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Challenges in Training Trauma Surgical Skills
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Chest Tube PlacementNeedle Decompression

• Requires excellent spatial coordination
• Correct tool placement depends on sense of touch
• Emergent nature of trauma limits time for teaching



Long-Term Goal: Augment Mentored Complex 
Skill Acquisition through Shared Haptic Guidance

Specific Aims:
1) Kinematic and Kinetic Sensing

for Trainee-Patient Interactions
2) Intuitive Haptic Guidance for 

Tool Manipulation by Trainees
3) Evaluate Effectiveness of 

Haptic Co-Robotic Training
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1.1 Proposal Objectives

Our long-term goal is to significantly impact surgical training through the use of co-robotic tech-
nology. Towards this aim, a critical first step is to develop foundational knowledge regarding: (1)
the most salient information to provided to the expert surgeon mentor from tool-mediated trainee-
patient interactions, and (2) finding intuitive and natural means through which to provide the
trainee with sensory guidance on improving performance. As current trauma training practices are
haptic in nature, we will primarily focus on the sense of touch.

Figure 2: Concept for Haptic Telementoring.

Thus, the research goal of this NRI proposal is to
develop a customizable haptic co-robot capable
of coaching an individual to achieve expert-
like performance in complex and emergency
medical tasks. We will use wearable sensors and
tactile actuators to create an interactive, telementor-
ing haptic feedback system to help expert surgeons
“feel” how the trainee is attempting to perform a
task, and allow them to provide intuitive haptic guid-
ance cues to improve performance. This proposal has
three specific aims: (1) develop methods for trainee
kinematic and kinetic sensing to provide meaningful
feedback to the expert mentor (2) design and optimize haptic feedback guidance cues, and (3) assess
the effectiveness of our collaborative training robot through human-user studies. These goals could
lay the groundwork for more effective and ubiquitous co-robots for training complex manual skills.

1.2 Expected Significance

The significance of achieving a successful outcome on this foundational project is to: (1) advance
the knowledge and understanding of the relationship between robotic systems and dynamic human
users, (2) create robust and stable methods for sensing human kinetic and kinematic interactions
with a patient environment, mediated through surgical tools, (3) broadly impact human health
and well-being by implementing and evaluating novel haptic guidance training co-robots with both
mentor and trainee in-the-loop, (4) explore the impact of the feedback system on enhancing trainee
viability in emergency scenarios (5) develop opportunities for engineering students, medical stu-
dents, residents to collaborate on health technology innovation projects, (6) achieve greater impact
through education and outreach activities and building research infrastructure dedicated to im-
proving human health through technology.

2 Background and Preliminary Work

2.1 Current State of Surgical Training in Trauma

Common trauma procedures and training practices. Emergency bedside and trauma proce-
dures are varied in location, complexity and movement. The simplest procedure is needle insertion,
which has had some success with haptic robotic trainers [27]. Yet even this seemingly ‘simple’
skill requires spatial orientation, haptic feedback to sense pressure gradients through tissue, and
dexterity of the distal and proximal portions of the operating hand.
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(a) Haptic Telementoring for Needle Insertion
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(b) Trainee Interface
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(c) Mentor Interface

Figure 8: Our preliminary haptic telementoring system includes a sensorized glove with vibrotactile guidance
feedback for the trainee and a commercial haptic device for mentor force feedback and force guidance cue
measurement [102]. In the future, the co-robotic mentor could potentially become autonomous through
learning-by-demonstration techniques [112,113]

consist of a representation of the reflective forces from the trainee-tool interaction, as measured by
the system from Task 1.2. The specific types of force feedback will depend on what expert surgeons
deem is most important and meaningful. Axial forces, for example, can be easily rendered on a
haptic device as virtual springs or dampers. Changes in tool orientations may need to be rendered
with an external tactile sleeve, such as in our prior work [105,111]. Finally, a finger-based interface,
similar to Postdoc Battaglia’s prior work [101], might be most effective for conveying pressures
applied by the trainee to the environment. We will explore and evaluate these technologies through
pilot studies, user surveys, and consultation with trauma surgeon experts.

Aim 2: Intuitive Haptic Guidance for Tool Manipulation by Surgical Trainees
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(a) Sensorized Fitt’s Task
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(b) Movement Time
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(c) Kinematics

Figure 9: Prior work in user-
centric difficulty modeling and predic-
tion [114].

Rationale: What constitutes natural and intuitive guidance
cues for human movement, particularly when mediated by a
tool, is an open problem in the haptics and robotics research
communities. The goal of this aim is to contribute founda-
tional knowledge related to how humans interpret guidance
cues for tool manipulation. These results will lay the ground-
work for a haptic co-robotic system surgical skill training.
Expected Outcome: Tactile guidance systems will be de-
veloped to assist trainees with how to hold and manipulate
common surgical tools used in trauma surgical procedures.
Background and Preliminary Work: The long-term goal
of the investigative team is to develop, optimize, and vali-
date a wearable co-robotic system aimed at promoting expert-
like behavior through intuitive and natural guidance. PI
Majewicz Fey has extensive expertise and preliminary work
in the areas of human-centric modeling (including task diffi-
culty [114–116], surgical stylistic signatures [108,117–121], and
bimanual coordination [122,123]), data-driven surgical skill as-
sessment [109, 124–126], and the design of haptic and robotic
systems [92,111,127–131]) to support this aim.
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Preliminary Work Towards Aim 1: Kinematic and 
Kinetic Sensing for Trainee-Patient Interactions
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Goal: Simple, Unobtrusive 
Sensing System  

Scientific Objective: 
Develop Analytical Techniques to Minimize Necessary Sensors

Reconstructing Hand Pose 
with Under-sensed Hand

(Submitted Conference Paper)

Novel Approach

https://github.com/ebattaglia/cHand/

Open-Source Hand Visualizer 
for CHAI3D Haptics Library cGenericObject

cGenericTool

cGenericLight

cGenericCamera

cMesh

cMultiMesh

cWorld

cHand

cDirectionalLight

cPositionalLight

cToolCursor

cGenericWidget

Next Steps: Apply Similar Techniques to Force Sensing

50% improvement over PCA, 
25% over KPCA
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Preliminary Work Towards Aim 2: Intuitive Tactile 
Guidance Cues for Tool Manipulation
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Haptics Symposium 2016 – Best Paper Finalist
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Preliminary Work Towards Aim 2: Intuitive Tactile 
Guidance Cues for Tool Manipulation
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Haptics Symposium 2016 – Best Paper Finalist

Next Steps: Study 3D Guidance and 
Develop Mentor-Trainee System


