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EEG Indices of Task Engagement

The aim of this study was to evaluate the sensitivity of a range of EEG indices to time-on-task effects and to a workload 
manipulation (cueing), during performance of a resource-limited vigilance task. Effects of task period and cueing on 
performance and subjective state response were consistent with previous vigilance studies and with resource theory. 
Two EEG indices – the Task Load Index (TLI) and global lower frequency (LF) alpha power – showed effects of task 
period and cueing similar to those seen with correct detections. Across four successive task periods, the TLI declined 
and LF alpha power increased. Cueing increased TLI and decreased LF alpha. Other indices – the Engagement Index 
(EI), frontal theta and upper frequency (UF) alpha failed to show these effects. However, EI and frontal theta were 
sensitive to interactive effects of task period and cueing, which may correspond to a stronger anxiety response to the 
uncued task.
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Introduction
The construct of attention resources is critical 

to the modern cognitive-psychological theory of 
vigilance [1], [2]. The resource theory of vigilance 
decrement states that during performance of high-
workload signal detection tasks, resources become 
depleted, leading to decrements in perceptual sensi-
tivity. In operational settings, it may be important to 
monitor workload and resource depletion. Resource 
depletion may also be expressed in subjective state 
changes and in psychophysiology. Recent work 
links cerebral bloodflow velocity to resource uti-
lization [3]. The study showed bloodflow velocity 
declined during performance of the vigilance tasks. 
Task Engagement is a subjective state linked to vig-
ilance, which includes energetic arousal, intrinsic 
motivation, motivation for success and concentra-
tion. Levels of task engagement predict perceptual 
sensitivity on a range of vigilance tasks [3]. Task 
Engagement is seen as an index of availability of 
attentional resource availability. It may also serve 
as an indicator of cognitive-adaptive processes such 
as task-focused coping, and mobilization and di-
rection of resources to task processing. Subjective 

task engagement tends to decline during vigilance. 
EEG research especially links increased slow wave 
activity (e.g, delta, theta) to vigilance decrement. 
Previous studies of EEG have suggested a variety of 
indices of task load and operator engagement. For 
example, ratio of beta to (alpha+theta) (Freeman et 
al., 2000); ratio of theta activity at frontal midline 
sites to alpha at parietal sites [theta/alpha] (Gevins  
and Smith, 2003); frontal theta (Gevins et al., 
1997); Lower alpha suppression (Klimesch, 1999); 
Upper alpha (Klimesch, 1999). A number of EEG 
researchers [4], [5] have revealed that both beta and 
alpha or theta rhythms negatively correlated with 
alertness and task engagement. They suggested an 
EEG engagement index with the following formula: 
β/θ.  Freeman, Mikulka, Prinzel, Scerbo [6] and 
Pope, Bogart, Bartolome [7] suggested the inclusion 
of the alpha rhythm in any index of engagement. 
According to these authors an improved EEG en-
gagement index defined by the new formula β/(α+θ) 
enables not only the systematization of the psycho-
physiological data, but also allows definition of the 
EEG parameters signaling cognitive processes such 
as information processing and attention resources. 
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An EEG study of cognitive task performance con-
firmed efficiency of the using “EEG engagement 
index” [8].  The task load index (TLI) identified 
by Gevins and Smith [9] may also be promising as 
an indicator of task engagement. TLI is defined by 
increased frontal theta and reduced parietal alpha 
during demanding task performance, i.e., the ratio 
of theta activity at frontal midline sites to alpha at 
parietal sites [theta/alpha]. Similar results have been 
revealed by Fairclough et al. [10], Holm [11], and 
Nassef et al. [12]. Other indices may also be used 
to define cognitive responses to mental demands. 
Increased theta activity from frontal sites indicates 
increased demand and a state of focused attention 
[13]. Lower and upper alpha suppression measures 
have been found to index separate functions relating 
to attention and task processing respectively [14]. 
However, few studies have compared the various 
indices directly, and there is also little evidence on 
which index is most effective for detection of the 
loss of alertness associated with the vigilance decre-
ment in performance. 

