 Blood order 
 Trauma nurse on call (“larmsjuksköterska”) 

Trauma resuscitation – report (2nd page) 

 Intermittent urinary catheter 
 Suprapubic catheter 
 IV-access (PVC, CVC, intraosseous access, 

a-line) 
Trauma resuscitation – monitoring (3rd page) 

 Medications (signature from both physician 
and nurse required) 

Table 15: Trauma flow sheet fields for which a signature is required. 

5.2.4 Main conclusions 

TFS structure 
Our analysis has uncovered inconsistencies (for example in the name of some fields) and structure-
related issues (fields dedicated to the same information type located in different places) in the 
current design of the flow sheet. It can be hypothesized that homogenizing and improving the 
logical structure of the flow sheet could facilitate the documentation process. 

Use of free text 
Throughout the flow sheet, unstructured, free text annotations in the margins are seldom resorted 
to. When it is, the information items documented this way usually actually are structured 
additional indications related to existing fields. This suggests that most of those free text entries 
could be captured through a more structured form of input if only structured fields were made 
available for them. 

Use of free text fields 
As for the two main free text fields, they are extensively used. This is especially true for the free 
text field in the “Situation” section of the prehospital report (1st page of the flow sheet). It must be 
noted that this particular field is not used only for situation-related information. On the contrary, 
it often contains information about the injuries, status and medical background of the patient as 
well as about prehospital treatment. In regard to the latter, medications are the information type 
most frequently documented in the free text area as there currently is no other field dedicated to 
them in the flow sheet. 

In regard to the documentation of the mechanism of injury, some types of information are 
recurrent across different accident categories, while others are more specific to a certain category. 
Additionally, the flow sheet currently supports the documentation of transport accidents and falls 
better than other accident categories. This suggests that both category- independent and category-
specific additional structured input fields would offer an appropriate support for the 



73 

Computerized data entry and display in trauma resuscitation: a case study 

 

documentation of most types of mechanism of injury. However, the very specific and 
unpredictable nature of certain of the mechanisms of injury documented among the analyzed flow 
sheets shows that free text cannot be completely avoided. 

Use of checkboxes 
Checkboxes were more frequently used on resuscitation-related pages that in the prehospital 
report. This is in accordance with the fast-paced nature of the documentation of prehospital 
information, which is likely to prevent the nurse recorder from conducting lengthy visual searches 
in order to determine where specific information items should be entered (and if there in fact is a 
field foreseen for the information item in question). This stresses the importance of limiting the 
number of checkbox fields presented to the user in order to enable the nurse recorder to keep an 
overview over the different input possibilities available. 

Simultaneously, the constant and consistent use of the checkboxes on the second page of the flow 
sheet suggests that this type of input and the data entry options available globally are fitted to the 
documentation of the main resuscitation event. 

Documentation of patient status 
When documenting the patient status, our observations suggest that the nurse recorder should be 
able to indicate both what parameters are okay and which are not (only the latter is currently 
supported). 

5.3 Video analysis 
5.3.1 T1 

Although there were some significant differences in the behavior of the six different T1 nurses 
present on the recordings (some were more “active” than others, rarely remaining more than a few 
seconds at the same spot or were taking over more “hands-on” activities), the focus is here on the 
recurring activities that could be interpreted as person-independent, and the conclusions that could 
be derived from those observations. 

The recordings have shown that, in addition to documentation, T1s have many other duties before 
and during trauma resuscitation. Those additional duties include: 

 Communicating prehospital information (before patient arrival): briefing the team 
about the prehospital situation (based on the prehospital report communication by the 
EMS crew in the phone call preceding the trauma alert). 

 Team management / supervision: making sure that all the active team members (ATMs, 
those within the trauma team members that are directly taking care of the patient, as 
opposed to the clinicians standing behind the screen or in the administrative area) 
required by the alert level are in the trauma bay and wearing a role tag, selecting the 
ATMs accompanying the patient to the next department (after the resuscitation). 

 Equipment management / supervision: gathering, preparing, adjusting and fetching 
equipment items for ATMs (for example, setting up the fluid distribution device, fetching 
a pocket lamp for the surgeon or ordering blood), gathering the equipment required 
during the patient’s transfer to the next department (after the resuscitation). At several 
occasions, the team leader and surgeon turned to her to enquire as to the status of the 
preparations (that is, what preparations had been carried out), both before patient arrival 
and before the patient’s transfer to the next department (in all recorded cases, the CT or 
X-ray department). In addition, many questions directed at the T1 during the 
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resuscitations seemed to have to do with equipment and its location. The T1 seems to be 
the reference in regard to where the different equipment items are located in the trauma 
bay. 

 “Memory” of the team: when needed, reminding the ATMs about prehospital data (in 
particular, though not exclusively, before patient arrival) or the latest values or 
judgements reported during the resuscitation. For instance, in one case, the surgeon was 
unable to feel any pulse on the patient, which prompted him to ask the other ATMs 
whether any of them had a value for the pulse; the T1 then reported the latest pulse value 
that she had documented. However, according to our observations, questions about the 
status of the patient directed at the T1 are rare. 

 Process supervision: identifying omissions and potential errors in the resuscitation 
process as well as ensuring that everything is done properly. As T1s most of the time are 
only passively involved in patient care and are required to observe the resuscitation 
process in order to document it, they have a good overview over the whole process. They 
are thus able to identify (potential) omissions and misses (at one occasion, the T1 was 
seen fetching new blankets for the patient whom the initial blankets did not seem to keep 
warm enough, a fact that the ATMs had apparently missed) or errors (for example, a T1 
was seen reminding an ATM in a leadership position that the results of the blood group 
tests would not be valid as the patient already had been given a substantial amount of O- 
blood, which the ATM in question did not seem to be aware of). Some T1s were observed 
asking both administrative staff (the clinicians working in the administrative area) and 
ATMs to carry out a certain task and, in one case, showing to ATMs how an action had 
to performed (in this instance, how the cannula needle could be coupled to the vital signs 
monitor). 

 Coordinating the patient’s follow-up care: contacting the CT / X-ray department (in 
general per telephone) and arranging for patient transfer there. 

 Administrative duties (paperwork): preparing paperwork for ATMs, preparing the 
patient’s ID band. The exact nature of the T1’s paperwork-related duties could not be 
identified through our analysis. The T1s were observed both giving and getting paper 
sheets from ATMs. They were frequently carrying papers in addition to the trauma flow 
sheet. Furthermore, they all repeatedly interacted with a computer in the administrative 
area. 

 Hands-on patient care: when needed, helping out the ATMs in performing an 
intervention (for example, placing a new brace around the patient’s neck or connecting a 
cannula needle to the vital signs monitor). 

 Answering the trauma phone: during a resuscitation, the T1 is still responsible for 
taking the EMS’ phone call in the case of a trauma. In one case, the T1 had to document 
a new prehospital report and activate a new trauma alert while the initial resuscitation 
event was still ongoing. 

Throughout the different trauma resuscitations analyzed, the T1s were all seen switching smoothly 
and continuously between the various tasks assigned to them. They were often seen multitasking 
(like for example answering a question about the location of an equipment item while on the 
phone). Because their different duties require them at different spots, they moved quite a lot 
around the trauma bay in comparison with other ATMs. Their administrative duties seemed to 
require them to be in the administrative area (paperwork, computer) and, as such, they frequently 
left the bed area, albeit for brief instants. Some T1s were also seen leaving the room for a few 
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seconds (our analysis could not determine what for). Although they most of the time were able to 
carry out those different activities while holding the trauma flow sheet in one of their hands, all 
T1s put the sheet down at some point in order to carry out activities requiring two hands; 
alternatively, they would carry the sheet under their arm. 

In regard more specifically to documentation, the T1s were frequently interrupted when 
documenting, for example to fetch a particular item of equipment, show an ATM where a certain 
piece of equipment was located or answer a question. In addition, it was frequent for the T1 not 
to directly write down a reported information item because she was busy with another task (either 
in the administrative or in the bed area). When that happened, she commonly enquired about the 
state of things once the task in question was finished. 

Accordingly, most questions asked by the T1 to the ATMs were either about patient status (“have 
you found anything else?”) or the resuscitation process (“do we have an IV access?”). 
Simultaneously, ATMs were often seen spontaneously giving information to the T1, especially 
information related to the vitals of the patient. The dependence of the T1 on ATMs when 
documenting was very visible on the recordings. If the T1 is the one documenting the 
resuscitation, it is the ATMs who are the source of the information she is documenting. 

Among the most frequent “information givers” were the ATMs standing on the patient’s left side 
(responsible, among other things, for the IV access and interacting with the vital signs monitor) 
and the surgeon. The latter was also asked by one T1 to summarize the findings from patient 
evaluation (see appendix 9.3). Documenting the patient’s vitals seemed problematic at times for 
the T1, either because the ATMs around the bed were preventing her to see the vital signs monitor 
or because of the orientation of the monitor. 

Although the T1 has a pre-defined spot at the head of the bed on the right of the patient, the 
recorded T1s were only seen standing there during brief instants, if ever. A more common spot 
for documenting was on the right side of the patient, but behind the surgeon, closer to the foot of 
the bed. However, all T1s were seen documenting from different spots in the room (including the 
administrative area) and, altogether, all sides of the bed were used (including head and foot of the 
bed). As such, there seems to be no single, preferred spot for documenting. On the contrary, a 
certain mobility and the possibility for the T1 to easily switch “observation spot” appear to be 
important to the documentation process. 

Based on those observations, it is clear that, in the setting specific to Akademiska sjukhuset, 
documenting is only a secondary task for the T1. She has additional duties which take precedence 
over documentation. 

A reason for this seems to be that those other duties are, in the current work practice, more time-
critical than documentation as they are more directly related to the immediate care of the patient. 
Furthermore, it appears that the trauma flow sheet is very seldom actively used to support the 
trauma team’s work. According to what we were able to see on the recordings, it seemed more 
frequent for the T1 to ask ATMs about patient and process status than for them to ask her about 
it, though she at times had to answer patient- and, slightly more frequently, process-related 
questions. This suggests that the flow sheet might be a “last recourse” in case information about 
the patient status and, in particular, the patient’s vital signs, is unavailable from the usual 
information source (the vital signs monitor). In that sense, the trauma flow sheet can be considered 
as the team’s “memory”. It is also very probable that the flow sheet supports the T1 in supervising 
the resuscitation process, although our analysis does not make it possible to estimate to which 
extent. However, the flow sheet does not seem to be used by any of the ATMs other than the T1; 
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she always plays the intermediary between the flow sheet and the ATMs by verbally answering 
their questions. In accordance with this situation, it seems that the time at which different elements 
are documented is currently insignificant. 

