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Abstract

Designing health IT aimed at supporting team-based care and improving patient safety is difficult. 

This requires a work system (i.e., SEIPS) evaluation of the technology by care team members. 

This study aimed to identify work system barriers and facilitators to the use of a team health 

IT that supports care transitions for pediatric trauma patients. We conducted an analysis on 

36 interviews – representing 12 roles – collected from a scenario-based evaluation of T3. We 

identified eight dimensions with both barriers and facilitators in all five work system elements: 

person (experience), task (task performance, workload/efficiency), technology (usability, specific 

features of T3), environment (space, location), and organization (communication/coordination). 

Designing technology that meets every role’s needs is challenging; in particular, when trade-offs 

need to be managed, e.g., additional workload for one role or divergent perspectives regarding 
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specific features. Our results confirm the usefulness of a continuous work system approach to 

technology design and implementation.

Keywords

Team health information technology; SEIPS; pediatric trauma care

1. Introduction

1.1 Challenges of health IT for teams

Health information technology (IT) has the potential to improve patient safety and facilitate 

communication between clinicians from diverse disciplines (Institute of Medicine, 2012). 

However, recent reviews report evidence of poor usability of health IT, e.g., challenges 

for users to quickly identify critical information, impacting the use of health IT and 

resulting in technology-induced errors (Turner, Kushniruk, & Nohr, 2017; Zayas-Cabán 

& White, 2020). In an analysis of usability flaws in 229 reports, Marcilly et al. (2019) 

noted that most usability issues dealt with the user interface. Usability issues with health 

IT (such as the EHR or Electronic Health Record) represent a specific safety challenge 

when used by clinicians who care for children. Ratwani et al. (2018) reported that usability 

issues, e.g., poor visual display of information, contributed to more than a third of EHR-

related medication safety event reports for hospitalized children. Therefore, it is important 

to improve the design of health IT in order to support patient safety, in particular for 

hospitalized children.

Often, health IT has been designed to support specific tasks rather than team-based care 

processes (Walker & Carayon, 2009). Therefore, we need to pay attention to the design 

of health IT for teams as recommended by Carayon and Hoonakker (2019). One form of 

team health IT is integrated information displays that organize and present critical patient 

information on a large, single display (Parush, 2014; Wright et al., 2019). A few studies 

have shown how integrated information displays can support information sharing within 

teams, especially during time-sensitive care processes, e.g., resuscitation (Parush et al., 

2017; Pickup et al., 2019; Wu et al., 2017). Questions remain about how multiple care 

team members perceive the technology and its fit with the rest of the work system. In our 

study, we evaluate a team health IT designed to support the work of pediatric trauma teams 

during care transitions between the emergency department (ED), operating room (OR), and 

pediatric intensive care unit (PICU).

1.2 Health care context for the study: pediatric trauma care transitions

Pediatric trauma care is a complex, team-based care process that is distributed over space 

and time; team members may or may not be co-located in the ED, OR, and PICU and 

intervene at different times to care for the child (Wooldridge et al., 2018). Children with 

traumatic injuries are vulnerable to safety issues, in particular during care transitions as 

information may not be available, communicated, or accessible (Hoonakker, Wooldridge, et 

al., 2019). Team health IT is one potential solution to improve information flow between 

multiple roles involved in pediatric trauma care transitions to provide high-quality, safe 
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care (Hoonakker, Wooldridge, et al., 2019; Wooldridge et al., 2020). We applied a human-

centered design (HCD) approach to develop a team health IT, called Teamwork Transition 

Technology (T3) (Carayon et al., 2022). See figure 1 for the T3 mock-up, which includes 

11 specific features: (1) patient information, (2) status prior to arrival (PTA), (3) patient 

family/caregiver, (4) time elapsed, (5) current, (6) ins/outs, (7) mannequin, (8) timeline, (9) 

care team members, (10) transition to OR and (11) transition to PICU/floor. In a previous 

study, we provided evidence for the high usability of T3 as measured by the SUS (System 

Usability Scale) questionnaire (Carayon et al., 2022). Usability is an important characteristic 

of health IT, but it is not sufficient; we also need to ensure that the technology fits with the 

rest of the work system. This is the essence of the sociotechnical systems approach such as 

the Systems Engineering Initiative for Patient Safety (SEIPS) model (Carayon et al., 2006; 

Carayon et al., 2014).

