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Abstract. The conducted study is concerned with the visual appearance of a
common industrial robot and the influence on the human worker while acting in
the same workplace at the very same time. Sixteen volunteers, eight novices and
eight experts participated in the study. Equipped with an eye-tracking-system
glance chains while revealing the robot and number of glances influenced by
different contrast conditions of the robot arm while working on a primary and an
interactive secondary task where measured. The results of the first part are that
human operators perceive a common six-axis industrial robot in a comparable
way from bottom up to the tool-center-point and over the arm-kinematic back.
The second part revealed that higher robot-arm contrasts lead to higher dis-
traction caused by a higher number of glances to the moving robot.
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1 Motivation – Perception of Robot Motion in Human-Robot
Interaction (HRI)

1.1 What Is HRI, What Are the Benefits, and How Can They Be
Achieved?

2013 was the year with the highest number of industrial robots ever sold (12 % increase
to 178,132 units/year) [1]. This continuous increase will strengthen the development of
new production systems with improved working conditions. Robots will take heavy
and repetitious tasks of the shoulders of their human colleagues. Human and robots
respectively automated systems will not only work side by side but also as dyads and
teams.

This interaction (Fig. 1), also called Human-Robot Interaction (HRI), started with
an absolute separation between humans and robots. Humans deployed and pro-
grammed robots at a designated workplace. Safety equipment like fences and barriers
ensured that no human could get harmed and the robot could proceed his, more or less
predetermined, trajectories. But like every useful tool robots also have undergone
a certain evolution to still gain more capabilities and get to higher effectivity.
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This evolution can be seen in Human-Robot Interaction in the branch of production as
well. With the trend of automation and mechanization [2] the strict separation of a
robot to its surrounding was loosened and it was possible to let robots interact with
each other. This was efficient until new trends like mass customization [3] and changes
in the society like the demographic change appeared on the scene. Individual customer
needs and an increasing awareness of a diverse workforce with decreasing physical
abilities but still high stress jobs [4] forced production planners to find new solutions
exceeding classical ergonomic considerations. Among others Lotter and Wiendahl [5]
suggest an hybrid system containing of human and robot (automated systems) to obtain
the postulated flexibility and productivity. At the same time laws and standards like the
DIN EN ISO 10218-2 [6] facilitate and foster an interaction between human and robot.
The aforementioned closer HRI started with a common workplace and a work at the
very same time without (Human-Robot Coexistence, HRCoex) or with (Human-Robot
Cooperation, HRCoop) a common desired goal. The next step to a further fusion of
human and robot could be the physical contact over a longer time (Human-Robot
Collaboration, HRCollab) and mixed teams consisting of multi humans and multi
robots working together or beside each others (multi-human multi-robot collaboration,
MHMRCollab).

At every stage in the above shown evolution (Fig. 1) the perception of each partner
constitutes a crucial point in designing novel working stations. The intentions of a co-
working robot can only be implemented when acceptance, well-being, and performance
of the human and robot within the HRI can be ensured [9]. In the conducted study the
level of Human-Robot Coexistence and the human perception of the robot in his
working area will be analyzed.

1.2 What Means Well-Being and Optimal Performance in Terms
of HRI?

Since physical barriers between human operators and their robotic counterpart are
vanishing, well-being and acceptance will highly influence productivity [9]. But what
means well-being and acceptance in HRI and how can it influence the performance of
the human respectively the process? The general term of well-being describes the

Fig. 1. Evolution of Human-Robot Interaction in the branch of production; adapted from [7]
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condition of an individual or group in the equilibrium between available resources
(psychological, social, physical) and facing challenges (psychological, social, physical)
[10]. In that understanding well-being may be accepted when the human’s resources
are in balance with the robot system generated challenges.

The investigation of human well-being (and safety) in the context of human-robot
interaction systems and their challenges dates back to the 80s and early 90s [9], where
the main focus was on injury prevention [11]. Tasks like detecting and fixing equip-
ment failures, clearing jams, repairing and programming [9] were pretty much the main
tasks related to what we now call HRI. The well-being of the human operator while
working on these kind of tasks were mainly influenced by safety issues. If the human
felt safe and capable of the challenge the well-being was high and his or her experience
was positive. Nowadays HRI defy new challenges because the parameters place and
time are no longer fixed to separate human and robots. New forms of interaction can
occur like facing each other or even working on the very same task at a common goal.

