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Abstract 
Smart eyewear devices may serve as advanced 
interfaces between cyber-physical systems (CPS) and 
workers by integrating digital information into the 
visual field. We have addressed ergonomic issues 
related to the use of a ruggedized head-mounted 
display (HMD) (Liteye 750A, see-through and look-
around mode) and a conventional screen during a half-
day day working shift (N=60). We only found minor 
physiological effects of the HMD, resulting into inflexible 
head posture, higher muscle activity over time of the 
left M. Splenius capitis and low performance given its 
look-around mode. 

Author Keywords 
Wearable computing, cyber-physical systems (CPS) 

ACM Classification Keywords 
H.1.2 User/Machine Systems: Human factors 

Introduction 
Our common environment is currently being equipped 
with smart technologies and intelligence. As a result, 
cyber-physical systems (CPS) offer a complex nexus of 
computing devices, algorithms, automation systems, 
sensors and humans. One of the most compelling 
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scenarios for such ambient intelligence is industrial 
manufacturing. Wearable computing may serve here as 
an interface between human and the CPS [1]. 
Especially smart eyewear devices or HMDs are capable 
to provide digital information through the human visual 
modality and, thus, foster the interaction of humans 
and CPS. In order to minimize the risk of injury, acute, 
or occupational illnesses, ergonomic aspects for typical 
industrial usage have to be addressed. Therefore, 
current study investigates physiological effects of a 
HMD during its use in an industrial context during a 
half-day work shift of 3.5 hours. Our results add to the 
findings regarding industrial picking and packing tasks 
[2, 3, 4]. 

Method 
A between-subjects design investigated the effect of 
display type (HMD see-through, HMD look-around, 
conventional screen), on task execution time, head-
posture, muscle activity, visual acuity, sensitivity of the 
visual field and subjective workload during a 3.5-hour 
manufacturing task. The total sample (N = 60) was 
gender-balanced ( : 30; : 30). Each of the three display 
groups initially included N=20 participants. The mean of 
the participant’s age was 36.0 years (SD = 13.6). Within 
our experimental setup, we applied the monocular smart 
eyewear Liteye 750A with see-through and with look-
around mode. The conventional TFT screen, had a 
diagonal of 19 inches (1280 x 1024 pixels). Subjective 
perceived workload was quantified by the NASA-TLX and 
head posture by the Ovako Working Posture Assessment 
System (OWAS) based on video data. An observer 
retrospectively classified head-postures defined as (1) free 
(2) bent forward (3) bent to side (4) bent backward and 
(5) twisted. A head posture change is defined as time 
where the current posture category differs from the 

previous one. A workplace can be assessed by the 
percentages of posture categories in relation to the total 
observation time. The amount of posture changes likewise 
describes the health risk of a workplace. Static working 
postures lead to a higher health risk as dynamic working 
postures. The sensitivity of the visual field was quantified 
with help of the Haag-Streit Octopus 1-2-3 perimeter. The 
G37 program of the digital test equipment Optovist from 
VISTEC measured visual acuity with Landolt-ring stimuli 
according to EN ISO 8596 und DIN 58.220. In addition, 
activities of selected muscular areas of head and neck (M. 
Splenius capitis and M. Trapezius pars descendens) were 
recorded with surface electrodes of the Noraxon TeleMyo 
2400T DTS system at a sampling rate of 1500 Hz. 
Participants had to carry out manufacturing tasks 
supported by sequential working instructions on one 
display. The experimental task consisted of four 
48-minute working segments. Each segment started with 
a main task, including dissembling and assembling a car 
engine. Main tasks were followed by filling tasks, including 
dissembling and assembling a carburetor, a starter and an 
alternator. During the last five minutes of each working 
segment, participants conducted a standardized OWAS-
task.  

 

Figure 1. The industrial head-mounted display Liteye750A was 
applied in see-through and look-around mode.  
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Results 
The display type did not significantly affect distance 
visual acuity on the right eye [F (2, 50) = 0.896, p > 
.05] and the left eye [F (2, 51) = 1.623, p > .05]. Near 
vision of the right eye [F (2, 48) = 1.121 p > .05] as 
well as of the left eye [F(2, 47) = 1.565, p > .05] were 
not affected as well. 

A one-way ANOVA revealed a significant influence of 
display type on the total task execution time 
[F (2,45)=5.171, p=.01]. It required participants with 
lookaround mode on average 123 minutes, with see-
through mode 115 minutes and with conventional 
screen 104 minutes to complete the experimental task. 

