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Abstract. Human behavior displays human mental activities and ob-
servable directly in work environment.Hence, a method based on face
behavior not directly related to task execution in work is proposed to
assess the workload in mental work situations. In the current study, the
relationships between face behavior and mental workload for simulated
mental tasks were investigated. Ten subjects were recruited and asks to
perform various levels of a mental task. The Effect of task on face be-
havior was found.The results showed that face behavior can be used as
an indicator for workload assessment.
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1 Introduction

The measurement of workload is a key issue in ergonomics research. To date,
workload measures in mental work can be: physiological measures, e.g., heart
rate variability (HRV),blood pressure(BP),and electroencephalogram (EEG),
subjective questionnaires, e.g., NASA-TLX and SWAT, performance or errors
during task execution,and gross motor activity (hand movement and eye move-
ment etc.). As many researchers indicate that each approach has limitations
(O'Donnell and Eggemeier, 1986; Wierwille and Eggemeier, 1993; Meshkati et
al., 1995; Farmer and Brownson, 2003; Cain, 2007), e.g. continuity of ques-
tionnaires, measurability of physiological measures due to individual differences
(Schmidtke, 2002; Nachreiner, 2002). Based on the performance and error for
workload measurement, the performance of both primary and secondary tasks
has been analysed. The performance of primary and secondary tasks is dependent
on the strategy of task performance. O'Donnell and Eggemeier (1986) pointed
out that underload may enhance performance and overload may result in a floor
effect. Task-performing body behaviour only reflects the input to and the out-
put from the person, rather than the entirety of internal activities in the brain.
Moreover, the effect of the workload on an operator in a mental work setting is
generally interpreted by the integration of all of the measurements used.
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With gradually increasing automation in the human-machine system, the role
of an operator has been moved to supervisory controller from manual worker
(Sheridan, 1987). Hence, motor actions of the operator are being gradually de-
creasing and may only be episodic, while sensory-perceptual and mental activ-
ities are increasing (Bedny and Karwowski, 2006). Thus, it can be difficult to
observe task-performing body behaviors in such work settings due to their infre-
quent occurrence. Hence, the total activity (both mental and external activities)
of the operator would not be entirely revealed if only their sensory-motor actions
were analysed. Currently, the analysis of actions directly involved in the test
tasks, such as eye movements and gross motor actions, have been widely and
comprehensively accepted for workload assessment. Non-task-performing and
nonverbal body behavior (e.g. face behavior)occur to accompany and support
task-performing body behavior. Although human-machine interaction is differ-
ent from human-human communication, nonverbal behavior can be elicited by
machines during human-machine interaction in the close-loop human-machine
system, which is similar to human-human communication (King, 1997). Hence,
the same behavior in terms of rates for tasks and types can occur as in human-
human communication, where facial expression is the most innate (Argyle, 1998,
cited from King, 1997). Furthermore, as Feyer (2007) concluded that both task-
performing and non-task performing body behaviours (activities) makes an influ-
ence on the interactions and human performance. Also, observable body
behaviour can reflect mental processes (Keijzer, 2005).

To date, face behavior, as one part of body behavior, has not gained much in-
terest in workload assessment in mental work settings. The studies of King (1996,
1997) are relative early for the effect of cognitive activity on facial expression.
King (1997) made a survey of facial expression in human-computer systems. The
results showed that rates of facial expressions were higher for computer-based
tasks. Based on his study, King (1996) argued that facial expressions were re-
lated to cognitive activities based his study. In the model of Guhe et al. (2006),
mouth openness is a parameter for the predictor of mental workload. Recently,
a study by Stone and Wei (2011) indicated that facial expression can be a ef-
fective index of workload for arithmetic tasks. They used FACS (Facial Action
Coding System) approach by Ekman and Friesen (1978) to code face behav-
ior. However, this face coding approach needs a well-trained coder and is very
time-consuming. Meanwhile, the relationships between the facial muscle activity
and workload were investigated in previous studies. The results of these stud-
ies indicated that the specific facial muscle activity are correlated to mental
status (Veldhuizen et al., 2003; Capa et al., 2008). They showed indirectly the
correlation between face behavior and workload in the mental settings.

