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Abstract

Background: As problems of acceptance, usability and workflow integration continue to 

emerge with health information technologies (IT), it is critical to incorporate human factors and 

ergonomics (HFE) methods and design principles. Human-centered design (HCD) provides an 

approach to integrate HFE and produce usable technologies. However, HCD has been rarely used 

for designing team health IT, even though team-based care is expanding.
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Objective: To describe the HCD process used to develop a usable team health IT (T3 or 

Teamwork Transition Technology) that provides cognitive support to pediatric trauma care teams 

during care transitions from the emergency department to the operating room and the pediatric 

intensive care unit.

Methods: The HCD process included seven steps in three phases of analysis, design activities 

and feedback.

Results: The HCD process involved multiple perspectives and clinical roles that were engaged 

in inter-related activities, leading to design requirements, i.e., goals for the technology, a set of 47 

information elements, and a list of HFE design principles applied to T3. Results of the evaluation 

showed a high usability score for T3.

Conclusions: HFE can be integrated in the HCD process through a range of methods and design 

principles. That design process can produce a usable technology that provides cognitive support to 

a large diverse team involved in pediatric trauma care transitions. Future research should continue 

to focus on HFE-based design of team health IT.

Keywords

human-centered design; human factors and ergonomics; team health IT; pediatric trauma; care 
transition

1. Introduction

Clinicians need health information technology (IT) that supports their activities. 

Unfortunately, often health IT is poorly designed, does not support a clinician’s workflow 

and increases their cognitive workload [1–3]. Incorporating human factors and ergonomics 

(HFE) methods and principles in health information technology (IT) design can improve 

the technologies by providing better cognitive support to clinicians. HFE methods can be 

used to identify information needs for decision making in clinical processes. HFE principles 

can help to better organize and present information to clinicians. However, we have limited 

knowledge about how to incorporate HFE methods and principles in health IT design [3, 4]. 

For example, research has described the HFE process to develop information requirements 

for a novel newborn resuscitation device [5], and to enhance the usability of clinical decision 

support technologies for colorectal cancer screening by primary care physicians [6], and 

in emergency departments (EDs) to support buprenorphine prescribing [7] and pulmonary 

embolism diagnosis [8, 9]. These rare studies focus on technologies used by one group of 

clinical users, such as physicians. As team-based care is increasingly deployed, we need to 

address health IT design to support teamwork.

We know little about how to design health IT to support the interconnected work of 
health care teams [3]. Using contextual design [10], Wu and colleagues [11] developed 

an integrated display to support intensive care unit (ICU) resuscitation teams. Schiro et 

al. [12] adapted the ISO (International Organization of Standardization) human-centered 

design (HCD) process for a pediatric ED patient prioritization tool. Using cognitive systems 

engineering methods, an interdisciplinary team developed an integrated display to support 

the work of ED physicians and nurses in tracking patient care and managing ED resources 
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[13, 14]. These unique studies describe application of HFE to the design of health IT 
for relatively small teams comprised of physicians and nurses. Using cognitive systems 

engineering methods, Nemeth et al. [15] developed a cooperative communication tool to 

support individual and team work of staff (e.g. physician, nurse, respiratory therapist) in a 

burn ICU. Building on this research, we describe the HCD process for a technology aimed 

at supporting team cognition during care transitions of pediatric trauma patients. The team 

involved in these transitions is much larger than those described in previous studies with 

different roles from multiple disciplines and services; therefore, adding to the complexity of 

the design process.

Incorporating HFE methods and principles in the design of team health IT is particularly 

important for distributed care teams sharing information in high-stress environments. This 

is the case for the large pediatric trauma teams [16] who often experience challenges 

with information management [17]. Over 30 months, we implemented an HCD process to 

develop T3 or Teamwork Transition Technology. T3 aims to support team cognition during 

emergent transitions of pediatric trauma patients from the ED to the operating room (OR) 

and the pediatric intensive care unit (PICU). Our objective is to describe the HCD process 
used to develop a usable team health IT (T3 or Teamwork Transition Technology). This 

paper focuses on the overall HCD process, which represented a relatively long, complex 

process; some specific research activities of the HCD process are further described in 

separate papers [18–20].