More importantly, the fact that T1s have other, more time-critical duties to carry out in addition 
to documentation suggests that, in the current organizational setting, timely documentation of 
events is simply not achievable, independently from the characteristics and constraints of the data 
entry system. 

It must be noted that, despite the various tasks the T1 is responsible for, there were always brief, 
“empty” moments throughout the resuscitations when she was able to simply observe the ATMs 
at work. She often seemed to use those instants to rapidly go through the flow sheet and make 
annotations. In two cases, it was clear that the T1 was writing on the first page of the flow sheet 
(dedicated to the prehospital report) even though the resuscitation was at a more advanced stage 
and that no additional prehospital information appeared to have been communicated to her. 

5.3.2 Team leader 
According to our observations, the team leader (TL) is quite clearly the highest authority in the 
trauma bay. When it comes to patient evaluation, treatment and plan of care, her opinion seems to 
be the decisive one. On the other hand, her role is mostly passive: the main activity of all TLs 
during the recorded resuscitations was observation. Simultaneously, most of the actions and 
interactions initiated by the TL during resuscitation seemed to be complementary to her 
observational activity. Those complementary activities include, for example, asking ATMs (and, 
in one case, the patient) about a specific patient parameter, enquiring / checking whether a process 
step has been completed, looking at the vital signs monitor and analyzing X-rays. It must be noted 
that the TL rarely took his attention off the patient for more than a 

few seconds during the evaluation phase, even when interacting with colleagues or technology 
(phone). The high-level purpose of the TL during trauma resuscitation appears to be twofold: to 
get an as accurate and complete as possible picture of the patient’s status as well as to ensure that 
no important step or element in the patient evaluation has been missed and that the plan of care 
set up for the patient fits the situation. 

Although the TL is not involved in the hands-on care of the patient and has an exclusively 
supervisory role, she was observed carrying out brief, supporting tasks at a few occasions 
throughout the recorded resuscitations. Such tasks included holding a fluid bag high while the 
team installed the patient on the hospital bed, taking the patient’s pants from the bed and throwing 
them away as well as taking away the EMS’ spine board. Some TLs also took care of some 
administrative duties, such as calling the CT and writing the patient’s CT referral. 

The TL’s position in the trauma bay was constant across all resuscitations observed. In accordance 
with the Akademiska sjukhuset’s guidelines (Juhlin & Frick Bergström, 2014), the TL always 
stood at the foot of the patient’s bed, though at varying distances from the bed. Her shifting from 
this location was rare, though some TLs were seen moving to either side of the bed for brief 
instants in order to get a better look at either the patient, the vital signs monitor or the recently 
taken X-rays. More significant changes in position, like for example to the administrative area, 
took place only after the patient’s status had been assessed as stable. 

The TL’s main interaction partner and source of information is the surgeon, as she is the one in 
charge of examining the patient and reporting the findings from the patient’s evaluation to the 
team. In the recordings, the surgeon frequently seemed to report specifically to the TL, as she 
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appeared to make eye contact with the TL when reporting her findings. In those cases, the TL 
generally expressed her agreement with what was being said either verbally or by slight nods of 
the head. Even though the TLs’ degree of involvement in the resuscitation proceedings varied 
greatly from case to case, a general observation is that TLs seldom intervened without having 
been first prompted to do so by either the surgeon or another ATM; spontaneous interruptions or 
interventions were rare and brief. The main factor influencing the TL’s degree of involvement 
appears to be the surgeon’s attitude, that is, whether or not the surgeon actively seeks the TL’s 
approval. It seems that, if the TL approves of what is being done and with the way it is being done, 
she prefers to stay in the background and to only intervene when needed. 

Another recurrent interaction partner of the TL appears to be the anesthesiologist, who was also 
seen reporting to the TL - in a similar fashion as the surgeon - at multiple occasions across 
resuscitations. The main objects of the exchanges between TL and surgeon or between TL and 
anesthesiologist were, according to our observations, the findings from the patient evaluation, the 
advanced examination techniques to be applied (ultrasound, X-rays) as well as the plan of care. 
In regard to the latter, it was frequent for the TL, the surgeon and the anesthesiologist to discuss 
the plan of care for the patient together before a final decision was made. In most cases, the final 
plan of care for the patient seemed to result from a tight collaboration between the TL, the surgeon 
and the anesthesiologist as well as, in some cases, further physicians present in the trauma bay, 
either actively involved in the patient’s care (such as the orthopedist) or in stand-by (such as the 
second anesthesiologist). 

TLs were also seen exchanging a few words with the T1 at several occasions, though the object 
of most of those brief exchanges could be not be identified through our analysis. In one case, it 
could be understood with certainty that the T1 was checking with the TL whether she had 
understood the plan of care correctly; in another, she appeared to answer a question from the TL 
in relation to the resuscitation process. One TL was also seen checking with the T1 what 
preparations had been made prior to patient arrival and, during resuscitation, whether she had 
documented a specific element. 

In a few cases, the TL was also seen talking to an EMS crew member. In one case, the EMS staff 
member appeared to show the TL pictures from the scene of the accident on his smartphone. 
Otherwise, the exchanges between the TL and the EMS crew were few and brief, and their object 
is unclear as they could not be clearly heard on the recordings. However, it appears that the TL’s 
main source of prehospital information in most of the cases is, like for the other team members, 
the briefing of the EMS crew upon patient arrival. 

Other recurrent though brief interaction partners of the TL are the doctors in stand-by behind the 
screen (as mentioned in chapter X, some doctors are always called when a trauma alert is activated 
even if it is unclear whether or not their presence is actually required; those doctors stand behind 
the screen, awaiting to be either called to look at the patient or to be given the green light to leave). 
It appears to be the TL’s responsibility to discharge them once patient evaluation has shown that 
their expertise will not be required. Indeed, in all recordings, some team members standing behind 
the screen were observed briefly interacting with the TL before leaving the room. Those 
interactions always took place once the patient had been assessed as stable (for the most part). 

5.3.3 Surgeon 

Overall behavior 
The surgeon’s main activity was the examination of the patient. In so doing, she frequently looked 
at the vital signs monitor. At the end of the trauma resuscitation, once a plan of care had been 
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elaborated and the surgeons’ hands-on participation into patient care was no longer required, 
several of the observed surgeons were seen documenting the event. 

The surgeon’s behavior seems to be to some extent dependent on the level of consciousness of the 
patient, and her involvement in the resuscitation is generally more significant when the patient is 
conscious. In the opposite situation, the surgeon’s role generally becomes more passive after C 
has been evaluated, and another physician takes over patient evaluation for D and E. If the patient 
cannot be interacted with, the surgeon alternates between examining the patient and reporting 
evaluation findings. In contrast, if the patient is conscious, the surgeon first explains to the patient 
what she is going to evaluate (and how) before actually performing the examination and then 
reporting her findings. In addition, certain evaluation steps seem to be irrelevant in case the patient 
is unconscious, like for example numbness. 

Reporting findings from patient evaluation 
Each surgeon delivers the results of her examinations in a different way. The timing, detail and 
frequency of reports differed greatly across the observed surgeons. For instance, some surgeons 
reported every single finding within ABCDE (going through each single parameter within each 
“letter”) while others only reported the overall status of each letter (for example, “A is free”). The 
order in which reports on parameters within each letter were given slightly varied across cases. 
However, the high-level ABCDE structure was always applied (at least in the first patient 
evaluation). Examples of how patient findings for ABCDE were reported can be found in 
appendix 9.3. Most surgeons are reporting their findings loud and clear but not all of them, which 
sometimes lead to requests for the report to be repeated. 

It must be noted that the surgeon is not the only one reporting findings from patient evaluation, as 
further physicians sometimes also participate in patient evaluation. This is especially true for the 
anesthesiologist, who frequently is the one assessing A. In general, the person performing the 
examination is also the one reporting. 

It must also be noted that in some cases, findings were not reported, in particular when the surgeon 
was not the one performing the evaluation of a parameter. When the surgeon is not directly taking 
care of the patient (for example, when she is discussing the plan of care), no update on patient 
status nor on the progress of the examination is provided. Furthermore, verbal reports 
communicated only to the surgeon were commonly not repeated for everyone to hear. 

In regard to whom reports are addressed to, some variations were observed. While some surgeons 
seemed to be speaking to no one in particular and were just looking in front of them when 
delivering their reports, others seemed to talk more specifically to T1 or the team leader. Not all 
reports were communicated for the whole team to hear. 

Summaries of findings from patient evaluation 
Sometimes during interventions, summaries of findings from patient evaluation are done to inform 
the team and maintain SSA. Those summaries are initiated by different roles, namely the T1, the 
anesthesiologist or the surgeon. Appendix 9.4 gives an overview over how many times summaries 
were performed in the analyzed recordings and how they were formulated. 

Interactions 
As already briefly hinted to, the surgeon is interacting with both team members and, when 
conscious, the patient during trauma resuscitation. In the following paragraphs, we shortly 
describe of what nature the different interactions with team members or patient were. 
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Patient interactions are of three kinds. 

Interactions with patient 

 Questions: This almost exclusively questions to the patient concerning pain or if the 
patient feel or not, like for example “does your chest cage hurt?” 

 Explanations: The surgeon explains to the patient what she is going to do, like for 
example “am going to examine your stomach now”. The amount of explanations given 
to the patient seems to depend on the surgeon’s personal preference. 

 Requests: If the patient is conscious, the examination seems to go more smoothly as the 
surgeons can ask the patient to do certain things in connection to the evaluation, like for 
example “open your eyes”. 

Interactions with team / team members / EMS 
Interactions with the team or individual team members are more varied and could be classified as 
follows: 

 Reporting findings from patient evaluation: Reporting is carried out as described 
above. For example: “B is stable”. 

 Being reported findings from others: When other roles take over patient evaluation to 
assess certain parameters, they report either to the whole team or more exclusively to the 
surgeon. For example, in one case the neurosurgeon reported: “He now has bilaterally 
wide pupils”. 

 Informing the team: the information that the surgeon communicates to other team 
members regards mostly the plan of care, but can also be about the progress of the process 
(what is going on now) and patient status. For example: “we take him to the CT and to 
the pediatric OR”. 

 Being informed by team members: Interactions in this category include verbalizations 
of some facts but also contestations and wonderings regarding decisions. Different team 
members were seen informing the surgeon, like the T1, the team leader, the patient, an 
(active) nurse, the neurosurgeon as well as the ambulance nurse and the helicopter 
physician. For example, in one case, the team leader says “now we are going to want to 
do a CT”; in another case, an active nurse simply says “blood pressure” to inform the 
surgeon that she is going to measure the blood pressure. 