Aims of study. To verify that cueing vigilance 
influences resource demands [brief description of 
Hitchcock findings] [15]. To compare a range of 
EEG indices in relation to their sensitivity to task 
parameters. 

Subjects and methods of research 
A. Subjects
The participants were 100 students from Kazakh 

National University aged 18 to 29 years old (50 
males, 50 females). Participants were required to be 
free of psychiatric and medical diseases at the time 
of the study. All were right handed, with normal or 
corrected-to-normal vision. Participants were ran-
domly assigned to one of two groups. One group 
performed a cued vigilance task, the second group 
performed with no cue. The experiment design was 
accepted by the local ethics committee.

B. Task 
Participants performed target detection on a sim-

ulated air-traffic control display during 40 minutes. 
The target represented two aircraft aligned on a po-
tential collision course. Signals were presented for 
80 ms followed by blank screen for 1875 ms. Signal 
probability was approximately 3%. Programming 
was achieved by means of Super Lab (v2.0) and 
Microsoft Excel software. 

  Task engagement was measured by the Russian 
version of the Dundee Stress State Questionnaire 

(DSSQ; Matthews et al. 1999). We also used 
“The Pittsburgh Sleep Quality Index (PSQI)” and 
“Cognitive failure Questionnaire”. Participants com-
pleted a pre-test form of the DSSQ, then performed 
the vigilance task, and then immediately completed a 
post-test version of the DSSQ. The simulated air-traf-
fic control display was adapted to a Russian speaking 
population; DSSQ was translated into Russian and 
adapted. All scales of Russian DSSQ showed ad-
equate alphas, ranging from 0.694 to 0.925. 

C. EEG Measurements
EEG was recorded by using an electroencepha-

lograph “Neuron-Spectrum-1” monopolarly from 
symmetrical frontal, central, parietal, occipital, and 
temporal lobes with the indifferent joint ears elec-
trodes (Fp1A1, FzA1, F3A1, C3A1, P3A1, PzA1, 
O1A1, CzA2,  Fp2A2, F4A2, C4A2, P4A2, O2A2, 
T3A1, T4A2) in the following situations: baseline 
with closed/open eyes, lasting four minutes, and 
four consecutives  periods of the vigilance task, last-
ing 10 minutes each, for a total of forty-four min-
utes. The Spectral Power Density of EEG rhythms 
was  analyzed in seven bands (Delta “0.5-3.9 Hz.”, 
Theta “4-7.9 Hz.”, Alpha-1 “8-10.9 Hz.”, Alpha-2 
“11-13.9 Hz.”, Beta-1 “14-19.9 Hz.”, Beta-2 “20-
29.9 Hz.”, Gamma “30-35 Hz.”).  

Results and their discussion 
Effects of task parameters on three performance 

indices – correct detections, false positives, mean 
RT for correct detections – were analyzed using 2 x 
4 (cue x task period) mixed-model ANOVAs. False 
positive percentages were log-transformed prior 
to analysis to correct positive skew. Box’s correc-
tion was used in applying F tests, where appropri-
ate, because of violations of the sphericity assump-
tion. For correct detections, the main effects of cue, 
F(1.90)=9.47, p<0.01, partial ƞ2= 0.095, and pe-
riod, F(2.479, 223,124)=11.27, p<0.01, partial ƞ2= 
0.111, were significant, but the interaction between 
these factors was not. The only significant effect in 
the analysis of false positives was the main effect of 
cue, F(1,90)=8.31, p<0.01, partial ƞ2= 0.870. The 
false positive rate was higher in the no cue condi-
tion (8.46%) than in the cued condition (3.66%). 
The analysis of RT showed a significant cue x period 
interaction, F(2.841, 252.889)=2.92, p<0.05, partial 
ƞ2= 0.032, but no main effects of these variables. A 
vigilance decrement in correct detections was evi-
dent; across periods, detection rate tended to decline 
in both participant groups. Correct detections were 
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higher in the cued condition but a trend towards 
greater performance decrement in the no cue condi-
tion was non-significant. RT was fairly stable across 
time in the cued condition, but increased monotoni-
cally in the no cue condition.