2. Background: Human-Centered Design of T3

According to the ISO [21], “Human-centered design is an approach to interactive systems 

development that aims to make systems usable and useful by focusing on the users, 

their needs and requirements, and by applying human factors/ergonomics, and usability 

knowledge and techniques” (page vi). The ISO framework of human-centered design (HCD) 

activities includes interactive, iterative phases of (1) understanding and specifying the 

context of use, (2) specifying the user requirements, (3) producing design solutions, and 

(4) evaluating the design. We adapted the ISO framework to the design of T3. As reviewed 

above, studies of team health IT have used different HCD models and approaches, such as 

contextual design [11] and cognitive systems engineering [14, 15]. Similarly to Schiro et 

al. [12], we adapted the ISO framework as it allows flexibility regarding which methods 

to apply while providing an overall, iterative framework to design. The HCD process for 

T3 included seven steps in three phases of analysis, design activities and feedback, which 

produced design requirements for T3 and a list of HFE design principles (Figure 1).

The HCD process for T3 included steps that are often and typically used, such as initial 

work system and process analysis (step 1) and feedback via usability evaluations (steps 

4 and 7). Our design process also facilitated input from leaders, including operational, 

medical and informatics leaders who participated in the collaborative design (step 3) and 

nursing leaders (step 5). Initially our HCD process did not include Step 6 of patient safety 

analysis; this was added based on a suggestion from nursing leaders (Step 5). In Step 3, 

we chose a collaborative design approach, which, in contrast to user-centered design [22], 

directly involves users in design [23]. We created a design team that included clinicians who 
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represented multiple disciplines and perspectives. Such an HCD process can be challenging 

when designing a technology for a team (e.g. T3 or Teamwork Transition Technology) 

because of the large number of user groups, variation in information needs and potentially 

divergent perspectives.

3. Methods

Table 1 provides an overview of the HCD steps and their main outcomes. HFE researchers 

organized the HCD process with the help of a design team that included seven clinicians 

who represented multiple perspectives involved in pediatric trauma care: emergency 

medicine, surgery, anesthesia, intensive care medicine, nursing & trauma management, 

hospitalist, and medical informatics.

3.1. Step 1 – SEIPS Analysis of Pediatric Trauma Care Transitions

Using the SEIPS (Systems Engineering Initiative for Patient Safety) model [24, 25] and 

process modeling [26], we analyzed data on pediatric trauma care transitions between the 

ED, OR and PICU [20] and data from the pediatric trauma registry to characterize the 

complexity of these transitions [16]. The extensive analysis of work system barriers and 

facilitators is reported in a separate publication [20] and shows that the dimension of ‘team 

cognition’ was most frequently cited by the interviewees. The main decision of Step 1 

was the focus on sociotechnical solutions to support team cognition of distributed pediatric 

trauma care teams who manage children during ED-OR-PICU care transitions.

3.2. Step 2 – Identification of Sociotechnical Solutions

Using interview data from Step 1, we identified sociotechnical solutions to support team 

cognition. Based on the SEIPS analysis, the list of sociotechnical solutions, and literature 

on integrated displays for health care teams [11, 27], the design team decided to develop a 

patient status board to support team cognition during ED-OR-PICU transitions.

3.3. Step 3 – Collaborative Design Sessions

The collaborative design process consisted of 4 design sessions with the 7 clinicians of the 

design team (Table 2). A core group of 4 HFE researchers prepared and facilitated the design 

sessions; 2 additional HFE students helped when necessary. When designing a team health 

IT, a challenge is to decide which information elements to display on the technology to 

provide cognitive support to the entire team. Therefore, we organized the design sessions 

to facilitate this decision-making, e.g. using a survey of the design team on information 

elements. The iterative collaborative design produced about 20 different versions of T3. At 

the end of each design session, we administered a survey to get just-in-time feedback from 

the design team about the quality of the design sessions.