 Asking questions: Questions asked by the surgeon are most often about what others have 
performed or questions regarding the case, values of some parameters or advice. For 
example, in one case, the surgeon asked the T1: “what routes of administration do we 
have?” 

 Answering questions: Questions from others are given to get information from the 
surgeon about patient status and whether certain things have been evaluated or not. They 
want to know if the surgeon has examined but forgotten to tell but are also interested in 
knowing whether a plan of care has been set up. For example, the team leader once asked 
the surgeon: “do you want a X-ray down here?” 

 Requesting action: The surgeon is requesting activities to be done and equipment to be 
given. If the surgeon wish an activity to be performed by a team member he or she often 
formulate this as a question not directed to anybody specific. This question is often given 
in a distinct way.  Example: “Now we do the log roll.” 
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 Discussing: Discussion with other team members mostly regard what examinations 
should be performed and plan of care. This is often done with the team leader but also 
with the anesthesiologist and sometimes further specialists. 

5.3.4 Latecomers 
Latecomers form a very heterogeneous group. The only things they have in common is that they 
are part of the team and arrive after the prehospital report has been given. As such, it is unclear 
what information each of them already possesses about the situation. Most of them are inactive 
team members required to be in stand-by behind the screen in case their expertise / participation 
should be needed. 

We observed all latecomers initiating a conversation with another team member (either active or 
in stand-by behind the screen) soon after entering the room. As we were unable to hear the object 
of the conversations held by latecomers upon entering the room, it is not possible to tell whether 
or not those conversations actually were about the situation at hand, but it seems to be a reasonable 
hypothesis. Some of the latecomers also looked and acted a bit confused and did not seem to 
exactly understand what was going on: they were looking around a lot and appeared to try and get 
a picture of the situation. Only one of them seemed to look at the whiteboard. 

5.3.5 Prehospital report by the EMS 
The prehospital evaluation of the patient can be more or less detailed. In general, patient 
assessment and treatment seemed to be more extensive when the patient was brought in by the 
helicopter. This might be explained by the presence of a physician in the helicopter. 

Across the different analyzed reports, specific types of information seemed to be emphasized by 
the EMS: 

 Evolution / changes in patient status: in several sequences during the second 
prehospital reports, it is clear that the EMS want to give a detailed, accurate picture of 
the evolution of the patient status. Emphasis is placed on the changes that have occurred 
between the initial assessment and the present. More specifically, roughly three different 
points in time are differentiated: initial assessment, during transport and present status. 
As a consequence, it is frequent for several values to be provided for each vital parameter, 
like for example: "initially 113 systolic, going down to 103 during transport, hanging on 
rings at a slow pace, it goes up to 120 […] ". If there hasn’t been any significant change 
in patient status, the patient is generally described as stable. 

 Level of consciousness: the level of consciousness seems to be an important part of the 
prehospital report. It is generally described in detail, like for example: "Unconscious 
initially in place. When drawn out the patient is sluggish but provides an eye contact and 
has perked up on more and more so now we have actually spoken to him on the way back 
here". 

 Medications, fluids and IV-access: medications, fluids and routes of access are also very 
frequently reported. The respective names of the administered medications and the 
dose(s) given as well as the location of the IV-access routes seemed particularly 
important. 

The order in which information was communicated to the team varied from case to case, but some 
recurrent patterns could be identified. For instance, the mechanism of injury was always the first 
or second element mentioned, and only patient demographics were sometimes mentioned prior to 
it. In regard to demographics, they were always, if mentioned, always reported first. Furthermore, 
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it is quite common for the “Assessment”-related information to be split in several “chunks” of 
information brought up at different times throughout the report. 

Table 16 gives an overview over the structure of the different EMS reports that could be analyzed 
through the video recordings (the legend is provided in table 17). 

 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 

Case 1 D S A B       

Case 2 D S B Inj A S A    

Case 4 S A Inj A Inj A B A T A 

Case 5 S A T B A T A T   

Case 6 D S A T A T     

Table 16: Overview over the structure of the different EMS reports in the recordings 

D Demographics (patient’s age and 
i h ) S Situation (mechanism of injury) 

A ABCDE (patient status) 
B Background (patient’s medical 

b k d) Inj Injuries 
T Treatment (e.g. medications, fluids) 

Table 17: Legend of table 5.14 

5.4 Design hypotheses 
5.4.1 Overview over system components 

The solution we propose is composed of a data entry system and corresponding information 
displays. The main data entry system is a tablet application (an iPad Pro is assumed to be used). 
However, a second data entry application for smartphone is suggested for the documentation of 
prehospital data. In regard to information displays, the use of three different screens, one for the 
display of prehospital information and two for a more real-time team cognition during 
resuscitation, are proposed. The different components of our solution are summarized in table 18. 

 Data entry Information display 

Prehospital phase  Smartphone application 
 iPad application 

 Prehospital information 
display 

Resuscitation phase  iPad application  Patient-centered display 
 Process-centered display 

Table 18:Overview over the different component of the proposed solution. 

The proposed solution and its different components are meant to be used in accordance with the 
following scenario:  
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The trauma phone rings as the T1 nurse on call is having a coffee break in the dedicated 
room within the ED. She takes the hands-free earpiece and the phone from her pocket, and 
quickly places the earpiece in her ear as she answers the call. The prehospital data entry 
home screen opens automatically (see fig. 2). While the ambulance nurse is reporting, the T1 
documents the received information using both the application and paper-and-pen (a small 
notepad and a pen are placed next to the phone in the trauma phone kit). After hanging up, she 
activates the red trauma alert by pressing the dedicated button in the application. She then rushes 
to the emergency room. 

 

Figure 2: Home screen of the smartphone application. 

Upon entering the emergency room, the T1 directly seizes the iPadPro dedicated to trauma 
documentation and sits down at the desk in the administrative area. From the home screen, she 
opens the report begun while on the phone with the ambulance nurse and resumes documenting 
the received prehospital information on the screen dedicated to the prehospital report (see fig. 3). 
She sometimes glances at the annotations written on the trauma phone’s notepad that she has laid 
o pen on the table next to the iPad. She then puts the iPad down and goes on to prepare the 
necessary equipment in view of the upcoming resuscitation. 
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Figure 3: Prehospital data entry home screen. 

The prehospital information that has been entered in the system is already visible on the 
prehospital information display (see fig. 4) placed in the room, next to the entrance. The first 
trauma team members step into the emergency room and look at the display while putting on their 
protective gear. 
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Figure 4: Prehospital information display 

10 minutes later, the EMS brings the patient into the room. While they are briefing the trauma 
team, the T1 enters the new information received into the system. As soon as the evaluation of 
the patient by the trauma team starts, she navigates to the data entry screen dedicated to the 
main resuscitation phase (see fig. 5). 
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Figure 5: Resuscitation data entry home screen 

Throughout the resuscitation, the T1 documents the different reports and events taking place. The 
information thus documented is immediately shown for the whole team to see on the two mirrored 
wall-mounted displays 14dedicated to patient- and process-related information (see fig. 6 and fig. 
7). 

 

Figure 6: Patient-centered display 

                                                 
14 This means that there are, altogether, five different monitors in the room for three different displays. 
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Figure 7: Process-centered display 

After about 20 minutes, the patient’s status is stable and no injury requiring immediate surgery 
has been found. The team leader thus decides to send the patient to the CT. Right before 
leaving the emergency room with the patient, the T1 presses the button “leave emergency 
room” and puts the iPad back to its dedicated spot in the room. 

5.4.2 Consistency across the different system components 
A design element that is consistent across all system components is the two-column layout of 
patient evaluation steps and interventions / treatment, both structured according to the ATLS 
protocol (ABCDE mnemonic). The different evaluation steps, listed in a checklist-like format, 
stand on the left, while the corresponding interventions are shown on the right. The 5 letters are 
color-coded in order to make the connection between the two columns easier to perceive. The goal 
of this approach is to facilitate targeted visual searches (see fig. 8). 
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Figure 8: Overview over the two-column layout in the four main components of the system (prehospital information display, 
process-oriented display, prehospital data entry and resuscitation data entry). 

In regard to the assessment of evaluation parameters, three main statuses are available for each 
parameter: 
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 Unknown. This is the initial state of each patient evaluation parameter. A parameter is 
unknown until a first value for is entered into the system (either manually or 
automatically). 

 OK. This corresponds to the “no remark” (“UA”) alternative from the trauma flow sheet 
and means that nothing abnormal was found. 

 Not OK. In regard to vital signs and other numerical patient parameters (such as RLS), 
this status means that the measured value is either above or below a certain pre- set 
boundary (for example, pulse over 120, blood pressure below 90). In regard to the 
remaining parameters, whose assessment is of more qualitative nature, the “not OK” 
status means that a certain configuration, pre-programmed as the “not OK” state of the 
corresponding parameter, is present. For example, the “not OK” status of the “femur” 
parameter is “fracture” (see fig. 9). 

 

Figure 9: "Not OK" status for femur: (right) femur fracture (as shown on the process-oriented display) 

5.4.3 Information displays: main design principles 
The main aim of the information displays is to provide trauma team members with a quick 
overview over the situation and its evolution. The idea is to enable and facilitate the recognition 
of patterns in the information available so as to make it possible for a learning effect to take place 
and thus to, over time, increase the efficiency of team members’ information “deciphering”. In 
accordance with this general aim, the different design hypotheses for each respective information 
display have followed the following design “principles”: 

 Fixed information structure specific to each display: on each display, each type of 
information has a fixed, specific location. This should enable team members quickly 
recognize certain situation configurations (through pattern recognition) and to perform 
“targeted” visual searches for the specific information items corresponding to their 
individual needs. After a certain adaptation/learning period, it is expected for the duration 
of visual searches to be minimized, increasing the efficiency of information transfer 
between the displays and the team members. 

 Centralization of information: each screen corresponds to a complete representation of 
the information “space” (prehospital situation, process status and patient status during 
resuscitation) they are dedicated to. This should enable team members to gather all the 
information that is needed about a specific information space from one single source. 
This principle aims to solve the information fragmentation issue mentioned in section 
5.1.1. 

 Information redundancy: those types of information that are common to several 
information spaces are shown on all the displays for which they are relevant, though not 
necessarily in the same form. Previous research has shown that information redundancy 
could be beneficial (see section 3.5 on visualization-related recommendations). Appendix 
9.5 summarizes what information types are to be found on which display and in what 
form). 

 Consistency: although each display has a different focus and displays different types of 
information in different forms, it was strived to use a common visual language across all 
three screens. This means that the same symbols, colors, codes and types of highlights, 
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among other things, were used in the design of all three displays. 

