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The touch appeal: Why touching things is so popular in
Human-Computer Interaction

Stefan Brandenburg & Nils Backhaus
Technische Universitat Berlin
Germany

Abstract

This paper utilizes a theoretical framework (the model of user experience) to
describe the appeal of touch interfaces. Therefore it starts \bitiefadiscussion of

the framework. In the second part it presents empirical evidence undermining the
theoretical claims. Study results show that theoretical claims are partially supported
by the data. The findings are in line with previous research. @perpconcludes

that the touch appeal derives from the structure of the (task) environment.

Introduction

Touchsensitive graphic user interfaces are implemented in a wide range of technical
artefacts. However, Humabomputer Interaction researchers stijl to explain why
this type of interaction is so popular.

For example, Drewitz and Brandenburg (2010) proposed a framework (model of
user experience) that relates characteristics of interfaces to feelings of ease of use
and joy of use (Davis, 1989). Basex this framework, touch interfaces structure the
environment in which an operator solves his tasks. They address mechanisms like
affordances, constraints, etc. In turn, these mechanisms foster the elicitation of
immediate behaviour and, finally, both lieg of ease of use and joy of use (Drewitz

& Brandenburg, 2010; Brandenburg et al., 2013). Therefore, based on Drewitz and
Brandenburg (2010) touch interfaces are appealing because of their structured
environment.

The structured environment of touch interfaces

Based on the model of user experience, all environments are structured with respect
to four characteristics: affordances, constraints, attraction of attention, and mapping
(Drewitz & Brandenburg, 2010).

Affordances provide action opportunities. 1879 Gibson suggested that people do
not just perceive an object. Instead, they additionally assess what an object affords to
them. Based on peopliesackground knowledge and motivations, the same object
has different affordances. Therefore, affordancesnaither a property of an object,

nor a property of the artefact. They emerge depending on both, the properties of the
artefact (i. e. weight, structure) and the observer (i. e. knowledge and motivation).

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.)2014). Proceeding®f the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org



6 Brandenburg & Backhaus

Hence, learning changes affordances as soon ashahges the background
knowledge of learners. In turn, to specify affordances one needs to consider
specifications of the environment and the observer. An affordance relates properties
of the environment to perceived action possibilities for the obsé@ibson, 2000).

In line with Gibson (1979), Norman (1988) proposed that affordances provide
knowledge to the operation of things. He stated that affordances are on hand if users
of technical artefacts are enabled to apply their previously gained knowtedge
current interaction. In line with Norman (1988), we think of affordances as pointed
out by Greeno (1994, p. 338jtn any interaction involving an agent with some
other system, conditions that enable that interaction include some properties of the
agent along with some properties of the other system. [...] The term affordance refers
to whatever is about the environment that contributes to the kind of interaction that
occurso In line with the Gibsonian idea of affordances, we assume that affordance
congruent behaviour is fast and unconscious. Till now, affordances have been
intensively studied and partially successfully implemented in interface design (e. g.
Vogel et al., 2011).

Having a lot of competing affordances, the user can only follow oneeof it a

time. Therefore the design of an artefact has to be constrained. In human computer
interaction constraints are limitations in the interface or the operational concept of
the artefact. For example, limiting the number of actions that can be exetwed

time increases the chance that a user accomplishes his interaction goal. Norman
(1988) pointed out that the usérsental model should map to the designers model

of an artefact and both communicate over the system image. Therefore it is
important tha the environment that is created by the artefact maps to the users
knowledge in terms of appearance and functionality (cf. Norman, 1988).

Finally, attraction of attention means that system designers apply (visual, auditory,
etc.) cues to attract the uéeattention. Moreover, designers use these cues to guide
the uses attention towards subsequent interaction steps. For example, Vogel et al.
(2011) found that using colour to guide the d@settention through the interaction
fostered interaction and ireased positive user experience. They concluded that
highlighting subsequent interaction steps relieves users working memory and thus
decreases cognitive strain.

Touch interfaces met most of these characteristics. Since the operating principle of
these intrfaces mainly relies on (simulated) 3D Buttons, the affordance of pressing
them is very prominent (cf. Vogel et al., 2011). Moreover, as Vogel et al. (2011)
also pointed out, semantically meaningful icons additional foster affordance
congruent behaviouHowever, touch interfaces are also heavily constrained in
terms of hardware. They mostly provide a large screen almost without any hardware
buttons. Thus the number of competing affordances (pressing barsbftware
buttons) is reduced. Regarding thewfteare, touch interfaces are also very
constrained. Due to the minimum size of software buttons and limited screen size
only a limited amount of action properties can be presented (cf. Backhaus &
Brandenburg, 2013). This reduces the number of competfogdahces as well. If
designers attract the attention of users and map the interface structure to e user
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mental model, the effects of the structured environment on behaviour and his or her
experience might be positive.

Effects of the structured ensimment on behaviour and experience

According to the framework of Drewitz and Brandenburg (2010) the structure of the
environment determines the degree of users Immediate Interactive Behaviour (Neth
et al.,, 2007); knowledge acquisition (Ease of InductioanBenburg et al., 2009)

and feelings of ease of use and joy of use (Davis, 1989). The concept of immediate
interactive behavioui...] entails all adaptive activities of agents that routinely and
dynamically use their embodied and environmentally embeddéate to support

and augment cognitive processedeth et al. 2007, p. 33). That means the sers
interaction with the environment utilizes simple interaction routines (i.e. tapping or
pressing) which are fast (1/3 to 3 seconds), intera¢timmsive and without
cognitive effort (Neth et al., 2007). There is no deliberate behaviour that can occur
on a time scale smaller than that of immediate interactive behaviour (cf. Newell,
1990). The application of simple interaction routines on the one hand alters the
environment the agents are acting in and they alter the state of the operators
cognitive systenmon the other hand (Neth et al.,, 2007). Its application impacts
subjectd motivation due to the experience of their ability to make progress in their
interaction. Furthermore, people have feelings of competence based on the
successful application of theknowledge (Drewitz & Brandenburg, 2010). If the
skill acquisition is facilitated due to the appearance of IIB, operating knowledge (i.e.
rule based knowledge) is acquired easily by induction (Brandenburg et al., 2009).
Brandenburg et al. (2009) point outat the subsequent execution of simple
interaction routines increases the probability that these actions will be linked up with
each other and merged into new (procedural) knowledge. In consequence people
will experience feelings of ease of use. Examplas such mechanisms of skill
acquisition are provided by recent theories of cognition, for instance the production
compilation mechanism in ACR (Anderson et al. 2000). Closely linked with the
ease of use is the joy of use (Davis, 1989). When people axbnshow
immediate interactive behaviour, ease of induction as well as positive emotional and
motivational reactions occur (Drewitz & Brandenburg, 2010; Brandenburg et al.,
2013). Again, while proceeding in a task, people become aware of the progyess the
make. Not getting stuck in an impasse but approaching the interaction goal is
accompanied by feelings of success andeififacy. As touch interfaces meet most

of the characteristics of the structured environment, users should show high levels of
immedate interactive behaviour, ease of induction and positive feelings of ease of
use and joy of use if being confronted with a touch interface. As pointed out earlier,
even the software running on a touch interface can further increase the touch appeal
of these artefacts. As in previous works (e. g. Brandenburg et al., 2013) the focus on
this paper lies on the software design of touch interfaces.

Research bjectives

So far, empirical investigations did not yet deliver clear evidence for the aspect of
software affordances (e. g. Brandenburg et al., 2013). Therefore the present study
investigates the role of affordances for the emergence of user experience on a multi
touch table. Based on the theoretical input it can be assumed that the presence of
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affordance does facilitate subjedéperformance and leads to more positive user
experience compared to their absence. To demonstrate that affordances do affect
immediate interactive behaviour and user experience differently than standard
signals, we included thergsence or absence of arrows as standard signals in the
experiment as well (see also Norman, 1999). In contrast to affordances, standard
signals are conveyed culturally and their symbolic meanings have to be learned
explicitly. Artificial visual indicatorsare often described as signs or symbols (Petocz

et al., 2008). Following Petocz et al. (2008), signs are arbitrary cues that convey a
pre-defined message. Thus, signs and symbols are not affordances (Norman, 1999).
fiThey are examples of the use of a stamed visible conceptual model, appropriate
feedback, and shared, cultural conventior®lorman, 1999, p. 41). Arrows are
some kind of symbols, defined as a line with one end marked, inducing an
asymmetry (cf. Kurata et al., 2005). Arrows have a divexsityemantic roles, e.g.
moving direction, physical change, labelling, focusing attention, which have to be
learned and distinguished in a given situation (Kurata et al., 2005). Since arrows are
a somewhat well learned signal, their presence should ircieasediate interactive
behaviour and thus elicit a more positive user experience compared to their absence.
However, the positive effect of affordances should be larger than the effect of
signals.

Including both factors in a 2x2 between subjects desigmas possible to test the
single and joint effects of both types of information on subjgmsformance and
experience.

Method
Subjects and aterial

A total of N = 48 multitouch table novices (aghl = 25.9,SD= 4.5, 17 female/31
male) voluntaly participated in the experiment. The mutiuch interface consisted

of a text box presenting the actual task, a working environment and three blue
squares on the right hand side (see Fig.1). These three objects had to be manipulated
using different gestres. The subjedidask was to execute the right gestures for
rotating, scaling and cutting a blue square (see Fig.2). In the experiment, all subjects
saw (light) touch areas indicating where they had to place their fingers. The arrows
were presented tdé subjects in the corresponding group, only. Affordances were
defined as an initial movement of the object into the direction of gesture execution.
For example, for scaling a blue object, subjects put their fingers in the lighted
corners of the blue squarAs soon as both fingers were placed in opposite corners,
the object started to gradually enlarge itself to 130 percent of its original size. Then
it shrunk back to the original size. This movement was repeated as long as
participants started to executee gesture. Additionally, participants were asked to

fill in the NASA-TLX (Hart & Staveland, 1989) to assess their subjective
experience.
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I""ﬁ‘- Please move an objectinto € textbox
pu the working space

current task

working space

Figure 1 Experimental environment presented on the rtolich table

a) rotate b) scale ¢) cut

Figure 2. Visualization of the three gestures. In the experiment, all subjects did not see the
(light) touch areas. The arrows were presented to the subjects in the corresponding group,
only. Crosses are shown for visualization purposes.

Procedure andx@erimentddesign

All subjects were randomly assigned to one of the four experimental groups. First,
subjects familiarized themselves with the mtdtich table in an exercise trial. In

this first trial, participants tested the movement of objects and the-towdti
surface sensitivity. Therefore, subjects were asked to move one of the three squares
from the right hand side (see Fig.1l) into the working space. Now participants
received the instruction that their task was to execute the three different gestures:
rotae, scale and cut (see Fig.-@athree times. Hence each subject accomplished
three trials, each of them containing all three gestures. The mapping of gestures to
objects was randomized over subjects and trials. Hence, it was impossible to
associate an g¢éct with a special gesture. For each manipulation of a square,
participants dragged one of them into the middle of the working space. Then, they
read the current task in the interfaces text box. If participants felt that they
understood the task, they psed the start button and initiated the gesture execution.
At the end of each trial all participants filled in the NASAX. The entire
experiment took about 30 minutes.

Two independent variables were manipulated, both as betswdgects variables:

affordances that we defined as object movements indicating the gesture specific
direction of finger movements and signals that were set out as arrows showing the
gesture specific direction of finger movements. Furthermore the three manipulations
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(rotate, scalegut) as well as the three trials were included as wihinjects factors.
Dependent variables were defined tste to first clickthat was assessed from the
pressing of the start button to the initial manipulation of the object in the working
space (it erved as one measure of immediate interactive behaviour, see also Drewitz
& Brandenburg, 2010)total task timethat was measured from pressing the start
button to the end of task, i.e. the time to correct task accomplishment. It assessed the
degree of eas of induction.Immediate interactive behaviouwas defined as a
(reaction) time to the first click that was faster than three seconds. Hence the time to
first click was transformed in a dichotomous variable with the categoni@ediate
interactive behawur (time to first click < 3 sec) ando immediate interactive
behaviour(t i me to first click O 3 sec) for
people showing immediate interactive behaviour have been summed up to get an
overall score.

Results

A 2 (Affordances, (aff)) x 2 (Signals (sig)) Analysis of Variance (ANOVA) was
calculated for the time to first click, the total task time, immediate interactive
behaviour and subjective measures (NABIAX). A reparametrized model (Fox,
2008) has been built armbntrasts for each hypothesis have begssted in form of
parametric functions * & In addition, effect sizes (Coh@&nd) are reported for
each test following Cohés (1988) interpretation (small effedtO 30 medium
effectd O S0large effecd O 8). .

Overall mean time to first click showed a significant, medium effect as to
affordancest(44) =-2.059,p = 0.023,d = -0.651) but neither significant effect as to
signals nor as to the interaction of both factors (see Fig.3a). The influence of
affordance was not significantly larger than the signal influence, although a small
effect could be foundt@4) = 1.003p = 0.161,d = 0.317) showing that the impact

of affordances (natural indicators) on the time to first click is larger than the impact
of signals (artificial indicators). Large immedidéarning effectgsee Fig. 3b) were
obtained over all gestureg44)=-3.48,p = 0.001,d = -1.1). These learning effects

did not differ between the conditions of affordances or signals or the interadtio
both. No significant learning effeat ©0.3) occurred from trial 2 to trial 3.

@ @ 9 *\ — aff+ sig+
x © < \\ ----- aff+ sig-
C S o | -~ aff-sig+
7 o B — [~---- aff- sig-
e« °
g g TR B SN N
= s TR T/
T T 1 \ T
aff- aff+ T1 T2 T3
Affordance Trial
a) b)

Figure 3. The Effect of a) affodances and signals on TFC and b) learning on TFC

each

of

t

he
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With respect to the total task time (time needed to manipulate a square) large
learning effectvas observed from trial 1 to trial 2 over all groutfd4)=-4.157,p <
0.001,d = -1.314). The learning effect from trial 2 to trial 3 was significant but of
smaller effect size t(44)= -1.868,p = 0.034,d = -0.591). Analysis revealed a
tendency for immediate interactive behaviour occurring more often in the group with
affordances (Fig. 4) than in the group without affordantd€) = 1.568p = 0.062,

d = 0.496). For signal conditions, the interaction of signals and affordances as well
as for the comparison of signals and affordances, neither significant differences nor
notable effects were found.

