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Abstract
Training designed to support and strengthen higher-order mental abilities now often involves 

immersion in Virtual Reality where dangerous real world scenarios can be safely replicated.   

However despite the growing popularity of advanced training simulations, methods for evaluating 

their use rely heavily on subjective measures or analysis of final outcomes. Without dynamic, 

objective performance measures the outcome of training in terms of impact on cognitive skills and 

ability to transfer newly acquired skills to the real world is unknown. The relationship between 

affective intensity and cognitive learning provides a potential new approach to ensure the 

processing of cognitions which occur prior to final outcomes, such as problem-solving and 

decision-making, are adequately evaluated. This paper describes the technical aspects of pilot work 

recently undertaken to develop a new measurement tool designed to objectively track individual 

affective levels during simulation-based training.
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1. Introduction

In the past decade, the topic of ‘affective computing’ is an area of computer and information science 

receiving increasing attention, particularly in research on decision support interfaces. Affective 

computing is computing that relates to, arises from, or deliberately influences emotions (Picard, 

1998). In early work developing VR-based training for first responders it was ascertained that 

higher levels of perceived affective intensity is linked to effective learning (Hall, Wilfred, Hilgers, 

Leu, Walker & Hortenstine, 2004). This indicates that affective state is a key variable for 

investigation in the development and evaluation of training in these situations.

Recent research in psychology indicates that emotions play an essential role in decision-making 

(Norman, 2004). Negative, affective states such as stress can negatively affect decision-making and 

learning abilities. Both experienced and perceived affect has been shown to influence higher-order 

mental abilities such as situation assessment and decision-making. It can cause undue anxiety or 
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fear, overestimation of risks and avoidant choices.  It can also be a distraction when it provides 

information or motivation to attend to or act on emotional information at the expense of more 

important content (Peters, Lipkus, Diefenbach, 2006). At the other end of the spectrum, too little 

emotion can also impair decision-making. During VR training both experienced and perceived 

affect has been shown to influence higher-order mental abilities with higher levels of perceived 

affective intensity linked to more effective learning (Hall et al., 2004). This makes sense in light of 

evidence that VR training is more likely to lead to recallable knowledge in the real world as a 

consequence of how engrossing the experience in the virtual world was. Participants are more likely 

to remember emotionally-relevant information.

In response to the acknowledged influence of affect on learning in simulation-based training the 

current project has undertaken to investigate the ability of a range of physiologically-based 

measures to evaluate the internal affective state. Dependent on the ability of these measures to 

provide a valid and reliable measure of affect they will then be subsequently be used as the basis for 

the development of a new objective evaluation tool for use in simulation training environments.

This paper reports on the technical set-up necessary of the first pilot study to be undertaken as part 

of larger project.  The pilot focuses on two measures designated as of interest to this project: feature 

extraction and electromyography (EMG).

1.1 Feature Extraction 

Exploratory work undertaken by Liao and colleagues (2006) to develop an intelligent user affect 

recognition and assistance system focuses on recognizing human affect from external symptoms 

using feature extraction via computer vision techniques.  Commencing with eye detection and 

tracking Liao and associates developed a set of non-invasive computer vision techniques for 

monitoring eyelid movement, eye gaze, head movement and facial expression from which visual 

features that can characterize a person’s affective states were extracted. 

The use of feature extraction to objectively measure a person’s affective state and the application of 

this measure to VR training evaluation provides a further potential opportunity to develop objective 

tools for evaluating user affect during VR training. Prior research indicates physical changes to 

facial features when participants are experiencing emotion underlying stress can include but are not 

limited to, pupils dilating more often, blinking less frequently, eyes close faster and mouth opens 

less frequently (Liao, Zhang, Zhu & Gray, 2006). Facial muscles should also be activated more 

strongly.  Feature value changes will change as affective state intensifies. 

If VR is to be used effectively to train cognitive skills in disaster response, valid and objective 

feedback is required on trainee’s performance during immersion. Analysis of affect impact would 

need to be investigated at those points in training when higher-order mental abilities are required to 

negotiate the VR scene.  This would facilitate mapping affect and affective intensity  to specific 

skills such as decision-making and situation assessment including hazard perception. Dynamic, 

real-time performance measures would provide a tool to not only determine whether scenes where 

impacting trainees required skill levels but, just as importantly, they also provide a method of 

identifying during training critical areas where skill acquisition was not occurring. 