 Body visualization: injuries and IV-access are, in both the prehospital information 
display and dedicated patient-centered display, shown by means of a patient 
visualization. The objective of this visualization technique is to enable a quick, at-a- 
glance overview over the types of the patient’s injuries and their respective location, the 
patient’s gender and age category (child vs. adult) as well as the established routes of 
administration. This design choice is based on the assumption that a text-based 
description of those different patient parameters would require more assimilation time. 

5.4.4 Prehospital information display 
The prehospital information display primarily aims at addressing the two main issues related to 
prehospital information according to the existing literature (see section 3.4.2): its uneven 
distribution across team members (not all team members have the same knowledge of the 
prehospital information) and its lacking assimilation by the team (team members struggle recalling 
specific items from the prehospital report during the resuscitation). As such, it is meant to show 
all relevant prehospital information items from as soon as the information in question is 
documented by the T1 nurse to the end of the resuscitation in the emergency room / trauma bay. 

It is assumed that providing all team members with the same “first-hand” information on the 
prehospital situation would limit the risk of information distortion and loss and thus support the 
establishment of a shared common ground across team members (incl. latecomers). 

Simultaneously, unconstrained and, so to speak, “on demand” access to prehospital information 
throughout the whole resuscitation is expected to make it unnecessary for team members to have 
to assimilate and later recall prehospital values. This should help reduce team members’ cognitive 
workload and ensure the use of accurate prehospital values. 

Accordingly, the prehospital information display was designed with three different kinds of use 
in mind: 

 Getting an overview of the situation before patient arrival (to be able to prepare both 
mentally, start creating hypotheses and to bring resources suitable for the situation 
(equipment and specialists) 

 Getting an overview of the situation after patient arrival (particularly for latecomers) 

 Looking up of specific prehospital data during trauma resuscitation (particularly for the 
team leader) 

The only information items specific to the prehospital information display is mechanism of injury, 
patient’s medical background and estimated time of arrival. The remaining information items are 
also shown on the two resuscitation screens in order for trends in patient status to be easily 
perceived and for potential injuries to be more quickly identified. 

Mechanism of injury 
The idea would be for the mechanism of injury to be shown by means of pictograms. This would 
enable very quick pattern recognition, in particular for frequent accident categories such as 
transport accidents. In addition, since there usually is a larger amount of information related to 
transport accidents, and in particular car accidents, the use of pictograms would make it possible 
to make this amount of information more easily “absorbable”. 
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Estimated time of arrival 
When team members wait for patient arrival, there is a need for them to know how much time is 
left for them to prepare. Estimated time of arrival is thus shown in a central place on the display, 
and in a slightly bigger font in order to be more quickly discernable from a slightly longer distance. 

Vital signs and trends 
If several evaluations of a patient parameter have been carried out by the EMS, those values will 
be shown next to each other on the display in order for the trend to be visible. 

5.4.5 Patient-centered display 
The patient-oriented display shows all information types relevant to understand the patient’s status 
as a whole. Those information types are the following: 

 Vital signs and other “numerical” patient parameters (such as RLS) 

 Medications and fluids administered; 

 Patient’s observed and suspected injuries; 

 IV-access 

 Results from laboratory tests and advanced examination techniques applied (such as 
FAST and X-rays) 

 Patient demographics 
In addition, in order to support trauma team members’ temporal awareness (D. S. Kusunoki & 
Sarcevic, 2015; D. Kusunoki et al., 2015), the time since patient arrival is also shown on the 
display. 

Vital signs, medications and fluids 
The physicians we interviewed all stressed the need for the trends in patient status to be more 
easily accessible, as the display of such trends is currently not well-supported by the vital signs 
monitor. Team members in general and the team leader in particular need to be able to follow the 
evolution of the patient’s status in order to be able to understand what is wrong and whether the 
treatment given is appropriate and effective. To respond to this need, the patient- centered display 
shows in graph form the evolution, from the initial prehospital assessment(s) to the end of the 
resuscitation, of the patient’s “numerical” parameters (that is not only the patient’s vital 
parameters, but also for example RLS). If a value is outside the pre-set “normal” zone for a certain 
time period, the background for this particular value and timespan turns red in order to catch the 
team member’s attention. The advantage of a digital system here is that the boundaries of the 
“normal” zone can be adapted to the patient’s demographics. 

The medications and fluids administered are also shown in graph form in order for their impact 
on the patient’s status to be more easily perceived by team members. 

Patient demographics 
The patient’s age and weight are required in order to determine the appropriate doses of fluids and 
medications. They are particularly needed by the nurses responsible for administering medication. 

Patient’s injuries and IV-access 
All injuries, symptoms and eventual violence against different parts of the body are shown on a 
visualization of the body together with the established routes of administration (IV access). The 
three physicians we interviewed all expressed satisfaction at the idea of having those information 
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types presented as a body-centered visualization. 

Results from laboratory tests and advanced examination methods 
Results from laboratory tests and advanced examination methods are shown to give a complete 
picture over the patient’s status. 

5.4.6 Process-centered display 
The main goal of the process-centered display is to keep team members up-to-date about the 
progress of the resuscitation progress and the activities that have been performed. The need to 
know what has been done and what has not yet been done (as well as, by extension, what should 
now be done) has been underlined by the three physicians we interviewed. 

ABCDE “checklist” 
In order to respond to this need, the process-oriented display aims at giving an overview over the 
whole resuscitation process. The main evaluation steps within ABCDE are listed in a checklist-
like form. For each parameter, the status of the parameter is visible. However, only abnormal 
findings are highlighted in red in order to catch team member’s attention.  

In an attempt to create a logical information flow, interventions are also categorized according to 
ABCDE so as for the interventions performed for a letter to be shown next to the evaluation 
parameters belonging to that same letter (see section 5.4.3). 

Progress visualization 
For ABCDE evaluations there are three columns. The first one is for the prehospital assessment. 
The second one is for the first in-hospital patient evaluation. The third column is for the latest in-
hospital evaluation. The aim of our design is to make the latest (currently valid) values easily 
discernable while still making it possible for the evolution of the patient’s status to be easily 
followed. To achieve this, we use shadows and borders. 

Fig. 10-12 illustrate the way the display changes depending on how far the team has come into 
the resuscitation process. Three different phases are pictured: (1) Prehospital values are available, 
but the team has not yet started patient evaluation, (2) the team has started the first patient 
evaluation, (3) for the first three evaluation parameters, the team has conducted one or more 
additional iterations, while the remaining parameters have been assessed only once. In addition, 
fig. 10-12 also present the different statuses that can be shown on the screen. 

The most recent evaluation values have a white background and a bold border (in order to be more 
eye-catching), while “older” values only have a thin border. Once the trauma resuscitation has 
begun, the background of the prehospital values becomes of slightly darker shade of grey. 
Abnormal findings have a red border. An empty cell indicates that the corresponding parameter 
has not yet been evaluated, while a “-“ indicates that, although there has been an attempt to 
evaluate the parameter, no valid value could be obtained. 
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Figure 10: Phase 1. Prehospital information available, but the team has not started patient evaluation yet. 
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Figure 11: Phase 2. The trauma team has started the first iteration of patient evaluation. The prehospital values are still visible, 
though slightly faded. 
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Figure 12: Phase 3. The trauma team has performed 2 or more evaluations of the three first parameters but not the remaining 
ones, for which only the first iteration value is shown. 

Timestamps and timer 
Time is relevant for the opportunity to understand in what order things have been performed and 
how long time has passed since. Two of the physicians we interviewed stressed that the question 
as to whether a specific treatment had been done before or after the latest evaluation of a specific 
parameter needed to be easily answered. 

Temporal awareness is thus also supported through the use of timestamps and timers (counting 
up). For each parameter evaluation result, a timer (situated in the last column on the left side of 
the display) indicated how much time has passed since the value was entered into the system (it 
is assumed that it corresponds to the time since which the parameter was evaluated). For 
medications, timestamps are used, showing the exact time at which a medication was 
administered. For fluids, time intervals and time since (started or finished) are shown. Time since 
is indicated for test results and advanced examination results (bottom of the page). 

Overview over laboratory tests, advanced examination methods and plan of care 
The bottom of the display is dedicated to an overview over what laboratory have been performed 
(ordered), what advanced examination methods have been used (and their respective result, if 
available) as well as what plan of care is currently valid. 

5.4.7 Data entry : main design principles 

System structure based on communication and work process protocols 
A particularity of (among other safety-critical environments) trauma resuscitation is that 
communication and workflow are built around well-established communication and work 
protocols, namely, in the present case, SBAR and ATLS. This makes it possible to use the 
structure inherent to those protocols in order to support the documentation process. As such, all 
data entry systems proposed here are structured either in accordance with SBAR (in the case of 
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prehospital data entry) and ATLS (in the case of resuscitation data entry, though the ABCDE 
structure can also be found, in a lesser extent, in a section of the prehospital data entry system). 
The aim of this approach is for the system to “accompany” the user as smoothly as possible 
through displaying the right fields at the right time – and in the right way. This should limit the 
need for extensive visual searches as only relevant fields (in regard to the both the process phase 
and the situation at hand) will be shown to the users. 

Consistency 
We have strived to make the design of two data entry systems as consistent as possible. Although 
they differ in their overall structure, the symbols, colors and interaction “mechanisms” are the 
same across the two designs. Elements that are to be found in the two systems, such as the “undo” 
button, are to be found in the exact same location in the two applications. 

Perceptual learning and quick navigation 
Our analysis of trauma flow sheets and prehospital reports has shown that, despite the use of the 
protocols mentioned above, there are significant variations in the order in which information is 
communicated to the T1 – especially in the prehospital (see sections 5.2.1 and 5.3.5). In addition, 
during the resuscitation phase, simultaneous reporting by team members and the T1 nurse’s 
multitasking makes timely documentation of information difficult (see section 3.2.5). 
Nevertheless, the T1 should be able to document loosely-structured reports as efficiently as well-
structured ones and to smoothly move from one information section to another one. 

Our design hypotheses therefore attempts to optimize navigation not only between screens/pages, 
but also within data entry each screen. To achieve this aim, two strategies have been applied: 

 Click-based navigation style. It has been shown that “a static page is processed more 
efficiently than a constantly scrolling page. There are fewer fixations, less overall time 
required and more words are fixated per fixation. Presentation on pages of a fixed format 
enable absolute location on the page to be used as a memory cue” (Nygren, 1996). As 
such, we use a fixed layout for each data entry screen and sub-screen (no scrolling 
needed) in order to minimize the time and cognitive effort required to navigate across the 
different options available within one screen. It is expected that after an initial adaptation 
period, a perceptual learning effect would take place (Shiffrin & Schneider, 1977), 
enabling the T1 nurse to “automatize” option selection and minimize (or even eliminate) 
the need for visual search. This strategy could be implemented thanks to the large display 
surface offered by the iPad Pro. 

