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Abstract. Human factors have an important impact on aviation safety. The 
evaluation of pilot’s workload is one of the most noteworthy human factors is-
sues. After a brief overview of workload measurement techniques, a layered 
multi-dimensional description of workload is proposed, and the method is based 
on multiple objective measures. Heart rate, respiration, eye movements, control 
inputs and flight data are recorded in a simulated flight. The sensitivity and di-
agnosticity of several psychophysiological measurements are analyzed. Finally, 
a multi-dimensional pattern is constructed using the proposed method. The pat-
tern can give a detailed description of pilot’s workload throughout the flight. 
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1 Introduction 

Safety has always been the most considerable problem of civil aviation. After many 
years of effort, the reliability of the aircraft itself has been greatly developed. Howev-
er, statistics shows that more than 60% of modern aircraft accidents are caused by 
human factors. In this situation, it’s important to carry out human factors research in 
the cockpit to acquire information about human capability and limitations. Using this 
information in design, training and certification can increase the safety, comfort and 
efficiency of the aircraft [1]. 

One of the most important aspects of human factors research is to evaluate opera-
tor’s workload. Universal definition of workload doesn’t exist, but there is general 
agreement that operator’s workload is a multi-dimensional construct. Megaw (2005) 
pointed out that workload is the interaction of task factors, operator response, operator 
performance and additional stressors [2]. 

The state of art workload measurement techniques are generally organized into 
three broad categories: task performance measures, subjective rating scales and psy-
chophysiological measures [2-6]. 

Task performance measures evaluate operator’s workload by considering the com-
pletion of the task. Task performance measures can be classified into two types: pri-
mary task performance measures and secondary task performance measures. Primary 
task performance measures overlook the operator’s initiatives and effort, thus it’s of 
poor validity. Secondary task performance measures require great care during the 
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design of the secondary task in order to ensure that the secondary task compete for the 
same resource as the primary task. And secondary task performance measures are 
intrusive to primary task performance. Furthermore, task performance measures are 
only sensitive to the global changes of workload, their diagnosticity are limited. 

Subjective rating scales use the operator’s experience to evaluate workload. Some 
of the subjective rating scales such as NASA-TLX and SWAT have been widely used 
in different fields. Multi-dimensional subjective rating scales have good diagnosticity 
and are easy to apply. But subjective rating scales can’t evaluate workload in real 
time. They are always correlated with task performance. Sometimes participants may 
forget the high workload they experienced. And the weighting procedures of these 
techniques are always cumbersome. 

Psychophysiological measures use the psychophysiological reaction of the operator 
to reflect the workload imposed on them. Frequently used psychophysiological mea-
surements include ECG, EOG, EEG, EMG, etc. These measures can evaluate work-
load in real time. Many measuring equipment are now portable and wireless, thus they 
would bring little intrusiveness and can be accepted by the participants. But the rela-
tion between psychophysiological measurements and workload are not clear. Some 
measurements have poor diagnosticity and may be easily affected by other factors e.g. 
ambience changes. And the equipment is always expensive. 

In this paper, a workload description method is proposed based on objective meas-
ures. These measurements are categorized into different aspect. And workload is 
represented in a multi-dimensional way. It aims at providing a real time, valid and 
diagnostic tool to evaluate pilot’s workload. 

2 Proposed Workload Description 

In order to cope with the problems of the existing workload measures, the following 
methods are proposed to describe pilot’s workload. 

2.1 Hierarchical Relationship 

Since the relationship between psychophysiological measurements and workload is 
indirect. It can be assumed that there are some intermediate parameters between psy-
chophysiological measurements and workload. These intermediate parameters could 
be explained as different dimensions of workload. 

2.2 Multi-dimensional Representation 

In the proposed method, it is assumed that workload can be decomposed into four 
primary dimensions. They are: 

• “Cognitive activity”, which represents pilot’s activities in perception, information 
processing, decision making, etc. 

• “Control activity”, which represents pilot’s input activities in the cockpit. 
• “Effort and fatigue”, which represents pilot’s initiative effort in difficult situation. 
• “Flight performance”, which represents the result of the pilot’s control. 
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Fig. 1. Layered multi-dimensional description of pilot’s workload 

2.3 Integrated Description 

Each primary dimension of workload can be integrated described by several objective 
measurements. Integrate different measurements which are sensitive to the same di-
mension can make them complement each other and can also reduce the interference 
of environment to single measurement. 