3.4. Step 4 – Individual Feedback from Clinicians

During the collaborative design sessions (step 3), we produced multiple version of T3, 

including a mock-up in Adobe InDesign that was evaluated in Step 4. In collaboration with 

the clinicians on the design team, we developed a clinical scenario to show how T3 would 

evolve over the course of the scenario. The scenario was integrated in the collection of data 
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on usability of T3 and qualitative comments on the cognitive support offered by T3 and 

its impact on patient safety. Four clinicians from the design team who represented medical 

perspectives from the ED, OR and PICU participated in this step. We used the SUS (System 

Usability Scale) [28] to gather quantitative usability data. The SUS is a reliable tool for 

measuring usability of products and services. It consists of 10 questions with a response 

scale from 1–5 that can be recoded into a usability scale from 0 (low usability) to 100 (high 

usability).

3.5. Step 5 – Input from Nursing Leadership

We gathered input on T3 from hospital nursing leadership in two meetings. The first 

meeting occurred between design sessions 3 and 4; nursing leaders reviewed a version of 

the T3 mock-up and provided feedback. They suggested a few design changes, including 

displaying weight in kilogram and providing additional information on blood products. We 

also discussed the impact of T3 on patient safety as nursing leaders expressed concern 

about the accuracy of the displayed information on T3. This led us to add a step in the 

HCD process and conduct a patient safety analysis (step 6). At the second meeting, nursing 

leaders reviewed the evaluation plan and suggested to add surgical technicians to the sample 

for Step 7.

3.6. Step 6 – Patient Safety Analysis

We conducted a proactive risk assessment (PRA) of T3, which is described in a separate 

publication [18]. We first identified vulnerabilities of T3 that could lead to patient 

safety problems. Then, through a voting process, we focused on three vulnerabilities 

with the highest patient safety consequences and discussed possible solutions. The main 

vulnerabilities were related to (1) reliability of information displayed on T3, (2) unidentified 

patients appearing younger, and (3) visibility of protected health information.

3.7. Step 7 – Evaluation of Mock-up of T3

We conducted a scenario-based evaluation of the T3 mock-up with 36 participants. Details 

on the methodology are reported in Hoonakker et al. [19]. We used the SUS [28] to evaluate 

T3 usability, which had a Cronbach alpha score of 0.90.

3.8. Overall HCD Process for T3

The entire HCD process was spread over 30 months (Figure 2). As described in Table 1, it 

included diverse inter-related activities in seven distinct steps. The first two steps of analysis 

produced data that were used in subsequent steps of design activities and feedback. Steps 

3–7 helped to define the T3 design requirements and produce the final mock-up of T3.

4. Results

4.1 Feedback on Design Sessions

The feedback survey after each of the design sessions showed that, on a scale from 1 (poor) 

to 5 (excellent), the four co-design sessions were rated between 4 and 5. On a scale from 

1 (not useful) to 5 (very useful), the sessions were rated between 4 and 5. Qualitative 
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comments highlighted the importance of “multidisciplinary input from several different 

services involved in trauma” and the consideration of different perspectives. Challenges 

included time constraints as meetings were scheduled for only 1 hour and not all clinicians 

could fully participate in all design sessions.

4.2. Design Goals for T3

An outcome of Steps 1 and 2 of the HCD process was the agreement on developing a 

technology for care team members involved in ED-OR-PICU transitions. The design team 

identified that the main goal of T3 was to support team cognition and shared mental models 
in these transitions for pediatric trauma patients [20]. During the collaborative design of Step 

3, the design team iteratively developed the following specific design goals of T3:

1. to provide timely, up-to-date summary of information about patient status to 

distributed care team members during patient transition from ED to OR and 

PICU.

