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Abstract. In the present study the impact of VDU taks differing in mental load 
and feedback were investigated in relation to physiological arousal and well-
being. Healthy students (N= 37, age 18-30 years) were included in the study. 
The subjects were divided in two groups starting with either a stan-
dard/feedback version of the Dual task (high task load), or a standard/feedback 
version of the Stroop task (moderate task load). Presently, we report the pre-
liminary outcomes of this study. Overall, well-being gradually decreased and 
arousal increased while performing the consecutive VDU tasks. Furthermore,  
in HRA, mental effort, and subjective arousal a differentiation could be made 
between the two groups. When subjects commenced with a task with a high 
mental load (dual task), it had a higher impact on arousal and well-being  
as a function of time. Feedback did not appear to play an important role on a 
subjective and physical level. 

1   Introduction 

In a first step to integrate physiologic and subjective parameters into a ‘smart sur-
rounding’, a validation study was performed to investigate whether differences in task 
load and feedback type invoke a differentiation in momentary physiologic arousal and 
well-being. It is well-documented that working under a high mental workload for a 
prolonged period of time could be detrimental for general health and may eventually 
lead to several (psycho)somatic complaints, e.g. arrythmias, shoulder-pain, excessive 
fatigue, etc. (Insulander & Vallin, 2005; Leyman et al., 2004; Nooteboom et al., 
2001). Little is known about the range of differentiation over time and the impact of 
performance feedback on physiologic and well-being parameters. In the present study 
we selected several physiologic assessments to determine their sensitivity on two 
widely used psychomotor tests. The physiologic measures were selected based on 
their relation with general physical arousal, repetitive strain injury, and mood. The 
outcomes of the present study will be used to integrate the most sensitive parameters 
in a smart or aware office surrounding.  
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2   Methods 

2.1   Experimental Procedures 

Healthy students from the TU Delft were measured (age 18-30 years; 16 males, 21 
females). Upon entering the laboratory the subjects first engaged in a 5-minute base-
line measurement. The first 10-min test bout was either one of two VDU-based psy-
chomotor tests (with or without continuous feedback). The order of presentation of 
these four test-conditions was balanced over subjects and always included a 5-min 
resting period inbetween test bouts. In the 5-min resting period the subjects were al-
lowed to do a Sudoku puzzle while remaining in front of the screen. The total dura-
tion of the experiment was app. 1 hour and 45 minutes (see Table 1). 

Table 1. Overview of the procedures (example) 

Time Procedure 
10:00-10:20 Adaptation 
10:20-10:25 Baseline assessment 
10:25-10:30 Questionnaires/Rest1 
10:30-10:40 Dual task 1 
10:40-10:50 Rest 2 
10:50-11:00 Stroop 1 
11:00-11:10 Questionnaires/Rest 3 
11:10-11:20 Dual task 2 
11:20-11:30 Questionnaires/Rest 4 
11:30-11:40 Stroop 2 
11:40-11:45 Questionnaires/Rest 5 

2.2   Physiology 

By means of the Mobi8 polygraph (TMSi, Oldenzaal, The Netherlands) electrocardio-
graphy (ECG), electromyography (EMG), Skin Coductance Reponse (SCR), and 
oxygen saturation in the blood (SaO2) were assessed. The Mobi8 is equipped with in-
dependent 24 bit A-D converters per channel with DC coupled amplifiers allowing 
DC to 512 Hz (0dB). The sampling rate was 1024 Hz. The following physiologic out-
put indexes were calculated: HRA, HRV (rMSSD), EMG (RMS; representing the 
strength of contraction of the muscles) of the upper trapezius muscles, SCR level, and 
SaO2 (%), of which HRA, rMSSD, and EMG will be reported in this paper. For each 
parameter 30-s blocks were calculated and averaged over 5 min. blocks. 

2.3   VDU Tasks 

Two VDU-based psychomotor tests, i.e. Dual Task (DT) and Stroop Colour Word 
Task (SCWT), were used to assess different aspects of performance. The DT (mem-
ory search and unstable tracking) is considered to be a highly challenging test, requir-
ing simultaneous motoric and mental effort (AGARD, 1989). The SCWT is more 
monotonous in nature as compared with the dual task, but requires sustained attention 
and high-rate responses (Insulander et al., 2005). In both tests, correct trials were  
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rewarded, whereas incorrect trials resulted in penalties (monetary gain or loss). In the 
standard version of the tests the punishment or reward, based on their final score, was 
shown on the screen immediately after the test bout. In the versions with continuous 
feedback, subjects were constantly updated on their score and remaining time of the 
task (see Fig. 1). The Dual and Stroop tasks were presented alternately (Table 1). The 
subjects were divided in two groups: one group started with the dual-task (DSDS 
group), whereas the other group started with the Stroop task (SDSD group).  

 

Fig. 1. The dark grey bar represents both the progression of time as the nominal pace of the 
test. The white bar indicates whether the subjects were either behind or ahead of schedule. 