For the subjective data (NASALX) no significant main effectarere found, neither

for affordance nor signal. However, large effects of the repeated measures factor
time were obtained for all scales of the NASAX and the overall scord=-values

were larger tharr = 5.49,p-values smaller thap = 0.01 for all scaleand effect

sizes larger than eta = 0.35. Bonferroni corrected-iposttests showed that for
almost all scales subjective strain decreased from first to secongvialugs were
smaller tharp = 0.01) and from first to third trialpfvalues were smaliehanp =

0.01). Only for cognitive and temporal strain, subjects indicated no change in strain
between first and third measurement. However, no scales differed significantly
between second and third point in tinpevalues were larger thgn= 0.20).

—_ 9

9]
2o ™~ sig-
=3 — .
o < — sig+
c o
—_ 3 .
Lo o
cyg
(0] = B
6 9 |
89 5
8%
E q) N
Em o |

< \ \
aff- aff+
Affordance

Figure 4. The effect of affordances (aff) and signals (sig) on IIB

Posthoc power analysis

Posthoc power analysis should estimate the minimum effect size of tests used in

prior analyses of experimental data. Power analysis was calculated for a saMple of

= 48,U= 0.05,b = 0.2, and onsided ttests in the parameterizé&dx 2 ANOVA

model. For a power of-b = 0.8 effects ofdf O 0. 73 should be found signific
Given the obtained power, it was only likely to detect large effects. Hence, small to

medum effects might have been missed in the present study.

Discussion

The present work claims that the appeal of touch interfaces dates back to the way
they structure the interaction environment. A mtdtich environment was set up
testing the effects ofre aspect of the structured environment on suldjbetsaviour
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and experience. Therefore the effects of two forms of support (i.e. signals and
affordances) on usdyperformance and experience were tested based on the model
of user experience framework @witz & Brandenburg, 2010). First, it was
hypothesized, that the presence of affordances facilitates thépsdgmmance and
experience. Overall, empirical data revealed partial support for this hypothesis. More
specifically, subjects initiated an iné&tion more quickly (i.e. time to first click was
lower) if affordances were present. In addition, affordances fostered the occurrence
of immediate interactive behaviour. The results are partially in line with previous
findings (e.g. Brandenburg et al., 2&) and theoretical considerations (Scarantino,
2003; McGenere & Ho, 2000). For example Brandenburg et al. (2013) showed that
affordances did foster the subjetisitial reaction to the artefact and the task
completion times. However, here the effect tibances depended on the presence
of signals (Brandenburg et al., 2013). In the current study, affordances clearly
outperformed signals regarding the time to first click and immediate interactive
behaviour. Theoretical considerations about the inner ingsk of affordances
deliver additional support for the presented results. Following Gibson (1979) and
McGenere and Ho (2000), direct interaction fosters direct perception. In turn, direct
perception leads to the fast execution of actions based on peraffioethnces (see

also Albrechtsen et al.,, 2001; Costall, 1984; Scarantino, 2003). Nevertheless,
subjective strain ratings did not support the interpretation that users benefit from
affordances in multtouch interaction. Further investigations should wtber
methods to assess user experience in these contexts, since NASIA no user
experience measure in the proper sense.

In addition to the hypothesized effects, large learning effects were obtained.
Interestingly, participants mostly learned withinetHirst trial. After having
performed the gestures once, they were significantly faster in the second trial. After
that no further significant learning occurred. This result is in line with previous work

of Drewitz and Brandenburg (2010) and Brandenburglef2013) who obtained
similar learning curves for time to first click. However, this investigation also
revealed some shortcomings. With respect to performance data, large error variances
occurred which might have hindered smaller effects to becomdficign. One

reason for this methodical issue is assumed to be due to missing information of
location for the index fingers. In other words, if subjects did not know where to put
the fingers, they were likely to search for the points of location at tharbeg of

the gesture execution process. Thus, this search operation might influence empirical
as well as subjective data. Regarding subjective data, the present experiment focused
on ease of use. Therefore, further studies should focus on the assedgmosiiive

user experience as well. Hence emotions play an important role in user experience
processes and influence subjective experience in touch interaction.
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Transitional Journey Maps: Capturing the dynamics of
operational policing

ReinierJ. Jansen, René van Egmond, Huib de Ridfi&acha Silvester
Delft University of Technology, The Netherlands

Abstract

Operational police work can be characterized by the continuous switching between
surveillance, responding to incidents, and office activities. Transitions between these
activities are initiated by radio contact, messages on a mobile data terminal, or
persmal observations. Thdinformation environmer emerging from these
channels may cause cognitive overload during demanding activities. Although the
notion of fragmented work is acknowledged in police literature, detailed descriptions
are lacking. The goaidf this study is to better understand cognitive load in police
officers by capturing the dynamics of operational policing. Ten officers of the Dutch
police force were accompanied while on patrol with their car. The method of
contextual inquiry was used tollect 28 hours of data. Activities were mapped on a
pre-defined set of categories. Attention was paid to how officers experienced their
information environment while performing these activities. All was captured in the
Transitional Journey Map, a new retl to visualize workflow. The Transitional
Journey Map augments a sequence of activities with experiential and contextual
information. This method was used to identify cognitive overload situations and
differences between solo ardlal patrol work. Thesdnsights are relevant for
improving the information system that assists officers in their patrol vehicle.

Introduction

fiAfter a short break at the police station, C. and S. return to their surveillance duty.
The dispatcher callstA missing young girl msibly showed up at relatives and
should be picked upWhile S. tries to write down the address in his notebook, they
realize they missed the dil full name and the house number. S. feels stupid for
having to ask again. Directly afterwards an alarm go#fs S. glances at the mobile
data terminal:dté a white vehicle with an unpaid fid€. looks around, locates the

car, and immediately makes a turn. Just as S. tries to request information on the
driver, the dispatcher interrupts hindVe are detachigyou from the previous call.
Someone has been spotted in a building that burned down lasb@ee&cognizes

the address, turns the car again, and accelerates. On their way, S. declines another
alarm with a lower priority. They arrive at the scene omiinutes later, to find a

man in ragged clothes carrying a bag full of coppd(field notes from the present
study)

This example illustrates how police officers are faced with a perpetual switching
between activities, often resulting from the technologst tsurrounds them. The

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.)2014). Proceeding®f the Human Factors and Ergonomics Society

Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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Dutch police force is currently looking for ways to improve the information system
of their police vehicles, including pushing information (e.g., neighbourhood updates,
onboard training) to the vehicle. A central question is how mmirformation
officers can process in various work situations. Streefkerk et al. (2006) argued that a
mobile police information system should be cori@wiare (i.e., involving time,
location, environmental, and social factors) to prevent cognitive overibaid
implies that the dynamics of police work should be taken into account for the
development of sucasystem. For example, indications on average time spent on an
activity and the corresponding cognitive load may assist in determining the length
and @propriateness of an information event (i.e., a moment during which
information is presentedfs will turn out, a detailed description of work dynamics

is lacking in police literature. Therefore, the goal of this study is to better understand
cognitive laad in police officers by capturing the dynamics of operational policing.
First, a background on operational policing, equipment, and activities is discussed.
Next, a new approach to visualize workflow is applied to the data of a field study.

Operationalpolicing in The Netherlands

The Dutch police organisation consists of one national unit, and ten regional units.
The national unit deals with, e.qg., highway patrol, organized crime, and terrorism. In
addition, two types of police work can be found in aagegl unit(Stol et al, 2004):
community policing (Dutch:&ebiedswer and operational policing (Dutch:
oodhul@. Community policing is practive and preventive, and involves
considerable time on networking with civilians (Stol et al., 2004; Smi#h ,e2001).
Operational policing on the other hand is mostly reactive: it is time and safety
critical work based upon officers attending incident sites by car (Sgrensen & Pica,
2005). The scope of this paper is operational policing. For this type of eack,
police station employs a number of concurrently operating police vehicles. Two
officers usually occupy one vehicle, although some regions are experimenting with
additional solo patrol vehicles. When an operational police team in The Netherlands
is na assigned to a current call, officers typically spend their time on criminal
investigation (i.e., based on assignments handed out during briefing), or law
enforcement (e.g., surveillance, traffic control).

A police officeés information environment

Theinformation environment of a patrolling officer consists of numerous concurrent
visual and auditory channels. The patrol car is qupdpwith a specialized imehicle
information and communication system. The Mobile Data Terminal (MDT) is a
touch screen déce positioned on the vehicle consolebigtween the driver and €0
driver, providing the officer with a number of functionalities (see Figure 1). First,
the vehicle is equipped with an Automatic Number Plate Recognition (ANPR)
system. This system comparésnse plates scanned by-board cameras with a
database of delicts linked to specific number plates. In caséhitiaan alarm can

be heard through the darspeakers, and information on the vehicle is displayed on
the MDT. Additionally, officers us the MDT to acquire information on a person, to
control the lights on top of the car, and for navigation.
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Figure 1. View on the cockpit of a police vehicle. The Mobile Data Terminal is located
between the driver and atriver.

There are two main modes of communication between the control room and
patrolling officers: direct contact using a mobile phone, andway broadcasting.
Regarding the latter, officers are equipped with a portophone for radio contact,
which consists of aearpiece, a microphone, and a channel selector. Additionally,
the vehiclés interior loudspeakers may be used. Broadcast radio messages typically
start with a numerical code consisting of the region and the team it is intended for.
Consequentially, offias continuously monitor incoming codes to detect if a call is
meant for them. Pen and paper are used to memorize details of a call, as well as
observations made when dealing with a call.

Monitoring this complex environment may have consequences on penimema
Multiple Resource Theory (MRT) predicts that thsigaring between two tasks is
best when they require the use of different processing staggs dognitive vs.
response), processing codesy(, spatial vs. verbal), and modalitiesg(, visual vs.
auditory) (Wickens, 2008). However, the independence of modalities claimed by
MRT has been criticized. For example, Spence and Read (2003) showed that dual
task performance decreases when the spatial location of an auditory speech
shadowing task does nobiocide with the spatial location of a visual driving
simulator task. Since police officers typically monitor incoming messages through
their earpieces (i.e., from one side), one can expect lowertaklalperformance

than would be predicted by MRT. Thedecrements may be enlarged when the
traffic conditions become more demanding (Patten et al., 2006), for example during
pursuits and high priority calls. Additionally, Anderson et al. (2005) found that
police officers frequently perform more than two tasks given time, which may

also result in performance decrements (e.g., Recarte & Nunes, 2003). Therefore,
designing the cockpit of a police vehicle requires an understanding of the situations
in which invehicle technologies are used.
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Fragmentation in plice work

Lundin and Nuldén (2007) identified five ways in which Swedish officers used their
patrol car:on their way to an incidedtén their way from an incidegtét the site

of an inciden &eneral surveillance when driving around or parked atpecific
locationj and @parked at the station handling detained people or paperévakk
comparable categorization was found in a study on British police officers interacting
with mobile technology (Sgrensen & Pica, 2005). Here, the researchers ditinguis
five primary activity typestwaiting in the car before an incidéhtdriving to an
incidenf ¢aking action at the incide@tdriving from the inciderit anddwaiting in

the car after an incideit Furthermore, they emphasize that thiscatied &gereric

cycle of operational policinfican be interrupted and rearranged due to intermediate
events (e.g., incoming calls with a higher priority). Borglund and Nuldén (2012)
share this statement, identifying work rhythm as problem area in the Swedish police
force:fiMuch of police work is characterized by interruptions. Planned and ongoing
activity can be discontinued at any time. Current routines and access to computer
based systems create a somewhat fragmented work situation for the dfficers.
Similar accourg have been reported for the U.S. (Straus et al., 2010) and Dutch
(Bouwman et al., 2008) police forces. Thus, the notion of fragmented work seems
acknowledged in literature on operational policing.

Given the continuous switching between activities, impartant to not only focus

on stationary cognitive load during an activity, but also to consider the effects of
transitionsbetween activitieon cognitive load. Yet, detailed investigations into
police routines are typically represented through actiagistics using a full work

shift as time window (e.g., Anderson et al., 2005; Frank et al., 1997; Smith et al.,
2001). These statistics do not provide information on whether an activity is executed
without interruptions, or about patterns of fragmentatidvioreover, these
investigations do not reflect police officérsubjective experiences related to these
activities.While attempts to characterize police work fragmentation using scenarios
(Borglund & Nuldén, 2012) or narratives (Sgrensen & Pica, 2005)ndode
subjective experiences, they too fail to quantify fragmentation. Therefore, the
present study aims to unite a qutaitve description of work dynamics with
subjective experiences related to cognitive load.

Method

A series of ridealongs with Dich police officers were arranged. Based on the
method of contextual inquiry (Beyer & Holtzblatt, 1997), officers were interviewed
and observed in their natural work environment, where they provided explanations
as their work unfolded.

Participants

Ten dficers (8 males, 2 females) volunteered to be accompanied in their patrol cars.
Each officer had at least two years of experience with operational policing. Four
ride-alongs were arranged, including three full eibbtur shifts and two shift
changes in tal. Hence, the vehicle was chosen as central focus duringlodgs,

while personnel configurations changed from shift to shift. Theaidegs included



Transitional Journey Maps 19

solo (2 cases) amdual patrol (4 cases). With durations varying between 4,5 and 11
hours, in totak8 hours of data erecollected. Colleagues of the officers often asked

the researcher about his presence during stops at the police station. Their comments
on work dynamics and organization are treated as part of the study results.

