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Patient safety errors account for over 400,000 preventable deaths annually in US in hospitals alone, 70% of which
are caused by team communication breakdowns, stemming from hierarchical structures and asymmetrical
power dynamics between physicians, nurses, patients, and others. Nurses are uniquely positioned to identify
and prevent these errors, but they are often penalized for speaking up, particularly when physicians are
responsible. Nevertheless, empowering nurses and building strong interdisciplinary teams can lead to improved
patient safety and outcomes. Thus, our group has been developing a series of intelligent systems that support
teaming in safety critical settings, Robot-Centric Team Support System (RoboTSS), and recently developed
a group detection and tracking system for collaborative robots. In this paper, we explore how RoboTSS can
be used to empower nurses in interprofessional team settings, through a three month long, collaborative
design process with nurses across five US-based hospitals. The main findings and contributions of this paper
are as follows. First, we found that participants envisioned using a robotic crash cart to guide resuscitation
procedures to improve efficiency and reduce errors. Second, nurses discussed how RoboTSS can generate
choreography for efficient spatial reconfigurations in co-located clinical teams, which is particularly important
in time-sensitive situations such as resuscitation. Third, we found that nurses want to use RoboTSS to “stop
the line”, and disrupt power dynamics by policing unsafe physician behavior, such as avoiding safety protocols
using a robotic crash cart. Fourth, nurses envisioned using our system to support real-time error identification,
such as breaking the sterile field, and then communicating those errors to physicians, to relieve them of
responsibility. Finally, based on our findings, we propose robot design implications that capture how nurses
envision utilizing RoboTSS. We hope this work promotes further exploration in how to design technology to
challenge authority in asymmetrical power relationships, particularly in healthcare, as strong teams save lives.
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1 INTRODUCTION
Patient safety is a critical issue in the healthcare system as preventable medical errors (PMEs) lead
to 400,000 preventable patient deaths per year in hospitals alone [17, 33]. 70% of these errors are the
result of communication and collaboration breakdowns that occur in safety-critical team settings.
Nurses are uniquely positioned to identify and prevent such errors as they are frontline healthcare
workers and primary advocates for patients [60, 79]. However, strict hierarchical structures and
asymmetrical power dynamics between physicians and nurses often result in penalties for nurses
who speak up to “stop the line” of behavior that causes medical errors [60]. Thus, providing nurses
with a mechanism to promote open and honest communication within clinical teams can empower
them to prevent behavior that causes patient safety lapses and errors.
Studies show that empowering nurses is one way to enable them to “stop the line” when they

observe patient safety risks [60, 68]. For example, empowering nurses leads to increased job
commitment, which results in positive work behavior and improved patient outcomes [21, 43, 44].
Furthermore, nurse empowerment promotes improved communication with higher ranking team
members, thereby redistributing power dynamics in clinical teams [62].
Prior research in Computer Supported Cooperative Work (CSCW) demonstrates the potential

for robots to shift power dynamics among clinical team members. For example, introducing surgi-
cal robots into the operating room (OR) changes team communication, as the surgeon becomes
physically separated from the team, which leads to increased autonomy of the remaining team
members [65]. In particular, robots can help redistribute power from higher ranked team members
to lower ranked ones in the clinical hierarchy. It also changes how teams make decisions [64] and
their spatial arrangements [62]. In this paper, we build upon this concept to explore how embodied,
mobile robots, which able to learn, sense, and interact within groups, may be able to empower
nurses.

For the past few years, our group has been developing a series of intelligent systems that work
with interprofessional teams in safety critical settings [24, 27, 42, 76]. In this work, we explore the
use of our Robot-Centric Team Support System (RoboTSS), comprised of a series of modules which
have the ability to engage in group detection, tracking, motion forecasting, and interaction (See
Fig. 1). The vision is that RoboTSS can be used to support teams in real world environments.
In this paper, we explore how the group interaction module of RoboTSS can be designed to

empower nurses and support them in interprofessional teaming. We engaged in a three month
long, collaborative design process with nurses who work across five US-based hospitals, and across
six clinical disciplines, including: progressive care, pediatrics, critical care, and anesthesia. We
conducted a series of semi-structured interviews with them, where we explored their experiences
of teaming and the possibilities of using RoboTSS to support their work.

The main contributions of our work is fivefold. First, our participants envisioned using a robotic
crash cart during resuscitation scenarios that can autonomously navigate to a patient’s bedside,
walk a team of providers through a procedure (e.g., resuscitation code), and automatically open
drawers of the crash cart. This relieves clinicians themselves of manually moving the crash cart to
the patient’s room; instead, they can immediately go to the patient’s bedside and start working.