Feature extraction as an objective measurement tool for affect recognition has been gaining some 

degree of interest (Liao et al., 2006; Bailenson, Pontkakis, Mauss, Gross, Jabon, Hutcherson, Nass 

& Oliver, 2008; Ahn, Bailenson, Fox & Jabon, 2010). Stress has been a variable of particular 
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interest with investigations revealing features are potentially sensitive and robust to stress (Liao et 

al., 2006), however a model using physiological measures and facial tracking was more reliable 

than one relying on either cue alone (Bailenson et al., 2008). In terms of published studies on 

evoked emotions it appears facial tracking has only been trialed on two emotional states to date: 

amusement and sadness. Research in this area is still in its infancy and limited by its reliance on 

individual subjective coders and the use of passive non-interactive movies to evoke emotion in 

participants (Bailenson et al., 2008). Immersion in replicated high stress operational environments 

may provide a superior research opportunity for progressing investigation into feature extraction 

and its correlation to affective states through its ability to evoke highly intense emotional states in 

trainees.

1.2 Electromyography

Electromyography (EMG) provides a physiological measure from which the underlying construct of 

emotion can be ascertained. In response to stress, both agonist and antagonist muscle activity 

increases resulting in co-contraction and increased joint stiffness. The elevated muscle activity 

associated with psychological stress is usually accompanied by increased force outputs. Elevated 

anxiety and psychological stress also leads to deterioration in overall signal-to-noise ratio in the 

motor control system resulting in patterns of motor performance similar to that observed during the 

early phases of motor learning (Yoshie, Kudo & Ohtsuki, 2008). To cope, the body’s central 

nervous system will use limb stiffness through co-contraction to stabilize movements. 

EMG is recorded using miniature pre-amplified surface electrodes which can be placed, for 

example, over the masseter muscle to measure jaw clenching activity, forearm muscles (flexor carpi 

radialis and extensor carpi radialis) to measure grip muscle activity and on the sub-ocular surface to 

measure eye-blink and facial twitches (orbicularis oculi muscle). 

While feature extraction provides finer more targeted measures, research suggests multiple 

measures are more successful when attempting to yield independent and converging evidence of 

affective states (Bailenson et al., 2008). For that reason, inclusion of EMG and in later stages of the 

project several more physiological measures such respiration, galvanic skin response and heart rate 

was regarded as advisable.

To commence the systematic exploration of the above approaches to measure the impact of learner 

affective states in simulation training the following technical steps where undertaken to prepare for 

the first pilot study.

2. Technical Preparation  

The objectives of a pilot study are two-fold: (i) test the hardware and software setup with the aim of 

ironing out any problems, and (ii) to obtain simultaneous physiological and subjective affect 

measures.  The data will be used to probe for correlations between the physiological state and 

reports of emotional state. The ultimate aim then is to identify candidate physiological indicators of 

emotional state. In this initial study muscle activity is recorded by electromyography (EMG) and 

eye responses using an eye-tracker.  
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The study uses a driving simulation in which subjects have to steer through a sequence of obstacles.  

The test will consist of four road segments. After completing each segment the simulation will halt 

and the user will be required to fill in a questionnaire assessing their affective state.

2.1 Apparatus 

2.1.1 Simulator
The experiments will be conducted in a fixed-base driving simulator, which consists of a Silicon 

Graphics (SGI) Onyx 3200 graphics system, Barco 808S CRT projector and Logitech MOMO 

force-feedback steering wheel.  The steering wheel is controlled by a Dell Pentium 4 PC, which 

shares a high-speed ethernet connection with the graphics computer.  Scenes are rendered by 

custom OpenGL Performer software and front-projected onto a flat, matte white surface 3.4m wide 

by 2.7m high, which subtends 78 by 68 degrees of arc at a viewing distance of 2.54m.  Vertical 

update and software update rates are fixed at 72Hz, and pixel resolution is 1280x1024 with 32-bit 

colour depth.  The steering wheel turns through 240 degrees (-120deg to +120deg) and produces a 

return force proportionate to angular rotation.  Steering-wheel angle is sampled at each vertical 

update.

2.1.2 EMG data

EMG data is recorded at 1000Hz using surface electrodes feeding into a National Instruments 

analogue recorder that is controlled by a LabView program running on a central PC (Control PC).  

