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Abstract. Virtual reality simulators have the capability to automatically record
user performance data in an unbiased, cost effective manner that is also less error
prone than manual methods. Centralized data recording simplifies proficiency
evaluation even more; however is not commonly available to date for surgical
skills trainers. We will detail our approach in implementing a framework for
distributed score recording over the Internet using a database for persistent storage.
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1. Introduction

Minimal invasive surgery has been shown to have advantages over conventional open
methods. Laparoscopic procedures now represent the ‘gold standard’ for various
surgical procedures. However, lack of 3-D depth perception as well as the fulcrum
effect of the body wall on instrument handling pose major obstacles that make effective
training imperative. Surgeons are currently trained using conventional box trainers as
well as virtual reality simulators.

Physical box trainers benefit from lower cost and much greater availability
compared to VR simulators. However, their data recording and score taking capabilities
are limited, and detailed performance assessment on inanimate box trainers requires
subjective human-monitored evaluation, which is not only costly but also error-prone
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2. VRMSS and Distributed Score Taking

To broaden access to such training, a Virtual Reality Motor-Skills Simulator (VRMSS)
was implemented [1]. VRMSS features distributed surgical 3D motor-skills training
using Haptics for touch and feel feedback, and is designed as a low-cost alternative to
current state-of-the-art practices in place. VRMSS is built using SPRING, a real-time
soft-tissue modeling engine [5].
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Figure 1 - System Setup

VRMSS has been equipped with automated logging capability which allows for data
recording over TCP/IP, i.e., a local network or the Internet. See Figure 1 for details.
The system provides functionality for upload and download of training data on the
client side, with the server offering persistent storage as well as basic data
analysis/visualization capabilities for a single or multiple users.
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Figure 2 - Database Schema



A web-based prototype system to allow data recording for various types of simulators
was constructed [2]. The database schema is depicted in Figure 2. The tables on the
right-hand side hold the metadata defining the simulators, scenarios, tasks and data
types to record. The tables on the left-hand side contain the actual data recorded
including trainings, exercises and scores.

Current types of data elements recorded include task duration, collisions, distance,
rotation, errors, hand jitter and steadiness. Preliminary pilot tests were completed
successfully. Data was successfully recorded over the Internet and persistently stored in
the database.

3. Contributions and Future Directions

A framework for remote data recording was created, tested and made available to
interested 3" parties [2]. The metadata tables in the framework allow for custom
scenario creation, i.e., configuring the system to specify what data will be collected. To
date, scenarios for the VRMSS as well as a Nephron simulation have been
implemented. The framework can be accessed from any operating system including
Windows, Macintosh, Linux and UNIX. A custom HTTP request allows data
uploading/downloading to/from the framework. The HTTP protocol supports tunneling
through Firewalls and Proxy servers, thus removing limitations of other available
solutions. A MySQL database server in the background is responsible for persistent
data storage, and the database is backed up regularly.

The ultimate goal is to provide wider access to surgical training, be it in the lab, at
home, or in remote areas. Students can learn on their own time, being monitored
through the automated data recording framework. Proficiency levels are determined
automatically, and score-taking is unbiased.
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