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Abstract 
This paper sums up the main results from a research 
project focusing on prolonged work with head mounted 
displays and the effect on physiological and mental 
strain. 
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Introduction 
The technology of head mounted displays (HMDs) has 
evolved substantially during the last years: They are 
becoming smaller, lighter, brighter and more 
affordable. The technology is now entering mass 
market, reaching more users and application domains. 
In case of using HMDs as work assistance for manual 
tasks this means that now increasingly more medium-
sized enterprises will get the chance to support their 
workers with HMDs. Fields of application can be found 
in construction, industrial assembly, repair shops, 
service, maintenance, medical monitoring and many 
more. To investigate strain and performance using an 
HMD - especially during prolonged work – a research 
project was started. 
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Research project 
In late 2010 the German Federal Institute for 
Occupational Safety and Health (BAuA) started a 
project entitled “Head Mounted Displays – Conditions 
for the safe and strain-optimized use” [1]. Within this 
project several laboratory studies were carried out. 
They are focusing on prolonged work with HMDs over 
several hours, measuring strain at different time 
stamps to get insight into the strain development over 
time comparing HMDs with other sources of information 
like Tablet-PC or wall-mounted monitor. Furthermore, 
the HMDs task-technology fit is discussed.  

HMDs broad application spectrum was narrowed down 
to HMDs as work assistance. It cuts situations where 
the HMD is a direct and necessary part of the working 
process and where users have total immersion e.g. into 
virtual reality. Therefore, monocular HMDs were used. 
Furthermore, no augmented reality (AR) applications 
are examined. Although AR can be a guiding possibility 
to help assemble real world objects, the necessary 
tracking procedure opens a complete new and 
additional field of potential drawbacks: While marker-
less tracking is to imprecise for most tasks (beside 
navigation), marker-based tracking implicates a high 
organizational effort in placing the marker (especially in 
big industry plants). Therefore, this project focuses on 
monocular HMDs displaying lists or pictures as work 
assistance for manual work.  

Task-Technology fit 
Beyond the ergonomic design of HMDs, the fit between 
task and technology taking into account individual 
characteristics of workers is essential to cause positive 
impacts on performance. In an expert workshop held 
within the project, 20 scientific researches and 

operators in the field of HMDs discussed and identified 
task indicators for or against the use of HMDs. The 
subsequent discussion revealed that a clustering of 
these indicators for the HMD-use and an association to 
a particular HMD-technology is not constructive. Rather 
the indicators speak for general suitability to the 
support of an HMD. An assignment to a particular 
technology is only feasible after task and requirement 
analysis.  

Factors that plead on behalf the HMD-use are: The task 
requires mobility and both hands. Work information 
should be easy to encode, given short context 
information and a structured working process that only 
needs small amount of information for each working 
step. That is in line with short periods of viewing on the 
display and frequent changes between the display and 
the environment while the main view has to stay 
mainly on the environment. The information should be 
graphical and target states should be clearly defined. 
Time critical tasks with low error tolerance as control 
mechanisms or navigation might be application 
scenarios. And also if assistance has to be 
individualized, for example in a learning phase, or if a 
high variance in products is given or if privacy 
protection is important, HMDs can play an important 
role. Indicators that argue against the use of an HMD 
encompass situations where a full field of view is 
needed and where occlusion of the environment is not 
acceptable. Furthermore, if the displayed information 
contains much text or if too much information is given 
on each working instruction, an HMD might not be the 
best solution. Low battery power, also questions about 
hygiene – especially if one HMD is shared by multiple 
workers – and acceptance might be obstacles in using 
HMDs. Finally, the cost-benefit calculation plays a role. 
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Physical Strain 
One laboratory study focused on the physiological 
strain resulting from an HMD [2, 3]. Here, primarily the 
HMD effects on the visual and muscular system were 
inspected during a 3.5 hour manufacturing task with an 
HMD. The experimental task covered assembly and 
disassembly of a car engine while working instructions 
were either displayed on an HMD (Lite-Eye LE A750, 
800 x 600 pixel, 120 grams) or on a wall mounted 
screen.  