Apparatus

Data werecollected with pen and paper, featuring timestamps, descriptions of the
current activity, events in the offid@r information environment that caused a
transition to another activity (e.g., incoming calls, comments following an d¥icer
observation), anditterances that expressed influences on cognitive load. All data
werelogged on a template with six rows of gtefined activity categories. These
categories were based on the framework by Lundin & Nuldén (2007), consisting of
@riving to the incider@i engaging at the incidedtriving to the statio@ @riving
surveillanc§ @arked surveillande and ¢parked at the stati@nAs opposed to the
original framework, surveillance activities were logged separately for the driving
and nondriving category,as the corresponding cognitive load is likdly be
different.

Procedure

Before the ridealong began, the researcher explicitly stated that the study was not
intended to judge the officéFperformance. Agreements were made on safety and
privacy. Duringthe ridealongs, the researcher tried to minimize hindrance by
discretely observing what was going on. This #pamticipatory research approach
was at times violated, for example, when an officer asked for details about a recent
call. Existing studies recomend that the relationship with the officer should not be
sacrificed for the sake of minimizing reactivity (Stol et al., 2004; Spano & Reisig,
2006). Interestingly, such a question can be regarded as a verbalization related to
high cognitive load. Officer were occasionally asked to explain what happened
during transitions, but only if the work demands allowed for such concurrent reports.
Otherwise, they were asked to give a retrospective report shortly after the event.

Results

A new method to visualizevorkflow will be introduced. The method is used to
report findings on cognitive overload, and differences between solo ahpgadrol.

Transitional Journey Maps

Connecting consecutive activities and experiences logged in the data template gives
a sense of order and time. The graphical representation of these objective and
subjective data is referred to dsansitional Journey Map Four Transitional
Journey Maps we constructed, one for each rdi®ng. An example can be found

in the lower part of Figure 2. The excerpt shown on top corresponds with the
anecdote introducing this paper. The vertical axis displays six activity categories,
whereas time is found on theorizontal axis. The main actors are represented
through three thick lines: the police vehicle (red violet), the driver (dark blue), and
in case of dal patrol, the cedriver (light blue). Ajourneythrough activity
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Figure 2. Exerpt of a Transitional Journey Map. The horizontal and vertical axes display
time and six activity categories, respectively. Coloured lines refer to the vehicle (red violet),
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driver (dark blue), and cdriver (light blue). Additional details are describedthe text.

categories is created as the actors cross the underlying framework. Additional lines
may be used in case other actors come into play (e.g., the case of the copper thief,
here represented in orange). Stationary vehicles are depicted with a dashed line.
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Similarly, dashed lines are used when officers are having a break. Upon entering
their car, officeré corresponding lines are joined with the vehisléne. Segments
of activities are demarcated by the time between adjacent transitions.

A transition is defind as a change from one activity category to another one. In
Figure 2, transitions are labelled with yellow boxes, a character for the
corresponding ridalong, and a number for the order of occurrence. For example,
C2Frefers to a segment of previousiwity at the police station, and marks the
transition fromdarked at statidito driving surveillancé Descriptions for ongoing
activities are depicted in white boxes for quick reference. Because of its dominant
role in police work, instances of radi@romunication can be found in a separate
row. The thin alternating red and blue lines in Figure 2 show how messages are
going back and forth between the officers and the dispatcher (e.g., the call of the
missing girl).

Applying Transitional Journey Mape bperational policing

Visual inspection of a full Transitional Journey Map confirms the notion that police
work is fragmented. The lower part of Figure 2 shows periods of many short activity
segments followed by relatively long stretches of paperworkeipblice station.
This is reflected in the boxplots of Figure 3, which show the durations of activity
segments per activity catey, including all ridealongs.

120 O C23
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S 704 * B8
=
£ 60
() 50 —
E O Aend
= 404
- O A9 O B27
30 %1
20 17.9 C13
—14.9
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0 T T T T T T
Parked at Parked Driving to Driving Driving to Engaging at
station surveillance station surveillance incident incident
n=22 n=1 n=15 n=26 n=22 n=31

Activity category

Figure 3. Boxplots of time spent in each activity category, sunmedrover all ridealongs.
Median values are shown next to each box. Whiskers depiotthst and highest datum
within a 1.5 interquartile range of the lower and upper quartile, respecti@iliers
labelled with an asterisk or a circle concern solo a@hal patrol, respectively.

Outliers in thedngaging at incideftcategory were cases where victims and/or
suspects were questioned, namelgfttHA7, C21) and domestic vialee (B27,
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C13). All of these cases required more than half an hour of paperwihkan
outlier at two hours (C23). However, officers were often interrupted by incoming
calls before finishing their office work, as reflected by the median duration of 17.9
minutes. Other outliers refer to picking up remote colleagues (A9), surveillance
while bringing the researcher to the train station (Aend), and surveillance across a
deserted national park (B8).

The categorieéparked at staticddanddriving surveillancéseem to take longer than
@riving to statiod driving to incidend andéngaging at incidegtwho seem to
have similar segment durations (see Figure 2). Given the skewed distributions, non
parametric tests (SPSS v20) were used to compare between activity categories. As
only one instance ofparked surveillandgoccurred, thiscategory was excluded
from further analysis. Segment duration is significantly affected by activity category
(H(4) = 23.71,p < .00). Seven ManiWhitney tests were used to follow up this
finding. Therefore, a Bonferroni correction was applied, and fdtef are reported

at a .007 level of significance. The duration of activities indferked at statiah
category was generally significantly longer th@niving to statio® (U = 70,r = -
.48),driving to incidend (U = 90,r = -.54), and®ngaging atricidenb(U = 148,r =

-.48), but not longer thadriving surveillancé (U = 208,r = -.23). Furthermore,
activities performed in thériving surveillancé category took significantly longer
thandriving to incidend (U = 139,r = -.44) andéngaging aincident (U = 235,r

= -.36), but not longer thaddriving to statiod® (U = 108,r = -.37). It can be
concluded that most time for an informing event can be found when officers are
working at the police station, aturing surveillancewhile driving. Basd on this
dataset, an informing event should take less than 6.8 minutes if at least half of these
events are to be fully processed in any activity category before a next transition
takes place. However, these statistics do not address whether officersplaase
capacity to successfully process the information.

Reports of cognitive overload

Comments by police officers regularly contained descriptions of situations
witnessed during other rig@ongs, which were indicators for cognitive overload.
Forexample, compare the following anecdote with Figure 2:

fAAn incoming call instructs the officers to advance to a car that was broken into. L.
takes a notebook from her pocket to record the add@#ss way you dai have to

ask againdA. respondsOn the group radio one often hears colleagues asking for

a repetition of the suspect description. At the time they receive a call and they have
to move as fast as possible, their mpet is already preoccupidil.dfield notes
ride-along A)

Because of the aciiy descriptions and their characteristic visual pattern, the layout
of a Transitional Journey Map facilitates remembering and retrieving events with
related comments. Furthermore, the content of a comment dictates in which activity
category it should belgced (e.g., a colleague at the station talking about an arrest
belongs tokengaging at the incide®t Thus, an overview of information processing
issues within an activity category can be obtained by scanning along the
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corresponding row in the Transiti@nhJourney Maps. This approach resulted in the
identification of an information processing paradox.

On the one hand, police officers not only monitor the radio for messages addressed
to themselves, but they also want to stay informed on the whereaboutskaiaf

their colleagues. One reason is saféiy:there is a call with violence,& good to

know if colleagues are nearby... then you know if and how long you should wait
before stepping id. Vice versa, officers may offer assistan&econd, therera
functional implicationsfiThose officers are busy over there, 8bdompensate by
patrolling more centrally in this area.Finally, it is part of a social system: when
returning at the station after an emotionally demanding call, officers find support
from colleagues that listened in. One officer commented that he was missing too
much information, even though three channels were concurrently monitored (i.e., car
radio and two earpieces).

On the other hand, police officers have trouble in processinigpfarmation. As
described above, incoming calls regularly contain too much information to
remember. This is further inhibited by situational and state related faéléra:
situation is dangerous, you feel the adrenaline, stress, fatigue and tensibthign
affects your ability to concentrate. In those situations it is hard to hear something
amidst other voice8. Messages are often hard to comprehend due to auditory
masking by the police vehicle (e.g., when driving at high speed, often accompanied
by asiren) and signal degradation in the communication system. In the meanwhile,
the continuous monitoring and filtering of radio messages takes its toll. Up to 26
messages were counted in a time span of five minutes. Officers complained about
high volumes, ocasional feedback beeps, and fatigidy left ear is deaf for other
sounds because of the earpiece. After a busy shift | still hear the voices a home.

Comments on the necessity of monitoring radio communication were found in all
activity categories,»eept forgparked surveillande However, the representativeness

of this exception is doubtful, since action in this category was observed only once.
Comments on auditory masking were found in all activity categories that involved
driving. Comments on ovkrad were found in all activity categories, except for
@riving to stationd Overall, the observations and comments suggest that police
officers want more information than they can handle with the current system.

Comparison solo and @lipatrol

All outliers in Figure 3 were cases ofatlpatrol, except for B8. This suggests a
considerable difference in time spendings between solodaatpatrol, and as a
result, more time for information events duridgal patrol. Nonparametric tests

were performed percategory. Using a Bonferroni correction, the effects were
compared with an alpha level of .008. None of the tests on time spending reached
statistical significance. Nevertheless, police officers did mention differences
between solo andual patrol modes. e biggest impact is the opportunity to
distribute tasks among officers in casedvfal patrol. Generally, the driver only
concentrates on driving, whereas thedeiver is responsible for communication and
surveillance tasks. Many officers commented that it is hard to operate the mobile
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Transitional Journey Maps 25

data terminal while driving solo. Additionally, there are organizational differences
between the patrol modestf youdre patrolling solo, you only get a call when the
others cannot handle it. In cases of violence we always operate witresoupthis
suggests that differences may be found between the distributions of transitions.

Figure 4 depicts state diagrams for solo duodl patrol. An arrow line represents
each cause for a transition between two activity categories. Thicker lines dri¢ use
the same cause was observed more than once. The total time spent observing solo
anddualpatrol were 12.6 hours and 15.1 hours, respectively. The relative time spent
in each activity category is represented by the size of the corresponding cirées. Th
two figures reveal that solo patrol involves relatively mdatgving surveillancé
activity thandual patrol (36% vs. 15%). Solo patrol involved more transitions from
@riving surveillancéto éengaging at incidedt{10 vs. 2), but less transitions from
@riving to incidendto engaging at incided(5 vs. 12). Interestingly, in both patrol
modes 15 transitions were counted towardsgaging at incideft However,
relatively more time oréengaging at incidefitwas spent irdual patrol (20% vs.
12%). This was caused by the longer times spent on investigating incidents with
violence (see outliers in Figure 2). Additionallyual patrol involved more time
spent ondriving to statiod(12% vs. 3%), which may be due to the large ant@f
paperwork afteseriousincidents, and a highdikelihood of transporting victims or
suspects afterwards. In sum, the state diagrams on solduahgatrol reflect the
organizational differences uttered by the police officers.

Discussion

The Transitional Journey Map is a model to describe workflow, by connecting
objective and subjective data along a timeline. Similar models have been developed,
but there are a number of structural differences. Although the customer journey map
used in servicalesign (e.g., Zomerdijk & Voss, 2010) served as inspiration, it is
based on a fixed sequence of consumption activities. In contrast, the Transitional
Journey Map is aimed at capturing unpredictability, which is one of the essential
characteristics of opetianal police work. The Cognitive Pathway visualization,
which was developed to map the workflow of nurses (Wolf et al.,, 2006), does
consider unpredictability. However, it does not include the subjective experiences of
participants, or the interaction witbther professionals in the work domain.
Therefore, the Transitional Journey Map, with its emphasis on time and transitions,
may be a valuable addition to the existing palette of work models (e.g., Beyer &
Holtzblatt, 1997). In case the time dimension éssl relevant for analysis, the
derivative state diagram®uald offer insights from a different perspective. Finally,
Transitional Journey Maps may also be employed as scenarios to compare
alternative solutions in a design context.

It has been argued thahdwledge on work dynamics and related cognitive load is
beneficial for the development of an information and communication system.
Regarding work dynamics, the current data suggest that in most cases an information
event that takes place while driving magt take longer than 6.8 minutes if it is to

be fully processed before a next transition takes place. However, this finding does
not address cognitive load. The comments made by officers suggest that the
demands of concurrent drivingurveillance and moitoring force them into a
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permanent state of tasklated effort (De Waard, 1996). Therefore, although no
complete performance breakdowns were observed, the contipuexpserienced
high workload was exhausting in the long rufriving to statio is the only
activity category that may be used for additional information events, given the
absence of comments on cognitive overload. However, the applicability would be
limited during solo patrol. Overall, the data suggest that the means with which
police officers currently obtain information from the system should be improved,
before pushing of additional information can be considered.

The present study was an initial exploration into the dynamics of operational
policing. Therefore, more data on segment dunatiare required before a final
statement can be made on opportunities for information events. More specifically,
exposure to activities in théarked surveillandecategory is needed, as well as
observations during early mornings. Police officers may teen tempted to show
parts of their work that they considered most interesting to show. An automated
logging system may help in gathering a more detailed work pattern. However, this
would be at the cost of subjective experiences.

Conclusion

The Transibnal Journey Map, a new visualization method, describes workflow by
connecting observed events with subjective experiences on a timeline with a set of
activity categories. This method was applied to the data of a field study on
operational policing. Embel®d in an unpredictable workflow, the information
environment of a police officer includes numerous visual and auditory information
channels. Analysis of workflow fragmentation and offié@@mments on cognitive
overload suggests that the police vel@Eleockpit should be improved, before
pushing additional information can be considered. Particularly, alleviation of the
auditory channel is needed. The current results warrant further application of the
Transitional Journey Map method in other contextshsaginformation processing

by other emergency services, and tracking group dynamics for crowd management.
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Abstract

In the framework of the eCoMove project, CTAG has carried out a study in its
Dynamic Driving Simulator focused in analyses the most suitable way to present
speed and gear recommendations to the driver. The aim of this study praside

useful recommendations based on the results obtained during the development of the
new concepts of ecoHMI carried out within the projéctorder to analyse the best

way to display the recommendations three different options to display the
information were compared. The experimental design defined was a -within
subjectexperiment where 24 participants drove through all the experimental
conditions. With the purpose to evaluate the perceptions and opinions that the
participants had about the systedifferent subjective measures were collected and

in order to evaluate workload the DALI subjective tool was also A$ted.a general
introduction of the eCoMove project and the purpose of the study, this paper will
describe the methodology defined @y out the experiment and the main results
and conclusions obtained in terms of speed and gear recommendations for an eco
driving support system.