Eight synchronous analogue recording channels were available. 

The activity of the following muscles are of interest and will be recorded:

1. Jaw clenching  (masseter).    

2. Shoulder tension muscles (upper Trapezius).

3. Wrist flexing.(Flexor carpi radialis).

4. Calf tension (Lateral gastocnemius).

5. Thigh tension (Vastus lateralis).

It was our intention to also record eyebrow movement (Corrugator supercilii) but it proved too 

difficult to attach electrodes effectively without interfering with the eye-tracker head harness.

2.1.3 Eye tracking and pupilometry

Eye movement and pupil size data will be recorded using an SR Research EyeLink II head-mounted 

tracker, performing binocular 500Hz sampling.  The eye tracker is connected to a dedicated PC (the 

EyeLink ‘host PC’) that has custom hardware, on a PCI card, to communicate with the eye tracker 

and collect its data.  The EyeLink II system also requires a second “display PC” which manages 

interaction with the subject using the eye tracker. The host PC effectively acts as a peripheral to the 

display PC.

Data collected by the eye-tracker includes relative pupil size, eye position and movement velocity.  

The final data includes some derived “events”:  blinks, fixations and saccadic movements that are 

calculated by the eye-tracker host before it sends the data file to the display PC. This data file is 

accumulated on the host PC and transmitted at the end of a session.

The eye tracker requires an initial calibration procedure for each participant. During this the subject 

is fitted with the head harness, and then responds to fixed stimuli, enabling the eye tracker software 
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to calculate how to extrapolate from eye movement and position to gaze direction for the individual 

subject.

2.1.4 Data Synchronization

In order to investigate correlation between affect state and all the physiological data the various data 

streams have to be synchronized.  In this experiment the eye tracker data, recorded as a sequence of 

data records time-stamped to an accuracy of 2ms, and the EMG data, recorded at a sample rate of 

1000Hz per second, need to be synchronized prior to analysis.

The eye tracker library has a routine to set/unset its host’s parallel port data lines, and when it does 

so it logs the action as a time-stamped message in its data file.  This mechanism was used to 

achieve timing synchronization between the eye tracker and EMG data by routing one of the 

parallel port lines of the eye tracker host PC to one of the analogue data channels on the EMG 

recorded.  Setting or dropping the TTL voltage on this line via the eye tracker control program,
• sets a time point in the EyeLink data via the timestamp of the action message, and
• Records a step-change in the value recorded by the monitoring channel, which is aligned 

with the EMG data recorded on the other channels. 

The margin of error in this mechanism was the delay between the EyeLink II host recording the 

output action message and the change in voltage initiated by that action reaching the analogue 

recorder and affecting its output.  It was judged that this was not significant in terms of the 2ms 

accuracy of the EyeLink data itself.

Besides synchronizing the two data sources, this procedure also synchronized the data with the 

simulation segments since the start recording synchronization was performed when the user pressed 

a button to start the next segment, and end of recording synchronization was performed  as soon as 

the scene generation software completed a segment.

2.1.5 Stimuli

A virtual environment consisting of a winding road was used for the test simulation. The roadway 

generated in each of the four segments of a single test consisted of 7 continuously linked sections. 

The order (and direction) in which each curve was encountered was randomized on a trial-by-trial 

basis.  Randomisation of curve magnitude and direction were intended to eliminate systematic 

sources of variability in performance.  Figure 1 shows views of the roadway from the participants’ 

point-of-view.
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Figure 1: Example scenes from the roadway a) Open road. b) Truck 

blocking lane. c) Nighttime/restricted viewing. d) Unexpected 

oncoming vehicle while passing truck.
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Figure 2. Experimental Set-up

3. Experimental Setup

The experimental setup is shown in Figure 2.  It has three separate components: scene generation 

and display, EMG recording, and eye tracker control and recording. Each of these requires 

individual set-up and control during the experiment, and they also need coordination and 

synchronization between them.

The initial decision to be made when designing the system was where to locate the central 

controller that coordinates these three components.  The in-house SGI scene generation software 

that was adapted for this project was originally designed as a self-contained experiment control 

program that ran just on the SGI.  Similarly the EyeLink II system came with programs (with 
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source) for running experiments that generated scenarios on the PC monitor and captured only eye 

tracker data.  Either could be used as a basis for controlling our more complex experimental setup.