A Chi-Square test revealed no significant association 
between the type of display and the categorical (better, 
worse, consistent) data of the peripheral field of view 

 (20) = 
12.64 p > .05], increasing on 
16.08 p > .05] and consistent on th ) 
= 28.78 p > .05]. On the right eye, th
(22) = 16.50 p >  = 31.94 p > 
.05] and unchanged (34) = 
36.65 p > .05] were also not significantly associated 
with the display type. 

A repeated measures ANOVA revealed that the amount 
of head-posture changes was significantly affected by 
the display type [F(2, 48) = 3.79, p > .001], 2=.38. 
Participants of the screen-group changed their head-
posture more frequent, than participants with the head-
worn display. 

A repeated measures ANOVA revealed significant 
impact of the within-factor time on the muscle activity 

of the right M. trapezius pars descendens 
[F(3,141)=7.02, p < .001]. No significant differences 
were found concerning the effect of time and display 
type [F(6,141)=1.31, p > .05]. Similar occurrence were 
observed for the left M. trapezius pars descendens, 
which was influenced by time of measurement 
[F(1,147)=16.58, p < .001] but not significantly 
different between the display groups [F(6,147)=1.40, p 
> .05]. A significant increase of muscle activity over 
time is a typical pattern for normal, time-related strain. 
A repeated measures ANOVA revealed significant 
impact of the within-factor time on the muscle activity 
of the right M. splenius capitis [F(3,129)=6.08, p < 
.001]. No significant differences were found concerning 
the effect of time and display type [F(6,129)=0.79, p > 
.05] for the right one. In contrast we found a significant 
influence of display type and time [F(6,126)=2.20, p < 
.05] on the muscle activity of the left M. Splenius 
capitis. The muscle activity over time of the left M. 
Splenius capitis is higher if participants used the Liteye 
750A. As with the right one we found an influence of 
time [F(3,126)=1.76, p < .001] on the activity of the 
left M. Splenius capitis. 

We found no significant effect of display type on the 
log10 (total NASA-TLX scores) [F(2,57)=0.24, p>.05], 
log10 (mental demand), [F(2,56)=0.12, p>.05], log10 
(physical demand) [F(2,57)=0.42, p>.05], 
log10(temporal demand) [F(2,54)=0.47, p>.05], 
log10(performance) [F(2,54)=0.15, p>.05], 
log10(effort) [F(2,57)=0.35, p>.05] or the 
log10(frustration) [F(2,47)=0.47, p>.05]. So, the 
Liteye 750A does not lead to higher subjective 
perceived workload than a conventional screen. 
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In summary we can state, that given results show no 
influence of the Liteye 750A and its two modes (see-
through and look-around) on the peripheral sensitivity 
of the visual field, the visual acuity, the subjective 
workload (NASA-TLX) and the muscle activity of the 
bilateral M. Trapezius pars descendens as well as of the 
right M. Splenius capitis. In contrast we demonstrated 
that the Liteye 750A lead to a significantly higher 
activity of the left M. splenius capitis over time, a more 
static head-posture and to an extended task execution 
time. 

Conclusion 
We have demonstrated that wearable intelligent 
devices like smart eyewear or HMDs can be highly 
beneficial for production and manufacturing insofar as 
they support even highly complex and physically 
stressful work in a way that workers do not need to 
possess necessary process knowledge. The low 
influence of modern industrial data glasses on vision, 
sensitivity of the visual field and subjective stress, 
refutes security arguments. That the study could not 
substantiate a negative influence of the HMD on visual 
perception parameters is especially important. But it 
has to be considered that negative effects may also 
relate to preparation and training effort that is needed 
to adjust device settings. An inadequately positioned 
display still might lead to eyestrain.  
One explanation for the task execution time differences 
might be the increased cognitive or perceptual effort 
that is needed to find one’s bearings while a part of the 
environment is excluded by the opacity of the display. 
A device that not disrupts the perception of the 
environment is more likely to lead to a better 
performance. 

Muscle activity results emphasize the importance of an 
equal weight distribution. More weight on the right 
front side of the head of the worker may induce the 
higher activity of the left M. Splenius capitis, because 
the muscle could be seeking to balance the display 
weight. Further studies would be required. Finally, 
working with HMD can lead to a rigid head posture. The 
worker stops to perceive information and continues 
operating if the working instruction has been 
understood. Smart eyewear does not implicate 
simultaneous information perception during work, thus. 
However, this does not automatically implicate that the 
use of such devices leads to a poor working posture, 
but it must be taken into account for its overall 
assessment. 
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