2. to support communication, coordination and anticipation between sending (ED) 

and receiving (OR, PICU) units, such as when the OR or PICU is ready to 

receive the patient, if the patient is still in the ED, and what medications need to 

be prepared.

3. to help identify care team members involved in the ED to OR and PICU 

transitions.

4.3. Information Elements on T3

A challenge of the HCD process was deciding which information elements to include on 

T3, especially given the various users and roles with different information needs. Decisions 

about which information elements to include on T3 were made by the design team during 

the four collaborative design sessions (step 3). This was an iterative process with multiple 

activities, such as voting on information elements during the first design session and 

discussing results of the survey on information elements during the third design session 

(see Table 2). The final version of T3 (see Figure 3), which was evaluated in Step 7, includes 

47 information elements in 10 categories (see Appendix for the complete list of information 

elements):

1. patient information

2. information about what happened prior to admission

3. information on the patient family or caregiver

4. time elapsed since the injury and in the ED

5. current status of the patient

6. information on the mannequin

7. information on the timeline: e.g. start and stop times of CPR, vital signs

8. members of the care team
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9. status of the transition to OR

10. status of the transition to PICU.

4.4. HFE Design Principles for T3

A key output of the HCD process was a list of HFE principles that were applied to T3. The 

HFE design principles emerged iteratively with input from clinicians involved in pediatric 

trauma care transitions (steps 1, 2, 4 and 6), collaborative design (step 3), and hospital 

leadership meetings (step 5). Because the goal of T3 was to support team cognition during 

care transitions, a major design principle was situation awareness. The structure of T3 was, 

therefore, organized around three panels of (1) what happened to the child and background 

information (left panel), (2) current status (middle panel), and (3) next steps of transition 

to the OR, PICU or floor (right panel), as well as a timeline in the bottom part. Because 

HFE researchers organized the HCD process, they used their expertise and knowledge of the 

literature to also provide input to the design process and the list of HFE design principles. 

For instance, we integrated several usability heuristics [29, 30] in the design of T3 such as 

consistency and minimization of workload. Safety is another important usability heuristic, 

which was also emphasized by nursing leaders (step 5) and included in the list of design 

principles. The design principles for T3 addressed all three domains of cognitive, physical 

and organizational HFE (see Table 4).

4.5. Usability Evaluation

Usability of T3 was first evaluated in individual feedback sessions with 4 clinicians (step 

4). The SUS scores varied from 60 to 98 with a mean of 85 and a standard deviation of 

14. When asked to describe three things they liked about T3, clinicians mentioned that 

T3 displayed a lot of well-organized information that showed trends and provided timely 

updates on the patient status in a single display. Two of the four clinicians mentioned that 

some text boxes had a lot of information, e.g. detailed information on individual physicians. 

This feedback was used to revise the T3 mock-up.

Table 5 provides information on participants in the second usability evaluation conducted 

in Step 7. Most were positive about T3 (Figure 4). The overall mean SUS score for T3 was 

74.4, which is above the cut-off score for “good” (71.4) but below excellent (85.5) [31].

5. Discussion

This study shows how an HCD process can produce a usable health IT (T3 or Teamwork 

Transition Technology) for multiple team members involved in pediatric trauma care 

transitions. We provided a detailed description of the HCD process, which is rarely done 

especially for the design of team health IT. The HCD process unfolded over 30 months with 

activities aimed at analyzing pediatric trauma care transitions, co-designing the technology 

with clinicians, and gathering and integrating feedback from multiple stakeholders. The 

seven steps of the HCD process led to the creation of a technology mock-up with high 

usability.
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5.1 Participation of Multiple Perspectives via Multiple Methods

Designing team health IT can be particularly challenging because team members have 

different information needs. In this study, we paid particular attention to the systematic 

integration of multiple perspectives in the design process. This was accomplished with both 

direct and indirect user participation in all phases of the HCD process (i.e., analysis, design 

and feedback), using multiple methods.