1.3 Multiple perspectives of perceived work system barriers and facilitators

The SEIPS model is widely used to analyze and design sociotechnical systems with the aim 

of improving health care quality and safety (Holden & Carayon, 2021). The SEIPS model 

includes the five work system elements: person, task, tools and technologies (e.g., team 

health IT), physical environment and organization (Carayon, 2009; Smith & Sainfort, 1989). 

The fit, or lack of fit, of work system elements can create barriers or facilitators to work 

performance. The SEIPS model emphasizes interactions between the work system elements 

to influence care process, patient outcomes, and employee/organization outcomes (Carayon 

et al., 2006; Carayon et al., 2014). Designing team health IT thus requires a focus on the 

technology’s usability as well as an understanding of how the technology fits with the rest 

of the work system (Carayon et al., 2006; Carayon et al., 2014). In addition, it is important 

to evaluate health IT with different team members in order to identify and compare their 

perceptions.

Understanding and comparing multiple perspectives of different team member roles on an 

intervention or a technology has been done in a few studies. As part of the evaluation of 

an infection prevention bundle, using the SEIPS model, Musuuza et al. (2019) identified 

work system barriers and facilitators perceived by 3 groups: environmental services staff, 

physicians, and nurses caring for infected patients with Clostridioides difficile. One barrier 

perceived by both physicians and nurses was limited knowledge about Clostridioides 
difficile resulting in negative consequences, such as delays in posting isolation signs. 

Musuuza et al. (2019) also identified barriers unique to environmental services, e.g., 

expeditiously cleaning and disinfecting a patient’s room, which was actually a facilitator 

for physicians. Catchpole et al. (2022) conducted an evaluation “in the wild” of a 

clinician-centered smartphone app aimed at supporting teamwork and communication 

among physicians, nurses, and imaging technicians caring for trauma patients. ED staff 

were less positive about the smartphone app usability as compared to clinicians in the OR 

or ICU, while neurology and orthopedic teams found it most useful. These two studies 

show that evaluating interventions (i.e., infection prevention bundle and health IT) with 

team members provides important information about barriers and facilitators experienced by 

different groups of users. Our research builds on these studies by using the SEIPS model 

(Carayon et al., 2006; Carayon et al., 2014) in order to identify work system barriers and 
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facilitators to the use of a team health IT (i.e., the T3 mock-up) and compare barriers and 

facilitators reported by different members of the team.

2. Methods

This study was conducted as part of a large study on designing a team health IT to support 

care transitions for traumatically injured children (Carayon et al., 2022). Our HCD process 

included four in-person, hour-long sessions with the same pediatric trauma care team 

member representatives from emergency medicine, surgery, anesthesia, pediatric intensive 

care medicine, nursing, pediatric trauma management, hospitalist, and medical informatics. 

During design sessions, clinicians agreed and disagreed on information to include on T3 

for supporting their work in caring for a traumatically injured child; this feedback was 

incorporated into iterative revisions of the T3 mock-up (Hose et al., 2023).

In a previous study by Hoonakker et al. (2022), we conducted a three-phase scenario-based 

evaluation to assess the usability and usefulness of the T3 mock-up. In phase 1, a researcher 

read a realistic patient scenario about a child’s ED stay. While reading the scenario, the 

researcher presented five mock-up screens to illustrate how T3 would evolve with populated 

data throughout the child’s ED stay. The scenario can be found in Appendix A of Hoonakker 

et al. (2022). In phase 2, participants filled out a survey, which included the SUS (Brooke, 

1996). The analysis showed that T3 was perceived as highly usable (Carayon et al., 2022). In 

phase 3, we conducted a debrief interview with questions organized around the work system 

elements (see Appendix A for the interview guide). In this study, we use the qualitative 

interview data collected in phase 3 of the scenario-based evaluation to describe work system 

barriers and facilitators to using T3.

