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ABSTRACT 
We present an interactive breadboard activity simulation 

(IBAS) to educate users in acquiring psychomotor skills in 
electrical circuitry pertaining to the ammeter, voltmeter and 
multimeter instruments.  Psychomotor skills learning involves the 
association of cognitive functions with motor functions to make 
the task autonomous with repeated practice, and promoting better 
recall. In electrical circuitry, this is demonstrated by the fine 
movements involved in handling and manipulating components 
on the electrical circuit, particularly while measuring electrical 
parameters that facilitates learning. Two display metaphors are 
currently implemented in IBAS, the FishtankVR (FVR) and head-
mounted display (HMD) viewing conditions.  In an initial user 
study, we found that users effectively learned the psychomotor 
skills pertaining to electrical circuitry using IBAS.   
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1 INTRODUCTION 
Virtual reality has enormous potential to train users in complex 

psychomotor skills in the realm of aviation and automotive 
technical education. Psychomotor skill is the ability to analyze 
perceived situations and automatically evoke motor responses to 
achieve a goal [1, 2]. Our emphasis is in the aviation and 
automotive domain, and specifically in electrical circuitry 
applications, where these skills include careful analysis of the 
circuits and components, and precision movements while 
performing diagnostic measurements of electrical parameters and 
circuit modifications. 

We built an interactive VR simulation to educate users in the 
use of measurement instruments in electrical circuitry in a 3D 
virtual breadboard environment using bimanual interaction. IBAS 
educates users to measure electrical parameters using an analog 
voltmeter, an analog ammeter and a digital multimeter. 

2 RELATED WORK 
Virtual environments have been used extensively to educate 

users in complex manual tasks. The work of El-Chaar et al [3] 
demonstrates the use of interactive 3D virtual environments for 
industrial operations training and maintenance. They found that 
VR provides enabling circumstances to guide users through most 
complex and critical operations. Kotranza et al [4] studied the 
effects of real-time in-situ feedback of task performance in mixed 
environments for learning joint psychomotor-cognitive tasks with 
respect to clinical breast exams (CBEs). Their study highlighted 
that feedback from their VR provided students with an advantage 
over traditional approaches to learning CBEs in developing 
correct psychomotor and cognitive skills.  

VR offers the ability to employ interaction principles to 
accurately simulate real world performance and can facilitate 
psychomotor skills learning of the complex tasks involved in 
electrical circuitry measurement by providing scenarios for 
extensive practice with multi-sensory feedback. It is possible to 
implement consistent and reliable situations using VR that can be 
used to train users anytime and anywhere. 

3 SYSTEM DESIGN AND IMPLEMENTATION 

 

 
Figure 1: (Top) IBAS setup and (Bottom) screenshot of simulation. 

3.1 User Experience 
IBAS comprised of three modules, one for each instrument: 

Voltmeter, Ammeter and Multimeter, which were further 
subdivided into Introduction, Guided Practice and Exercise 
sections. IBAS started with a training module for task familiarity. 

3.1.1 Training 

The training section was built specifically for users to get 
acclimated to the two-handed 3D interactions performed within 
the VE, specifically picking up and releasing objects, translations 
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and rotations. The users were presented with simple tasks such as 
picking up a ball and dropping it into a basket, and turning a key 
inserted into a keyhole. This section also introduced users to head-
tracked egocentric viewing through the HMD or head-tracked 
perspective corrected viewing in case of the FishtankVR 
condition. They received textual as well as auditory instructions 
and feedback. Visual feedback was presented in the form of 
highlights and color changes, and auditory feedback in the form of 
collision sounds. 

3.1.2 Introduction 

This was a text and image based GUI section that introduced 
users to electrical instrument to be learned in that particular 
module, the structure of the oncoming section and what to expect, 
the learning goals of the module, and any new electrical 
components, methodologies or terminologies introduced within 
that module. 