Second, we found that nurses envisioned using RoboTSS to generate choreography for efficient
spatial reconfigurations in co-located, unstructured clinical teams. Co-located, unstructured teams
(e.g., resuscitation teams) often work in safety-critical, time-sensitive environments. Thus, it is
challenging for clinical teams to spatially position themselves in a cohesive way such that all team
members work effectively throughout the procedure.
Third, we found that nurses want to use RoboTSS to challenge authority by reconfiguring

the power distribution in teams. For example, nurses identified ways they could use the system
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to “stop the line,” and disrupt power dynamics by policing unsafe physician behavior, such as
avoiding safety protocols and checklists. Although checklists were developed to empower nurses,
asymmetric power dynamics between nurses and physicians impede this critical process from
being appropriately performed. Participants suggest that introducing robots as a neutral third party
can support nurses.
Fourth, our study reveals that nurses envisioned using RoboTSS to support real-time error

identification, such as breaking the sterile field, and giving robots the burden of communicating
those errors to physicians, which relieves nurses of that responsibility.
Finally, we propose new design implications that capture how nurses envision how RoboTSS

might support and empower them in clinical teams. We extrapolated these design implications
from our findings while considering two primary means of empowering nurses: 1) by challenging
authority, and 2) by improving team collaboration to reduce nurse workload. Our proposed design
implications capture design concepts that can empower nurses, the team settings for which these
concepts were designed, as well as the level of hierarchy in the team setting.
We hope this work promotes further exploration in how to design technology to improve

interprofessional teamwork, particularly in healthcare, as strong teams save lives.

2 BACKGROUND
This section provides an overview of the areas involved in this paper in order to provide context
for the narratives that are discussed in later sections. These areas include the impact of clinical
teams on patient safety, nurse empowerment, human-robot teams in healthcare, and computational
methods for group perception.

2.1 How Clinical Teams Impact Patient Safety
Healthcare teams are critical across many care settings, including hospitals, nursing homes, surgical
centers, home care, etc. [15]. In this paper, we focus our work on care delivery within hospital
settings. Even within hospitals, there are many types of teams across many units. We focus
specifically on clinical teams working on either resuscitation (e.g., within emergency departments
(ED) or intensive care units (ICU)), and performing surgical procedures (e.g., within ORs). These
teams are interprofessional (e.g., physician, nurses, respiratory therapists, technicians), and vary in
their structure and organization, e.g., ORs and ICUs are highly structured, EDs are more dynamic.

PMEs are the third leading cause of death in the United States, 70% of which occur as a result of
team failures [11, 17, 33]. These errors are a direct result of poor communication, poor collaboration,
and mistakes made during patient care, which causes patient harm, and in some cases, patient
death [33, 57]. Such errors are exacerbated by the hierarchical nature of clinical teams.

Hierarchical culture is inherent in many clinical teams as many are composed of providers with
various levels of expertise and experience (e.g., physician, nurse, certified nursing assistant (CNA)).
In general, clinicians with more education are higher in the clinical hierarchy and have more power
when working in teams. Such hierarchical culture leads to communication challenges for team
members that rank lower in the clinical hierarchy. For instance, nurses are the primary advocate
for patients while they are being treated at the hospital, so they are uniquely positioned to speak up
for them when they observe safety risks. Yet when nurses advocate for patients to higher ranked
team members, they are often penalized and confronted, which discourages them from speaking
up the next time they observe a safety lapse [60].

Many interventions exist to mitigate these challenges, including checklists [2, 25] and interpro-
fessional team training programs (e.g., TeamSTEPPS [40]). While these interventions have made
major improvements in patient safety, they suffer from low adoption rates, receiving particular
criticism from those at the top of traditional hierarchical structures [20]. In this work, we explore

Proceedings ACM Human-Computer Interaction, Vol. 3, No. CSCW, Article 1. Publication date: November 2019.



1:4 Taylor, Lee, Kubota, Riek

how our team-focused technology (RoboTSS) might help to sca�old these existing interventions,
by providing a potential means to level hierarchies (as has been shown possible in VR [70]) with
the added bene�t of the �cool factor� of robots to support adoption.

2.2 Nurse Empowerment and Patient Safety

A series of studies in the nursing literature found that due to the unique proximity of nurses to
patients, nurse empowerment enhances patient safety and outcomes, reduces death rates, and
shortens length of stay within hospitals [30, 43, 60, 67, 68]. These studies consider nurse empower-
ment as an organizational issue [60, 68]; therefore, they employ frameworks from organizational
studies, such as Kanter's organizational empowerment theory [38]. Okuyama et al. [60] focused on
nurses' speaking up behavior for patient safety and examined ways to embolden them to report
behavior that jeopardizes patient safety. These studies consider nurse empowerment as an issue
of team communication e�ectiveness, particularly due to asymmetrical power dynamics between
physicians and nurses.