2.1 Setting and participants

A total of 36 clinicians and support staff participated in the scenario-based evaluation; 3 

individuals in each of the following 12 groups: (1) emergency medicine (EM) attending 

physicians, (2) EM resident, (3) ED nurse, (4) anesthesiologist, (5) anesthesia resident, 

(6) anesthetist, (7) OR nurse, (8) surgery attending, (9) surgery resident (trauma chief), 

(10) surgical technician, (11) PICU attending physician, and (12) PICU nurse. Additional 

information on participant characteristics, i.e., age and gender, is provided in Hoonakker et 

al. (2022).

2.2 Data collection

The average duration of the debrief interviews was 25 minutes (range: 10 to 52 minutes), for 

a total of 15 hours and 21 minutes.

2.3 Data analysis

Interviews were audio-recorded and transcribed by a professional service. Transcripts were 

cleaned and de-identified. The qualitative data analysis included a primary deductive content 

analysis (Elo & Kyngäs, 2008) guided by the five work system elements (Carayon, 2009; 

Smith & Sainfort, 1989), in order to identify barriers and facilitators (Carayon, Gurses, 

Hundt, Ayoub, & Alvarado, 2005). We also performed an inductive content analysis to 
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describe emerging dimensions in each of the five work system elements, and holistic coding 

(Saldaña, 2015), i.e. ‘macro-level coding’, to compare and contrast the perspectives of the 

different groups of team members on work system barriers and facilitators.

The iterative data analysis process included the following three phases and steps:

Phase 1: Initial deductive and inductive content analysis to identify emerging dimensions of 

work system barriers and facilitators to a team health IT mock-up.

• Deductive content analysis guided by work system elements: Two researchers 

individually coded an interview transcript and met to review coding on work 

system barriers and facilitators.

• Inductive content analysis to identify emerging dimensions of work system 

barriers and facilitators: The researchers reached consensus on coding and 

identified emerging dimensions of work system elements. The process was 

repeated for six additional interview transcripts, which allowed refinement of 

the dimensions for each work system element and their definitions.

Phase 2: Follow-up deductive and inductive content analysis to refine definitions of the 

emerging dimensions.

• Deductive content analysis guided by work system elements: One researcher 

separately coded work system barriers and facilitators for the remaining 29 

interviews. Transcripts were coded in Dedoose©, a qualitative data analysis 

software. Excerpts were then exported to Excel®.

• Inductive content analysis to finalize the dimensions of work system barriers 

and facilitators: The two researchers summarized excerpts for each work 

system element and met periodically to refine dimension definitions, providing 

opportunities for skeptical peer review (Devers, 1999).

Phase 3: Comparing and contrasting care team member perspectives.

• Holistic coding: During their periodic meetings, the two researchers also 

discussed comparisons for different groups of participants.

• Respondent validation: The data analysis included (1) a peer-feedback meeting 

with two HF researchers and (2) member checking with seven clinicians involved 

in the T3 design sessions. The HF researchers and the clinicians provided 

feedback on the dimensions, their definitions, as well as the comparison of the 

different groups (Mays & Pope, 2000).

3. Results

We identified eight dimensions with both barriers and facilitators in all five work system 

elements (table 1). The number of interviewees, out of 36 total, mentioning a particular 

dimension were not evenly distributed across the five work system elements, as shown 

in table 1. Four of the eight dimensions, i.e., task performance (task), specific features 
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of T3 (technology), location for T3 (environment), and communication and coordination 

(organization), were mentioned by 30 or more of the 36 interviewees as facilitators.

3.1 Person – experience

We identified one dimension for the person element: clinical experience. Two of the 36 

interviewees, an anesthesia resident and a PICU attending, respectively, described a barrier 

and facilitator associated with the person element. The anesthesia resident mentioned a 

barrier for experienced (“senior”) care team members needing to change the way they work 

to accommodate the health IT: “More senior residents or…faculty who have been…for 
the last few years… doing everything…the exact same way…that could be challenging.” 
The PICU attending mentioned a facilitator for clinically experienced care team members, 

like himself, who might benefit more from T3 than less clinically experienced care team 

members, e.g., an intern.