User participation in an HCD process for technology design can take different forms, such 

as direct participation in decision-making for technology design and indirect participation 

via data collection [32]. While users of T3 were involved directly in the technology design 

process as seven clinicians participated in the design team and made decisions about the 

design of T3, others were involved indirectly in multiple stages of the HCD process. For 

instance, in Step 1, we interviewed 18 clinicians involved in the ED-OR-PICU pediatric 

trauma care transitions; interview data were used to define the goals of T3. Users were 

also involved in the patient safety analysis of Step 6 and the evaluation of the T3 mock-

up in Step 7. Involving all groups of users along with other stakeholders (e.g. nursing 

leadership, trauma management) is critical for developing a usable technology [33], but 

can be challenging. For instance, in Step 3 of collaborative design, not all clinicians 

were able to participate in all design sessions; this is a major challenge for participatory 

methods in health care as clinicians are busy with clinical responsibilities. This calls for the 

development of efficient design methods [34]. Because not all groups of users were directly 

involved in the design of T3, it is possible that important input may have been missed. While 

we found a high usability score for T3 in Step 7, a few survey respondents provided negative 

feedback. For instance, 23% of survey respondents either disagree (6%) or neither agree or 

disagree (17%) with the statement on overall satisfaction with T3. In informal debriefings 

after the usability evaluation, some participants indicated that T3 may not be useful in the 

trauma bay, in particular if the trauma chief says things out loud and help everyone maintain 

a shared mental model. Other negative feedback related to the issue of information accuracy, 

which was also identified in the patient safety analysis of Step 6. These issues are important 

to address in the next phase of design and implementation of T3.

The participatory HCD process integrated multiple perspectives through multiple methods 

and mechanisms: interviews (steps 1 and 2), design sessions (step 3), individual feedback 

(steps 4, 5 and 7) and a structured PRA or proactive risk analysis (step 6). This variety of 

participatory approaches ensured that multiple perspectives provided input in all stages of 

the HCD process. In particular, the co-design sessions (step 3) allowed for collaboration 

among different clinical roles; therefore, facilitating the emergence and integration of 

multiple perspectives through discussion, confrontation and convergence [35].

5.2 Integrating HFE in Team Health IT Design

Our study showed how HFE can be integrated into the process of team health IT design, i.e., 

through the use of HFE methods and the application of HFE design principles. Our HCD 

process included the following HFE methods: SEIPS analysis (step 1), co-design sessions 

(step 3), feedback and usability evaluation of T3 mock-ups (steps 4 and 7), and proactive 

risk analysis (step 6). Experts recommend the use of multiple and mixed HFE methods, in 
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particular in health IT design [36, 37]. Both quantitative and qualitative data are needed 

to develop a usable technology [38]. In our study, we collected both quantitative survey 

data (i.e. SUS or System Usability Scale [28]) and qualitative interview data in Steps 4 

(individual feedback from 4 clinicians) and 7 (scenario-based evaluation of T3 mock-up with 

36 clinicians).

The HFE discipline has developed a large compendium of “principles” [39], in particular 

for designing usable technologies. In the cognitive HFE domain, design principles include 

usability heuristics [29, 40]. In the physical HFE domain, design of technologies tackles 

visual access and physical dimensions. In the organizational HFE domain, technologies 

need to fit with organizational and team processes. In this study, we produced HFE 

design principles for T3 (see Table 4), which cover the domains of cognitive (i.e. situation 

awareness, visual support, information integration and interpretation, minimization of 

workload), physical (i.e. physical and visual access) and organizational (i.e. consistency and 

safety) HFE. These design principles emerged with input from clinicians and nursing leaders 

and integrated expertise of the HFE researchers. Because HFE researchers were actively 

involved in the HCD process, they provided an important perspective as well as knowledge 

of HFE design. The list of design principles in Table 4 may be applicable to other team 

health IT, e.g. integrated displays and status boards.