Anyway, it has to be taken into account that performance and well-being are
strongly interconnected [12]. If the balance shifts because of to high challenges, the
lowered human well-being will very likely result in lower performance. As a conse-
quence the environmental factors that surround the human worker (implies the
appearance of the robot partner) should be designed that their experience of well-being
is enhanced and as a result, they are able to perform on a high standard [9]. To enable
an effective interaction the worker have to trust the robot [12]. Robot characteristics
like proximity, velocity, and appearance were found to be the most important influ-
ences of trust development (examples to find in [9], [13], and [14] ). Assuming that
trust not only affect performance but also well-being the investigation of factors
influencing these abstract parameters will be crucial.

1.3 Influencing Factors in HRI

Bortot [9] provided an holistic overview about performance and well-being influencing
factors in HRCoex scenarios in his dissertation. From Bortot’s point of view human
influencing factors on well-being and as a consequence of that on human performance
within human-robot systems can be divided into different categories. He postulates the
following classification for depending factors based, among others, on Tsui et al. [15]
and Beauchamp & Stobbe [16] (Fig. 2).

One aspect in developing these new interaction systems is exterior representation of
the robot respectively robot visual appearance. Focus of this study is background-to-
robot-arm contrast. Or et al. [17] postulated that the overrun distance of a robot
increases with low background-to-robot-arm luminance contrast ratios. The question
arose, if this increase in process time is happening because humans tend to neglect a
moving robot when the robot-background-contrast is lower? So the conducted study
aims to investigate the human behavior on this topic with a different analyzing method.
The visual appearance of the robot should be investigated in terms of type related eye
movements at first glance & distraction by contrast.
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2 Method

2.1 Participants

Sixteen healthy volunteers participated in the study (four women, twelve men). The
participants were between 20 and 32 years of age (M = 26.8a; SD = 3.6a) and consisted
of students and staff of the Institute of Ergonomics. No participant reported to suffer
from any motoric or visual impairment. Figure 3 depicts the distribution of experience
with industrial robots. The sample was uniform distributed with eight experts (less –
middle – much experience with industrial robots, mainly gathered in experiments) and
eight novices (no experience with industrial robots).

Fig. 2. Influencing factors in HCI adapted from [10]; robot (grey), human (blue), green (both)
(Color figure online)

Fig. 3. Uniform distribution of non experienced (novices) and experienced (experts) subjects
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2.2 Experimental Design, Apparatus, and Procedure

Experimental Design
The focus of this study lies on the human eye movement, while performing a

primary and an interactive secondary task, to gain information about attention and the
detection [18] of a moving robot-arm in different contrast conditions.

The conducted study was construed as a within-subjects design and consisted of
two main parts (glance chain and distraction by contrast). Over the whole experiment
the participants were equipped with the head mounted eye tracking system Dikablis
from Ergoneers GmbH [19]. The participants were informed about the experimental
parts and the procedure by listening to a standardized information read by the
examiner.

The experimental apparatus consisted of an industrial Reis RV20-16 robot, a Dikablis
eye tracking system (Fig. 4) and initially unfolded cardboard boxes. The experimental
room was blackened to create the isolated contrast conditions (Figs. 4 and 5).

Fig. 4. (left) Dikablis head mounted eye tracking system, (right) RV20-16 Reis industrial robot
provided with area of interest (AOI) marker.

Fig. 5. (left) Participant with headphones and eye-tracking-system Dikablis sitting at the
workplace; (right) Two different contrast conditions with Dikablis marker.
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Apparatus: Reis RV20-16
The industrial robot features a TCP-height at 1.44 m, a working diameter about

3.00 m, and a motion range (main axis) of 360°. The working distance between human
worker and robot in the experimental set-up was between 1.00 and 1.60 m. The
working velocity was decreased to 150 mm/s which are 60 % of reduced velocity stated
in DIN EN ISO 10218 – 2 [6].