 Two-level navigation: all “sub-screens” can be accessed from the home screen, which 
means that no more than one click is needed to go from one screen to the other. There are 
no sub-levels in the sub-screens. The simplicity of the paths to the different sub- screens 
also aims at facilitating learning. 

 Categories as recurrent information structure mechanism: it has been found that 
categories increase search performance (see section 3.6.2) by facilitating controlled 
search (Shiffrin & Schneider, 1977). For instance, a 2012 study found that medication 
order entry through a categorical display of medications in a touch screen anesthesia 
information management system was more efficient than through an alphabetical display 
(Marian et al., 2012). For this reason, the presentation of multiple selection alternatives 
in our design is, everywhere possible, categorical. The primary categorization criteria is 
the ATLS protocol and its ABCDE mnemonic. Another example is the categorization of 
interventions according to their type (medication, fluid, treatment). 
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Frequency-based display of options 
Despite the large display surface available, not all potentially relevant options can be shown 
simultaneously. The problem is not only lack of space, but also the need to allow for quick visual 
search and option selection, whose efficiency depends on the number of options available (see 
section 3.6.2). 

In our design, it is the analysis of the frequency of the occurrence of the different options (based 
on the analysis of the trauma flow sheets) that determines what options are directly accessible to 
the user. As such, very frequent options can be selected in one click (selection of the particular 
option) while somewhat less frequent options are available in two clicks (one click to navigate to 
the broader list of options, one click to select the options). For example, on the home screen of the 
resuscitation data entry system, shortcuts to very frequent configurations are provided for different 
information types (IV-access, medications, fluids, laboratory tests) (see fig. 13). 

 

Figure 13: Data entry shortcuts for the most frequently documented configurations on the home screen of the resuscitation data 
entry system. 

Minimization of free text entry 
Free text entry is not well-suited to the structured display of information and can be cumbersome 
to enter. In order to minimize free text entry, we have added structured input fields for the 
structured data given as free text in the trauma flow sheets for lack of a dedicated field. For 
example, it is possible to indicate in a structured way the width and length of the tube used for 
intubation (see fig. 14). This eliminates the need to use free text in order to document this 
information. 
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Figure 14: Structured input fields dedicated to the documentation of intubation-related parameters such as the width and length 
of the tube used. 

Optimization of free text entry 
However, since our analysis has shown that free text entry is, to some extent, unavoidable (see 
section 5.2.4), our design hypothesis also attempts to optimize free text entry speed. Two strategies 
have been applied: 

 Soft QWERTY keyboard with text prediction: in section 3.6.3, it was shown that, 
although theoretically not optimal in regard to data entry speed, the QWERTY was still 
the most efficient keyboard thanks to users’ familiarity with it. Simultaneously, it was 
mentioned that text prediction methods worked best when 5 five predictions were shown 
to the user. In our design, we have taken into consideration those findings and have 
chosen a QWERTY layout for our keyboard and a 5-word-at-a-time text prediction 
method (pictured in fig. 15). It must be noted that the numerical keyboard is presented 
separately with a 3x3 calculator format (instead of as an additional above the QWERTY 
keyboard as it is usually done on laptops). This is to ensure consistency with other places 
in the application where numbers need to be entered. 

 

Figure 15: Soft QWERTY keyboard and 5-word-at-a-time text prediction for free text entry. 
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 Specific free text entry field for each information type: it is known that word prediction 
works best in constrained environments, where the number of possible words to be entered 
is restricted (see section 3.6.3). In order to optimize our text prediction system and to 
increase the relevance of word predictions, each information type (that is, each patient 
parameter and each main information category such as medications, fluids, IV-access, 
laboratory tests etc.) has a free text entry field of its own. This is particularly visible on the 
“list” of patient parameters, as shown figure 16. 

 

Figure 16: Free text field buttons on the "list" of patient parameters on the resuscitation data entry home screen. 

Error recovery 
For all mistakes immediately identified, there is an “undo” button in the header of both data 
entry systems (see fig. 17). 

 

Figure 17: Undo button in the header of (1) the prehospital data entry system and (2) the resuscitation data entry system. 

If the status of an evaluated patient parameter is erroneously selected, it can be “deselected” by 
re-clicking on the corresponding status button. However, this particular action can have two 
different meanings: 

 Documentation of an additional iteration of patient evaluation: it is crucial for the T1 
to be able enter several values for one same patient parameter in order for progress of the 
resuscitation process to be accurate and for trends in patient status to be shown to the 
team. 

 Cancelling latest status selection: error recovery. 

To solve this issue, we have designed a disambiguation mechanism that activates from the second 
time a status is selected (clicked). To illustrate the way this disambiguation mechanism works, we 
present the following scenario: 
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For the second iteration of patient evaluation, the T1 has erroneously indicated that the breathing 
sound (“andningsljud”) was OK (see fig. 18). She then clicks a third time on the corresponding 
“OK” button and the disambiguation dialogue comes up (see fig. 19), offering her two choices: 
cancelling the latest status selection, or adding the “OK” status as the result of a third iteration of 
patient evaluation. She selects the former option. 

 

Figure 18: The T1 has selected the "OK" status for the "breathing sound" patient parameter. 

 

Figure 19: Disambiguation dialogue. Here, the T1 is clicking on the "OK" status button for the third time, as she wants to cancel 
the documented value for the second iteration of patient evaluation. 

Documentation of IV-access and injuries 
IV-access (fig. 20), injuries and symptoms (fig. 21) are documented through interacting with a 
body visualization, as it is in part currently the case on the trauma flow sheet. However, unlike 
the body shapes in the flow sheet, this body visualization is accompanied by a “right” (“hö”) and 
“left” (vä”) labels on either side (fig 20 shows how the labels are shown next to the body 
visualization on the IV-access screen from the resuscitation data entry system). This design choice 
was initially made after seeing that those labels had been added by hand in one of the trauma flow 
sheet and that in some cases, mistakes had been made in the “drawing” of injuries on the body 
shapes. Later, the positive feedback we received from T1 nurses confirmed that a right and left 
label would indeed significantly reduce the user’s cognitive load, as it no mental “transformation” 
of the data would be needed any more. 

 

Figure 20: "Right" ("Hö") and "Left" ("Vä") labels on either side of the body shapes on the IV-access screen (resuscitation data 
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entry screen). 

 

Figure 21: Data entry screen for injuries and symptoms 
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5.4.8 Prehospital data entry 
It is beyond the scope of this thesis to describe the smartphone application for prehospital data 
entry. However, we suggest for the smartphone application to focus on the entry of structured 
prehospital information, such as, typically, the vital signs values or the type of accident. The more 
unstructured details of the situation could be written on a paper and be entered through the iPad 
application once the T1 has reached the emergency room. The reason for this is that the iPad 
application can enable more flexibility and present more structured input options at a time thanks 
to its large surface. It is uncertain whether a smartphone application could enable efficient, 
complete prehospital data entry. 

The prehospital data entry screen is structured according to the SBAR protocol. Unlike the flow 
sheet, it also contains a field dedicated to the documentation of medications and fluids 
administered to the patient by the EMS. The analysis of the trauma flow sheet showed that such a 
field was required (see section 5.2.1). 

Another issue uncovered in the analysis of the flow sheet was that structured input was better 
supported for transport accidents and falls than for other types of accidents. Our design solves this 
issue by first asking the user to select a particular type of accident (see fig. 22). This triggers the 
appearance of an overlay on which accident-specific fields are displayed. The patient’s injuries 
can also be documented on this overlay, as our flow sheet analysis showed that this information 
was generally included in the free text area of the “Situation” section instead of the “Assessment” 
section. As such, we have attempted to better “stick” to the T1’s documentation habits. 

 

Figure 22: Choice of accident categories on the home screen of the prehospital data entry system. 

In regard to the “Background” section, we have created the possibility to indicate the patient as 
“healthy” (see fig. 23), which is currently not supported by the flow sheet either but seems needed 
by the T1 nurses as it is frequently mentioned as free text. 

 

Figure 23: Background section in the prehospital data entry system. 

5.4.9 Resuscitation data entry 

Documenting responsibility 
The trauma flow sheet analysis has shown that some fields require a signature (see section 5.2.3). 
We suggest for those fields to be “saved” on a separate “page” in the system upon being filled in. 
All fields requiring a signature could then be accessed through one click on the “Sign” button in 
the header of the screen (see fig.24) at the end of the resuscitation, making it unnecessary for the 
T1 to look for each one of the fields before having the required team members signing them.  
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Figure 24: “Sign” button in the header of resuscitation data entry screen 

The resuscitation data entry system is structured after the ABCDE mnemonic from the ATLS 
protocol. On the left side, the different patient parameters to assess during patient evaluation are 
listed as in a checklist. On the right side, shortcuts to the most frequently documented items within 
the main information types - IV access, medications and fluids, advanced examination techniques 
(incl. Laboratory tests) are available. 

Documentation of patient status 
The T1 can either select a status for each single patient parameter or, on a higher level, indicate 
that all parameters belonging to a letter are “OK” (see fig. 25). This flexibility in documenting 
patient status was created in order to enable the T1 to easily adapt to the surgeons’ and other 
reporting physicians’ different reporting styles (see section 5.3.3). 

 

Figure 25: Button to indicate that all the parameters belonging to B are "OK". 

It has not to be forgotten though that it is always a balance between supporting all alternatives for 
the sake of not having to transform information and on the other side having too many alternatives 
to choose between. 

The analysis of trauma flow sheets has shown that most evaluations in the process are judged as 
“OK”. The design therefore intends to be faster going straight through the “OK” column (all “OK” 
buttons for all parameters are in a straight line after each other) and documenting that something 
is wrong is allowed to take slighter longer time. 

However, not all patient parameters can always simply be indicated as “OK” and do not have a 
single, simple “not OK” state, but require for some more details to be provided. In addition, reports 
about certain parameters differ greatly in precision. In the following paragraphs we illustrate how 
more detailed status information can be provided for the pupils and RLS. 
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Pupils 
Sometimes, it is reported that pupils are of unequal size, but the size is not given. At other times, 
the exact size of each pupil is given (see section 5.3.3). This requires the design to give the 
opportunity to choose the appropriate level of detail from case to case, depending on how the 
status of the pupils is reported.  