5.3 Adaptability of HCD Process

We adapted the HCD process from the ISO [21], which has similarities with the process 

Schiro et al. [12] applied to design a pediatric ED patient prioritization tool. We conducted 

a SEIPS analysis of care transitions, similar to the work system analysis of Schiro and 

colleagues. Another similarity was the evaluation stage; we conducted an evaluation of 

the T3 mock-up and Schiro et al. conducted user testing of their mock-up and prototype. 

Our HCD process was based on the co-design model [35], which included a series of four 

collaborative design sessions in which clinicians were directly involved in designing the 

team health IT. Schiro et al. presented their mock-up to a multidisciplinary focus group for 

feedback and design suggestions, which is more closely aligned with a user-centered design 

process and indirect participation [22].

Feedback in HCD is critical. Similar to Schiro et al. [12], our HCD process included 

multiple feedback loops, in particular between Steps 3 to 7 in the phases of design activities 

and feedback (Figure 1). For instance, 4 clinicians provided feedback on an early mock-up 

of T3 (step 4), which was discussed in a design session (step 3) and led to revisions to the 

design. Iterative feedback is important as many different opinions and perspectives need to 

be assessed and integrated during the design process.

The HCD process itself is adaptable and may change over time. We adapted the HCD 

process as we gathered input, in particular from nursing leadership (step 5). We conducted 

the proactive risk analysis (step 6) after nursing leaders expressed concern about the safety 

of T3, which could provide wrong or delayed information. Safety was one of the HFE 

design principles of T3 (see Table 4). This analysis will be particularly important in the 

implementation of T3: issues of where the data come from will need to be addressed. In 

a separate analysis, we found that about 90% of the information elements on T3 could be 
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found in the EHR; the proactive risk analysis brought up the important issue of reliability of 

and timely access to information in the EHR.

5.4 Limitations

Our study provides detailed information on an HCD process; however, we did not compare 

our process and its outcome to a non-HCD process or to another form of HCD. Such 

comparative studies could be useful, but may be difficult to practically conduct. Our study 

adds to the literature on the benefits of HCD and integration of HFE methods and design 

principles. Finally, because we developed and evaluated a technology mock-up, we do not 

have information on the actual use of the technology. Evaluation after implementation is 

critical to fully assess the fit of the technology in the entire work system and workflow.

6. Conclusion

We showed how an HCD process integrated multiple HFE methods, applied design 

principles in the cognitive, physical and organizational HFE domains, and produced a 

usable team health IT. Integrating multiple perspectives in the design process is particularly 

important as T3, or Teamwork Transition Technology, aims to support the work of a large, 

distributed team involved in pediatric trauma care transitions. Future research should focus 

on the design of team health IT as patient care is increasingly performed by fluid teams that 

are often distributed spatially, organizationally and temporally.
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Appendix –: Information Elements of T3

No. Information elements Description

Patient information

1 Patient name Patient’s name

2 Gender Patient’s gender

3 Age Patient’s age

4 Birthday Patient’s birthday

5 Weight Patient weight

6 Allergies Patient’s allergies to medication, e.g. penicillin

7 Pertinent medical history Patient’s chronic conditions; e.g. history of asthma and patient’s 
medication(s) taken at home
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No. Information elements Description

8 Home medications Patient’s home medications

9 Level Criteria patient met prior to arrival (i.e. level 1 or 2)

10 Current time Actual time

Prior to admission (PTA)

11 Pre-hospital report Includes radio report, interventions and EMS report

12 Time of injury Time the injury occurred

Patient family/caregiver

13 Power of Attorney (POA) presence Parent/guardian arrived to the hospital or not

14 Contact information Parent/guardian name and phone number to contact

Time elapsed

15 Time since injury Time since injury occurred

16 Time in ED Time since patient in ED

Current

17 Current injuries Patient’s traumatic injuries

18 Total in Patient’s total inputs, including crystalloid, packed red blood cells 
(PRBC), fresh frozen plasma (FFP) and platelets (PLT)