Introduction

eCoMove project aims to reduce fuel consumption (and therefore CO2 emissions)
by applying tle latest vehiclkdo-infrastructure and vehicl®-vehicle
communicatiortechnologies. The projedtill create an integrated solution
comprising ecalriving support and ectraffic managemerto tackle
themainsources of energy waste pgssenger and gooushicles having the target

of the 20% reduction of fuel consumption (CO2 emmissions).

Within the project, one important aspect is the HMI development as it is a key factor
for the acceptation and usage of the system by the drivers, especially forttige on
advices. For this reasorhet design process of the HMI was done interactively and
focussingon a user centred design approagiciuding a previous study based in
surveys and empirical studies in driving simulators, previously conducted to develop
the final concepts.

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annu&onference.ISSN 23334959 (online) Available from http://hfes
europe.org
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Main objective of this study was the analysis, during the development phase, of
different aspects related with the HMI for the systems developed in eCoMove
project, aiming to clarify and solve some design concerns:

1 Disposition of informé&on on the screen.

1 How to present thgear and speed recommendations (position of icons, clarity,
coloursé).

1 Analysing distraction and driver workload in terms of graphical design.

1 Estimation of time for the information in the display.

The study was pesfmed using a general HMI designed in the previous phases of
the project and allowing the testing in the driving simulator. This concept was
designed taking into account the main results of onestudy (survey) carried out in

the previous steps.

Method

The testswere carried out in the CTAG Dynamic Driving Simulator. This
simulator iscomposed of the following subsystems: the movement platform with 6
DOF and 4000 Kgoayload, the visual system (180° cylindrical screen and 3 rear
view displays), theacquisitionand control systems and the SCANeR®© Il (release
2.24) software, which builds a realistictual environment.

The instrumerdd vehicle inside the cabin is a commercial vehicle, in which the only
changegdone in the car were the replacementtaf steeringvheel by the Active
Steering WheelSystem and the sensors mounted in pedals, gear stick, etc. The
vehicle has an automatic gedrange, but, for this experiment, the manual mode was
used.A 70 screen was placed on the up side of the IP@rder to display the
graphical information to the driver.

Figure 1. CTA@ynamic Driving Simulator
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Scenarios and test routes

The road network selected for the studgs placed in a rural area, without many
buildings. Theroad was composed of straight seatis, curves and intersections
(including roundabouts). Althe roads used for testing chane lane in each

direction. Therewere different values for the speed limit. These valuesedar

between 50 and 90 Km/lnd he traffic densitycould be light or medim.

Figure 2.Image from the scenario

Three different routes were selected to test each option for HMIrdites have
very similar characteristics and they are locatetthe same areas of the scenanil
thelengthwasthe same for all three routegpund 4 kilometres and 500 meters.

Description of HMI

The HMI proposed for thestudywasbased in a scredacated on the up side of the
central screen of the vehicle (right side of the driver), tidiéferent graphical
proposals for displaying thieformation were developed, changing thesition and
the order of the information presentatidxe (fecommended gear and speed).

Figure 3. Position of the display in the vehicle
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In general, the layout proposed for the screen was divided into fivereditf areas
(1, 2, 3,MAPs and Reserved areas):

E|

Figure 4. Layout of the Screen

1 The upper and lower areaereserved.

1 The left side is the main driving information area (numbers 1 and 2 in the image),
in which the recommended and current speed and igamation will be
located.

1 The right side is separated into two areas. The upper area shows the route
information (map) and the lower area shows the ecolnformation advices (use of
energy consumers inside the vehicle, maintenance information and load).

The proposals A and B differed only in the position of the gear and speed
information: in proposah the gear is shown in the position 1 and speed in position
2. In the proposaB, the location of the information is just the opposite (speed is in
position 1and the gear iposition 2).

Figure 5. Proposal Aleft) and proposal B (right)

In the proposal C, the areas 1 and 2 were treatedlgpone area where speed or
gearinformation is dsplayedat a time (no simultaneous recommendatmispeed
and gear) This information was provided automatically and alternatively every 5
secondgareas 1+2)
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In all proposals (A, B and C) the ways in which the map information (see area
AVAPs) and the ecolnformation advices (see area 3 in the Layout) are displayed do
not change. Thenap area and the ecolnformation area (position 3 in the layout)
work as a simulated systemithout real data.

System description and use

Below, it is explained how the speed and gear recommendations were@itren
driver.

Gear informdion presentation

While the participants were driving, the current gear that the driver has engaged
from 1 to 6 isdisplayed in the screen (simultaneously with speed information in
proposals A and B andtermittent with the speed information in proposal C

When the revolutions are below 1800 @srthe system suggests to the driver a gear
changeto a lower gear by means of a face down green triangle blinkingl. the
adequate gear position is reached, the triangle blirtkes.systensuggests a change
in the geamwhere itshould be engage

Figure 6. Gear down suggested

In the opposite side, driving in a high level of revolutions, above 320@srpime
systemsuggests to engage a higher position of geathis case, thgreen triangle
blinking inthe upper side oftte current geds displayed.

As in the previous case, until the adequate position of the gear is reached (taking
into accounthe rpm) the triangle continues blinking.

Driving in the range of 1800 3200 rpms, the system does not show any
recommendation athange, only the current gear.

Speed information presentation
The current speed is displayed in the centre of an oval, where different colours
showed if the speed is tidecadspeed (green section) or not.

The oval around the speed willuminate a number of sections depending of the
percentagevalue of the current speed with respect to the recommended value
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(always in the centre @freen zone)Three different colours indicated if the speed is
the recommended one (gresaction of the oal), not recommended at all (red
section of the oval) and a transition zdretween the not recommended speed and
the recommended one (orange section of the oval).

-
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Figure 7.Speed zones

System implementation in the Driving Simulator

For the implementatio of the system in the driving simulator, a screen was placed
onthe up side of the central screen of the vehicle (right side of the driver), where the
information was displayed. A dedicated PC controls the information displayed in
this screen. This PC wasnnected to the driving simulator network and it received
information from a specificsoftware module (calledHMI served, developed
specifically for the communicatiorbetween the driving simulator software
(SCANeRO 1) and the HMI.

Subjective measures

For analyzing the participaét feedback (perceptions and opinions) about-tht
concept, five different questionnaires were usedeneral questionnaire, DALI
(Pauzié & Pachiaudi, 1997, HMI General Evaluation, P+€rip and PosiTrip
information,perceived HMI distractiction evaluation (Andreone et al., 2011).

Experimental Design

A within-subject experimental design was defined: each person drove three times
and each time tested a different Hidiloposal (A, B or C)Furthermore, it was
necessaryto control the order effect of the displays presentatismg complete
counterbalance. 6 groups of participants (4 persons in each group) were defined,
depending otthe order of presentation of the three displays. All of thewhtodrive
through threalifferent routes (one for each chosen display) into the same scenario.

Table 1. Configuration of groups

Groups Screen Presentation Order N° participans
Group A Proposal A Proposal B Proposal C 4 persons
Group B Proposal A Proposal C Proposal B 4 persons
Group C Proposal B Proposal A Proposal C 4 persons
Group D Proposal B Proposal C Proposal A 4 persons
Group E Proposal C  Proposal A Proposal B 4 persons
Group F Proposal C  Proposal B Proposal A 4 persons
Total: 24 persons




35 ecadriving applications

Experimental Procedure

Each participant drove a single session lasting approximately 1 hour, following the
indications given to them. Before starting the session, general information was
provided tothem The sessions were recorded (audio and video) in order to be used
during the dataanalyses. The collection of information was done maintaining and
protecting the privacef participants.

Participants

The total sample was composed by 24 persons that were assigned randomly to the 6
experimental group§he recruitment of tm was done using the CTA®
databas@ he total sample is composed by 24 participants (M=27.29; SD= 3.483)
with a range of agbetween 22 and 37 years old. Two thirds of the sample were
male, meanwhilene third were female (Women = 8; Men = 16).

Results

In this section results from DALI questionnaire, evaluation of the graphical
interfaces andlistraction are presented. Furthermore, results from general questions
about pretrip and posttrigtems are analyzed from a qualitative perspective.

DALI results

Five factors from the DALlquestionnaire(Driving Activity Load Index), were
analyzed for the three options presented to plaeticipants: Global attention
demand, visual demand, temporal demand, interferencestesk. As it can be
appreciated irFigure 13the highest values are for the dimensiisual demand

The media value for this variable is in a range between 2.46 for Option A and 3.00
for OptionC.

Moreover, the option C presented the most negative results; in fact, the highest
media valuesn all the factors evaluated are assigned to this option as it is stmown i
Table 2 The results of the Friedman Test indicated that there were a statistically
significant differentn all the factors except for the temporal demand.

A Wilcoxon Signed Rank Tesnhdicated that there was a statistically significant
differencebetween Option A and C regarding Global attention (Option A presents a
lower value thanOption C), z=1.992, p<.05, with a medium effect size (r=.30)
(Cohen, 1988). Regarding th¥isual Demand,there was also a statistically
significant difference between Option A andZ=-2.056, p<.05), and Option B and

C (z=2.044, p<.05)n both the effect size wasedium (r=.30). Finally, regarding

the stress, a Wilcoxon Signed Rank Test revealsttistically significant increase
concerning option A (Md=1.00) and option B (Md=2.0Q)ith z=2.285, p<.05,

with a medium effect size (r=.33).
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Figure 8.Average scores for the DALI factors
Table 2.Friedman Test Results (DALI questionnaifep < 0.05)

Friedman Test Option A | OptionB | Option C

Global attention | Median 2.00 Median 2.00 Median 2.50
G ( 257D¥H

Visualdemand | Median 2.00 | Median 2.00 | Median 3.00
G ( 258784

Temporaldemand Median 1.00 Median 1.25 Median 2.00

6(2,24)=3.205

Interference Median 1.00 Median 1.50 Median 2.00
6 (236227
Stress Median 1.00 | Median 2.00 | Median 2.00

6(2,24%=7.508

HMI evaluation results

For the different items included in this questionnaire the scores obtained are in
generalpositive. Themean for all of them is over 5 points (except for degree of
distraction anddegree of driver annoyance, but in this case, values lower than 5
points are positive)The different values are better in optioraAd B than in option

C. It seems that option @ the less pleasant option for the participants.
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Friedman test results show statistically significant differences only for degree of
utility, easeof learnirg and global value (see Tablg Fhe results of the Friedman
Test indicated that there was a stitally significant differencén degree of utility
scores for the three options (option A, B andd(2,24)=8.955, p<.05.
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Figure 9.Average scores for global HMI evaluation

The analyses of the median values shown a decrease in degree of utilityfrecores
option Aand B (Md=7.00) to option C (Md=6.00). A Wilcoxon Signed Rank Test
shown a statisticallysignificant reduction in degree of utility scores concerning
option A and C (z=2.275,p<0.05.with a medium effect size (r=.30)), and
concerning optionB and C (z=2.265,p<0.05. agaimwith a medium effect size
(r=.30)).

A trend similar to the one found in degree of utility can be observed in the ease of
learninganalyses: options A and B (Md=8.00) present the highest value (option C:
Md=7.00) and thealifferences are statistically significaa{2,24)=7.524, p<.025. A
Wilcoxon Signed Rank tesevealed a statistically significant reduction in easy of
learning values concerning option aad option C, z1.997, p<.05, with a small
effect (r=.28).
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Table 3. Fiedman Test Results (HMI Evaluation) (* p < 0.05)

Friedman Test | OptionA | OptionB | Option C
Degree of utility | Median 7.00 Median 7.00 Median 6.00
6(2,24)=8.9
e learning| Median 8.00 | Median 8.00 | Median 7.00
ase of learning §(2,24)=7 57
Median 7.00 Median 7.00 Median 6.00
Global value
6(2,24)=16.4&

Finally, the results of the Friedman Test for the Global value were significant

different the median values sh@da decreaséc ( 2, 2 4 ) =1 8).indGlodal p<. 00

value scores from option A and B (Md=7.@6)option C (Md=6.00). Once again, a

Wilcoxon Signed Rank Test indicated a statistically significant reduction in degree

of utility scores between option Aand C-2= 811, pO0. 005 with a medium effe
size (r=.40), andbetween option B and C, #3581, <0000 again with a large effect

size (r=.51).

Distraction evaluation

Concerning distraction evaluation, option C presented the highest value (M=5.22).
Option A and B showd similar mean scores (Mean for A=4.46 and for B=4.58).
But statisticaldifferences amig the three options were not found. These results are
in accordance with thdata obtained in HMI results about degree of distraction for
the three proposals.

Duration of information in the screen for option C

Regarding the estimation of time the inforioatis in the screen for option C, the
averagevalue was 4.04 seconds (SD=2.56). 66.6%hefparticipantsindervalue the
time giving a valuainder 5 seconds (tteetualtime the information is maintained in
the screen). Only 16.7#%stimates it correctly.

Focusing on the comments from the participants, part of the sample considered the
durationto be adequate: the time is considered enough to see the information
without beingdistracted. In addition, they suggested that if the duration is lower, this
situaton would generate stress andp the contrary, if the time were higher, they
thought they would bevorried about the change (waiting it) and the number of
times theyid look to the screewould be increased.