Procedure
In the first part of the experiment (glance chain, GC) the attendees were placed

before the cloaked industrial robot. The back of the participants were facing at the
robot. After revealing the robot the subjects were turned to the robot with eyes closed.
With a designated start signal the participants opened their eyes and the eye movements
respectively glance chain for the first 15 s were recorded. The eye-point-height of every
subject was at the same level (1.50 m), controlled by adapting an height-adjustable
chair. The distance between eye-point and robot was also 1.50 m. After that every
subject had to fill out a self-made questionnaire about their subjectively perceived
glance chain. A simplified picture of the robot, like it is shown in Fig. 6, was used to
gather the subjective data.

In the second part (distraction by contrast, DC) the participants had to fold card-
board boxes after a depicted instruction (primary task), read the alternating number
(1–3) on the laptop screen placed in front of them (Fig. 5, left), and put the folded
carton into the right box (indicated by the number shown at the laptop screen) at their
workplace (secondary task). The participants listened to classical music to ensure that
no auditory and indeed only visual distraction could take place. During the whole
experiment the participants wore the Dikablis eye-tracking system. The eye-point-
height was again controlled by an height-adaptable chair at 1.50 m. Bortot et al. [8]
assessed that the area in front of the workplace causes the largest distraction by a
moving robot. Hence the robot movements were placed right in front of the designated
workplace. They basically consisted of handling task movements like they are common

Fig. 6. Areas of interest (AOI) and the common glance chains starting at S and ending at E in
black; blue and orange are two alternative ways the participants had chosen (skipping III & V)
(Color figure online).
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in pick and place workplaces. The movements of the robot every so often occluded the
laptop screen. The experiment consisted of four stages, each lasting 4 min 45 s.
Alternating two baselines and two contrast condition. Every participant started with a
baseline, where there was no robot movement. In each stage the participants had to fold
the cardboards and put them in the right box, like it was displayed on the laptop screen.
In the contrast condition the contrast of the robot arm (Fig. 5, right) was either white or
black and in the second part the remaining one. The first participant started with the
white-black condition and after that the conditions were alternating over the partici-
pants, so effects because of chosen order could be precluded. After each trial the
NASA-RTLX (NASA – Raw Task Load Index) was filled out by the subjects. Before
and after the hole experimental part the standardized questionnaires STAI (State-Trait
Anxiety Inventory) was filled out by the participants to gather data about their emo-
tional state.

3 Results

3.1 Glance Chain

Table 1 depicts the percentage of compliance between subjective and objective eye
fixations related to the predefined AOIs. They are listed starting from the tool center
point (TCP, I) over the robot arm (II – VI) till the basis platform (VII).To get a better
understanding of the glance chain sequence, methods similar to hierarchical and nearest
neighbor clustering [20] were applied.Hence the first criteria for the clustering process
was which AOI had the highest compliance(hc) within the glance moments (a – g).
Based on that decision the second criteria nearest partner and highest compliance (np-
hc) was applied.

Related to the above mentioned criteria the following results can be outlined. The
first glance of the participants started at VI + VII = 48.14 % and continued its path to
V + VI = 42.85 %. This indicates the assumption that the subjects wanted to know what
and especially where the thing in front of them is standing. The very next glance went
up to the cluster I + II = 60.72 % which leads to the assumption that the subjects
wanted to get an impression of how tall respectively big the robot in front of them is. In
addition to that a supplementary explanation could be that the participants also wanted
to identify the most external point of the robot. The point that could most likely reach
them. As was expected the glance followed to the very back of the main hand-axis of
the robot III + IV = 44.44 % (IV + V would have had a higher compliance, but the
AOIs violated the criteria of the nearest partner and the combination was excluded).
The gathered data show that the glance followed its path over V + VI = 48.15 % until it
closed the circle at VII = 37.04 % (VI has only 3.70 % and was excluded due to very
low compliance value).

As the glance chain follows a common path from the bottom basis (VII, VI) of the
robot to the main axis and in detail to the TCP (I), the examiner used the main axis for
the distraction by contrast part of the experiment. That sounded plausible because as
the first glance was at the base, a more or less harmless object, the second glance went
up to the hazardous seeming TCP. Hazardous because many subjects replied that this
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part would be the first that would hit them, in case of a malfunction or other con-
ceivable accidents.

3.2 Distraction by Contrast

The results in the second part of the experiment are divided in subjective (question-
naires) and objective (eye tracking data and amount of folded cardboard boxes)
analysis.