3.2 Task

We identified two dimensions for the task element: (1) task performance and (2) workload 

and efficiency. Thirty-four of the 36 interviewees commented about task performance; 16 of 

the 36 interviewees commented about workload and efficiency.

3.2.1 Task performance—Four of the 36 interviewees: an anesthesiologist, two 

anesthetists and one OR nurse discussed how T3 could hinder their ability to perform 

specific tasks, primarily because of the issue of information accuracy when making 

decisions. In particular, one anesthesiologist and two anesthetists discussed concerns about 

the accuracy of the child’s weight information to make decisions about drug dosing. One 

nurse anesthetist explained that weight, in the patient information banner, is not listed as 

the child’s estimated or true weight, which impacts medication dosing, “[T3] doesn’t clearly 
delineate…an estimated weight and not a true weight…that can be important for drug 
dosing…maybe this patient is 30% bigger than we’re thinking…and they need a bigger 
dose.”

A majority of the interviewees, 34 out of 36, discussed aspects of T3 that support task 

performance, such as understanding the child’s stable or critical condition, identifying what 

needs to be done, preparing the OR and making decisions about patient care preparation.

EM attendings, EM residents, ED nurses, anesthesiologists, surgeons, trauma chiefs, PICU 

attendings and PICU nurses mentioned that T3 supports their ability to understand the 

child’s current status and responses to interventions and treatments. For instance, an ED 

nurse explained, “I like that you can tell the Is[ins] and Os[outs]…you can know…we’re 
behind, and, or…no wonder the patient’s blood pressure is 70.” An EM attending explained 

that the timeline feature, with vital trends and interventions, helps to understand if the child 

is getting better or worse, “I like the vital trends because that’s a snapshot of everything… I 
can both see how an intervention affected what we’re seeing…from start to finish…are we 
getting better, or…worse?…might trigger me to do an additional intervention.” Similarly, 

a PICU nurse explained the benefits of the timeline to understand the child’s response to 

interventions, like blood transfusions, after receiving report, “The timeline…it’s just nice…
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from arrival, her heart rate started out in the 180s, and now since I got report that she got 
some packed cells and FFP [(Fresh Frozen Plasma)], now she’s actually come down to a 
more normal [heart rate] for a 5-year-old.” An anesthesiologist explained the utility of time 

elapsed to understand the child’s condition, “You can see how long the patient has been 
in the trauma bay…gives you a sense of…how critical…you’re not going to be…worked 
up…as long as she is hemodynamically stable.”

The anesthesiologists, anesthesia residents, anesthetists, OR nurses and surgical technicians 

talked about how T3 supports their task of preparing the OR and making decisions. An 

anesthesiologist explained the importance of having the patient information feature to 

provide care, “It’s got things that are important to me, the weight, allergies, and pertinent 
history. And…have a big impact on what I’m going to do.” An OR nurse explained that 

the ins/outs feature helps prepare the OR with blood products, especially for children who 

are actively transfusing, “The prior to admission… in preparing the OR…we…always have 
blood products available but knowing that the tourniquet was placed is going to help.” A 

surgery technician explained that the mannequin feature helps him prepare the OR, “Now, 
where’s the injury? What type of injury? So, we can get the right stuff ready for that 
procedure.”

Similarly, the PICU attendings and nurses discussed how T3 helps to anticipate care and 

prepare the PICU. A PICU attending explained how T3 helps to anticipate care and make 

decisions, “Being able to quickly see who the patient is, what their injury was…what’s been 
done so far, helps you to make those decisions …what potential issues may arise based on 
what’s happened previously.” A PICU nurse explained how T3 helps to prepare the child’s 

room, “What’s happened prior to admission…we… need to know…it helps with preparing 
the room…getting a feel for how stable or unstable the patient is going to be on admission 
and potential problems.”

3.2.2 Workload and efficiency—Five of the 36 interviewees, i.e., an EM attending, 

two ED nurses, anesthesiologist and OR nurse, discussed how T3 could create additional 

work for a team member, specifically the ED nurses who need to enter data into T3.