Those who estimatkthat the duration should irease (25% of the sample)aimed
that it should increaseavith 1, 2, 5, 7 or 10 seconds, and those whaugjint the
duration should decreag#2.5% of the sample) suggedtto decreasdéy 1, 3 or 5
seconds

Some participants commented that the time thermftion is presented in the
screershould depend on the characteristics of the road astduld be presented in
the screen whiléhe recommendation is applying to the driving situation.
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Preference of screens

The option A was the first choice for 54.17%hile 41.67% of theparticipants

chose option B. For the second choice, the percentages were similar: £h8886
option A as second option and 50% chose option B. Option C wasathedtected

option for first and second choice, option C was the mieferred as third choice

The participants who chooseption A commented that for them the most
appreciatectharacteristic of this option is the position the gear indicator on the top
because it is easier see it, it is easier to understand and it Ggerintuitive.

Regarding tooption B, the participants who selected it justified their selection
because they found it easy to understand the information, easy to see the gear
information and the position is more intuitive, also the position of gear iatiom

is associated with the position of gear shift in the vehicle.

Not all participants valued option Bositively, mainly because they think that it is
complicated to see the gear in this position (below the speed information).

Option C had the mostegative values. The participants commented that tigy d
not like thealternation of the information in the screen because this change distracts
them. Tlose who liked this option commented that, as the information is not
displayed simultaneouslywhen theg look at the display the need only to
understand one advice and not both of thethesame time.

Qualitative results

Most of the participants that made a commeanggestd that the indicator(the
arrow) that recommended changing the gear and theteatahows the eedriving

should be more visible. Furthermore, an important part of the sample thought that it
would berecommendable to show the speed and gear indicators together only in
those cases in whichatwould coincide

Some subjects thoughtahthe amount of information displayed in the screen is
quite highand thepresentationmode causes distraction. As an alternative, they
suggested to usound for some cases or to reduce the arc of colour (it involves a lot
of workload).

Regarding the ovashape and the arc of colours designed for the speed
recommendationssome participants consideréd complicated to make a quick
association between colouasid eco driving. Theyudgedthat the use of colour
levels in both sides is not needédevertheless, other part of the sample believed
that the arc of colours is very intuitive acdmfortable.

Finally, many of participants would place the display in the dashboard and some
subjectonsidered the systeto beuseful, but dispensable.



Garcia, Blanco, Nogueirg, Rial 40

Pre-trip

The kindof information that driversvould like to provideat the begin of the trifs
the following destination driving efficiently (mode) consumption load route,
meteorology, selection of efficient road (mode), etc.

Moreover, participants answerédsing a 0 to 100 points scale) to the question: in
which degree do you like the system will help you? The mean value of the answers
was of 2417 points with a standard deviation of 31.31. The scores given by 30% of
the sample were belo80 points. The dter part of the participants providi@igher
values (25% of them gave 100ints).

Posttrip

Participants weralsoasked about what information theyould like the systento
provide at the endf the trip.The information thaparticipantsdemanded by tend
the trip was the followingFuel Consumption and Average consumptitime ece
driving, percentage of fuel consumption, difference betweerdecimg and real
driving, percentage of time the gear position is correct, timalgeimg, driving cost,
time ecedriving, agraph with the sections in which the fuel consumption was highe
etc.

Second option

Average VElOCIY g mefio ﬂ
ﬁ .lll 1 Selected Gear g’—'—ﬂ
Anticipation & _i_ﬁ

First option Second option

Figure 10.Proposal of presentation of information

Summarizing, the general result is that the participants preferred the first option as a
defaultmode and the second optionasadvanced mode in which more information
is displayed.

Discussion

Added to the general evaluation of tp@phical interface, the study has focusad
analying the best way to give the gear aspgeed recommendations. Takiag a
reference other studies in which the designeraluation of different interfaces was
done using simulated driving situations (Chalmé etl@P9), an experiment in a
dynamic driving simulator was carried out in order to dosihigective evaluatioof
three different graphic modes designed for presentation of tidpdnformation.
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The workload was evaluated using the DALI questionnaire (excluding only the
auditorydemand item not needed for this evaluation). This questionnaire is broadly
used fo evaluaing workload in drivers (Pauzié & Pachiaudi, 1997). In this study,
the visual demand plays @amportant role (presentation of information only in visual
mode) so it has sense the highedties of the DALI were assigned to this factor. In
any casgethe presentation of theformation does not annoy to drive. In this sense, it
was important to take into accoutite use of visual information to maintain an
ecological driving. Fricke (2007) found thdin general, visual information
presentation is st where the presented information need t@ésistent because
one cannot immediately respond ta it

When the results of the DALI questionnaire wemampared for the three options,
option A presents a lowevalue for Global attention demand than opti@n
(significanty different with medium effect size). Focusing in the Visual demand,
there was also atatistically significant difference between Option A and C and
between Option B and {owest values for A and B). Regarding the stress, a
statistically gynificant increase wasappreciated concerning option A and B.
Looking at tleseresults, it seems that option gresents better results in terms of
Global attention, Visual Demand and Stress and optipre€ent the worst ones.

The differences between optis A, B and C are algeflectedin the answers to the
gquestionnaires. The differences between option A and B are minimum, but there is a
cleardifference with option C: drivers preferred the combination of the information
instead of theoresentation iran alternative way. A change in the presentation mode
was irritating for themin general (Fricke, 2007). Then, when information is
presented alternatively (Option C) tHevers do not feel comfortable. In fact, the
participants agreed that theigahot like changeable information and this fact calise
distraction.

Moreover, participants expressed that the HMI evaluation was positive for all
screens. Oncmore, the alternative presentation of information has the worst values
(statisticalsignificant differerces were found iddegree of usefulne§seasy of useé

and @lobal scord. In general, the results are supporting the conclusion about the
preference of the drivers for thpresentation of gear and speed information
combined at the same time.

On the othe side, no significant results were found regarding the distraction, but,
once againgption C presents the highest values.

Regarding the duration of information, after this study it is not clear that the subjects
aregoodin estimaing the duration of indrmation. These analyses should be taken
into account irfurther studies.

The analyses of the qualitative results show that, in general, the drivers appreciated
the helpoffered by an ecalriving support system and thayere willing to provide

clues toimprove it. Focusingon the postrip application, when only a general
evaluation of the driving igjiven, the drivers considered this as a default mode
meanwhile when more descriptivieformation is provided, they perceive that this
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mode should be an adweed option. This iselatedto the fact thatfiseveral new
approaches to assisting the driver in dealing withcbmplex task of the driving
situation are being develop with the aim to give support irs¢ieendary task and at

the same time facilitate th@imary driving task (Fricke, 2007) Fromthis studyit

could be understood that the fact of providing aid to green driving is a secondary
task that would help drivers in their primary driving task.
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Abstract

Older people may be advised to switch from manual to automatic gear shifting,
because they may have difficulties with dividing their attention between gear
shifting and other dving tasks such as perceiving other traffic participants. The
guestion is whether older drivers show a better driving performance when using
automatic gear shifting instead of manual gear shifting. Twenty young and twenty
older drives participated in aré/ing simulator study. Each participaarove both in

the manual and the automatic gear conditions. Young drivers reported significantly
higher risktaking behaviour in traffidhan theolder drivers The older drivers
experienced more collisions in thewing simulator than the young participants, but
this was only true in the manual gear conditi@ider participantswerved more

than youngparticipants in both gear conditiarsltogether, the driving performance

of the older driverswas better in theudomatic gear condition comparedth the
manual gear condition. This research supports the advicelder driversto use
automatic gear shifting.

Introduction

For many people, driving is very important and their preferred mode of transport
(Gruber et al 2013). Car drivers feel they are independent and have optimal
mobility options. As a result, most aged drivers continue to drive (Unsworth et al.,
2007).

There is no consensus about who drive sgfaung or older drivers. Actually, both
young and oldirivers are overrepresented in crashes (Li et al., 2003). Young drivers
may show a bad driving performance due to inexperience (Isler et al., 2011) and/or
increased risk taking @rien & Gormley, 2013; McGwin & Brown, 1999) while
older drivers may suffefrom agerelated changes which could compromise driving
performance(Brouwer & Ponds, 1994)in older drivers, both cognitive resources
(Verwey, 2000 Withaar et al., 2000as well as their motor skills may decline
(Wheatley & Di Stefano, 2008). This maypain the overrepresentation of older
drivers in crashes in complex situations (McGwin & Brown, 1999). Complex
situations include crossing intersections, merging and overtaking. As driving is a
multifaceted task different kinds of errors can be maahy. driving behaviours that

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.)(2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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increase the risk of collision may be considered driving eririvers show good
driving performance when the number of driving errors is low, which corresponds to
relatively safe driving.

Michon& model defines three levets driving behaviour; strategic, tacticand
operational (Michon, 1985). On the strategic level planningstgkace such as
determining the route. On the tactical level perceiving and reacting to the
environment is crucial such as keeping enough distancethters drivers. The
operational level includes steering, operating dbeeleratarbrake and clutch and
other vehicle controls. The three levels may be active simultaneously and might
influence one another. This implies, for example, that an operatienal error
could negatively affect driving performance on the strategic and tactical levels.

Research comparing driving performance of young and older drivers showed
contradictory results (McGwin & Brown, 1999). Some researchers rémaistoung
driversmake more driving errors than older drivers (Carr et al., 1992; Shinar et al.,
1998). Others demonstrate that older drivers have a wdniging performance
compared withyoung drivers (Chaparro et al., 2005; Selander et al., 2011).
Perryman and Fitten @P6) have shown that eigg may decrease operational
driving skills such as maintaining a proper speed and lane position. Gear changing is
another operational driving skill. Novice drivers may well find this hard and practice
is necessary to learn mutomatically change gears (Shinar et al., 1998). While
middle-aged drivers may change gears automatically, in older drivers execution of
movements may become less automatized ad&ouwer & Ponds, 1994)n the

latter case, gear shifting requires atiemt again, thus demanding cognitive
resources which are less available in older drivers. Consequently, older drivers
might have difficulties with dividing their attention between gear shifting and other
driving tasks such as perceiving other traffic pggtiats (McGwin & Brown, 1999).
Selander et al. (2011) reported incorrect gear shifting as fourth most common
driving error in older drivers.

Older drivers may be advised to switch from manual to automatic gear shifting, but
so far limited research has beparformed on the role of transmission type on
driving safety. Warshawsklivne and Shinar (2002) recorded brake reaction and
movement times in a driving simulator during manual and automatic gear
conditions. Reaction times increased with age, but alsement times were longer
during manual comparedith automatic gear shifting. The study implicates that
automatic gear shifting might improve driving performance. Shinar et al. (1998)
investigated sign detection by young novice drivers and experiencedsdiieng
manual and automatic gear shifted driving. Novice drivers missed more signs in the
manual gear condition than the automatic gear condition. This difference was not
found in the experienced driver group indicating that young drivers couldibenef
from automatic transmission. Selander et al. (2012) compared the number of driving
errorsmadeby young and older drivers during manual and automatic gear shifted
driving. Here,participants inthe older group showed more driving errors in both
transmision conditionghan their younger counterpartsut automatic transmission
reduced thenumber oferrorsof the older driversThis study supports automatic
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transmission for older drivers. So far, this study has not been repeated, nor has it
been performeéh a driving simulator. The aim of the current study is to investigate
the driving performance of young and older drivers during manual and automatic
gear shifting. Swerving will be measured and the number of collisions will be
counted. The hypothesis tisat older drivers show more driving errors than young
drivers. Also, the expectation is thatarticipants generally will make fewer driving
errors in theautomatic transmissiocondition than in the manual transmission
condition and that the performancieotder drivers improves mast

Materials and methods
Participants

Overall, forty participants were recruited through distribution of flyers,
advertisements anthe word-of-mouth. All participants were native Dutch speakers

in possession of a valid drivierlicense for at least one year. Twenty young and
twenty older participants entered the study. One older participant was excluded,
because the person did not possess a valid Givieerce. Another three older
participants were excluded due to simulaiokisess. Twenty young (M=22 £ 16)
drivers completed the study, ten males and ten females. Sixteen older.4M=73
4.8) drivers completed the study, eight males and eight females.

Apparatus

A fixed-based driving simulator located at the University of iaingen was used for

the study. The simulator consisted of an open cabin rapckith a steering wheel,
gear box,gas pedal, brake pedal, clutch and simulated driving sound. Four LED
screens, three in front and one on the left of the rupckrovided the péicipant

with a view on the roadtach screen provided a 70° view, leading to a view of 280°
in total. The car windows, side mirrors and rear view mirror were realized on the
screen. During driving the participants wore the safety belt. Three computers we
used, one for graphical rendering, one for the traffic simulation and one for system
control showing a user interface for the simulator operator. The graphical interface
was designed with StRoadDesign (StSoftware) and the scenario was programmed
with saipting language StScenario (StSoftware).

Procedure

Every participant drove three rides in both the manual and the automatic gear
condition. Half of the young and half of the older participants started with the
manual gear condition and the other halftewith the automatic gear condition.

In both gear conditions the same three rides were performed. The first ride was in a
rural environment on a slightly winding road, the participants had to maintain their
lane position on the right lane while oncomitngffic approached on the left lane.
During the first part of the ride the participant chose a comfortable speed, in the
second part the participant was asked to hurry and drive as fast as was just within
safety marginsParticipants were tolchere was ngpeed limit. The second ride was

in a rural environment as well, but now the participant encountered six intersections
with different priority regulations, including one with traffic lights, and also a car
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that suddenly pulled out of a parking lot in ftoof the participant. Speed limits
differed between 60, 70 and 80 km/h. The participant was told to obey the traffic
rules. In the third ride the participant mergedo a crowded motorway, was then
asked to pass one vehicle and subsequently to leave dobarway. After the
participanthad driven all three rides in both gear conditions a short interview took
place. The participastwere asked to report their aggnd to reflect ortheir own
driving competence and risk taking behawian traffic. Driving competence was
indicated on al0 point Likert scale running frori to 10 (10 being extremely
competent),and risk taking behavis was indicatedon a 5 point Likert scale
running from 1 to 5 (5 being very high risk taking)

Analyss

The subjective scores on driving competence and risk taking in traffic were
compared between young and older drivers usiegts. Swerving was measured as
the standard deviation of the lateral position (SDLP) in cm during the first ride in
both gear contibns. A repeated measures ANOVA was used to investigate
differences in swerving between the manual and automatic gear conditions and
between young and older participants. During the second ride in both gear
conditions the number of collisions was count€&thi-square tests were used to
analyse differences in the number of collisions between both gear conditions and
between the two age groups.