The resuscitation data entry system makes it possible for the T1 to quickly document various pupil 
configurations (see fig. 26). Nonetheless, it became necessary to also design mechanisms that 
would prevent them from giving inconsistent data by mistake. If the T1 nurse selects the option 
“different sizes” (“olikstora”), it will not be possible for her to select any size within the “bilateral” 
(“bilat”) column (as it would mean that the pupils are of equal size). On the left side of fig. 26, all 
the “bilateral” (“bilat”) alternatives are disabled. The mechanism also activates if a specific size 
is chosen for one side and another size for the other side: the top button for “same size” (“lika 
stora”) will then be disabled as shown on the right side of fig. 26.  

 

Figure 26: Options available to document the status of the pupils 

RLS 
Sometimes they do not get the exact value for a specific parameter like the RLS (Reaction Level 
Scale) but only that it is okay or not. It could also be that the sometimes go down to level of detail 
saying that it is 3A or 3B but other times only say 3. Supporting all ways of entering information 
make a cognitive relief in this stressful situation. 

Documentation of interventions 
When it is indicated that something is wrong with a certain parameter, all interventions related to 
the letter to which the parameter belongs are shown in the right side of the screen (as an overlay 
above the “shortcuts” mentioned above).  

Navigation tabs 
Not all options are visible on the screen from the beginning. However, each main information type 
(IV-access, medications and fluids, injuries, advanced examination methods, plan of care) have a 
screen of their own, accessible through one swipe of the finger on their respective tab (in the far 
right of the screen). Those tabs are always accessible. 
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IV-access  
One thing that has gained much more space in our solution compared to the trauma flow sheet is 
documentation of IV-access (see fig. 27). As the recordings in combination with the frequency 
found in the flow sheets have uncovered to us how crucial this management is in all traumas we 
want the team to be able to have this information visualized. As the digitized flow sheet 
application is a keyboard for the display this part has to be promoted in a good way also in the 
input.  

 

Figure 27: IV-access screen in the resuscitation data entry system 

Injuries and symptoms 
Another area that gained more attention is the documentation of injuries and symptoms. To handle 
a rapid input of injuries and symptoms to start with we focused on classification and 
categorization. To make it faster to find searched alternatives we divided them in two categories 
as mentioned; symptoms and injuries. The next step was to have them in an alphabetically order 
as this is how they order them now. To minimize the number of steps all alternatives are initially 
visible. To be able to cope with the flexibility in the reporting it is possible to document an injury 
or symptom even though they do not know where it is located on the body.  
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6 Conclusion and Discussion 
6.1 Overview and contribution 

The current thesis revolved around the development of design hypotheses of digital tools 
supporting team cognition in the trauma resuscitation setting. The main focus of our work has 
been the design of a digital, mobile data entry system that meets up the needs of such a fast-paced 
and life-critical environment. The aim of such a system would be to replace the current paper-
based trauma flow sheet currently used in the documentation of trauma resuscitations in order to 
enable the real-time display of relevant process- and patient-related information on shared wall 
displays in the emergency room / trauma bay. As it has been argued in the literature, such displays 
could support trauma team members’ situation awareness and reduce their cognitive load through 
information externalization, which could in turn facilitate teamwork and team communication and 
lead to a reduction of medical errors during trauma resuscitations. 

Our design hypotheses of a data entry system and of corresponding shared team displays fitted to 
the needs of trauma teams were developed within the framework of a case study at Akademiska 
sjukhuset. Through the analysis of filled-in paper-based flow sheets and recordings of real trauma 
resuscitations as well as interviews with clinicians involved in trauma resuscitation, we have been 
able to identify key requirements for such a system, which we have illustrated in the form of 
paper-and-pen prototypes. 

To our knowledge, this is the first study which addresses the user-centered design of a mobile data 
entry system for the real time documentation of trauma resuscitations, and the first to present a 
synthesis on the existing research on shared wall displays supporting team cognition during 
trauma resuscitation. 

6.2 Methods 
A significant issue which we had to work around in our methodology was the lack of direct access 
to certain types of information. For some aspects of the trauma resuscitation process, no data were 
available. For instance, prehospital calls are not recorded at Akademiska sjukhuset. As such, there 
was no direct way for us to analyze the content and form of this first exchange between the 
ambulance nurse and the T1. We chose to solve this issue through interviewing both a T1 and 
ambulance nurses on the subject. In regard to the documentation of the main resuscitation phase, 
the main limitation of the applied methods was the lack of connection between the different cases 
handled in the analysis of the filled-in trauma flow sheets and in the recordings of trauma 
resuscitations. Analyzing the trauma flow sheets filled in during the recorded resuscitations would 
have enabled us to gain a more precise and reliable understanding of the documentation process 
and the issues related to it. 

However, we were unable to access the flow sheets corresponding to the recordings at our 
disposal. Furthermore, not all relevant roles within the trauma team could be interviewed and, for 
those we could be, we were only able to talk to one single representative of each role group (one 
T1 nurse, one surgeon / team leader, one orthopedist and one anesthesiologist). 

The different methods we applied thus all had certain specific limitations and did not in themselves 
give a reliable and complete overview over situation. However, in combination, they enabled us 
to gain in-depth insights into the broader process surrounding the main trauma resuscitation event. 
Though mostly qualitative, our methods also made it possible for us to develop a certain 
understanding for the needs of different stakeholders involved in trauma resuscitation and more 
importantly, led to the identification of (potential) issues that would otherwise have been 
overlooked. 
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6.3 Data entry 
6.3.1 General conclusions 

Nurse recorder as scribe 
Our current solution is based on the assumption that documentation will almost exclusively be 
carried out by one single nurse (the nurse recorder). This approach is consistent with previous 
studies on the topic (Sarcevic, Weibel, et al., 2012) as well as with how electronic flow sheets 
have currently been implemented in some hospitals (Bilyeu & Eastes, 2013; D’Huyvetter et al., 
2014; Eastes et al., 2010; Wurster et al., 2015). However, our analysis of trauma resuscitation 
recordings has shown that there are certain limitations related to that method, in particular in 
regard to the documentation of the main resuscitation event. More specifically, our findings 
suggest that it might lead to delays in the display of relevant information as it is frequent for 
several information items to be reported simultaneously and for the nurse recorder to be busy with 
additional tasks. If timeliness of data entry is currently not required of the nurse recorder when 
filling in the paper-based flow sheet, the use of an electronic flow sheet coupled to shared displays 
aimed at supporting trauma team members’ situation awareness will make real-time data input a 
priority. Indeed, the timely display of relevant information will then be a prerequisite for the 
team’s accurate understanding of the situation. 

To make accurate real-time documentation feasible in practice, a possibility would be to divide 
the documentation task across different team members. However, this solution would probably 
require organizational changes in most trauma centers, as the documentation of trauma 
resuscitation is usually not a collective task. The changes that would be required at Akademiska 
sjukhuset in order for this approach to be implemented are discussed in some detail section 6.3.2. 

Structured input vs. free text 
Our findings point to free text being, within a certain extent, unavoidable in the documentation of 
trauma resuscitations. This is particularly true for the documentation of prehospital events such as 
the mechanism of injury. However, free text entry is problematic in the trauma resuscitation 
setting because it is requires more time than structured input. For example, ticking a checkbox is 
quicker than writing a sentence or word. 

In accordance with this central finding, we have argued that the aim of a digital data entry system 
for trauma resuscitation needs to be 

1. the minimization of free text entry 

2. the optimization of the free text entry speed. 

Minimization of free text entry 
Our analysis of filled-in TFSs has led us to the identification of specific information patterns in 
most of the data entered as free text. On this basis, an extensive structured input system was 
developed. The aim was to minimize resort to free text through providing additional input fields 
for the structured content currently entered in text form because not supported by the current TFS 
design. The creation of additional input fields was possible in a digital system as, in contrast to 
paper-based forms, not all fields need to be shown at the same time. As such, the proposed design 
revolves around the timely display of context-relevant data entry options. 

In our design, three main factors can determine what input alternatives are displayed on the screen: 
the situation (like for example the mechanism of injury), the ATLS category to which the 
alternatives belong (A, B, C, D or E) which also corresponds to the ongoing evaluation phase and, 
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finally, the frequency of each alternative (how many times a certain alternative has been reported 
based on previously documented resuscitations). The aim of this approach is to increase the 
relevance of the displayed data entry options and to optimize the speed with which common 
configurations can be documented. 

However, certain drawbacks need to be taken into consideration. First, there is a risk of 
“disorienting” the user, as the available options in a specific domain might vary from one case to 
another. Our design attempts to minimize this issue by presenting a very consistent high- level 
information structure, where the same information types are always located at the same places and 
accessible through the same paths. However, on a lower level, the issue is, to a certain extent, 
unavoidable. For instance, the statistical frequency of certain items might change over time, 
leading to varying options being shown at a same place. This might lead to confusion and errors. 
Second, the strong reliance on navigation might in some situations become a strain for the user. 
Trauma resuscitations generally do not unfold in linear fashion and the order in which information 
is communicated to the nurse recorder varies. This might require her to continuously switch from 
one section of the system to another, decreasing data entry efficiency due to repeated additional 
clicks. In our design, we have tried to reduce the impact of this issue by minimizing navigation-
related clicks through providing shortcuts to the main components of the system. Thirdly, there is 
double hindrance to the quick documentation of unusual situations, as the process takes not only 
longer (uncommon options require in essence more clicks than common ones) but is also less 
familiar to the user (which means that more mental steps are required) (Card et al., 1983). 

Optimized text prediction for free text entry 
Furthermore, instead of offering only one general free text field function, our design makes it 
possible to open a free text field for each relevant information section. This makes it possible to 
create a more precise and fitting “typing support” for the user (most notably more accurate word 
suggestions as the possibilities are reduced to the domain of the specific section the free text field 
button is related to). 

6.3.2 Case study-specific conclusions 

Mobility and flexibility of the prehospital data entry system 
As the T1 nurse might be anywhere (within the ED) when getting the EMS prehospital call, there 
is a need for an extremely mobile solution that can be accessed anywhere, anytime. At 
Akademiska sjukhuset, this accessibility problem is currently solved through the placement of 
stacks of paper flow sheets at multiple locations within the ED, so that at least one of the locations 
is always within the T1’s reach. However, it is to be assumed that such a solution is not applicable 
to Apple’s iPad Pro (the device for which our design hypothesis of a data entry system for trauma 
resuscitation has been intended), as it probably would be too costly for any hospital to acquire 
such a high number of devices. The alternative is thus for the T1 to have the device on her at all 
times. Yet if the iPad Pro’s size and weight are, from our perspective, fitted to its intended use in 
the emergency room / trauma bay, they make for a too bulky device to be continuously carried 
along by the T1 when she is performing her routine duties. For this reason, we propose using a 
smartphone to start documenting the prehospital call. The advantage of this approach is that 
clinicians are already used to carrying one (and sometimes even more than one) in their pocket(s), 
meaning that this would not cause any additional inconvenience to the T1 on call. On the other 
hand, the design of a mobile application for the documentation of the prehospital report fitted to 
the requirements of the situation is a very challenging task. 

