Extended Investigations of User-Related Issues in Mobile Industrial AR
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Fraunhofer IFF

Volkswagen AG

Volkswagen AG

A BSTRACT

2

The potential of Augmented Reality (AR) to support industrial processes has been demonstrated in several studies. While there have
been first investigations on user related issues in the long-duration
use of mobile AR systems, to date the impact of theses systems on
physiological and psychological aspects is not explored extensively.
We conducted an extended study in which 19 participants worked
4 hours continuously in an order picking process with and without AR support. Results of the study comparing strain and work
efficiency are presented and open issues are discussed.

We revised our investigation methods and the employed AR system
from a previous study [4] to both be able to better understand observations of the first study and to support the work task with a more
mature system.
Analysis of questionnaires of the previous study [4] revealed that
eye and head discomfort could be induced by the system for some
users. Therefore, we introduced ophthalmological checks to allow
relating possible strain and work efficiency data to visual deficiencies of subjects. This check also allowed to secure that participants
did not show significant visual problems which would render them
unsuitable for the study. It allows the evaluation of several visual
functions (see [1] for details). In addition we used a test for split
attention, in which participants conduct a dual-task by reacting on
simultaneous visual and auditive stimuli. Furthermore, we switched
from a MT-101 Holter-ECG to the pulse clock Polar RS800CX for
recording ECG raw data as it allows to more precisely capture parameters in the time and frequency domains.

Index Terms: H.1.2 [Models and Principles]: User/Machine
Systems—Human factors; H.5.1 [Information Interfaces and Presentation]: User Interfaces—User-centered Design
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I NTRODUCTION

The potential of AR to support workers in industrial scenarios has
widely been researched in projects like ARVIKA, ARTESAS and
AVILUS. Such industrial scenarios are characterized by full-shift
continuous use of AR systems, rough and dynamic environments
as well as very inhomogeneous user groups. Investigation of userrelated aspects of AR systems in industrial settings was no major
topic in the last decades. This is due to several factors including
current immature AR hardware and user interfaces, high safety demands from industrial partners, difficulties to implement prototypical AR systems into productive work processes and thus high costs
of conducting studies outside the laboratory. Recently, a few approaches have been undertaken to study effects of AR systems on
users in industrial like settings [4, 3]. In [4] the use of AR in industrial environments using the example of order picking (paper list
and an AR system employing a 2D navigation visualization) was
investigated. This evaluation focused on measuring strain by analyzing heart rate variability (HRV) during a two hour work phase.
No significant differences between work with AR and without AR
system could be found. However, participants complained about
eye discomfort. Two studies carried out by Schwerdtfeger et al. focused on strain and work efficiency analysis [3]. While no increase
of user strain could be detected in a work phase of two hours, several subjects complained about head and eye discomfort. The employed AR systems were not able to significantly perform better in
terms of error rates or number of picked items in comparison with
non AR supported work.
Our study builds up on these experiments by investigating user
strain and work efficiency for a prolonged time of use (4 hours) and
by revising the employed investigation methods.
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R EVISING

THE

(a)

R EFERENCE W ORK S CENARIO

(b)

Figure 1: Current iteration of the AR system: Liteye HMD, infrared
outside-in tracking, attention funnel navigation.