Results
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Figure 1. The subjective risk taking scores of the old and young subjects. Error bars
represent the starad errors of the means.
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The subjective score on driving competence is comparable in the young3@Me7
1.08) and elderly (MZ17 % 0.72) groups, t(34)9.417, NS. However, the
subjective risk taking scores of older drivers (M#EL + 068) weresignificantly
lower comparedwith younger drivers (M=8&5 + Q59), t(34)=4.250, p<001
(Figure 1).
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Figure 2. Swerving by old and young subjects in the manual and automatic gear conditions.
SDLP = standard deviation of the lateral position. Error barpresent the standard errors
of the means.

There was no significant difference in swerving between the ahamad automatic
condition, F(1,35)=18, NS. Yet, in both conditions the @d participantswerved
more than the youngarticipants F(1,35)=9.64, p=.004 (Figure 2).
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Figure 3. The percentage of older and young participants involved in 0, 1 or 2 collisions in
the manual and automatic gear conditions.
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Overall, there was no significant difference in the number of collisions between the
manual and theutomatic gear conditiorg?(df=2, N=36)=062, NS. Moreover, in

the automatic gear condition the young and older drivers did not differ in the number
of collisions,@(df=1, N=36)=009, NS. However, in the manual gear condition the
older drivers were imved in significantly more collisions than the young drivers,
&(df=2, N=36)=749, p=024 (Figure 3).

Discussion

Older drivers reported to take less risk in traffic than young drivers. Yet, older
drivers swerved more than younger drivers in both trarssomsconditions. In
addition, older drivers were involved in more collisions than young drivers in the
manual gear condition. In the automatic gear condition this differencenotas
found

The finding that older drivers take less risks in traffic compavitld young drivers

is consistent with previous studies@bdien & Gormley, 2013; McGwin & Brown,
1999). Nevertheless, the driving performance of the older drivers was worse
comparedwith the young drivers. This may not be caused by deliberate risk taking,
but by agerelated changes. Older drivers swerved more than young drivers in the
driving simulator. Although, the mean SDLPs wéigher in the manual compared
with the automatic conditions in both age groups, the variation was large and the
difference betreen the transmission conditions not signific&elander et al. (2012)

also investigated larkeeeping controlvith automatic gear cars compared to manual
gear cars. However, they reported older drivers to diigmificantlyless frequently

too far to tke left in anautomatic car compared withmanual caiWhen driving too

far to the left, the middle line of the road could be crossed which gives a higher risk
of collision with approaching traffic. In the current study the number of middle line
crossingswas counted in the first and second rides in both gear conditions. In the
first ride, the number of middle line crossings was significantly higher in the manual
compared with the a#yd=0b6md=B6)=82.00,9p=a010. thsndi ti on, G
finding was, lmwever, caused by a minority of all participants, since 22 of the 36
participants did not cross the middle line at all in the first rides. The second ride was
more difficult and required more gear shifts in the manual gear condition due to the
intersectios. In the second rides only six out of all participants did not cross the
middle line at all. Again the number of middle line crossings was higher in the
manual compared with t h&d=63uNKN=8699.733; gear condition,
p=.002. In the first ridethe difference in number of middle line crossings between
the older and younger drivers approached significance, but was neither significant in
the aut omat i c?dfgde H=36)=9.00npk.0&L,inorin,the manual gear

c ondi di=6, N536)=B49, p=.075. In the second ride, the same was found in
the aut omat 3d&=7, l=B6)=lR.11j p=097. Ow the contrary, in the
second ride of the manual condition older drivers did show significantly more
middle line crossings than their youngerucot e r P(dfr9f K=536)=22.28,
p=.008. Automatic transmission may thus improve ldm®ping control of,
especiallyolder, drivers.
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Older drivers were involved in more collisions than younger drivers in the manual
gear condition. The higher number dfllisions in the older driver group may be
explained by the type of collisions that could occur. Collisions were either the result
of braking too late for a car that pulled out or caused by crashing into other cars at
intersections. In the first case, beakeaction and movement times are crucial.
WarshawskylLivne and Shinar (2002) already reported that older drivers have
slower reaction times and with manual gear shifting longer movement times arise.
Together these results may well lead to an increaskafisollision as described in

the first case when an older driver uses manual gear shifting. With regard to the
second case,naexplanationmight be that older drivers have an increased risk of
multiple-vehicle intersection crashes compared wytbung pegple (IIHS, 2007 &
2011). Withan automatic gear older drivers no longer caused more collisions than
young drivers. Young drivers were involved in as few collisions in the manual as the
automatic condition. This result indicates that the older drivers Wwenefitting

from the automatic gear shifting.

The practical implication of this research is that older drivers should be advised to
use automatic gear shifting instead of manual gear shifting. To do this, one needs to
know whena driver becomes an older driver. In the current study older participants
were 65 years old or older. In the study of Selander et al. (2012) older drivers were
aged between 70 and 90 years. In the study of Warshalvighe and Shinar (2002)

the senior grop was between 50 and 82 years of age and with a mean of 62 years
clearly younger than previously mentioned groups. @weslvement in crashes is
most prominentor drivers above 75 years of age (IHHS, 2007; Li et al., 2003).
Therefore, a switch from maalto automatic gear shifting before the age of 75 may
be advised. More research is needed to define at which age it is the best moment to
switch to automatic gear. For people who have been driving wiins manual
transmission all their lives it might taksome time to get used to automatic gear
shifting. Especially older people may experience difficulties with learning new
skills. For this reason, people could be advised to acquire driving experience in an
automatic gear car already at a younger age too.

Overinvolvement in crashes is not only reported for older drivers, but also for
drivers below 20 years of age. In all mentioned studies no groups of drivers all aged
below 20 were included. A studwith this group couldshow whether the very
young drives would benefit from automatic gear shifting too. This might be
expected because Shinar et al. (1998) found that novice drivers missed more signs in
the manual gear condition than the automatic gear condition.

It is of importance to investigate further fevhich age groups automatic gear
shifting is preferred over manual gear shifting. Moreover, a longitudinabaa
study with young and old subjects may provide more insight in the number and type
of collisions drivers cause in both manual and automatitstnission cars.

Conclusion

There appears to be benefit of driving a car with automatic gear for the older driver.
Older drivers reported lower risk taking scores than young drivers, but showed a
worse driving performance in the driving simulator. The oltlévers swerved more
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in both transmission conditions than young drivers. Only in the manual condition the
older drivers were involved in more collisions than the younger drives. Altogether,
this study supports the advice for older drivers to switch fneemual to automatic
gear shifting.
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Abstract

Complex operational scenarioften involve threalimensional(3D) mental models,

yet operators are provided with twdimensional2D) visual input. Considering that

3D displays and applications are on the rise, it is of special interest whether these
developments have negative effects on visual attention deployment)(S&Dss
various application domains, thus decreasing assumed benefits.

Objectives of the study were to establish an assessment method for VAD in
stereoscopic display#\ similar approach from investigations of twdmensional

VAD built the foundation forthe current study{Hillebrand et al, 2019. It was
required that the methodology for 3D investigations assessed Witiidut using
expert knowledgein order to gain domaindependent insightand to check for
time-dependent influencesithin the task dsign

Overt and covert attention was examined using a task combination of the Stroop test
and a target detection task. The Stroop test captured visual attentoconfined

area, hereby simulating other tasks thatially demand expert knowledge. The
target detection task was performed simultaneously, the detection rate served as
measure for VAD.

Results show that the task combination is applicable for examining VABDIn
domain independentlyThe location of the obsendsr primary attentional focus
influences VAD, especially the direct surroundings of the Stroop tebiag¥or

upper display areaand support for the attentional gradient the@jchley et al.,
1997)were found. Time of target appearance influenced target detection, depending
on theprimary focus.

Introduction

In many technical domains, such as air traffic control, operatmst accomplish
multiple tasks simultaneously and construct mental models from a variety of
information sources. To accomplish this, theywe to transfer twdimensional (2D)

visual input from displays into a thremensional (3D) mental model of the area
they are controllingAt first glance it appears plausible to facilitate tbenstruction

of such amodel by simply displaying information on three dimensidns
stereoscopic displaysHowever, it is uncertain how visual attention(VA) is
deployed in this case, since findings in natural depth perception cannot be readily

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, &A. Toffetti (Eds.)(2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
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transferred to understand how perception works in 3D displayslarify this issue,

an exgriment was performed using a modified version of a methodology called
ATTENDO (Hillebrandet al.,2012. ATTENDO is a twetask paradigm which has
previously been used to evaluate visual attention allocation for aupeddplay
scenario in a P®@ased flght simulator. For the current purposes, ATTENDO was
adaptedto 3D settings This new versiorenables researchers to investigate MA
stereoscopic displays for any application domain and independently from the
knowledge specificities of different experts.

The theoretical basis fahis study is derived from research on visual perception and
attention. With respect tv/A, a distinction betweepvert and covert VA is often
made. Overt attention is described as attending that requires@sgments, while
cowert atention does nofHunt, 2003; Wright& Ward, 2008). Wolfe antHorowitz
(2004) as well asKollmorgen et al. (2010have summarized a large part of the
available research on the question what guides the deploym&t#.dbince they
gained insight on @neral VAD, this insight is important for 3D research, as well.
Thus, their notions on lovevel and higHevel aspects of visual stimulivere
accoungd forin the design of the visual inpfr the experiment described in the
next section. Tis input consisted ofstimuli with low-level as well as highevel
featuresWhile low-level features provide visual salience, highel features guide
VA by the meaning of their content. These features were accounted for in design of
the visual stimuli of the gperiment described in the next section.

Another aspect of visual attention deploym@AD) is addressed bthe theory of
the attentional gradienfAtchley et al.,1997). According to this theoryfiattention
functions like gfunnelshapedjgradient with naximal processing efficiency at the
centre and declining efficiency at more peripheral localidps 524).With respect
to depth, there idia viewercentred attentional gradient in which attention is
allocated from the observer to the point of fixaigp. 527) This means that visual
attention can be directed into space although studies often fail to verifjttidey

et al. (1997) assume thdtetreason for this failure is related perceptual load. If
observers are confronted withisual sceneryof low perceptual load depth
awareness is natssessableTherefore, VAD might not depenan low and high
level featuresalone, but might also be influenced by perceptual.ldadkeep the
design of the experiment focused, neither perceptual load nospketaf lowlevel
and highlevel features mentioned above were treated as independent vanmbles
this study.

Method

To investigate how VA is deploydd stereoscopic displays, a taskniseded which
requires the monitoring ofthe complete display spac&his is a necessary
precondition for finding areas to which attention is paidre (or less) frequently
compared tmthers (Hillebrand et al., 2012Yloreover, the task should account for

the multitasking characteristics which are typical for the worlopdrators. Since

they usually must cope with more than one task at a time, operators may focus on an
area which they regard as particular important for a current task thus neglecting
other areas. In addition to spatial aspects, it is also important sideorat which

time task relevant information is presented.
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Participants

Twenty four persons (21 male, three femalajticipated in the experimentheir
age ranged from 20 to 57 years (meaB31 years SD=9.16) and all of them were
native German sp&ars. They received no payment or any incentives for their
participation.

Apparatus and stimuli

A custommade 3D workbench with a twgrojector systenand rear projection
panels was used for the experiment. Stereo parallaxenalsed by using passive
polarization glassesnovement parallaxvas accounted for biiead tracking. The
measures of the display space wered®%70 cm (lengthx heightx depth).The
visual angle of the workbench was 2230°. It was not homogeneous for the
complete display, sircthe two projector panels were [sbol(seeFigurel).

Figure 1. A 3D workbench from the Deutsche Flugsicherung GmbH (source: Christie Digital
Systems,Inc.) similar to the one used in this experiment.

The experiment was based omva-task paradigm consisg of a modified Stroop

test (Michalczik et al., 2013and a target detectiortask (Hillebrand et al., 2012)
adapted to 3D purposeshe Strap test stimuli were designed to provoke word
colour interference, using the four colours and colour names: red, yellow, blue, and
green. The words were displayed in German. The Stroop test presented stimuli
(incongruently coloured colour names) separataiplike the original Stroop
experiment, in accordance to presentation structure rulésabymple-Alford and
Budayr (1966) Three blocks of the Stroop test were performed. There were 100
incongruent Stroop stimuli per block. Further, eight congruent vitreduced per
experimental block as control stimuli. The congruent stimuli proofed that
participants actually read the Stroop words, instead of naming colours @lume.
Stroop tesserved as primary task aadémedto draw VA to a specificegion of the
display.The Stroopstimuli were presenteskrially with an inter stimulus interval of

1 second. Each haduration of 0.5 secondsd appeared at one of three locations
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(S1, S2 and S3, sddgure 2). S1 was located in the uppeght backgroundS2 in
the very centre of every dimensiand S3 in the loweleft foreground. The viewing
direction of the operaté gazds slightly from above, as illustrated by the arriow
Figure 2.

The secondary taskasa target detection task servedto assesshedistribution of
VA over the complete3D spaceThere were 2'possible positions for the targets
which were coloured dark grey, just above the perception threshold for
distinguishing them from the background

The colour of the background was 85% grey with an embedded 75% grey grid. The
grid was established for enhamg the impression of depth of the screen content.
However, the grid is not shown Figure 2 since it is a schematic depiction of the
scenery that sees illustrational purposes only. To enable a better understanding of
the visual content the colourshigure 2 have been altered, as well.

Operator's

| | = Stroop Test Area
| §  (Primary Task)

@ = Target (Secondary Task)

- = Operator's Viewing Direction

Figure 2. Distribution of primary and secondary task within the 3D display space (N
targets were of darigrey colour, use of magenta is only for illustrational purposes.).