The main reason for this is that the structure of the EMS report cannot realistically be expected to 
follow the SBAR protocol by the letter each time. Indeed, ambulance nurses generally rely 
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exclusively on their memory when reporting, which makes it likely for them to forget certain 
elements and have to come back to them later on. In addition, they frequently are stressed and 
under a high cognitive load when calling the hospital as they have to ensure the care of patients 
in critical condition while reporting to the T1. This makes it difficult for them to spend additional 
energy focusing on delivering a structurally correct report. As a consequence, there is a need for 
a somewhat flexible system which makes it possible for the T1 to easily follow the flow of the 
report even when the information is not always provided in the expected order. 

Because we believe that this goal is hard (if not impossible) to achieve through a structured digital 
system, we suggest for the T1 to dispose of a small notepad in order for her to be able to quickly 
take notes of the report while on the phone and to first enter the data into the electronic flow sheet 
after having alerted the trauma team. This would reduce the T1’s cognitive load (as she would not 
need to navigate through the application and search for the appropriate fields while listening to 
the report). This solution would furthermore not be that different from the way things are currently 
done, as the free text field on the first page trauma flow sheet is almost always resorted to. This 
suggests that structured data entry is, even on paper, challenging when it comes to documentation 
of the prehospital report. 

Need for a shared understanding of SBAR between EMS and trauma unit 
Our case study has uncovered compatibility issues between the SBAR checklist on which the 
prehospital report by the EMS is based and the SBAR-based structure of the prehospital section 
of the trauma flow sheet currently in use. We believe that homogenizing the way SBAR is 
perceived by the two units might significantly improve communication between the EMS and the 
T1 / trauma team and thus lead to a more accurate and more efficient documentation of prehospital 
information. For example, the ambulance’s SBAR checklist could be modified in order to 
correspond to the structure of the trauma flow sheet. This would enable the ambulance nurses to 
better understand the needs of the T1 and to adapt their reporting so as to better match the T1’s 
expectations. 

Collective documentation of the main resuscitation event 
In order to ensure the timely documentation of different types of information during trauma 
resuscitation, an alternative to having a single nurse (the T1) responsible for the documentation 
process would be to distribute the task across different members. Although we were unable to 
analyze in depth the role of all trauma team members because of time constraints and the difficulty 
to access the needed data, our findings lead us to believe that the following organizational changes 
could be both feasible and beneficial: 

 The ambulance nurse could, within a limited extent, participate in documenting 
prehospital information. The fact that she is able, in a vast majority of cases, to report on 
the intervention in the EMS system after leaving the emergency room suggests that she 
potentially also could enter information in the system used by the trauma team. Actually, 
we believe that merging together the fields that both systems have in common would be 
a significant improvement. Indeed, according to our observations, much of the 
prehospital information documented in the flow sheet is redundantly entered in the EMS 
digital system. Further research is needed to determine the exact degree of redundancy 
between the two systems, but we believe that there is potential for improvement here. 

 Nurse anesthesiologists could be given the responsibility of documenting the 
administration of medications and fluids. In our interviews, it was mentioned that they 
currently use paper-based notes to keep track of the fluids and medications administration 
process. This suggests that having them using a digital system instead of paper-based 
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notes would not significantly change their work process nor add to their cognitive load. 
On the contrary, it can be hypothesized that a digital tool could be a valuable cognitive 
aid for them, in addition to the benefits related to the timely documentation of fluids and 
medications. 

 The radiology nurse could overtake the documentation of performed X-ray and their 
results. The extent to which this is currently done at Akademiska sjukhuset is unclear. 

 The medical staff in charge of administrative tasks could take responsibility for the 
documentation of those tasks. As they do not directly participate in taking care of the 
patient, we believe that they could have the possibility of entering some data into the 
system. 

It must be stressed that collective documentation should not be confused for information 
fragmentation. The idea revolves around different team members entering data into one single 
system and into the same fields. This way, all the relevant information about the ongoing trauma 
resuscitation event can be found in one place, even though it is entered by different people. 

6.4 Data display 
Several studies have looked into the design of shared team displays supporting team cognition 
during trauma resuscitation. If researchers seem to overall agree on what information should be 
shown on the displays, there is no consensus as to how many displays are necessary, how the 
relevant information should be distributed across displays and where those displays should stand 
in the room. 

Our solution is composed of three different displays: one display dedicated to prehospital 
information and two displays dedicated to support team cognition during the resuscitation. A 
feature shared by all displays is the listing of patient evaluation phases in accordance with the 
ATLS protocol (ABCDE mnemonic). This approach has received high acceptance among the 
clinicians involved in our case study. 

Prehospital information display 
The lack of prehospital information prior to patient arrival as well as the difficulty for the team to 
assimilate the prehospital report have been pointed out as central issues both in the literature and 
by the clinicians involved in our case study. As such, making the whole prehospital report 
accessible to the whole team can on its own be expected to lead to significant improvements in 
the trauma resuscitation work practice. When it comes to what prehospital information is relevant 
/ needed by the team, the needs of the different team members seem to be rather similar. For this 
reason, we believe that our design could fit the needs of further hospitals in addition to 
Akademiska sjukhuset. However, it must be noted that the design hypothesis presented here takes 
into account the technology currently available at this hospital, which has restricted what could 
be included in the design. As the digitization of that domain increases, new features could be 
added to the display, such as for example the automatic and continuous “transfer” of the patient’s 
vitals from the ambulance or a live feed of what is happening in the ambulance. 

Resuscitation displays 
As suggested in several studies (see section 3.5), our solution is composed of two different 
displays supporting trauma team members’ team cognition during trauma resuscitation, namely a 
patient-centered display and a process-centered display. The patient-centered display shows all 
information related to patient’s status, including trends in vital signs (shown as line graphs) and a 
visualization of the certified and suspected injuries of the patient. The process-centered display is 
divided into two parts: an ATLS checklist containing the main patient evaluation steps (including 
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the findings, highlighted if abnormal, corresponding to each step) and a list of all interventions 
performed by the team. 

The positive feedback we have received from clinicians has confirmed the relevance and potential 
validity of such an approach. In particular, the suggested design for the patient- centered display 
encountered high acceptance among the clinicians involved in our case study. Nevertheless, some 
questions regarding the visualization of certain types of information remain open. For instance, 
one of the main remaining interrogations has to do with how injuries, IV-access and the body parts 
having potentially been damaged should be visualized in order to communicate this information 
in the most reliable and efficient way possible. 

On the other hand, the reactions towards the design of the process-centered display were more 
doubtful. The reason for this seems to be that the needs of the different trauma team members 
greatly differ in regard to process-related information. This is particularly true for the display of 
the interventions that have been carried out by the team. In the current design, the interventions 
are primarily categorized in accordance with the section of the ATLS protocol they belong to (A, 
B, C, D or E). Within that category, they are divided according to their type (medication, infusion 
other treatment). If the physicians interviewed seemed to rather agree with this approach, the nurse 
recorder, however, expressed the wish for a chronological display of interventions. As such, the 
question arises as to whether the information related to the interventions done by the team should 
be adapted to the individual needs of each role or role group. This information could then for 
example be displayed on smaller, tablet-sized screens instead of on big wall displays. Furthermore, 
although we believe that the general concept underlying our design hypothesis may be fitted to 
the needs of all trauma teams working with the ATLS protocol, it must be pointed out that, 
depending on how the protocol is applied in different trauma centers, there might be a need for 
other / additional patient evaluation steps in the checklist. 

6.5 Ethical considerations 
Although the purpose of shared wall displays supporting team cognition is to lead to an 
improvement of the trauma resuscitation practice, it must be considered that it is difficult to predict 
to what extent those displays would impact the way trauma teams work in practice. Some of the 
changes induced by the introduction of shared wall displays might be unexpected and possibly 
even have a negative effect on the quality of trauma teams’ work. For example, Zhang et al. (2014) 
found that the introduction of a paper-based checklist to support the team leader’s guidance of the 
resuscitation process led to a modification of the other team members from proactive (acting upon 
their own initiative) to reactive (acting upon the leader’s prompts). As such, it is fundamental to 
consider all the possible outcomes of technology use: “because information presentation 
profoundly affects user behavior and decision-making, it is critical that information displays be 
thoughtfully designed and rigorously tested to ensure they yield the best possible performance 
outcomes. These evaluations must consider the full complexity of the context in which the system 
is to be used” (Karsh, Weinger, Abbott, & Wears, 2010, p.618). This has not yet been done in 
regard to shared wall displays during trauma resuscitation. At this stage, the benefits of such an 
approach has not been proven, and it is highly probably that many design pitfalls have not yet 
been identified by researchers. For this reason, further research is needed in order to determine 
how the trauma resuscitation work practice would change following the introduction of shared 
wall displays and what potential risks this approach entails for trauma teams’ work performance 
and, by extension, for the patient’s safety. 
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6.6 Limitations of our work 
Our work has several limitations. First, it is based on a single case study, which means that the 
validity of our findings and design hypotheses does not necessarily extend to further trauma 
centers. Second, not all stakeholders of the trauma resuscitation process could be included in our 
study, and generally only one representative for each of the included roles was interviewed. In 
addition, data about certain key aspects of the broader trauma resuscitation was lacking or 
unusable in our analysis. For this reason, there is a risk for important elements to have been 
overlooked in our designs. Thirdly, the design hypotheses we present here are incomplete in the 
sense that many details of the user interaction still require to be defined. Our hypotheses cover 
many different aspects, but many of those aspects are only superficially addressed. As such, many 
features comprised in our hypotheses could be further refined, and our designs should still be 
considered as a work in progress. Finally, it must be pointed out that those design hypotheses have 
not been reliably evaluated and their relevance and validity has not been tested (nor proven). At 
this stage, they are still to be understood as more “theoretical” considerations. 
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7 Future work 
Overview 
From our perspective, future work on our project should include the following phases: 

1. Analysis 

2. Fine-tuning of the design hypotheses 

3. Development of interactive, semi-functional computerized prototypes 

4. Evaluation of the concept in context 
In the following paragraphs, we briefly describe what activities are included in each phase. 