By the above methods (i.e. hierarchical relationship, multi-dimensional representa-
tion and integrated description), the workload can be described by the structure as 
illustrated in Fig. 1.  

3 Experiment 

To empirically investigate the proposed workload description method, a simulated 
flight experiment has been conducted. During the experiment, several parameters 
have been objectively measured. 

3.1 Participants and Apparatus 

Eight students volunteered to take part in the flight simulation. They are aged from 23 
to 29, with the average of 26. All of them are from the school of aeronautics and as-
tronautics. They have basic knowledge about aviation and have been trained in simu-
lated flight. 

The experiment is carried out on a simulator with high fidelity. The simulator con-
sists of two parts, the outside view and the cockpit. The outside view is simulated and 
projected on a cylindrical screen which has a diameter of about 8 meters. In the cock-
pit, the arrangements are referred to Boeing 777-200ER. There are control instru-
ments and display instruments in the cockpit. The control instruments include the 
yoke, throttle, rudder pedal, flaps, landing gear, CDU and MCP. The display instru-
ments include PFD, ND, EICAS, etc. 
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3.2 Procedure 

In the experiment, each participant is asked to fly a complete flight task 5 times. The 
flight task consists of take-off phase, cruise phase, approach and landing phase. The 
aircraft would take off from KSJC 30R. After passing 5 way points, it would be 
landed at KSFO 28R. The flight environment is simulated as in summer, at noon, 
sunny and no wind. 

During the experiment, several parameters are recorded. Altitude, airspeed, posi-
tion and instrument inputs are recorded by flight recorder. Blink, saccade, fixation and 
pupil diameter are recorded by SmartEye eye tracker. Heart rate, body temperature 
and respiration are recorded by BioHarness physiology monitoring system. 

There is a training procedure before each experiment. Participant is asked to relax 
and fly a free flight. In the meantime, psychophysiological parameters, control activi-
ties are measured to acquire the baseline. 

4 Results 

Several typical tracings of the psychophysiological measurements are depicted in Fig. 2. 

5 Discussion 

5.1 Psychophysiological Reaction 

The experimental results in Fig. 2 show that several psychophysiological measure-
ments vary with the different phases of the flight. 

Blink latency is longer during the take-off phase and the approach and landing 
phase. Realizing that during the take-off phase, the participants have to check the 
status of the systems carefully; during the approach and landing phase, the partici-
pants are asked to achieve a visual approach and landing, they have to frequently 
acquire the information about the flight, in order to adjust the flight path. Thus, it can 
be informed that when pilots pay more effort to concentrate on visual information, 
their blink latency may become longer [8,10]. 

Fixation duration can reflect the time for a participant to acquire information. Dur-
ing the beginning of the take-off phase the fixation duration is longer, this may be-
cause that to check the systems status is very important, the participants pay more 
attention. During the last part of the approach and landing phase, pilots have to conti-
nuously monitor several critical parameters, e.g. altitude, airspeed, heading, attitude, 
etc. On the contrary, during the cruise phase, autopilot is engaged. Pilots are relatively 
more relaxed. They don’t have to read a gauge accurately, and they glance at the 
whole cockpit and outside view. Thus, longer fixation duration can inform more cog-
nitive activity. 

Heart rate and respiration rate are higher when pilots have more control activities. This 
may be explained as that more activities require more energy. Researches indicate 
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Fig. 2. Changes of psychophysiological measures throughout the flight 

that heart rate, respiration and pupil diameter, etc. are associated with activities of the 
sympathetic nervous system [7-10]. When the task becomes harder or the operator feels 
more stressed, sympathetic nervous system accommodates heart and other organs to 
work harder. 

Respiration depth seems to be sensitive to some particular events. When the partic-
ipant discovers the performance falls, he would implement some adjustments. If these 
adjustments have good effects, the stress would be released and there often follows a 
deep breath. 
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5.2 Integrated Description of Workload Dimensions 

The psychophysiological measurements and other objective measurements can be 
classified into the four primary dimensions according to their diagnosticity. In each 
dimension, the following equations can be used to integrate the measurements. 

In “cognitive activity” dimension, measurements can be integrated by the follow-
ing equation:  · ·  (1) 

Where 

• tcgn is the cognitive time for a participant to perceive, process the information and 
make the decision before making a control. tfix is the duration of each fixation. Tcgn 
and Tfix are the baseline of cognitive time and fixation duration respectively, which 
are calculated from the training data. 