2.4   Questionnaires 

Several health aspects were measured prior to the experiment (not reported here). 
Momentary assessment of well-being included several individual items (e.g. fatigue, 
frustration) which were assessed on a five-point scale. Additionally, arousal and  
valence were measured with the self-assessment maniken (SAM) and experienced 
mental effort was measured with the Rating scale for Subjective Mental Effort 
(RSME scale).  

3   Results 

3.1   Physiology 

Repeated measures ANOVA showed no significant effects for continuous feedback 
tasks as compared with the standard version of the tasks, nor was there an effect for 
sexe. No statistically significant effects were observed for within-task differences (5 
min blocks, e.g. T1a vs. T1b, Fig.1). Overall, the physiologic parameters showed the 
highest arousal scores in the first test bout. A significant Task Order x Event interac-
tion was observed for HRA (Fdf13,377 = 3.20; p<0.05), indicating that if the subjects 
started with the dual task, it elicited higher HRA values in the first and third test bout 
as compared with the subjects who first started with the Stroop task (Fig.1a). Irrespec-
tive of the task, a gradual decline was observed for HRV (Fdf13,377 =9.81), with clear 
differences between tasks and intermittent resting periods. A similar pattern was 
shown for EMG, with relatively lower values during test bouts compared to the  
resting period, which was confirmed by a significant effect of Event (Fdf13,390=9.92). 

3.2   Well-Being 

Most subjective measures showed a significant decrease in well-being during the ex-
periment, albeit that most decreases were relatively small. Figure 2 shows the experi-
enced mental effort. A gradual increase can be observed for the level of effort during 
the experimental period. Also, a difference between the two groups (task order) was 
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shown, with higher values after the Stroop task in the DSDS group. Both groups 
showed higher values on mental effort after performing the Dual task. This was sup-
ported by a repeated measures ANOVA, showing a significant effect for Event x Task 
Order (Fdf3,105= 17.712; p<0.001). A similar interaction was observed for subjective 
arousal (F df3,105= 5.76; p<0.001). Overall, correlations between well-being and HRA  
 

 

Fig. 2a. HRA of the two groups. DSDS (N=14) denotes Dual, Stroop, Dual, Stroop, SDSD 
(N=17) denotes Stroop, Dual, Stroop, Dual. Base denotes baseline, P denotes Puzzle, and T  
denotes test bout. 

 

Fig. 2b. EMG (RMS) of the right upper trapezius muscles 
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parameters on each testing event were moderate (<0.60) and inconsistent. The experi-
enced mental effort, motivation, and boredom seemed to have the most consistent  
correlations with HRA across the experiment.  

 

Fig. 3. Rating scale for Subjective Mental Effort: >3 very little effort, >22 little, >38 more  
than a little, >58 moderate, >71 above moderate, >87 much, >102 very much, >114 extreme. T  
denotes test bout. 

4   Discussion 

The preliminary findings of the current study showed a consistent tendency in heart 
aactivity parameters, with a sharp increase in physiologic arousal in the first test bout 
and a gradual decrease during the remainder of the experiment. The order of task 
presentation appeared to differentiate the two groups with respect to physical and sub-
jective arousal, and exertion of mental effort. Earlier studies have also indicated that a 
higher task load elicits higher arousal (Gaillard, 1996; Sosnowski et al., 2004). No 
evidence was found for a difference in reactivity when subjects were or were not ex-
posed to continuous feedback. Also, no apparent variation within the tasks was found 
for either task, i.e. first 5 minutes vs. last 5 minutes. Overall, a decrease in momentary 
well-being was found compared with baseline, but this effect was not very pro-
nounced. Contrary to other studies, the present results showed a relatively lower level 
of muscle activation when subjects were performing a test than when at rest, irrespec-
tive of task load (Roe & Knardahl, 2002; Waersted et al., 1991). A possible explana-
tion might be the difference in activity during the testing and resting periods. It is 
known that a tracking task, for instance, elicits a rather small elevation in trapezius 
muscle tension (Roe & Knardahl, 2002), whereas during the resting periods, subjects 
were allowed to do a Sudoku puzzle, possibly bringing forth more movement than the 



156 M. Varkevisser and D.V. Keyson 

Dual task or Stroop task. Note that muscle activation was nonetheless higher during 
the testing periods than during the baseline period.  

From these data it could be hypothesized that in individuals who initially have to 
exert a high level of mental effort (high task load) a higher level of subjective and ob-
jective arousal might be expected, accompanied by a decrease in heart rate variability. 
This will probably have a spill-over effect on subsequent tasks. In parallel, a relative 
decrease of trapezius muscle tension might be expected when performing tasks 
wherein a high level of attention and concentration are required. The intermittent rest-
ing periods showed a distinctly lower heart rate as compared with the testing pe riods, 
accompanied by higher heart rate variability. Thus, intermittent short breaks could al-
ready be immediately restorative on a physical level. For prolonged periods of testing 
a general decrease in arousal and well-being might be expected.  
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