Analysis 
Because we were not able to cover all relevant aspects of the broader resuscitation process in the 
current study, further research is needed in order to for the whole work process and all involved 
stakeholders (including after-care) to be taken into account in the design hypotheses. In regard to 
data-gathering methods, we believe that the analysis of filled-in trauma flow sheets and video 
recordings as well as interviews would be appropriate. However, there is a need for more 
involvement from the medical staff; one or more representatives of each role within the trauma 
resuscitation process should be interviewed, and assistance from experts in analyzing trauma flow 
sheets and video recordings could greatly enhance the completeness and depth of the analyses. 
For example, “retrospective” contextual interviews could be conducted with nurse recorders so as 
to better understand how trauma flow sheets are used in the documentation of pre- and in-hospital 
information. Video recordings could be watched together with an expert (i.e. a clinician familiar 
with the trauma resuscitation process carried out in the recordings) who could clarify the 
motivations behind some of the actions executed by the different trauma team members (collegial 
verbalization). 

Furthermore, in order to ensure the generalizability of the findings, it would be necessary to 
conduct case studies at multiple hospitals in Sweden. 

Fine-tuning of the design hypotheses 
The detail of the user interaction with the data entry system needs to be defined for all system 
components. To make that possible, it would be necessary to not use data “extracted” from real 
trauma resuscitations, but also to previously have this data “interpreted” by nurse recorders in 
order to ensure that the documentation of the event is accurate and corresponds to the way nurse 
recorders would record it. 

This would allow for a more accurate understanding of how trauma resuscitations are documented 
in practice (what event or action triggers what information entry) and how the different 
information items should be entered into the system. Throughout this refinement process, “low-
tech” user testing sessions with different T1 nurses would be required in order to ensure that the 
different data methods designed correspond to their expectations. Once all the different data entry 
methods available in the system have been defined, the efficiency of the design could be assessed 
using, for example, the touch-level model. This could enable a comparison between the paper-
based flow sheet and our solution in regard to their respective efficiency and possibly point to the 
need for further improvements. 

In regard to the data display design hypothesis, for which the feasibility of the selected 
visualization techniques needs to be ascertained, the use of real data would also be necessary in 
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order to refine the design. There are two main questions that will need to be answered at this stage: 

 Can all the relevant information produced during a real resuscitation be shown in a legible 
way on the displays? 

 Are the displays fitted to the needs of the different roles within the trauma teams, and 
how could the design be optimized in order to be more relevant for the roles it currently 
does not support well? 

Focus groups and interviews could be appropriate methods to further refine the design of the 
displays. 

Development of interactive, semi-functional computerized prototypes 
Once the details of the design have been (temporarily) set, computerized semi-functional 
prototypes of the different components of our solution (data entry screens and displays) should be 
developed. They should model the user interaction with the system as realistically as possible. 

Evaluation of the concept in context 
The interactive prototypes for each component of the system could be tested in a simulated setting. 
In a first phase, each component could be tested separately to enable further fine- tuning of the 
design if needed. Such an approach would require a clear division of the trauma resuscitation 
process into different tasks (related to the use of the different components of the system) in order 
for each task to be the object of focused, scenario-based usability tests with the intended user(s). 
For example, nurse recorders could be asked to document several (real or constructed) prehospital 
reports with the system, or different team members could be asked to “decipher” different “states” 
of the displays. In a second phase, the different components of the proposed solution could be 
tested together during more extensive simulations. This would make it possible to assess the 
validity of the concept as a whole and to identify its impact on the trauma resuscitation work 
practice. 
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9 Appendix 
9.1 Data display : Suggested information structures and locations 

for shared wall displays in trauma resuscitation 
Source Data distribution across screens and team members 
(D. S. Kusunoki et al., 
2013) 

1st display (trauma leader): mechanism of injury, highlights of 
changes in vital signs, diagnoses, interventions and outcomes and 
status of tasks 
2nd display (remaining team members): status of tasks 

(Sarcevic, Zhang, et al., 
2012) 

1 display (trauma leader): trends in vital signs, administered 
medications and their timing, the amount of fluid received, 
completed protocol steps 
Location undetermined 

(Sarcevic, Weibel, et al., 
2012) 

1st display (decision-makers): patient demographics, initial vital 
signs, medications and fluids administered 
2nd display (latecomers, near the entrance): mechanism of 
injury, completed evaluation tasks (progress), findings (patient 
status) 
3rd display (smaller screen for supportive staff, in the 
administrative area): lab and X-ray orders 

(D. Kusunoki et al., 
2015) 

1 display: wall display divided into two sections, a team-centered 
section and a patient-centered section. 
Team-centered section:  

 a list of team members with roles, names, experience 
levels, and photos, missing roles 

 a list of completed procedures and treatments 
 time of arrival, timer and timestamps of treatments 

Patient-centered section:  
 a section containing static, contextual information, 

including demographics, mechanism of injury, pre-
hospital interventions and pertinent medical history  

 a section containing dynamic information with 
requirements feedback (?), raw vital signs and trends, 
findings from physical examination, values from 
laboratory studies as well as X-rays and CT scans. 

However, number of displays, distribution of information across 
different displays and positioning of the displays are still the 
object of debate. 
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9.2 Trauma flow sheet at Akademiska sjukhuset 
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9. 3 Examples of patient evaluation findings reported by the surgeon 

ATLS  What is 
evaluated 

Reported findings  

A Whole A “A är fri” 
”A är friad” 
“A är klart” 
“Jag är nöjd med A” 
“A säkrad med lufttub”.  
“Ingen svullnad här kring halsen 

B Breathing 
sound 

“Bättre andningsljud på höger sida än vänster men fina andningsljud” 
“Andningsljud på bägge sidor.” 
”Jag tycker att han har andningsljud på båda sidor möjligen lite mer avlägsna 
där men jag tycker att har andningsljud bilateralt” 
“Liksidiga andningsljud over hela lungfältet” 
“B” Liksidiga andningsljud” 

 Saturatio
n 

Saturation på 100%”. 
Bra saturation 

 Trachea “Verkar ha trachea i medellinjen” 
Ingen trachea deviation 

 Thorax “Thorax till synes stabil” 
 Subcutant 

emfysem 
Inget subcutant emfysem som jag kan känna 
“Inget subcutant emfysem” 

 Whole B “Jag är nöjd med B” 
“B är friad bilateralt” 
“Jag är nöjd med B” 
B verkar stabilt, ja 
Så A och B bra. 

C Femur “Ser ut att ha en femur fraktur på höger sida” 
 

 Abdomen “Buken är mjuk men utfylld till höger” 
“Mjuk i buken” 
“Buken är friad” 
 

 Pelvis “Bäcken till synes stabilt 
“Bäckenet är stabilt” 
”Bäcken är stabilt också” 

 Legs “Väldigt stabbigt höger lår” 
“Extremt stel i höger vad” 
Eventuellt femur fraktur på vänster” 

 Pulsar “Inga palpabla pulsar” 
 Whole C “C är bra”  

“När det gäller C så trycket är jag inte riktigt nöjd med” 
“C verkar översiktligt bra. Verkar inte va någonting. Ingen smärta i buken, 
ingenting bäcken eller långa rörben och en fin puls, fina radialispulsar” 

D Back “Ingenting uppenbart på baksidan” 
“Inga hematom” 
“Inget synligt på ryggen” 
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“Inget uppenbart” 
(vä arm) “Inget uppenbart där, puls i den och motorik” 
“Ingenting här heller”  

 Pupils “Båda reagerar, båda pupillerna reagerar”  
 Numbnes

s 
“Du kan skriva … vänster ben”  

 Whole D “D också”  
“Alltså D är översiktligt bra. Pupiller UA … god grovkraft och sensibilitet.” 
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9.4 Summaries of patient evaluation findings during resuscitation 
Case  Number of 

summaries 
Initiator Summary of findings 

1 1 Surgeon ”Jag är nöjd med A. Jag är nöjd med B. Nu försvann 
saturationen men den har varit där innan. När det 
gäller C så trycket är jag inte riktigt nöjd med. Kan 
vi ta ett nytt?”  

2 1 Surgeon Sammanfattningsvis så har vi ett sticksår I thorax 
eller sternum, mitt over buken, vänster hand, höger 
knä. Samtliga A, B, C, D, E UA övrigt. Patienten 
verkar stabil. 

3 2 Surgeon “Så att ABC UA och D RLS 2, lite tröga pupiller 
men sensorik och motoric i armar och ben UA. Vi 
ska ta lite prover sen blockvändning kolla igenom 
ryggen” 
“okej ABC UA, D RLS 2, lite svårvärderad med 
tanke på vad gäller smärtreaktioner så vi kör en 
trauma CT” 

4 1 T1 nurse “A, B är bra, C stabil, bra puls, saturation, 
blodtryck. Neurologiskt hittills opåverkad. 
Pupillerna reagerar bra. Sensibilitet extremiteterna. 
Vi kommer kola rygg. Buk är fri. Inget … på 
bröstkorgen. Bäcken stabil.  

5 2  Anesthesiol
ogist 

(A svar från narkos) “B ser bra ut, svårt att få 
saturation i det här fallet, perifert kall. C har vi 
dåligt tryck. Har inte fått något tryck men 60 blod 
givet så det skulle vara bra om vi fick ett nytt 
blodtryck där. En venväg som verkar fungera i 
höger overarm. Venvägen höger ben verkar inte 
fungera. Vi har hittat en fraktur höger femur och en 
fraktur vänster femur. Det kan förklara 60% 
blodförlust plus vad han har i skallen. FAST är 
negativ och ser fin ut. Så vi har ingenting som akut 
behöver gå till op på sekunden.”  
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9.5  Information displays: overview over information redundancy 
 Prehospital 

information display 
Process-centered 
display 

Patient-centered 
display 

Patient 
demographics (age, 
weight) 

Yes  Yes 

Prehospital values 
from patient 
evaluation 

Yes (raw values) Yes (raw values) Yes (graph, raw 
values) 

Prehospital 
interventions (excl. 
medications and 
fluids) 

Yes Yes  

Prehospital 
administration of 
medications and 
fluids 

Yes (text) Yes (text) Yes (graph) 

Prehospital abnormal 
patient findings  

Yes (text, 
visualization) 

Yes (text) Yes (graph, 
visualization) 

IV-access Yes (visualization) Yes (text) Yes (visualization) 
In-hospital abnormal 
patient findings 

 Yes (text) Yes (graph, 
visualization) 

Results of advanced 
examination 
techniques (X-rays, 
FAST, …) 

 Yes Yes 

In-hospital 
administration of 
medications and 
fluids 

 Yes (text) Yes (graph) 

Time since patient 
arrival 

 Yes Yes 
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