19 Total out Patient’s estimated blood loss

Mannequin

20 Location of injuries Location of patient’s traumatic injuries, including spinal precautions 
(i.e. c-collar and thoracic lumbar spine (T&L))

21 Lines, drains and airway (LDAs) Patient’s lines (including IV type and size), drains and airway

Timeline

22 ED arrival Time when the patient arrived to the ED

23 Massive transfusion protocol (MTP) Time when MTP

24 Drips Patient’s continuous infusions (e.g. paralytic, sedation, vasoactive 
infusions)

25 Last analgesic Last analgesic administered for pain management

26 CPR start Time since CPR started

27 CPR stop Time since a change in provider, stop to do pulse check, or 
administer medication

28 Total CPR time Sum of CPR time

29 Heart rate Patient’s heart rate trends

30 Oxygen saturation Patient’s oxygen saturation trend

31 Systolic, diastolic and mean arterial 
blood pressure

Patient’s systolic, diastolic and mean arterial blood pressure trends

32 Temperature Patient’s temperature trend

Care team members

33 Trauma attending Trauma attending caring for patient

34 EM attending EM attending caring for patient

35 Anesthesia attending Anesthesia attending caring for patient

36 Trauma chief Trauma chief caring for patient

37 Primary ED nurse Primary ED nurse caring for patient
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No. Information elements Description

38 Neurosurgery consult Neurosurgery consult caring for patient

39 Orthopedic consult Orthopedic consults caring for patient

Transition to OR

40 Admit order placed Yes/no admit order placed

41 OR card dropped Yes/no OR card dropped

42 OR ready Yes/no OR ready

43 PICU notified Yes/no PICU notified

Transition to PICU/floor

44 Anticipated unit Location where the patient is anticipated to go after the OR

45 PICU attending PICU attending name

46 PICU fellow PICU fellow name

47 PICU care team leader PICU care team leader name
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Summary table

What is already known:

• Human-centered design (HCD) is a useful approach to develop usable health 

information technologies; but its application has focused on technologies used 

by individual users.

• HFE methods and principles are increasingly used; but how they are 

incorporated in a human-centered design process for team health IT has been 

rarely addressed.

What this study added to our knowledge:

• Human-centered design (HCD) of team health IT should rely on multiple 

HFE methods and apply various design principles in all three HFE domains of 

cognitive, physical and organizational HFE (e.g. situation awareness, physical 

and visual access, information integration).

• Multiple perspectives can be integrated in the human-centered design (HCD) 

of team health IT with the use of various methods (e.g. interviews, 

collaborative design sessions, usability evaluation) and mechanisms (e.g. 

direct and indirect participation) at all stages of the design process.
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Figure 1 –. 
Human-Centered Design Process for T3 (Teamwork Transition Technology)

Adapted from the ISO framework of human-centered design activities [21]

Note: SEIPS = Systems Engineering Initiative for Patient Safety, HFE = Human Factors and 

Ergonomics.
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Figure 2 –. 
Timeline of Human-Centered Design Process of T3 (Teamwork Transition Technology)
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Figure 3 –. 
Mock-up of T3 (Teamwork Transition Technology)
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Figure 4 –. 
Step 7: Usability of T3 (Teamwork Transition Technology)

Note: The last 4 items (below the line) are negatively worded.
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Table 2 –

Step 3: Collaborative Design Sessions for Developing T3 (Teamwork Transition Technology)

What and when? Who? Activities

Design session 1 
(January’2018)

• 6 HFE researchers

• 4 clinicians representing: emergency 
medicine, surgery, anesthesia, nursing & 
trauma management

• Present results from SEIPS analysis of 
pediatric trauma care transitions (step 1)

• Review research on team health IT design

• Discuss structure of T3

• Vote and discuss which information 
elements to include on T3

Design session 2 
(April’2018)