Fifteen of the 36 interviewees discussed how T3 reduces time or effort for team members; 

therefore, improving efficiency. Interviewees mentioned how T3 could help them prepare the 

OR, make decisions faster without having to ‘dig’ in the EHR and reduce the number of 

phone calls. An anesthetist explained how T3 helps to be efficient in the OR, “I’m up in the 
OR, and I’m getting together an arterial line kit, but I see now somebody has just placed 
one… that’s not me spending time now making an arterial line and holding up surgery… 
Now I can draw up my drugs.”

3.3 Technology

We identified two dimensions for the technology element: (1) usability of T3 and (2) specific 

features of T3. Of the 36 interviewees, 28 commented on usability; 33 of the 36 interviewees 

commented on some specific features of T3.
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3.3.1 Usability—Of the 36 interviewees, 11 discussed usability challenges with T3 

missing information, being another data source to review, being challenging to read, wordy 

and poor format. One EM attending described concerns that T3 is another data source to 

review, “But it is another data [source] that we need to assimilate while we’re taking care 
of the patient… I worry there may be some sensory overload.” An anesthesia resident 

described a challenge of information on T3 blending together, “It’s all the same color and…
font…If you just glance at it …Each section kind of looks the same from a distance.”

All three anesthetists mentioned usability as a barrier and commented that T3 resembles and 

should look more like the intraoperative record. Only one nurse, in the ED, mentioned 

usability as a barrier, commenting on T3’s inconsistent font—compared to the trauma 

flowsheet. All other nurses in the ED, OR and PICU, including the one ED nurse who 

described usability as a barrier, also mentioned usability as a facilitator because T3 integrates 

information that is quick to understand.

Of the 36 interviewees, 22 commented on usability as a facilitator. Interviewees mentioned 

T3 containing pertinent information, liked the integrated visual summary, and thought the 

format was easy to read. One OR nurse talked about T3 being a nice visual summary, 

“This is exactly what I’m looking for when I want.. a good picture. It doesn’t take a lot 
for me to figure out what’s happening here on this screen… it’s a really nice design.” A 

PICU attending also commented how T3 provides useful orientation, “The kind of quick 
orientation to who the patient is so you know what you’re dealing with… the main strengths 
of this.”

3.3.2 Specific features of T3—Thirty-three of the 36 interviewees commented on 

specific features of T3. Five out of 11 most frequently mentioned features are: patient 

information, ins/outs, mannequin, transition to OR, and timeline; see figure 2.

3.3.2.1 Specific features of T3: patient information: Seven of the 36 interviewees, an 

EM attending, ED nurse, anesthesiologist, anesthetist, surgeon, PICU attending, and PICU 

nurse, described barriers related to patient information. Interviewees mentioned challenges 

with identifying whether weight and age are estimated, insufficient information on home 

medications, and lack of highlight for the allergies.

Five of the 36 interviewees, EM resident, ED nurse, anesthesiologist, anesthesia resident, 

and OR nurse, described facilitators related to patient information. Interviewees mentioned 

pertinent, visible information, e.g., weight and allergies.

3.3.2.2 Specific features of T3: ins/outs graph: Twelve of the 36 interviewees described 

issues related to the ins/outs graph. Interviewees mentioned the color of the ins/outs graph 

was confusing and information was insufficient, unclear (e.g., about administered products) 

and inconsistent with EHR data. Interviewees reporting barriers related to the ins/outs graph 

were primarily physicians and advanced practice providers (anesthetist).

Six of the 36 interviewees, an EM attending, EM resident, anesthesiologist, anesthesia 

resident, anesthetist and PICU attending, described facilitators related to the ins/outs graph. 
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They mentioned the ins/outs graph was useful with critical and important information. OR 

nurses, surgeons, and trauma chiefs did not mention ins/outs as a facilitator.

3.3.2.3 Specific features of T3: mannequin: Six of the 36 interviewees, two EM 

attendings, EM resident, OR nurse, and two trauma chiefs, described barriers related to 

the mannequin. Interviewees mentioned challenges with mannequin information on access 

points and the injury location being unclear with too much data presented – especially when 

the child has multiple injuries. Interviewees reporting barriers related to the mannequin were 

primarily EM attendings, EM residents, and trauma chiefs.