Procedure

Before starting the experiment, participants tdwlo vision tests. The first test
assessedcolour vision impairmentthe secondone examined binocular visual
faculty. Having passed the vision tests, participants were introduced to the
workbench.They were placed in front of the horizontal centre of the scseethat

their eye level at 56m heightfrom the desk

The experimental phase was preceded by a short training. SiacBtitooptest
generally shows a relatively stable levelpafrformanceafter the processing dive

blocks (MacLeod, 1991)these wergerformed first. The training blocks contained

30 Stroop stimuli and 8 targetshd& subsequenexperimeral phase consisted of
three blocks of Stroop tasks. Each block was dedicated to one of the three positions
of the task (S1, S2, S3). All blocks wenegented to each participant in randomized
order.Eachblock corsisted of 108 Stroop stimul7 of them together with a target,

81 without a targefnote thatFigure 2showsall possible 27 positions, although
targets were presented in successiithin a block, each of the 27 target positions
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was used once and their order was randomized for every participantal, 324

Stroop stimuli and 81 targets were presented in each experimental s&ssibn.
target was presented for 500 milliseconds. It apgmbeither ynchranously with the

Stroop stimulus (no delaydr asynchronously with a delay of 0.5 seconds or 1.0
seconds. To indicate the detection of a target, participants pressed a button on a
nine-key keyboard left of the screen.

Experimental designand hypotheses

The experiment investigated three independent variaBlesop testposition (S1,

S2, S3; see Figure 3jargetposition (27 possibilities; see Figure, and delay in
target appearanc®.0 s, 0.5 s, and 1.0.s)he performance in the pmary task
(Stroop test) in terms of correct answer rates as well as the performance in the
secondary task (target detection) in terms of correct detections serdegesient
variables.

Five hypotheses were tested:

H1: Rates of correct answers in the $fdask arénfluenced bythe positionof the
taskin the 3D display

H2: The target detection rate is diminished outside the plseeFigure 3 where
the Stroop task is located.

H3: The target detection rate is diminished at target locations that aectinam one
position away from the location of the Stroop task.

H4: The target detection rate dependslodelay oftarget appearance.

H5: There is a tradeff between the performance in the Stroop task and the
performance in target detection.

Results
Strooptask performancén relation to its position (H1)

For all positions,the percentage of correct answers to the Stroop task was very high
with 94.1% for S1, 93.7% forS2 and 9.6% for S3.Wilcoxon tests showed that the
difference between S2 and S3 wise only significant one( U= . Bligh)
percentages of correct responses are common for the Stroop Test; yet, the rates in
this experiment indicate that participants had really concentrated on their primary
task.

Target detection in relation to the plankthe Stroop task position (H2)

For analytical purposes, the 3D display was segmentediimédarget planesvhich
can be defined and classified on the basis of the coordinate gg&telfigure 3):

I  Vertical planes are spanned by the x and z dimensioraandrranged along
the y dimension. They are termepper [1], middle[2] andbottom[3] plane.
1 Horizontal planes are spanned by the y and z dimension and are arranged along
the x dimensionThey are termetkft [4], central[5] andright [6]) plane.



58 Michalczik, Thiring & Hillebrand

1  Depth planes are spanned by the x and y dimension and are arranged along the
z dimension. They are termedreground [7], middle ground[8] and
background9] plane.

Figure 3. Segementation of the display space in three planes per dimension (Notes: (
differ from the experimental design for illustrational purposes).

Target detection rates were analysedWijcoxonte st s .(FOr=reaSoBs) of
simplicity, only significant differences are listed belovheletection rates for each
group of planes inelation to the position of the Stroop task gieen in brackets.

Vertical plans:
1 ForS1: upper plané89%) > middle plane(68%) > bottom plane (22%
1 For S2: upper plane 92% middle plane(68%) > bottom plane (49%
1 For KB: upper plan€62%) > middle plane(53%) > bottom plane (32%

Horizontalplanes:
1 ForSL: rightplane(76%) > centralplane(63%) > left plane(26%0)
I ForS3: left plane(58%) > right plane(42%)

Depth planes:
For S1: Foreground plane (64) > background plane (356)
For S1: Middle groundplane (626) > background plane (356)

For S2: Foreground plane (68) < middlegroundplane (836)
For S2: Middle groundplane (836) > background plane (56)

For S3: Foreground plane (%2) > background plane 8)
For S3: Middle groundplane (726) > backgrounglane (86)

E ] E ] E ]

Target cetection rate in relation to the distance between target location and Stroop
task location (H3)

In addition to the detection rates for the different planes of the display, target
detection wasnivestigated in relation to the proximity the target position to the
Stroop tesposition.For this purpose, the mean detection rates in the direct vicinity
of a Stroop task (i.e., only position away) were compared with the mean rates at
target positions further off. Figure 4 gives an exanfpteposition S3. Targets in

the directvicinity of S3 are magenteoloured and connected to it. An equivalent
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area exists for SSince for S2all targets ar@nly one position away, the analysis is
confined to S1 and S3.

Comparisons of mean detection rabetween target positions close to the Stroop
task and those that were further away were accomplishtéd theé Yated€s chi
squared testFor S1, the empirical cksquare value was significantly above the
criticalone ( 6 | e mp =7 8. 6 85; ¢f-id-taiked) ¢ R71)t Targeib=near
the Stroop task positiomere detected more frequen{B1.77%)than targets further
off (43.42%), indicating that spatial proximity improvedtection. The results for

S3 point in the samandiiné¢.@rd=ditaled Femp = 20. 41
2.71) Again, near targets were detected more frequently (65.62%) than far targets
(45.83%).

Operator’
Gaze

| = Stroop Test Area
5 (Primary Task)

@@ = Target (Secondary Task)

- = Operator's Viewing Direction

Figure 4.Targets with high spatial target proximity to the primary task (Note: colours differ
from the experimental design forufitrational purposes).

Target detection rate in relation to the delay in target appearance (H4)

Again, detection rates were analysed witti | coxon Test s (U=.02). Signi fic
differences were found for S1 and S2, but not for S3.

1 Si1: nodelay (63%; SD=.094 > 0.5sdelay (57%; SD=.128 > 1.0sdelay
(47%;SD = .13}

1 S2:1.0sdelay(81%; SD=.138 > 0.5sdelay(63%; SD=.214

1 S2: 1.0sdelay(81%; SD=.138 > nodelay(69%; SD=.16)

Figure Sillustratesthe significant differences between target detection rédeshe
different levels of delagyand for the Stroop task positions S1 and B2deoff
effects (H5)

Performance in dual tasks is susceptible to taftee Good performance in the
primary task may lead to an impairment of performance in the secondéryora

vice versa). To check for traadf effects in the current experiment, performance in

the Stroop task was contrasted against performance in the detection task. As can be
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seen inTablel performance in the Stroop tasks at S2 was descriptively worse than
at S1 and S3. As reported above, the difference between S2 and S3 was also
significant. The corresponding detection rates are also shown in Talktelated
Sampés Wilcoxon Signed Rank Testvealed thattarget detection aB2 was
significantly higher thamletection aB1 as wellasat 3U=. 0 2)

The overall correlation between the number of correctly answered Stroop stimuli
and detected targets of -1619 (Pearsds r) and r2=.0004 cpefficient of
determination) The overall and separate coefficients for S1, S2 and S3 can be found
in Table 1.
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Figure 5.Target detection rates per level of delayanget appearance for Stroop task
positiors S1 and S2

Tablel. Rates of correct answers in the Stroop task and rates of correct target detection per
position of the Stroop task

Stroop Task Correct Answers | Correct target Pearsorés r r2
position in the Stroop detections

Task
S1 94.1% 55.7% 291 .084
S2 93.7% 70.9% .096 .009
S3 95.6% 50.1% -.034 .001
Overall 94.5 58.9 -.019 .0004
Discussion

Five hypotheses guided the investigation of visual attention in the present study. The
first one postulated thalhe rateof correct answers in the Stroop tag&sinfluenced

by the position of the task in the 3D display. Although ttéiie of correct answers

was generally high, it was worst at S2, i.e., in the centre of the display. This result is
rather surprising and reqas further investigation. As the following discussion will
show, a number of factors may influence performance and the distribution of visual
attention in a 3D display.

The second hypothesis was based the assumption that (a) attention would be focused
on the location of the primary task and (b) that target detection at positions on the
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same plane would benefit from the resulting proximity. Thereforeas predicted

that target detection would Hmetteron the plane that contained the Stroop task
comparedto the other planesResults for the vertical planes contradicted this
hypothesis. For all positions of the Stoop task, there avaadvantage in target
detection on the upper plan®ne explanation might belerived from the
participant$ posturein front of the 3D workbenchSince hey lookedat the display
from slightly abovethe resulting visual angle might have facilitated detection on the
upper planeFuture research is needed though to clarify this point. It is possible that
the advantagelisappearsor shifts to another plane when tparticipant$ visual
ande is changed

For the horizontal planes, target detectiorssanificantly bettein the periphery

when the primary task was located at the respective side. The performance was best
on the righ plane, when the Stroop task appeared at S1, and best on the left plane
when the Stroop task was presented at S3. No similar effect, however, was found for
S2. Hence, the results for the lateral planes are in line with H2, while the result for
the centrabne is not.

Differences in detection were also found on the depth planes. WheStiooptest

was located at S3target detectiorwas best in the foreground, second besthi
middleground and very low in the background. This result accaittsH2. Results

for S2 supportthe hypothesis as well. The detection rate was significantly better on
the middle groundplanethanonthe foregroundand on the backgrourmane.These
results support the assumption that a close proximitgrgkts to the positioof the
primary task improvedetection Different results however, are found fd1. Here,

the Strooptest wa located in thebackground, yet detection was best in the
foreground and second best in the middle groungbossible explanatioman be
derived from the theory byAtchley et al.(1997)The funnelshapedattentional
gradient encompass the fore and middle ground,but not necessarily the
background. Furthermore, the perceptual load might have been too low to enable
strong deptlawareness. Sincénis is a post hoc explanation, it requires further
investigation in followup studies that treat perceptual load as an independent
variable.

In summary, the results for H2 are ambiguous. While a particularity of the
experimental (i.e., the participadtposition in front of the display) might be
responsible for the results on the vertical planes, differences in target detection on
the other planes support the assumption that the proximity of targets to the location
of the primary task improves the partiaipsd performance. However, proximity
might not be the only factor that impact detection. The attentional gradient as well as
perceptual load might also play an important role.

In hypothesis three, proximity was operationalized in a different way. Tleetdir
vicinity of a Stroop task was defined as the set of targets that were only one position
away from it. It was assumed that target detection in the vicinity would be better
than at locations further off. This assumption was supported for the Stroop tasks
located at S1 and S3. It seems that the primary task attracts VA and creates an
attentional halo around its position. Inside the halo, detection seems to be better than
outside. However, it must be noted that this kind of proximity could not be
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investigaed for S2 because all targets were just one position away from this
location.

The fourth hypothesis stated thatgetdetection would be influenced lifie delay

of target appearancén line with this prediction, the delaysgnificanty impacted

target detection rates at the Stroop test locations S1 and S2. While it was
advantageousvhen the target was nalelayed with the primary task &1, the
opposite is found for S2. Here, the longest delay (1.0 s) provokes the highest
detection rate. No infience of delays is found for S3. Hence, the delay between the
presentation of the primary task (Stroop tests) and the secondary task seems to affect
target detection although no general pattern can be idehtifie

Hypothesis five addressed the possibitifytradeoffs between the performance in
the Stroop task and the performance in target dete®iesults provide evidence for
suchtradeoff effects At S1 and S3 correct answers to the Stroop tasks are very
frequent (94,1% and 95,6%) while the correspogd detection rates are
comparatively small (55.7% and 50.1%). This ratio is changed at S2. Here,
performance in the Stroop task is worst (93.7%) while the detection rate is
substantially increased (70.9%). However, there are very small correlations metwee
the performance in the Stroop test and the detection rate for S1 (r=.29, r2=.084), S2
(r=.096, r2=.009) and S3 (034, r2=.001) separately and overdhi=-.019,
r2=,.0004) Therefore, the constellation of performance in the primary and the
secondary tdsdoes not support the assumption of traffeeffects in the current
experiment.

To summarize this study took a first step towards the development of an
ATTENDO-based (Hillebrand et al., 2012) evaluation method for 3D settihgs.
served as a proof of noept that visual attention in stereoscopic displays can be
experimentally investigated with a domain independent dual task paradigm. This
paradigm provides aomparatively simple, cosfficient methaology for future
research. Moreover, the results of ttudy raised a number of new issthet must

be investigatedo gain deeper insights into the distribution of attention in 3D
displays.
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Abstract

The first vehicle cockpit colour concepigre developed based on the light used in
submarine vehicles. This was primarily because operators were not typically
exposed to external light sources and operated under the scotopic visual range. Red
lighting was used as it does not disrupt dark adaptatBased on this, many
automobile companies developed their night time concepts in red. However, when
driving in an urban setting at night or twilight, the lighting level is described as
mesopic. Because of this, a white cockpit colour concept beconiaisla @ption. In

this study, two colour concepts were compared under mesopic vision conditions.
The main objective was to assess whether both concepts yielded similar results in
terms of interpretability, readability, and differentiability of informatidtor the
experiment, 30 participants performed an occlusion task. A cockpit display with a
speedometer in either colour appeared. The cockpit was presented for different
duration times to simulate short glances at the speedometer. Statistical tests were
pefformed to examine global response accuracy and mean accuracy for particular
presentation times. No significant differences were found. In sum, this paper
confirms that a white concept shows no disadvantages relative to a red concept
under mesopic lightingonditions.