Subjective Analysis. The standardized questionnaires State-Trait Anxiety Inventory
(STAI) [21] and NASA – Raw Task Load Index (NASA-RTLX; in contrast to the
original NASA-TLX [22] it’s applied without weighting before the measurement) were
used to measure the emotional state and subjective strain of each attendee. The results
for STAI-S (state) before the experiment (M = 35.13, SD = 5.97) and after the
experiment (M = 35.00, SD = 7.69) do not differ significantly, t(15) = .078, p = .47.
Also the comparison for STAI-S (state) before respectively after the experiment and
STAI-T (trait) (M = 36.5, SD = 8.87) indicated no significant differences, t(15) = −1.15,
p = .13 and t(15) = -0.70, p = .25. The results for the NASA-RTLX reveal that there is
no significant difference in workload between the two contrast conditions; white –

black (M = 31.81, SD = 20.19) and black – black (M = 31.5, SD = 22,17); t(15) = 0.16,
p = .44. Whereas the baselines do show a significant lowering trend from baseline 1
(M = 35.25, SD = 19.26) to baseline 2 (M = 29.06, SD = 19.77); t(15) = 2.10, p = .03.

Objective Analysis.
Eye tracking data.

The results of the eye tracking data show that the mean number of glances for the
high contrast condition white – black (M = 3.54, SD = 1.86) are significant higher than
low contrast condition black – black (M = 1.86, SD = 0.90), t(12) = 2.26, p = .02,
r = .50 (Fig. 7). The mean number of glances divided in two groups (eight experts,
eight novices) is depicted in Fig. 8. The mean number of glances for experts in the
condition white – black (M = 5.17, SD = 3.55) showed a significant difference to the
condition black – black (M = 2.83, SD = 2.79), t(5) = 3.80, p = .01. While the mean

Table 1. Percentage of compliance between objective eye fixation and subjective impression of
fixation related to the areas of interest (AOI) depicted in Fig. 6; a–g represents the sequence of
glances.
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number of glances for novices didn´t differ significantly for white – black (M = 2.14,
SD = 2.54) and black – black (M = 1.71, SD = 1.98), t(6) = .29. At this point it also
have to be mentioned that there is a considerable difference between the two contrast
conditions Δx(expert) = 2.34 and Δx(novice) = .43. No significant differences could be
found for the mean values of experts and novices within each contrast condition. White
– black: experts (M = 5.12, SD = 3.54), novices (M = 1.86, SD = 0.90), t(11) = 1.80,
p = .10. Black – black: experts (M = 2.83, SD = 2.79), novices (M = 1.71, SD = 1.98), t
(11) = 1.80, p = .42. The data for the mean duration of glances are similar to the
number of glances, but do not result in a significant difference: white – black
(M = .49 s, SD = .34 s), black – black (M = .36 s, SD = .17 s), t(9) = 1.23, p = .13).

Folded boxes
No significant differences could be found in terms of folded boxes between the two

contrast conditions: white – black (M = 7.25, SD = 1.69), black – black (M = 7.75,
SD = 2.38), t(15) = −.97, p = .17. As well as no significant group effect for previous
experience (expert – novice): F (3.13, 1) = .47, p = .50 (one-way repeated measures
ANOVA).

Fig. 7. Mean number of glances for the two contrast conditions white/black and black/black;
(error bars indicate the standard deviation); error bar = confidence interval (CI).

Fig. 8. Mean number of glances divided in groups (expert, novices) and contrast conditions;
error bar = CI.
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4 Discussion

In the conducted study it could have been shown that human operators, represented by
the selected sample, are perceiving an common six-axis industrial robot in a certain
way. The participants started looking at the robot with a considerable high compliance
at the bottom base and went up to the TCP. This admits the following interpretations.
First of all the start at the bottom could be associated with the reason that the subjects
wanted to know “where is this thing in front of them standing” and second with the
glance going to the upper part “how large this object is”. The very intense glance at the
TCP could be explained by the effect that the participants realized (because of expe-
rience, knowledge about robots etc.) that this is the main effective and moving point of
the robot. A collision with the moving robot would be most possible at this point. It
also could be shown that the participants apparently wanted to catch the whole object in
front of them by closing the glance chain in two different ways. The first one was
moving on from the TCP to the very back of the main axis of the robot and following
the robot geometry to its base. The second group reversed its sequence from the end of
the main axis back to the TCP followed by the base. So some of them were interested in
the middle part of the robot some of them not.