Eight of the 36 interviewees, an anesthesiologist, two anesthesia residents, OR nurse, trauma 

chief, surgical technician, PICU attending, and PICU nurse, described facilitators related 

to the mannequin. Interviewees mentioned the useful information on injuries and access 

points and visual representation of icons on the mannequin being easy to read. Interviewees 

reporting facilitators related to the mannequin were primarily anesthesiologists, anesthesia 

residents, PICU attendings, and PICU nurses.

3.3.2.4 Specific features of T3: transition to OR: Seven of the 36 interviewees, EM 

resident, anesthetist, OR nurse, surgeon, trauma chief, and two PICU attendings, described 

barriers related to transition to OR. Interviewees mentioned information in transition to OR 

was confusing, like ‘PICU notified’, and being unclear about whether the child has already 

moved to the OR. Interviewees reporting barriers related to transition to OR were primarily 

OR nurses, surgeon, and trauma chief.

Five of the 36 interviewees, anesthetist, surgical technician, two PICU attendings, and PICU 

nurse, described facilitators related to transition to OR. Interviewees mentioned facilitators 

about the useful information and visual cues – with traffic lights representing completion 

of tasks. Interviewees reporting facilitators related to transition to OR were primarily PICU 

attendings and PICU nurses.

3.3.2.5 Specific features of T3: timeline: Nine of the 36 interviewees, EM attending, two 

EM residents, ED nurse, anesthesiologist, anesthetist, OR nurse, surgeon, and PICU nurse, 

described barriers related to the timeline. Interviewees mentioned the confusing layout 

for vitals and missing information for imaging, administration of medications and blood 

products.

Twelve of the 36 interviewees described facilitators related to the timeline. They mentioned 

the utility of vital trends with timing of interventions and administration of medications and 

blood products. All three trauma chiefs mentioned facilitators related to the timeline feature 

of T3.

3.4 Environment – space and specific location for T3

We identified two dimensions for the environment element: (1) space for T3 and (2) 

location for T3. Seven of the 36 interviewees commented about space for T3; 33 of the 

36 interviewees commented about location for T3.
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3.4.1 Space for T3—Five of the 36 interviewees, two EM attendings, anesthesiologist, 

anesthesia resident, and trauma chief, discussed challenges in finding space for T3 in the 

small, crowded ED trauma bay with posters, lights, bags, and fluids hanging. One EM 

attending described the trauma bay rooms as big, but small when all the consultants gather.

3.4.2 Specific location for T3—Four of the 36 interviewees, two ED nurses, OR nurse, 

and PICU attending, discussed barriers about location for T3: those were locations to avoid 

placing T3, such as next to the computers used by residents, where information could get 

more easily missed, or facing the hallway, which would provide unintentional access to the 

wrong people and violate HIPAA.

Of the 36 interviewees, 32 interviewees discussed specific useful locations for T3, primarily 

in the ED trauma bay and some other options in the OR and PICU. Clinicians, excluding 

surgical technicians and PICU nurses, proposed three locations in the ED trauma bay: (1) 

at the head of the bed, (2) by the computers used by residents and (3) outside the trauma 

bays by the badge reader. Anesthesiologist, anesthesia residents, anesthetists, and OR nurses 

proposed two locations in the OR: (1) next to the nursing and anesthesia monitors and (2) 

by the OR board. Anesthesia residents, PICU attendings, and PICU nurses proposed two 

locations in the PICU: (1) in the patient’s room and (2) next to the nurse station monitors.

3.5 Organization – communication and coordination

We identified one dimension for the organization element: communication and coordination.

One out of 36 interviewees, an EM attending, mentioned that T3 could hinder 

communication and coordination. The EM attending was unclear about which role was 

responsible for notifying the PICU about the child’s admission and requesting a PICU bed.