To test whether groups were initially matched 
for subjective state, we conducted a 2 x 11 (cue x 
scale) mixed-model ANOVA, using the data for 
the 11 DSSQ scales measured pre-task. Neither the 
main effect of cue nor the cue x scale interaction 
was significant, confirming that there was no sys-
tematic difference in initial state between the two 
participant groups. Next, we conducted a series of 
2 x 2 (cue x pre- vs. post-task) ANOVAs to test for 
effects of task performance on subjective state, for 
each DSSQ scale. For each scale, the effect of pre- 
vs. post-task was significant at p<0.01, except in the 
case of task-relevant cognitive interference (NS). 
F values (df=1,90) were 36.94 (energetic arousal), 
8.82 (tense arousal), 68.20 (intrinsic motivation), 
10.95 (success motivation), 14.39 (self-focus), 
22.23 (concentration),  33.07 (confidence and con-
trol) and 24.22 (task-irrelevant interference). In 
addition, significant cue x pre- vs. post-task inter-
actions were found for energetic arousal (F(1,90) 
= 5.64, p<0.05), tense arousal (F(1,90) = 6.25, 
p<0.05), and self-esteem F(1,90) = 4.12, p<0.05). 

There were no significant effects of the task 
factors on upper alpha. For the remaining indices, 
the main effect of period was significant for TLI, 
F(2.517, 226.496)=3.29, p<0.05, partial ƞ2=0.035, 
for lower alpha F(2.116, 190.483)=16.91, p<0.01, 
partial ƞ2=0.158, and for frontal theta , F(2.814, 
253.256)=3.16, p<0.05, partial ƞ2=0.034, but not 
for EI. The effect of cue was significant for TLI, F 
(1, 90)=4.18,  p<0.05, partial ƞ2=0.044 and lower 
alpha F (1, 90)=4.40,  p<0.05, partial ƞ2=0.047, but 
not for the other indices. The period x group interac-
tion was significant (or nearly so) for EI, F(2.175, 
195.745)=2.92, p=0.052, partial ƞ2=0.031 and for 
frontal theta, F (2.814, 253.256)=3.05, p<0.05, par-
tial ƞ2=0.033,  but not for other indices.

Thus, different EEG indices showed different 
patterns of response to the task parameters. TLI 
and lower alpha showed complementary responses. 
Time-on-task decreased TLI and increased alpha 
power, whereas providing the cue elevated TLI and 
lowered alpha. By contrast, effects of task param-
eters on EI and frontal theta were interactive, not 
additive. In the final period of work, EI was higher 
but frontal theta was lower in the cue group.

Conclusion 
Performance data were consistent with the as-

sumption that both the absence of a cue and time-
on-task may lead to resource shortfalls, as evidenced 
by declines in correct detections, findings similar to 
Hitchcock, Dember, Warm, Moroney, See [15]. In 
this study, however, RT but not correct detections 
showed an interactive effect of cuing task period. 
The profile of change on the DSS� suggested de-
creasing task engagement and increasing distress: 
a pattern typical of high workload vigilance tasks. 
There was also higher TLX workload for uncued 
condition. 

The EEG data suggested that TLI and lower 
frequency alpha were most diagnostic of loss of 
vigilance. These indices were sensitive to both the 
cueing manipulation and to task period. Generally, 
it seemed that lower TLI and higher lower frequen-
cy alpha were diagnostic of attentional resource in-
sufficiency. These findings contrast with previous 
TLI results from multi-tasking studies which link 
high TLI to potential performance breakdown and 
strain [16]. The significance of TLI may depend 
on the nature of task demands. The frontal theta 
and engagement indices showed no general sen-
sitivity to the task manipulations, and may not be 
diagnostic of resource utilization. The elevation of 
frontal theta, and depression of the engagement in-
dex in period 4 of the uncued task may be linked 
to the greater stress of the uncued task, evidenced 
by high tense arousal, and lower self-esteem in the 
DSSQ data. 
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