With these results in mind the second part of this study was focusing on the
apparently awe-inspiring main-axis (also called hand-axis) of the robot. The results of
the standardized questionnaires STAI and NASA-RTLX revealed no anxiety or
overload caused by the robotic system. One main reason for no significant effects in
this area could be found in the review of the interaction itself. The robot was acting
considerable far away and the degree of interaction, within the aforementioned coex-
istence was quite low. Even so significant effects could have been found for the two
contrast conditions (r = .50). As was expected the higher contrast (white – black)
caused more distraction than the lower contrast (black – black). It is important to
mention that distraction in this very case is only described by the number of glances
away from the primary task to the moving robot arm. It has to be outlined that there
could not be measured any differences in the performance respectively efficiency of the
primary task (folding and sorting boxes).

What also rises attention is the result that the group of experts showed a higher
number of glances to the robot arm in both contrast conditions. From the authors’ point
of view a possible reason could be that the experts expected a, in some way, closer
interaction with the robot and therefrom checked the robot movements from time to
time. This difference in number of glances was amplified because of non-biased
novices that were in some kind more naive and didn’t expect any closer interaction or
even harm resulting from the robot.

In short, the study shows that the perception of a robot by a human operator can
consist of a size and hazard assessment and justifies the importance of a well designed
visual appearance. The second in that form novel experimental part reveals that there is
a kind of distraction caused by high contrast robot arms working next to a human.
Consequently, depending on the use case, the developer of new production systems,
involving HRI, should consider if a higher distraction respectively attention is neces-
sary or hindering.

Black or White? Influence of Robot Arm Contrast on Distraction 197



Acknowledgments. The authors would like to acknowledge the German Federal Ministry of
Education and Research (BMBF) for funding the project KobotAERGO (kobotaergo.de), in
which this study was realized. We appreciate the opportunity to have carried out this study.

References

1. World Robotics (2014). Executive Summary – World Robotics 2014 Industrial Robots, 02
October 2014. http://www.worldrobotics.org/uploads/tx_zeifr/Executive_Summary_WR_
2014_01.pdf

2. Schlick, C.M.: Industrial Engineering and Ergonomics: Visions, Concepts, Methods and
Tools: Festschrift in Honor of Professor holger luczak. Springer-Verlag, Heidelberg (2009)

3. Da Silveira, G., Borenstein, D., Fogliatto, F.S.: Mass customization: literature review and
research directions. Int. J. Prod. Econ. 72(1), 1–13 (2001)

4. Frieling, E.: Alter(n)sgerechte Arbeitssystemgestaltung in der Automobilindustrie: Die
demografische Herausforderung bewältigen, 1st edn. GRIN Verlag (2010)

5. Lotter, B., Wiendahl, H.P.: Montage in Der Industriellen Produktion. Springer-Verlag,
Heidelberg (2006)

6. DIN EN ISO 10218–2.: Robots and Robotic Devices – Safety Requirements For Industrial
Robots – Part 2: Robot Systems and Integration, Beuth Verlag GmbH, Berlin (2012)

7. Matthias, B.: Industrial Safety Requirements for Collaborative Robots and Applications.
ERF 2014 – Workshop: Workspace Safety in Industrial Robotics: trends, integration and
standards (2014). http://www.eu-robotics.net/cms/upload/euRobotics_Forum/ERF2014_
presentations/day_2/Industrial_HRC_-_ERF2014.pdf

8. Bortot, D., Hawe, B., Schmidt, S., Bengler, K.: Industrial robots - the new friends of an
aging workforce? In: Proceedings of the 4th International Conference on Applied Human
Factors and Ergonomics. San Francisco, 21–25 July 2012. FL: CRC Press, Boca Raton,
pp. 253–262 (2013)

9. Bortot, D.: Ergonomic Human-Robot Coexistence in the Branch of Production. (Dissertation
at the Technische Universität München) Press Dr. Hut (2014)

10. Dodge, R., Daly, A.P., Huyton, J., Sanders, L.D.: The challenge of defining wellbeing. Int.
J. Wellbeing 2(3), 222–235 (2012)