3.1.3 Guided Practice 

This section provided users with step-by-step guidance in 
learning and performing actions to successfully measure electrical 
parameters with the instruments. The users were presented with 
the VE consisting of the instrument, the breadboard, and other 
electrical components placed on a workbench within a classroom 
environment, and they interacted with the VE with either hand. 
Users could view the VE from different angles utilizing the head-
tracked HMD or the head-tracked FishtankVR. There were textual 
and auditory instructions that prompted users to perform the 
required action to complete each step. There was a simulated 
pseudo-haptic feedback in the form of stickiness to the breadboard 
wells, whereby the probes tended to stick or snap onto the 
breadboard wells as the user passed over the breadboard. This was 
done to reduce accuracy errors while placing a probe into a 
breadboard well, thus making the task easier. 

3.1.4 Open Exercise 

This was an open-ended exercise section in which users were 
presented with tasks similar to the guided practice, but without the 
helpful step-by-step guided instructions, and with increasing 
complexity. There were three exercise tasks in each module, and 
the users were expected to apply the knowledge gained from the 
introduction and guided practice sections to perform a successful 
measurement and answer the question for that particular task. The 
users were not limited or forced to perform any sequence of steps, 
and visual feedback was provided for correct or incorrect answers 
in the form of the question background turning green or red 
accordingly. Upon successfully completing the exercise, the 
simulation advanced to the next module. 

3.2 System Description 
We used Unity3D to create IBAS. The 3D objects used in IBAS 

were modeled using Blender and then imported into Uniy3D. All 
the animations were performed using scripts within the Unity3D 
development environment. The system ran on a Windows XP 
machine with an Intel Core 2 Extreme QX6850 processor, an 
NVIDIA GeForce 8800 GT graphics card, having 4 GBytes of 
DDR2 memory. All the software, system drivers and the BIOS 
were updated to the latest available versions. 

3.3 3D User Interaction 
Two-handed 3D user interaction with the VE was enabled using 

the Razer Hydra gaming controller having 6 degrees of freedom 
(DOF) electromagnetic motion tracking. We used the Sixense 
Unity plug-in to interface with the Hydra from within the Unity 

development environment. Virtual manipulators were represented 
using a blue and a red sphere (selector spheres), one for each hand 
of the user, which were translated and rotated according to the 
user’s hand movements. A constant distance offset was 
maintained from the actual physical position of the controllers. 

3D viewing within the VE in both the HMD and FishtankVR 
conditions was facilitated by head-tracking using the InterSense 
IS-1200 VisTracker system. This system provides 6 DOF tracking 
using a hybrid of inertial-optical technology. There was a direct 
to-scale transfer of the tracker’s position and orientation data to 
the camera in the VE, with a transform correction to account for 
the tracker’s position on the head with respect to the user’s eye 
position. The users experienced natural head-tracked movements 
in the HMD condition, and a head-tracked perspective corrected 
viewing in the FishtankVR condition. 

3.4 Scenario Design and Generation 
The scenarios were designed based on a hierarchical task 

analysis for measurements in electrical circuitry for each of the 
instruments, based on subject matter expert feedback from 
partnering technical college instructors. The scenarios were 
developed for beginner level users, having little or no knowledge 
of the subject. The introduction section provided all the basic 
knowledge required to prepare the users for the guided practice 
and the exercise sections. The guided practice scenario was 
designed at the lowest level of complexity, focusing on learning 
the steps of taking a measurement at the most basic level, and the 
exercises were designed to further the understanding from guided 
practice with tasks gradually increasing in level of complexity. 

4 CONCLUSION AND FUTURE WORK 
We created an interactive breadboard activity VR simulation 

(IBAS) to educate users in psychomotor skills pertaining to 
electrical circuitry, with support for two popular viewing 
metaphors (HMD vs. FishtankVR) towards psychomotor skills 
learning. In an initial user study, we found that learners in IBAS 
find that the simulation is effective in learning the psychomotor 
skills associated with electrical circuitry.  In future studies, we 
will compare different viewing conditions HMD vs. FishtankVR 
vs. traditional monitor displays on psychomotor skills learning.  
We also want to compare various parameters of immersive 
viewing such as stereoscopy, field-of-view, and screen resolution 
on psychomotor skills learning in the electrical circuitry domain.  
Also, we will compare and contrast the perceived affordances and 
learning characteristics in our current binocular non-stereoscopic 
viewing condition against the binocular stereoscopic viewing 
(impact of depth perception) on psychomotor skills learning. 
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