The previously employed optical see-through head mounted display (HMD) Microvision Nomad ND2100 presents information in
monochrome red. A stable mounting of the display on users’ heads
required firm adjustment of the Velcro band which resulted in head
pressure with subjects as was shown in [2]. The LitEye LE-750A
(see Figure 1(a)) offers similar see-through rates to the Microvision
Nomad2100. In addition, the LE-750A offers a sturdier built and
contents can be displayed in color. Furthermore, it can be combined with various mounts. We chose a Carl-Zeiss mount (”System Mount S”) which is also employed in surgical operations. We
adopted the inside-out tracking approach presented in [3] and employed an optical outside-in 60 hz tracking system by A.R.T. To
tackle shortcomings of the 2D-arrow visualization of [4] we employed an attention funnel metaphor for target visualization [3] (see
Figure 1(b)) developed by metaio GmbH. In conjunction with the
outside-in tracking system the visualization allowed a continuous
and unambiguous navigation support. Furthermore, we introduced
a single-button interaction device worn on users’ hips to allow for
undoing a confirmation of a wrongly picked item.
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3 U SER S TUDY
This study aimed at getting insights about user strain, discomfort
and work efficiency in a prolonged work duration of 4 hours. We
built on experiences made in previous studies [4, 3] and describe
changes and similarities as appropriate.
Test Setup and Procedure We used the test setup described
in [4] and extended it according to the changes described in section
2. The study was run with 19 participants (mean age 26.5, σ 3,8
years, 17 males, 2 females). Ten participants did not have any experience with AR and picking systems. Four participants already used
picking systems and 7 had experience with AR or VR systems.
The test was executed as described in [4] with following exceptions. Prior to working at the reference work scenario all subjects
had to conduct an ophthalmological check on a separate day. On the
two days of the test (one day for the work with the AR system, the
other for work without AR support or vice versa) subjects executed
the split attention task in a pre-test and post-test phase in addition to
answering questionnaires for recording subjective strain indicators.
The main work phase was divided in a 135 minutes work phase,
a 5 minute battery changing phase and another 100 minutes work
phase.
Hypotheses We expected that the toll of carrying additional
hardware and processing additional visual information would show
after an extended work period of 4 hours. As we optimized the employed AR system we also expected that the work efficiency (i.e.,
lower error rates, higher number of picked items) with the AR system would be higher than with a paper list. Therefore our hypotheses were. H1: The overall objective and subjective strain is higher
with the use of the AR system than without it. H2: Work efficiency
is higher wit AR support than without.
Results For the HRV analysis the standard deviation in the
time domain was chosen. It indicates changes in the user strain
through short term changes of the sympathetic and parasympathetic
nervous system. There were no significant differences between
work with and without AR system. The analysis of the EZ-scale
and sensitivity scale were analog to the results in [4]. Therefore,
hypothesis H1 was rejected.
The discomfort questionnaire was focused on visual discomforts.
Nine of 19 subjects indicated increased visual fatigue with the AR
system. Three of those 9 subjects showed a reduced contrast sensitivity but nonetheless had good visual acuity. In addition, only participants with diminished stereopsis and participants with increased
intraocular pressure indicated increased visual fatigue. No other
correlation between parameters of the ophthalmological check and
discomforts were found. The split attention test showed no significant differences in pre-post comparison for work with and without
AR.
In contrast to previous studies [4, 3] participants collected significant more items with AR support than without (p = 0.002,
Wilcoxon signed-rank test, in average 13 % more items, see Figure 2(a)). The error analysis revealed that work with AR support
resulted in significant less type errors (p = 0.007, Wilcoxon signedrank test, see Figure 2(b)). Regarding the amount error (more or
less than 15 items picked) there was no significant difference. Overall, we could confirm hypothesis H2.
4 D ISCUSSION AND C ONCLUSION
The analysis of objective and subjective strain measures were consistent to the results of previous studies [4, 3]. This indicates that
the employed AR system does not increase users’ overall objective
and subjective strain. Nonetheless, some users perceived increased
eye discomfort. The ophthalmological check revealed that users
with visual deficiencies tend to experience visual discomfort more
likely than users without visual problems. Nonetheless, a goal for
industrial AR systems should be to be usable by a wide range of
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Figure 2: With AR support significantly more items were picked (a)
and significantly less type errors were made (b).

users (more than the 80 % reported in previous experiments). When
this cannot be achieved ophthalmological checks should be used to
identify users that could likely experience discomforts when using
AR systems.
In comparison with previous studies [4, 3] both error rates were
significantly lower and picking rates higher for the work with AR
system than for work without AR support. This could be due to
the system optimizations, especially due to the attention funnel and
reduced system latency. However, it is unclear whether the work
efficiency gain reported in this study can be confirmed in a real
production environment. Participants were mainly students - not
professionals. Therefore, further studies with professionals should
be conducted.
While the redesign of the AR system led to a work efficiency
gain, employing the attention funnel metaphor raises questions
about an appropriate level of support of an AR system. The attention funnel is a constant navigation aid which ties users’ attention. This can result in inattentional blindness [5] and therefore
potentially harm users in a work process. Further studies will be
conducted to investigate this phenomenon in HMDs.
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