11. Etherton, J.: Safe Maintenance Guidelines for Robotic Workstations. National Institute for
Occupational Safety and Health, Morgantown (1988)

12. Pot, F., Koningsveld, E.: Quality of working life and organizational performance-two sides
of the same coin? Scandinavian. J. Work, Environ. Health 35(6), 421–428 (2009)

13. Hancock, P.A., Billings, D.R., Schaefer, K.E., Chen, J.Y., De Visser, E.J., Parasuraman, R.:
A meta-analysis of factors affecting trust in human-robot interaction. Hum. Factors: J. Hum.
Factors Ergon. Soc. 53(5), 517–527 (2011)

14. Bainbridge, W.A., Hart, J., Kim, E.S., Scassellati, B.: The effect of presence on human-robot
interaction. In: Proceedings of the 17th IEEE Symposium on Robot and Human Interactive
Community, pp. 701–706. Munich, Germany (2008)

15. Tsui, K.M., Desai, M., Yanco, H.A.: Considering the bystander’s perspective for indirect
human-robot interaction. In: Proceedings of the 5th ACM/IEEE International Conference on
Human Robot Interaction, pp. 129–130. Association for Computing Machinery, New York
(2010)

16. Beauchamp, Y., Stobbe, T.J.: The effects of factors on the human performance in the event
of an unexpected robot motion. J. saf. res. 21(3), 83–96 (1990)

198 J. Schmidtler et al.

http://www.worldrobotics.org/uploads/tx_zeifr/Executive_Summary_WR_2014_01.pdf
http://www.worldrobotics.org/uploads/tx_zeifr/Executive_Summary_WR_2014_01.pdf
http://www.eu-robotics.net/cms/upload/euRobotics_Forum/ERF2014_presentations/day_2/Industrial_HRC_-_ERF2014.pdf
http://www.eu-robotics.net/cms/upload/euRobotics_Forum/ERF2014_presentations/day_2/Industrial_HRC_-_ERF2014.pdf


17. Or, C.K., Duffy, V.G., Cheung, C.C.: Perception of safe robot idle time in virtual reality and
real industrial environments. Int. J. Ind. Ergon. 39(5), 807–812 (2009). doi:10.1016/j.ergon.
2009.01.003

18. Posner, M.I., Snyder, C.R., Davidson, B.J.: Attention and the detection of signals.
J. Exp. Psychol. Gen. 109(2), 160 (1980)

19. Lange, C., Spies, R., Wohlfarter, M., Bubb, H., Bengler, K.: Planning, Performing and
Analyzing eye-tracking and behavioral studies according to EN ISO 15007–1 and ISO/TS
15007-2 with Dikablis & D-Lab. In: Proceedings of the 3rd International Conference on
Applied Human Factors and Ergonomics, Miami (2010)

20. Jain, A.K., Murty, M.N., Flynn, P.J.: Data clustering: a review. ACM comput. surv. (CSUR)
31(3), 264–323 (1999)

21. Kendall, P.C., Finch Jr., A.J., Auerbach, S.M., Hooke, J.F., Mikulka, P.J.: The state-trait
anxiety inventory: a systematic evaluation. J. Consult. Clin. Psychol. 44(3), 406 (1976)

22. Hart, S.G., Staveland, L.E.: Development of NASA-TLX (Task Load Index): results of
empirical and theoretical research. Adv. psychol. 52, 139–183 (1988)

Black or White? Influence of Robot Arm Contrast on Distraction 199

http://dx.doi.org/10.1016/j.ergon.2009.01.003
http://dx.doi.org/10.1016/j.ergon.2009.01.003

	Black or White? Influence of Robot Arm Contrast on Distraction in Human-Robot Interaction
	Abstract
	1 Motivation -- Perception of Robot Motion in Human-Robot Interaction (HRI)
	1.1 What Is HRI, What Are the Benefits, and How Can They Be Achieved?
	1.2 What Means Well-Being and Optimal Performance in Terms of HRI?
	1.3 Influencing Factors in HRI

	2 Method
	2.1 Participants
	2.2 Experimental Design, Apparatus, and Procedure

	3 Results
	3.1 Glance Chain
	3.2 Distraction by Contrast

	4 Discussion
	Acknowledgments
	References