• 4 HFE researchers

• 7 clinicians representing: emergency 
medicine, surgery, anesthesia, intensive 
care medicine, nursing & trauma 
management, hospitalist, medical 
informatics

• Ask clinicians for ideas on timeline mock-
up

• Discuss ideas for timeline

Design session 3 
(June’2018)

• 4 HFE researchers

• 6 clinicians representing: emergency 
medicine, surgery, anesthesia, intensive 
care medicine, nursing & trauma 
management, hospitalist

• Review and discuss T3 mock-up

• Discuss results of information elements 
survey

Design session 4 
(October’2018)

• 4 HFE researchers

• 6 clinicians representing: emergency 
medicine, surgery, anesthesia, intensive 
care medicine, nursing & trauma 
management, hospitalist

• Review and discuss T3 mock-up

• Discuss feedback from Step 4 usability 
evaluation

Note: SEIPS = Systems Engineering Initiative for Patient Safety, HFE = Human Factors and Ergonomics.
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Table 4 –

Human Factors and Ergonomics (HFE) Design Principles for T3 (Teamwork Transition Technology)

HFE Design 
Principles

Application in T3

Situation 
awareness

• Information is presented to support three levels of situation awareness: perception, comprehension, 
projection; therefore, information on T3 in different panels (structure)

• Time and time elapsed. T3 shows clock with current time, and two running clocks for time since injury and 
time in ED.

• Refreshed automatically and continuously. T3 refreshes automatically information; e.g. when a parent/
family/caregiver arrives and provides their phone number.

Physical and 
visual access

• Available in multiple locations. T3 is available in multiple locations, e.g. trauma bay, OR, PICU. For 
instance, users in the OR can view T3 and know the patient’s status in order to prepare for surgery.

• Mobile. T3 is available on a display that can be moved and follow the care team during patient transport.

• Viewed on either a large screen or a small screen. A large screen could be available in a trauma bay. T3 

could also be viewed on a computer display or laptop from any location.

• Visible. T3 is in an optimal location in the trauma bay so that team members can view information easily 
and quickly.

Visual support • Information is displayed in a visual format whenever applicable and relevant:

– Mannequin: T3 includes a visual representation of the patient’s front and back with relevant 
information (e.g. location of injuries, access points).

– Timeline: T3 shows trends in vital signs and their relationships.

– Traffic lights: T3 shows status of various activities needed for transition to OR using red/green 
traffic lights.

Information 
integration and 
interpretation

• Integrated information. T3 displays integrated, synthesized information that is available in various elements 
of the EHR.

• Duplicated information. A few information elements are duplicated to support interpretation; e.g. vital 
trends on timeline and current values of vital signs on right side of timeline.

Consistency • Consistent with other parts of the EHR. The banner in T3 is consistent with the banner in the EHR. 
Information on unidentified patient (e.g. “xxAruba, Unident13”) is consistent with convention used by 
hospital.

Minimization of 
workload

• Auto-populated. T3 automatically pulls data from the EHR and devices.

• Minimum set of information elements. T3 shows 47 information elements that are most useful and 
important for members of the pediatric trauma team. Only a small number of information elements are 
duplicated.

Safety • Ensuring accuracy and timeliness of data displayed on T 3 

Note: ED = Emergency Department, OR = Operating Room, PICU = Pediatric Intensive Care Unit, EHR = Electronic Health Record.
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Table 5 –

Step 7: Participants in the Usability Evaluation of T3 (Teamwork Transition Technology) (N=36)

User groups 3 people from each of the following 12 groups:

1 ED attending physician

2 ED resident

3 ED nurse

4 Anesthesiology attending

5 Anesthesia resident

6 Anesthetist

7 OR nurse

8 Surgery attending

9 Surgery resident (trauma chief)

10 Surgical technician

11 PICU attending physician

12 PICU nurse.

Gender 50%: women

Age 61%: younger than 40 years

Note: ED = Emergency Department, OR = Operating Room, PICU = Pediatric Intensive Care Unit.
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