Of the 36 interviewees, 32 discussed how T3 supports communication and coordination by 

ensuring information, e.g., weight and allergies, does not get missed, providing an overview 

of information, and allowing team members to identify and anticipate what is needed for the 

OR and PICU transitions. One ED nurse described the benefits of T3 supporting information 

exchange between care team members, “Nothing will get missed. There will be no patient 
harm…Everyone will be on the same page… The patient will have better outcomes.” An 

OR nurse explained how T3 supports communication and coordination for team members in 

the OR and PICU, “I think it [T3] informs OR sooner. It [T3] notifies the PICU…they need 
to be preparing for…It [T3] helps with nurse staffing levels because you know what you’re 
anticipating…The sooner the OR knows about stuff from the ED, we can prepare faster so 
we’re ready to go sooner. A PICU attending explained how T3 is helpful when arriving to 

the trauma bay and communicating with other team members, “This is really, me walking 
in from the ICU and saying… “Do you think you have the bleeding under control?”… The 
arriving members of the team are the ones who are going to need most of this.”

4. Discussion

Designing health IT to support the work of a care team, representing different roles, is not 

easy. This study provides an in-depth analysis of a team health IT that was found to be 
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highly usable in a simulation setting (Carayon, 2022); we found both barriers and facilitators 

in all five work system elements. This information can provide input for the next phase of 

technology design.

4.1 Importance of systems approach to evaluate team health IT

Our results demonstrate the usefulness of a systems approach, such as the SEIPS model 

(Carayon et al., 2006; Carayon et al., 2014), to assess a technology: interviewees talked 

about barriers and facilitators in all five work system elements. Our results emphasize the 

need to look at other elements, besides just the technology. Six of the eight dimensions 

had more interviewees reporting facilitators than barriers — except for experience (person 

element) and sufficient space for T3 (environment element), see table 1. This analysis 

provides evidence that implementing a team health IT can affect all of the other work 

system elements in both positive and negative ways. This suggests the value of an analysis 

of work system barriers and facilitators when evaluating a technology aimed at supporting 

information needs of a diverse care team, which can help to continuously improve the design 

of the technology (Carayon, 2022).

4.2 Designing team health IT to support task work and teamwork

One challenge for health IT design is to support team-based care processes as well 

as specific tasks (Walker & Carayon, 2009). Examining different care team members’ 

perspectives of work system barriers and facilitators is crucial for ensuring a team health IT 

supports both individual tasks and team processes, e.g., communication and coordination. 

A majority of the 36 interviewees, 34 and 32, respectively, mention facilitators for (1) task 

performance (task element) and (2) communication and coordination (organization element). 

Also, the “care team members” feature was mentioned most frequently as a facilitator in the 

analysis of specific features: 18 interviewees commented that the list of clinicians involved 

in the child’s care is helpful. As evidence by T3’s SUS score (Carayon et al., 2022), our 

HCD process resulted in a team health IT that was indeed perceived as usable; moreover, 

results from this qualitative study support that our team health IT mock-up supports both 

individual taskwork and teamwork. However, there are still design issues that need to be 

addressed in order to support both taskwork and teamwork; in particular, assuring accuracy 

of information displayed on T3 is an important patient safety issue (Hoonakker, Carayon, et 

al., 2019).

4.3 Managing tradeoffs in design of team health IT

Prior research on team health IT describes the design process used to create solutions that 

support team-based care processes, e.g., resuscitation, but does not actually evaluate how 

multiple care team members perceive the technology and its fit with the rest of the work 

system (Parush et al., 2017; Pickup et al., 2019; Wu et al., 2017). In a manner similar to 

these studies, we applied a HCD approach to develop the T3 mock-up, involving different 

groups of care team members to provide input in the design and evaluation (Carayon et al., 

2022). We went beyond the description of the design process and conducted an in-depth 

scenario-based evaluation of T3 that involved 12 different roles and looked at the fit (or lack 

of fit) of the technology in the rest of the work system. In this evaluation, we found several 

dimensions of work system barriers (see table 1). This feedback from team members can be 
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used to continue improving the design of the technology, but conflicting opinions between 

different roles can be challenging to address.

Our analysis identified tradeoffs for decisions about design and implementation of the 

technology in order to satisfy the needs of all team members. In particular, three dimensions 

of work system barriers and facilitators point to tradeoffs: (1) workload and efficiency, (2) 

specific features of T3 and (3) location for T3.