We decided to extend the eye tracker control software on the display PC to be the overall controller.  

This was done because we had adopted the mechanism of using EyeLink functions for 

synchronizing the data streams, and also because future work on the project will probably be off-

site where the SGI would not be available.

The architecture of the system is illustrated in Figure 2.  There are four computers in the complete 

system:

1. Stand-alone steering-wheel control PC (operating system: Microsoft Windows 2000).  This 

ran proprietary Logitech software that managed the steering wheel and passed position 

information to the scene generator. 

2.  SGI scene controller (o/s: IRIX).  Running the in-house scene generation and control 

program.

3. EyeLink II host PC (o/s: DOS).  Running proprietary SR Research software that controlled 

the eye tracker hardware.

4. Experiment controller PC (o/s: Microsoft Windows XP).  This ran a LabView data collection 

program, for EMG data, and the experiment control program, which also managed the 

EyeLink II display functions (via the EyeLink II library).

The experiment control program communicates with the EyeLink host and the SGI Scene 

Generator, and collects all the data. The controller also indirectly manages the EMG recorder. It 

starts the program via system calls, and effects synchronization by requesting that the EyeLink host 

set/drop its parallel port lines as described above.

3.1 Control Program

The top-level control functionality was added to the software that controlled the eye tracker data 

recording. This software was based on an example program that was supplied with the EyeLink II 

by SR Research.  SR provided this to enable experimenters to develop software to suit their 

particular deployment situations. The supplied program handled initialization and interactive 

calibration of the eye tracker at the start of the experiment, and close down of the eye tracker and 

automatic downloading of the eye tracker data at the close. 

This original framework was extended to coordinate control of generated scenario with the SGI, and 

also to synchronize with the EMG recorder at the start and end of each generated segment. 

Coordination with the SGI is via TCP/IP sockets, which are implemented on both Windows and 

UNIX (IRIX) operating systems.  A corresponding socket interface was added to the existing SGI 

scene generator as a separate asynchronous process.

3.2 Sequence of Control 

The control computer manages the harvesting of data from the subject and the SGI computer 

manages scene generation.  Each is started independently and coordination does not occur until the 

experiment is ready to begin.  Before this, the eye tracker head harness must be fitted to the subject 

and calibrated and the EMG pickups attached and checked.  This process takes some time.  
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On the SGI side the projector is started and the connection to the steering wheel is checked.  Once 

these preliminaries are complete the experimenter informs the control program that all is ready by 

pressing a key.  The socket connection is then made to the scene controller, EMG and eye tracker 

recording is started, and the SGI displays a message on the main screen telling the user to press one 

of the steering wheel buttons when they are ready to start the test.  At this point both EMG and eye-

tracking information is being recorded, but only that portion recorded during the actual simulation 

segments is used for analysis.

The test is in four parts with a break for the user to fill in a questionnaire between each part.  Each 

part starts when the subject presses a button on the steering wheel.  This is received and acted upon 

by the scene generation program, which both starts the projection of the next simulation segment, 

and notifies the controller via the socket.   On receipt of this message the controller synchronizes 

the data recorders at start of segment as described above, and waits.  When the scene generator 

completes the current segment it notifies the controller. On receipt of this signal the controller 

synchronizes the end of recording for the segment.  When the segment has ended the user completes 

the MAACL-R form and the scene controller prepares the next segment for display, and again 

awaits a user start button press. The sequence is repeated once the user is ready for the next segment 

and presses the steering wheel button.   Repetition is terminated by the scene controller when it has 

shown all four segments.

3.3 Test Procedure

The subjects will be required to steer along the simulated highway maintaining position in the left-

hand lane unless overtaking or avoiding obstacles. 

Each test consists of four segments and each segment contains seven obstacles.  Subjects are only 

required to steer, forward velocity being kept constant during each segment. Each segment is 

initiated by the subject pressing a button. 