Therefore, the purpose of this study was to investigate that face behavior,
which can be directly observed and measured used a low-cost Kinect sensor
during mental work, can be regarded as a effective, continuous, and un-intrusive
method for making workload measurements. The major assumption used in this
study was that behaviour can be used to represent mental processes given some
context. A novel method based on human behavior not directly related to task
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performance, is proposed to assess the workload in mental work settings. In this
study, we examined the links between non-task-related body behaviors (face
behavior and head posture), while occurred while human executed simulated
tasks for mental work settings.

2 Method

2.1 Subjects

10 male subjects (mean age: 22.8 years, SD of age: 1.3 years) were recruited to
participant the experiment. They were students from our university. All subjects
were right-handed. All of them reported that they had experience with the Final
Defense game and other various computer games. Meanwhile, they reported that
they had no mental or physical health problems or diseases.

2.2 Experimental Design

To simulate mental work environments, some key issues should be taken into
account:

– Ease to Learn: the selected task should be easy to learn with regard to the
individual learning abilities;

– Non-boredom: the selected task should be engaging for subjects in order to
avoid boredom;

– Natural body behavior: the selected task should last enough time to make
subjects displaying natural body behavior.

Thus, a person shooter game (Final Defense) was selected in the current study
(Figure 1). The subjects’ objective was to identify all incoming enemy assault
from sea landing and prevent them to protect the beach. Hence, the game can
simulate various stages of information processing (information acquisition, infor-
mation analysis, decision selection, and action implementation). The difficulty
of the task was varied by modifying the number of enemy assault. There were
five levels of task difficulties.

Fig. 1. A snapshot of the task
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2.3 Experimental Equipment and Material

The test system consisted of 19-inch LCD display,a standard work table
with 70cm tall, a vertically adjustable and rotational chair with a back-
rest. Four Panasonic camcorders were used to capture subjects’ entire body.
There were two Kinect sensors were used to capture body behavior, one
for face behavior and the other for upper body behavior. Meanwhile, 14-
channels electroencephalography (EEG) measure system was applied to cap-
ture electrical brain activities with a wireless EEG headset. The locations of
F8,F4,Cz,C3,Fz,F3,F7,C4,P7,P3,P8,Oz,Pz and P4 were recorded according to
the international 10-20 system (Jasper,1958). Figure 2 shows a snapshot of the
test system from one camera recording. The locations of two Kinect sensors are
illustrated in Figure 2 as well.

Fig. 2. A Snapshot of the Lab Structure

2.4 Procedure

The test began with explanation of the tasks and the experimental procedure to
a subject. Each subject was asked to fill with a biographical questionnaire. The
subject should then find his/her comfortable seated working position in front of a
display. After that, the subject practiced the tasks with different difficulties one
by one. The order of the tasks was randomly assigned to the subjects. Then,all
tasks were continually performed by the subjects.

2.5 Data Collection and Analysis

As mentioned earlier, a Kinect sensor is very low-cost compared with other
commercial tools for face behavior analysis. The Kinect sensor can track the head
pose and face behavior. A right-handed coordinate system is used to quantize
tracking results1 in the Kinect. The origin of the coordinate system is located at

1 http://msdn.microsoft.com/en-us/library/jj130970.aspx

http://msdn.microsoft.com/en-us/library/jj130970.aspx
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Fig. 3. Kinect Coordinate System

the Kinects optical center. Z axis is pointing towards a user and Y axis is pointing
up, as Figure 3 shows. The X, Y, and Z position(rotation and translation) of the
users head are captured as well based on the Kinect coordinate system. 87 two
dimensions and 13 additional points on the face can be tracked. A Kinect sensor
can also provide a subset defined in the Candide3 model2, which are weights of
six Animation Units (AUs)(Figure 4). The means and SDs of AUs of each task
levels were used for statistical analysis.

Fig. 4. Definition of AUs in Kinect

The values of power spectral density (PSD) for the EEG signals were calcu-
lated with Welch method in Matlab. The mean of PSD at θ, α, and β frequency
bands were used for statistical analysis.

2 http://www.icg.isy.liu.se/candide/

http://www.icg.isy.liu.se/candide/
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In the current study, the statistical analysis was performed using SPSS Version
21 with the significance level set at 10%. The Generalized Estimating Equations
(GEE) was used to analyze the effects of tasks on Face behavior. The GEE
method, proposed by Liang and Zeger (1986), is a procedure to extend gener-
alized linear models and analyze repeated measurements and correlated data
(Hanley, 2003; Hardin, 2001). We used QICC (the corrected quasi-likelihood
under an independence model criterion) for the goodness-of-fit test. Pair-wise
comparisons between the tasks were analyzed using the Bonferroni adjustment
method.