Another group of studies found that nurse empowerment issues originated from US healthcare
reforms that have continued since the 1990s [9, 16, 30]. As budgets were cut, private organizations
began managing healthcare systems in ways that adversely a�ected nurses. As a part of downsizing
labor forces in hospitals, nurse sta�ng levels were reduced, workloads increased, and respon-
sibilities expanded. Consequently, under these adverse working conditions, nurses experienced
more emotional exhaustion and stress. This group of studies de�ne empowerment as an issue of
�the extent to which nurses possess the power to in�uence the behavior around them� which is a
more holistic approach to empowerment [68]. This research considers the level of autonomy of
nurses as well as their communication issues, which ultimately leads to concerns of their overall
job satisfaction (e.g., workload, job security).

Several educational interventions have been designed to encourage nurses to speak up, including
technology-based interventions (c.f., [18, 71]). For example, Robb et al. [70, 71] used virtual team-
mates in clinical settings to support clinicians lower in the clinical hierarchy (e.g., nurses). Studies
such as these motivate our study on using technology to support nurse empowerment through a
collaborative design process with nurses. Additionally, to increase the voices of nurses within the
research process, our study enables nurses to de�ne their challenges in team settings rather than
to focus on speaking up as a main topic of this study.

2.3 Healthcare Robotics

Healthcare robotics is a new area of research that explores using robots to address challenges in
the healthcare [69]. Robots have the potential to help people with motor, cognitive, and sensory
impairments, such as by providing mobility or limb support (e.g., smart wheelchairs, robot prothe-
ses), therapeutic support (e.g., robotic pet therapy, robots for autism), and sensory augmentation
(e.g., smart canes). They can also be used to support cognitive and mental health.

Within the context of nursing, robots can reduce the physical strain and injury that nurses
experience from lifting patients [54, 58] and delivering materials [23]. They can also assist nurses
with reception tasks in hospitals (e.g., desk reception) [1]. Other robots are used for telemedicine
[32, 46] and surgery [62, 75]. The aforementioned robots can help �ll care gaps, which result from
a shortage in the healthcare workforce and the growing number of patients that need medical care
[69, 74].

One of the most commonly studied robots in co-located clinical team settings are surgical robots,
which are remotely operated by a surgeon. Researchers have investigated how surgical robots
change team communication [65], decision making [64], and spatial arrangement of surgical teams
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Fig. 1. The trajectory of our team support system, RoboTSS. From le� to right, our system includes group
detection (RoboGEM), group tracking (RoboGEM 2.0), group motion forecasting, and robot group interaction
methods. The goal of this study is to continue our work on robot group interaction by designing robots to
support and empower nurses.

[62]. For example, Pelikan et al. [62] found that surgical robots shift power from the surgeon to the
rest of the team by redistributing roles and tasks.

In order for robots to work e�ectively and be well-adopted in healthcare, there are several robot
adoption factors that must be taken into consideration [69]. These factors include thesafety and
reliability of robots, ensuring they are safe around users and being robust to real-world clinical
situations.Usability and acceptabilityconcerns ensure that stakeholders, who have varying levels of
technical literacy, are able to fully utilize the robot and are accepting of its functionalities during day-
to-day tasks. However, in order for stakeholders to take advantage of a robot's capabilities, it must be
shown to beclinically e�ective, i.e. provide a clear bene�t to users. Furthermore,cost e�ectivenessis
an important factor as not all clinical settings are well-resourced to purchase expensive equipment,
nor do most individuals. Finally, it is important that a robot in healthcare has su�cientcapability
and functionfor it to carry out its intended functionality in dynamic, real-world environments.

Many of the aforementioned factors are taken into consideration while designing robots for
healthcare applications. However, there is a lack of work done to integrate robots into face-to-face
teaming situations during high stress, dynamic, safety-critical situations in which many PMEs
take place (e.g., resuscitation). Thus, we are interested in exploring how robots can work alongside
clinicians to improve clinical teaming. Additionally, we explore mechanisms to empower nurses in
such settings.

2.4 Computational Methods for Group Perception

The goal of our work is to design intelligent systems to support and empower nurses as they work
in interdisciplinary teams. In order for us to design systems to work in teams, we require group
perception methods that enable such systems to perceive teams in their environment. This enables
the system to identify where their team members are located as well as where they may potentially
relocate to in the immediate future. Therefore, we provide a brief review of our group perception
methods as they enable intelligent systems to identify and track team members over time.

Over the past two years, we developed RoboTSS, an intelligent robotic system that enables
robots to support teams. RoboTSS has four modules: group detection, group tracking, group motion
forecasting, and robot group interaction modules (See Fig. 1). Our group detection system,Robot-
Centric Group Estimation Model(RoboGEM), is unsupervised and works well on ego-centric (i.e.
�rst-person), real-world data, where both pedestrians and the robot are in motion at the same time
[76]. RoboGEM outperforms the current top-performing method by 10% in terms of accuracy and
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