The sequence and type of obstacles were fixed, as shown in Table 1. Each obstacle was one of the 

following.
• Overtaking a single vehicle ahead
• Overtaking a single vehicle ahead and finding a second vehicle in front of it which was not 

visible when commencing the maneuver
• Overtaking a single vehicle ahead and finding an oncoming vehicle in the other lane 
• Negotiating blocks strewn across the road
• One of the 3 overtaking tasks with the addition of blocks strewn across the road
• Finding the road completely blocked by a truck broadside-on – this was only used as the last  

obstacle in the test
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Table 1.   The sequence of obstacles in the scenario

Sequence Speed
Visibility

Level (1-8)
Obstacle type

Time at which 
obstacle is reached

Start Trial 0

50 8 Overtake car 11

50 8 Overtake car 22

50 8 Overtake 2 cars 36

50 8 Overtake truck 50

50 8 Overtake 2 cars 1.04

50 8 Overtake car 1.18

50 8 Overtake truck 1.32

End Section 1. 1:38

Subject fills in questionnaireSubject fills in questionnaire

Start Section  2 0

60 8 Overtake truck 8

60 8 Boxes 22

60 8 Overtake car 36

60 8 Overtake car with boxes 50

60 8 Overtake truck with boxes 1.04

60 8 Overtake car & meet oncoming car 1.18

60 8 Boxes 1.32

End Section 2. 1:38

Subject fills in questionnaireSubject fills in questionnaire

Start Section 3 0

70 7 Boxes 8

70 6 Overtake truck and car 22

70 5 Overtake car 36

70 4 Overtake car with boxes 50

70 4 Overtake truck and car 1.04

70 5 Overtake truck 1.18

70 8 Overtake car & meet oncoming car 1.32

End Section 3. 1:38

Subject fills in questionnaireSubject fills in questionnaire

Start Section 4 0

70 7 Overtake car & meet oncoming car 8

70 6 Overtake truck with boxes 22

70 5 Overtake truck and car 36

70 4 Boxes 50

70 4 Overtake truck with boxes 1.04

70 4 Overtake truck 1.18

70 4 Truck across road 1.38

End Trial.           1:38

Subject fills in questionnaireSubject fills in questionnaire
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In addition to the sequence of obstacles the difficulty of the task was manipulated by varying the 

speed at which the subject was progressing and also by reducing the forward visibility.  The 

combination of obstacle difficulty, increasing speed, and reduction of visibility was used to make 

each of the four segments more difficult than the last.  The first segment serves to familiarize the 

subject with the basic task, the second is more challenging, the third introduces reduced visibility, 

and the fourth ends with a completely blocked road.  Figure 1 displays views of the roadway from 

the participants’ point-of-view encountering four different levels of obstacle obstruction.

Details of all settings are included in Table 1, which also shows the timing of segments and 

obstacles. Each segment lasted 1 minute 38 seconds so the total driving time was 6 minutes 32 

seconds, interrupted by three pauses to allow for the administration of surveys. 

4. Conclusion

The field of affective computing is still in its infancy. The purpose of the experimental set-up 

described in this paper is to cast a wide net across a range of physiological measures in the 

expectation that some will correlate with affective state. By combining standard measures such as 

pupil dilation and heart-rate variability with muscle activation and other eye and head movement 

data, our aim is to draw out reliable predictors of affective state from combinations of the 

physiological state components. As an important first step, this a paper has described how 

combination of commercially available eye-tracking and EMG equipment can be linked to provide 

synchronised data acquisition.

One of the issues not dealt with in this paper is that of changing scene content. Whilst vehicle 

controls remain spatially fixed relative to a pilot/driver, the external world obviously changes (e.g. 

the road curves, other vehicles come and go). If one wishes to synchronise external scene events of 

this type with emotional response, a record of those events is required. The eye tracking system we 

are using has the advantage that it can also record the scene observed by the pilot/driver via a head-

mounted camera. Eye tracking data is rendered onto the camera’s video stream as a small fixation 

cross and this video is automatically synchronised with the eye movement data. This allows offline 

matching of salient visual events (e.g. obstacle appears, target acquired) with the physiological data.

Ongoing research into the design and development of objective approaches to evaluation of 

simulation-based training assists the field to learn more about how cognitive skill acquisition occurs 

through immersion in simulated high stress tasks and how virtual reality users utilize their affective 

experiences during complex decision-making. What can then be further ascertained is what 

influence specific evoked emotions such as anxiety, fear and anger has on targeted cognitions.  In 

more advanced stages of the research plan it is expected the optimal degree of affective intensity 

required to support the most effective training will be examined.  
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