The results showed by comparing pre- and posttests 
that neither distance nor near eye visual acuity on the 
right eye (which was the display covered eye in HMD-
conditions) or on the left eye were significantly affected 
by the display type.  Furthermore, the peripheral field 
of view (FOV) showed no influence of the used display 
type in a pre- posttest. The analysis of eye blink rate 
and duration via EOG as an indicator for visual fatigue 
showed also no significant differences between display 
types. Muscle activity of neck and shoulder were 
measured during the whole experiment via EMG. Here 
only the left M. Splenius capitis showed a significant 
interdependency between display type and time 
indicating a higher increase over time for HMDs. A 
video analysis of participants’ posture showed that the 
amount of head-posture changes was significantly 
reduced with an HMD. Task execution time was 10% 
higher with the HMD in see through mode and 18% 
higher with the HMD in look around mode compared to 
the wall mounted monitor. A questionnaire about visual 
fatigue showed on a low overall level significant 
interdependencies for display * time, indicating higher 
increase over time for HMDs in values like “heavy 
eyes”, “neck pain” or “headache”. 

Mental strain 
Another study focused on mental strain and 
performance while using a HMD (Heitec MAVUS, 800 x 
600 pixel, 380 grams) compared to a Tablet-PC [4]. 
Participants had to assemble a toy car in a graphical 
step-by-step instruction and react to a monitoring task 
which was displayed parallel. Strain measurements 
were conducted at different time stamps over a 4 hour 
continuous work situation to get insight into the strain 
development over time with both technologies. Within a 
repeated measurement design participants worked two 
times with the HMD to investigate habituation and one 
time with the Tablet-PC to investigate influence of 
technology. 

The results showed that again with HMD task execution 
time was about 20 % higher than with the Tablet-PC. 
Reaction to monitoring task showed no significant 
difference between display types, but a tendency for 
better hit rate on the Tablet-PC. The subjective strain 
measurement showed a general increase over time and 
significantly higher values for the HMD compared to the 
Tablet- PC. No habituation effect was found. In contrast 
to this the objective strain measurements heart rate 
and heart rate variability showed an effect of 
habituation and less strain in the second HMD trial 
while no effect of display was found comparing this to 
the Tablet-PC. Breaks during the experimental session 
lead to significant lower subjective and objective strain 
afterwards. The Visual Fatigue Questionnaire results 
showed highly significant changes of almost all items 
but on a low average level of 1-3.5: an increase over 
time and higher strain levels for the HMD was found. 
For many items, the interdependency time * display 
was significant which reflects a greater increase over 
time during the HMD sessions. The items headache, 
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neck pain and mental fatigue also showed higher values 
and greater increase over time with an HMD. In a final 
interview many participants complained about the 
weight and discomfort of the HMDs head carrier. 

This study was replicated with Google Glass (640 x 360 
pixel, 50 grams) to investigate the influence of 
hardware [5]. Results of performance and subjective 
strain showed alike effects, but wearing comfort was 
higher and no headache or neck pain appeared. 

Discussion 
In summary it can be stated, that HMDs are able to 
support workers in manual tasks, even if they are not 
familiar with the task’s domain. There is no indicator for 
physiological effects on the visual system and neck 
muscles are only slightly more demanded by the 
weight. This stands in contrast to higher subjective 
ratings on a visual fatigue questionnaire. Same pattern 
shows up with mental strain: while subjective ratings 
indicate higher strain with HMD and no habituation, 
objective strain measurements showed a significant 
effect of habituation and no more effect of display 
afterwards. This gap not only points out how important 
a multidimensional research approach can be, but also 
that subjective ratings might be influenced by the 
unfamiliar technology.  Nevertheless, longer breaks are 
suggested during HMD work to encounter higher 
subjective feelings of visual fatigue and strain.  

This needs to be proofed again for periods over weeks 
or months in real life situations. Also the slower 
working performance has to be investigated again. We 
assume that habituation might be longer than the 4 
hours tested here. Finally, it would be interesting to 
look at the influence of different hardware types on the 

variables of our experiments. So as HMD technology 
evolves rapidly, it would be necessary to perform the 
same tests with other kind of data glasses. To do so a 
conceptual framework of typical tasks which should 
reflect real world working requirements and of 
principles in information representation on near to eye 
monitors in general would be helpful. 
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