• C1 and C2 are the weights to express the different contributions of cognitive time 
and fixation duration respectively. They are empirically set by the reliability of the 
measurements. In this paper, C1=0.6, C2=0.4. 

In “control activity” dimension, measurements can be integrated by the following 
equation:  · · ·  (2) 

Where 

• tctrl is the time for a participant to achieve a input by a control instrument. mctrl is 
the magnitude of each input, represented by percentage of the instrument’s extent. 
fctrl is the frequency of the control activities. Tctrl, Mctrl and Fctrl are the baseline of 
control time, control magnitude and control frequency respectively, which are cal-
culated from the training data. 

• K1, K2 and K3 are the weights to express the different contributions of control time, 
control magnitude and control frequency respectively. They are empirically set to 
balance the different scale of the components. In this paper, K1=0.4, K2=0.4, 
K3=0.2. 

In “effort and fatigue” dimension, measurements can be integrated by the following 
equation:  & · · · ·  (3) 

Where 

• tbl is the blink latency. hr is the heart rate. pdiam is the pupil diameter. res is the 
respiration rate. Tbl, HR, PDiam, RES are the baseline of blink latency, heart rate, 
pupil diameter and respiration rate respectively. They are calculated from the train-
ing data. 
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• E1, E2, E3, E4 are the weights to express the different contributions of blink latency, 
heart rate, pupil diameter and respiration rate respectively. They are empirically set 
by the reliability of the data. In this paper, E1=0.3, E2=0.4, E3=0.2, E4=0.2. 

In “flight performance” dimension, measurements can be integrated by the following 
equation: · |∆ | · | | .  (4) 

Where 

• Δs is the deviation of the flight path. a is the acceleration of the aircraft. 
• P1 and P2 are the weights to express the different contributions of flight path devia-

tion and acceleration respectively. They are empirically set to balance the scale of 
the components. In this paper, P1=0.6, P2=0.4. 

5.3 Workload Pattern 

After working out the values in the primary dimensions, another 6 secondary dimen-
sions can be constructed. These secondary dimensions which represent the correla-
tions between any of the two primary dimensions include “cognition-performance 
correlation”, “control-performance correlation”, “cognition-effort correlation”, “con-
trol-effort correlation”, “effort-performance correlation” and “cognition-control  
correlation”. Note that, for the sake of simplicity and in order to display the multi-
dimensional pattern into a flat plane, the “effort-performance correlation” and “cogni-
tion-control correlation” dimensions are omitted.  

Each dimension has been scaled into the extent of 0 to 20. Then an 8-dimension 
workload pattern is formed. In almost every moment of the flight, the workload pat-
tern can be provided. This can give a very detailed evaluation of pilot’s workload 
throughout the whole flight. 

5.4 Pattern Diagnosis 

The pattern’s diagnosis is discussed by several typical cases. 
The pattern in Fig. 3 (a) is a frequently appeared pattern during flight. It illustrates 

that the primary task of the pilot is monitoring the system. There are very few control 
activities, and flight performance is mainly influenced by the monitoring activities. 

Pattern in Fig. 3 (b) illustrates that the pilot doesn’t have many cognitive activities or 
control activities. After paying a little effort, a good performance can be achieved. It can 
inform that the pilot is currently performing in a well-designed flight deck system. 

Pattern in Fig. 3 (c) shows that the pilot is now paying a lot of efforts and feels tired. 
This is mainly caused by heavy cognitive activities. In the meantime, few controls are 
made. It can inform that the pilot is trying hard to estimate the flight situation. 

Pattern in Fig. 3 (d) shows a bad situation. The pilot is trying hard to estimate the 
conditions and there are many control activities, but the flight performance is still 
worse. 
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Fig. 3. Workload pattern cases 

6 Conclusions and Future Work 

In this study, several objective parameters are measured in a simulated flight. The 
experimental results show that blink latency, fixation time, pupil diameter, heart rate, 
respiration rate are sensitive to different aspects of workload. A layered multi-
dimensional description of workload is proposed and the objective measurements are 
classified and integrated into four aspect of workload i.e. cognitive activity, control 
activity, effort and fatigue, flight performance. Furthermore, an 8-dimension work-
load pattern is formed. It can give a detailed and diagnostic evaluation of workload 
throughout whole flight. Yet, in the proposed method, several parameters are deter-
mined empirically. And the participants are not real pilots. The reliability of this me-
thod will be systematically examined in the future. 
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