Out of 12 groups, ED nurses were the only team members that mentioned T3 creating 

additional work with inputting information. In the trauma bay, ED nurses perform multiple 

tasks to provide patient care and complete documentation. In a prior analysis, we found that 

about 90% of all information on T3 can be pulled from data fields currently documented in 

the EHR (Carayon et al., 2022; Hoonakker et al., 2022). The remaining 10% of information 

would be additional work for the ED nurse (i.e., data entry to feed data for T3), while 

also caring for a critically injured child. Future design effort should identify solutions for 

mitigating this additional workload for ED nurses. For instance, technical solutions could be 

developed that directly connect medical devices and the EHR, so that the ED nurse does not 

need to re-enter data to feed into T3.

Many of the interviewees perceived that T3 supports the pediatric trauma care team and 

reported more facilitators than barriers for seven of the 11 specific features (figure 2). 

However, the ins/outs graph needs improvement and was frequently mentioned as a barrier, 

by 12 out of 36 interviewees, as compared to being mentioned as a facilitator by only six out 

of 36 interviewees. Feedback on the ins/outs graph provided by interviewees, such as colors 

and description of the blood products, could be incorporated in revising T3 design. This 

next phase of design should not only involve input from team members, but also usability 

heuristics in order to ensure that the ins/outs graph is clear and consistent with current 

representation of EHR data.

Interviewees did not converge on a single location for T3. For instance, they mentioned three 

different locations to place T3 in the ED trauma bay: at the head of the bed, above the 

computers used by residents, and outside by the badge reader. Choosing one of the three 

locations requires discussion from an interdisciplinary team of clinicians and HF experts 

in order to converge on a solution. This could be done via focused usability testing and 

simulation to compare the three proposed ED locations.

We evaluated a team health IT mock-up that was perceived as highly usable according to the 

SUS questionnaire (Carayon, 2022); but we still identified multiple barriers, which can help 

to produce design recommendations and address implementation challenges, e.g., concerns 

about information accuracy. We recommend embedding care team members and HF experts 

in the continuous design of team health IT to address potentially divergent opinions and 

ensure that implemented solutions are highly usable.

4.4 Limitations

One limitation of this study is that the evaluation of T3 relied on a paper mock-up; at 

the time of the scenario-based evaluation, T3 was not implemented. In the scenario-based 
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evaluation, we assumed that T3 would be integrated with the EHR relying on data pulled 

from documentation done by the ED nurse. Thus, interviewees had to imagine what using T3 

would be like in their real work context. Future research is needed to conduct evaluations “in 

the wild”, like Catchpole et al. (2022).

Another limitation of our study is that we examined individual perspectives of T3 in a 

single scenario for a care process that is distributed over people, time, and space. Future 

scenario-based evaluation studies of team health IT could examine the reactions of clinicians 

in a simulated team scenario; however, this may be complex to organize with 12 different 

roles. Future research should also include various scenarios that represent the variety of 

pediatric trauma patients.

5. Conclusion

Our study provides valuable information about the evaluation of a team health IT designed 

to support information sharing for a large, distributed pediatric trauma care team. We report 

barriers and facilitators for all five work system elements and identified eight dimensions 

of barriers and facilitators; therefore, highlighting the importance of a systems approach 

such as the SEIPS model. In a previous study, we reported on the HCD approach used 

to design T3, and the high usability of T3; yet, in the scenario-based evaluation and the 

debrief interviews conducted at the end of the evaluation and used in this study, interviewees 

identified multiple barriers related to all five work system elements. Designing usable and 

useful team health IT is challenging and needs to be part of a continuous work system 

design approach involving care team members and HF experts.
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Figure 1. 
Mock-up of T3 (Teamwork Transition Technology).

T3 ©2021 by Peter Hoonakker, Pascale Carayon, Abigail Wooldridge, Bat-Zion Hose, CQPI 

and WIHSE is licensed under CC BY NC 4.0.
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Figure 2. 
T3 mock-up on the left. Structure of T3 with barriers and facilitators for 11 specific features 

on the right.

Note: B = number of interviewees that mentioned barriers for respective feature; F = number 

of interviewees that mentioned facilitators for respective feature. Larger font size of barrier 

and facilitator indicates more interviewees mentioned that specific feature.
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