3 Results

The EEG α frequency band were significantly affected by task difficulty levels
(χ2

4 = 63.737, p = 0.000). Meanwhile,the significant task effect on β frequency
band was found (χ2

4 = 39.476, p = 0.000). From Figure 5, it can be observed
that means of PSD in α and β frequency bands is obviously lower in lowest level
than in other levels. These results are consistent with the results in other studies
(Stone and Wei, 2011).

Fig. 5. Means of α and β frequency bands over Task Difficulty Levels

An significant task effect on changes of head rotation in the z axis was found
(χ2

4 = 29.827, p = 0.000). The task effect on head translation in the z axis was
found to be slightly significant (χ2

4 = 8.519, p = 0.74)(Figure 6). The subjects
kept their heads straighter and closer to the display under higher task difficulty
levels, which is coincident with our other study (Qiu and Helbig, 2012). Mean-
while, the tasks impacted significantly on SD of head rotation (χ2

4 = 29.827,
p = 0.000).
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Fig. 6. Head Pose over Task Difficulty Levels(left:mean of z Rotation, right: SD of z
Translation)

The effect of the task difficulty levels on the AU2 was significant (χ2
4 = 29.516,

p = 0.000),as Figure 6 shows. The results of the pair-wise comparisons showed
that value of AU2 during the first level task was significantly larger than those
during fourth and fifth level tasks. The subjects showed less the lip stretcher
Action under low task levels. The AU3 was affected slight significantly by the
task difficult levels (χ2

4 = 10.578, p = 0.032, Figure 7). From Figure 7, it can be
observed that the subjects displayed the brow lower action under the high task
levels. An significant impact of task difficulty levels on the AU4 was found as
well (χ2

4 = 11.022, p = 0.026,). Therefore, the subjects presented more the lip
corner depressor action under the high task levels, as Figure 5 illustrates.

Fig. 7. Means of AUs over Task Difficulty Levels



Kinect-Based Face Behaviour 225

The effect of the tasks on the SD of the AU2 was significant (χ2
4 = 41.674,

p = 0.000).The SD of the AU2 in the most difficult task was significantly greater
than that of the other tasks (Figure 8). Meanwhile, the SD of the AU3 was
affected significantly by the task difficulties (χ2

4 = 10.087, p = 0.039). Also, the
task difficulties make an significant effect on the SD of the AU5 (χ2

4 = 12.818,
p = 0.012).

Fig. 8. SDs of AUs over Task Difficulty Levels

4 Discussion

A summary of previous literature of mental workload indicated that the present
methods of workload measurement meet a few challenges. Therefore, directly
and contiguously observable non-task-performing behaviors could be as novel
and alternative workload measures under mental work sittings.In the present
study, the relationships between task difficulties and face behavior were studies
during simulated mental tasks.

The significant influences of the tasks on the face behavior was found as Stone
andWei (2011).With regard to the mean of AU2, the subjects’ lips were stretcher
under high task demand. The significant task effect on the SD of AU2 indicated
that the subjects made their lips stretch for more times. Meanwhile, the subjects
displayed their browns lower under the high task demand. Also, the brows of the
subjects were lower with high occurrence. The results of AU4 showed that the
subjects depressed theirs lip corners for longer time under the high task demand.
Furthermore, the subjects’ outer brows raised more occurrences under the high
task demand.

The results of the present study shows that the differences in face behavior were
barely discernible for midrange workload levels. One possible explanation might
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be that non-task-performing behavior is nonlinearly correlated with workload as
Bedny et al. (2000) indicated. To develop and validate a method for measur-
ing workload through body behavior analysis, further research is required. Other
body behaviors (e.g., body posture and movement) can be analysed as part of the
workload assessment. Body behavior should be studied in its entirety to measure
workload.

5 Conclusion

In this study, the relationships between face behavior and task demand were
investigated using the Kinect-base face tracking method. The results showed that
the subjects display more depressed face behavior(lip stretcher, brow lowerer and
lip corner depressor) during higher workloads.In addition, they kept their heads
closer to the display under a higher workload. Based on these findings of the
current study, face behavior may be used as an indicator of the workload in
mental work settings. It is recommended that different levels of the same type
of mental task be used in further research to develop a supplementary method
for workload assessment based on face behavior.
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