Introduction
Motivation

Operating a vehicle is visually, cognitively, and physically loading for the driver
(Recarte & Nunes, 2003). The coordination of these processes is especially crucial
for driving under specific conditions, like atghit time or twilight (Eloholma et al.,
2006); the driver is continually required to adjust and readapt (e.g. through
accommodation and saccades) to items inside the car and on the road. By creating
more efficient displays in the vehicle that draws notraach attention away from

the primary driving task, will help to decrease workload and provide for a safer
driving experience. Neale et al. (2005) present the consequences for a lack of
concentration while driving. About 78% of traffic collisions and al@h#6 of near
collisions occurred because ddriving-related inattention to the forward roadway
and nonrspecific eye glanaeas well afisecondary task engagement and fatigue

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. \WAiki€htige,

W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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Illumination

The human visual system operates over a wide range of luminamseabout 16

up to 16 cd/m2. There are three light levels defined for human vision: photopic,
mesopic, and scotopic (Table 1). The luminance level for the photopic vision is
defined as higher thanB) cd/m?, the mesopic vision range from 0.001 up-i®3
cd/m2 and the luminance level lower than 0.001 cd/m? is defined as scotopic vision
(Boyce & Rea, 1987; Dacheux & Raviola, 2000). It is today acknowledged that the
upper luminance limit of the mesopic region cannot be precisely defined (Viikari et
al., 2005; Plainis et al., 2005)

Table 1. Functional ranges of visual system capabilities (Boyce, 2006, p. 652)

Luminance Photoreceptor Wavelength
Name Range (cd m—?) Active Range (nm) Capabilities
Photopic =3 Cones 380-780  Color vision, good detail discrimination
Scotopic <0.001 Rods 380-780  No color vision, poor detail discrimination
Mesopic =0.001 and <3 Cones and rods 380-780  Diminished color vision, reduced detail

discrimination, and a shift in spectral sensitivity
as adaptation luminance moves from photopic
to scotopic

But the perception of certain stimuli under different luminance conditions does not
show equal efficacy. Driving at night time is riskier than dgrthe day. Although
only 25% of all traffic is present at night, the number of accidents for night and day
is the same (Rumar, 2002). Studies on visual performance while driving with
different light levels show that stimuli are perceived differently. Vdithecreasing
luminance level, the reaction time and error rate increases (Alferdinck, 2006).

Mesopic Vision in urban Areas

The first invehicle cockpit colour concepts were developed based on the light and
luminance used in subaqueous vehicles becapsrators were deprived of external

light sources and operated under the scotopic visual range as described above
(Boyce, 2006). The visual system adapts to the dark in order to adjust to certain
luminance conditions. This dark adaptation (Purkinje effapplies to red lighting
because the spectral luminous efficiency function shifts to lower wavelengths, where
red (700 nm) is not affected (see Figlije The rods of the eye do not become
saturated, which is one reason why the first colour concepts -fgghicle cockpit
displays were red.

Studies have shown that under low luminance levels and high travelling speeds,
more errors occur and additional steering effort is needed (Alferdinck, 2006).
Ordinarily, driving at night in rural areas is classified ime tscotopic range.
However, the light level in urban areas when driving at night or twilight is described
as mesopic. The main reason for this is the higher luminance level caused by the
signals, signs, street lights, and other vehicles (Stockman & St20Pe; Viikari,

2008). Additionally, internal light sources also contribute to the overall light level as
many driver assistance and information systems, such as navigation or entertainment
functions, are completely electronic. Since it is now proven dhiging in urban
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areas does not operate under the scotopic but rather mesopic range, the opportunity
is presented for a new vehicle cockpit colour concept.

The main objective of this study was to assess whether a new cockpit colour yielded
similar resultsin terms of the interpretability, readability, and differentiability of
information compared to the old concept in red. However, only the interpretability
and differentiability are discussed in this paper.

1 Interpretability and differentiability: Hovaccurate is the information read
from each display? How efficient is the recognition and identification of the
target?

Both objective and subjective data was collected. Participants performed two
experiments and evaluated the aforementioned criteria wdtheationnaire. In this
paper, only experiment one is presented where the readability, interpretability and
differentiability criteria were tested. The data of the questionnaire was published
earlier (Gotze et al., 2013). The analysis of the data of twndeexperiment is still
ongoing.

¢ \ V(lambda), photopic
0.9 l' “ ------ V10(lambda), photopic
0.8- / J A} = = = Mesopic (tentative)
_z‘ ' 7/ ' \ V'(lambda), scotopic
S 07 / \
£ — ; \ \
2 0.61 ; \
Q \
» 0.5 / \
e & \
= 0.4 2 7 3
s . .
[+}] . .
K 0.3 i .
0.2 P .
01 1 ¢ll \\
0 ---.’ T T T b 1
400 450 500 550 600 650 700
Wavelength

Figure 1. The CIE spectral luminous efficiency functions for photopic vision, V(k) and V10(k),
and scotopic vision &) compared with an example of a tentative spectral mesopic function
for a typical mesopic light leVéAlferdinck, 2006)

Method
Occlusion technique

The occlusion technique (ISO 16673:2007) is used to assess visual demands of a
task (e.g. stimulus presented on a display). During the experiment there are two
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main parameters to be varied: The time darain which a certain stimulus is
visible and the time frame between two stimuli (Baumann et al., 2004). Moreover,
there are two different ways to perform an occlusion experiment. The participants
either wear shutter glasses or the stimulus on a scregmuison and off. In this
study the latter was used to maintain mesopic vision throughout the experiment.

Framework conditions of the study

Displays

The study compared a currently used cockpit concept (Figure 2) in two different
colours. It can be fouhin some mietange cars. The size of the whole cockpit
display on the screen was 316x117 mm. Both rings, the tachometer and the
speedometer, had a diameter of 96.4 mm. These measures correspond to those of a
real existing instrument cluster in automohilds a baseline colour concept, the red
(603.2 nm) colour concept was used compared to white. White was chosen because
it is the colour produced by the reflection, transmission or emission of all
wavelength of visible light. The luminance level of the qutKisplay was tailored

for mesopic vision conditions and set to 7.8 cd/m2 for the red display and 11.0 cd/m?
for the white display.

43955 223.5

Figure 2. The cockpit concept used in this study with its measurements

Experimental design

The study was conducted ian experimental room under mesopic lighting
conditions in a range from 0.01 cd/m?2 up to 1 cd/m2. Participants sat on a chair in
front of the screen with their head on a chin rest to ensure a viewing distance of 70
cm (see Figure 3). The Screen was posd#tibin front of them. Between each
presentations a fixation cross, located on the top part of the screen, was presented to
simulate a saccade to the driving scene. Furthermore, a small fake camera was
placed under the screen in order to motivate the paaitits not to anticipate the
position of where the speedometer would be presented and to stimulate the small
saccade of eye movement during the experiment.
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Figure 3 Setup of the occlusion task with a screen in front of the participants and a chin rest
for the head.

Procedure

At the beginning of the experimental session, all participants performed a visual
acuity test (Landolt ring test) to test visual acuity and to ensure that each participant
met the minimum acuity for driving (0.5 according to Colendier and De Laey
(2005)). While performing under mesopic conditions, a visual acuity of at least 0.2
is needed (Uvijls et al.,, 2001). Additionally, participants also performed a colour
vision test. This was especially important considering the natureeadx{periment.
Afterwards, a demographical questionnaire was administered to participants. Test
persons entered the experimental room under mesopic lighting followed by a
mesopic adaptation procedure of 20 to 30 minutes (Lamb & Pugh, 2004).

The aim of thisexperiment was to evaluate under mesopic lighting, whether
participants were able to accurately indicate the speed indicated on the cockpit
speedometer. Four different display durations and two colour concepts were used for
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this evaluation. It was additially important to be able to compare the two colour
concepts in order to investigate which concept, if any, would yield better
performance in the task. Participants verbally reported the displayed speed to the
experimenter. Performance was not based emtlickness of the report; however,

the speed was to be reported before the next stimulus was presented.

Pre-experiment

A pre-experiment was run for this study. Six participants performed 58 trials each
colour, in addition to a training session in thegibaing. The aim of the pre
experiment was to find the perfect occlusion times for the main experiment. Three
presentation times were used in this-prperiment: 300, 350 and 400 ms. The
results revealed that the accuracy and misses did not differ mtwbemeall three
times. Therefore, in the main experiment, the display durations were shifted down in
order to test lower times and provoke errors.

1000 ms

200, 250, 300 or 350 ms

Until response

Figure 4 Time sequence of stimuli presented in the experiment. The screen remained black
until theparticipant was ready (A). Afterwards, a white fixation cross on the top of the screen
was presented for 1000 ms (B). The cross disappeared and participants were presented a
cockpit display on the bottom of the screen in the respective colour of theviterk, a

certain speed was indicated (C). After the presentation time, the screen turned black again
until the next stimuli was presented (D).

Main experiment

Figure 4 shows the procedure of the main experiment. All participants performed a
training block before the experiment began. During the training, participants were
familiarized with the task and were given feedback on the correctness of their report.
No auch feedback was given in the main experiment. The experiment was presented
to participants as per the sequence shown in Figure 4. The cockpits were displayed
for 4 durations: 200, 250, 300, and 350 ms. Possible speeds indicated were 30, 60,
90, 130, 140,160, 180, 200, and 220 km/h indicated by the speedometer.
Participants were not informed that only specific speeds would be shown. The
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different distances between speeds were chosen to decrease predictability. Minimum
and maximum speeds were excluded fribve experiment as they were considered
too easy.

Data acquisition

All presentations in this study were prepared and executed wkhinie 2.0
(Psychology Software Tools, Inc.). Performance metrics (viz. accuracy rates) were
also recorded with rime.

Participants

Thirty healthy volunteers participated in this study. The 6 participants that took part
in the preexperiment were not included in the main analysis. Only male subjects
were recruited for this study, as several studies show the effects ahdeage on

visual performance. Another part of the experiment consisted of a choice reaction
time (CRT) task. While simple reaction time (SRT) tasks are associated with age
and sex (for example, males perform some SRT tasks faster than females across the
life span, whereas women are more accurate (Der & Deary, 2006)), mean CRT tasks
tend to be very inconsistent in the considered age range56)2%-or example, the

CRT increases and becomes more variable with age while gender shows no
regularity as seen iRigure 5. Additionally, there seems to be different RT patterns
for females and males as a function of stimulus location (Adam et al., 1999).
Although RT was not relevant in this experiment, this was a crucial factor to the
second experiment not reportedrd. Only males were accepted as patrticipants in
order to control the homogeneity of the sample.

10009

i
p i

CAT mean

500+

age

Figure 5. Choice reaction time (CRT) mean of a visual performance study of male (solid) and
female (dashed) participants (Der & Deary, 2006)
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Results
Participants

All participants were between Z#% years of age with a mean of 43 years. No
participants reported to suffer from any visual or motoric impairment. The driving
experience varied from 186 years with a mean of 24.6 years and an average
driving digance of 25171 km per year (ranging from 8000 to 70000 km).

Occlusion Task

Each participant was presented with 32 training trials and 64 experimental trials, for

both colours, red and white. The mean accuracy rate for each presentation duration
and the man global accuracy rate (across all presentation durations) were calculated
for all 30 participants. Only accurately reported speeds were considered correct. No
response or reporting an inaccurate speed were considered errors.

Mean global accuracy

The mean global accuracy for all participants and all four time frame conditions was
calculated. A pairedampled test was performed to examine any difference in
global accuracy rate. The mean and SDs for each colour concept can be found in
Table 2; Figure 6 graphically depicts these findings. No significant difference
between the two colour concepts in terms of global accuracy was found.

Table2. Mean global response accuracy for two display colour concepts (N = 30)

White Red
Mean 0.75 0.74
SD 0.13 0.17
1
0.8
S 0.6 :
o
>
§ 0.4
c
I
g 0.2
0.75 0.74
O T 1
white Colour red

Figure 6. Mean global accuracy with standard deviation for responses across all participants
and presentation times for the two colour concepts
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Mean accuracy for different presentation times
The mean accuracy for all four different presentation times and both colours was
calculated. Accuracy percentages are given in Table

Table3. Mean accuracy for different presentation times for two display colour concepts

200 ms 250 ms 300 ms 350 ms
White 0.68 0.75 0.76 0.83
SD White 0.129 0.125 0.152 0.115
Red 0.65 0.73 0.77 0.80
SD Red 0.186 0.190 0.137 0.167

A one-way repeated measures ANOVA was done. Maushigst indicated that the

assumption of sphericity had been violated, X?(5) = 1185 .045, therefore

degrees of freedom were corrected using Greenkh@essser estimates of sphericity

(v = .804). The results show that there was no sighn
mean accuracy for the different presentation durations F(1, 28p%; p = .53.

These results suggest that the colour concept has no effect on the accuracy of

reading and reporting a speed from the cockpit (Figure 7).

1
N
0.8 ——
e
-_— ﬂ
& ¢ —
C 06
s 0.
9 =0=200 ms
<
= ==250 ms
0.4
s 300 ms
=6=350 ms
0.2
0 T 1
white red

Colour

Figure 7. Mean accuracy for all presentation times with each cockpit colour
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Additionally, there was asignificant main effect of presentation time,
F(2.41,69.98)= 44.80,p O .001, suggesting that presentation time significantly
affected mean accuracy (Figure 8).

1
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(@]
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2 //)/
°
<2 0.6
el
>
[&]
o
3 0.4
o
I
C
S
s 0.2

0 T T T 1

200 ms 250 ms 300 ms 350 ms
Presentation Time

Figure 8. Mean accuracy including both colours for all presentation times

Posthoc Bonferroni comparisons indicated that all presentation times were
significantly different from eacbther, pO.001, except for 250ms and 300ms, p =
.12 where no difference was found. These results suggest that it gets significantly
better to read a speiifspeed accurate in a cockpit display no matter which colour
but depending on the presentation time. Shorter presentation times lead to
significantly less accurate answers then longer presentation times.

Noninferiority

Since a main aim of this study svdo compare the new colour (white) cockpit
concept to the already established one (red), aimferiority test was also carried

out. With noninferiority testing, the margin must be smaller than or equdtte
smallest value that would represent a niregfial difference, or the largest value that
would represent a meaningless difference. The determination of this margin must be
based on both statistical reasoning and [expert] judgnielenanff et al., 2006, pg.
1147). It is usually expressed with thenfidence interval of:

) dz%
“ Ve
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A fmeaningful differencé is typically defined case by case. Since 3 of 4
presentation times are already more accurate for the new white colour concept, only
accuracy for the presentation time of 300 ms is important ingktsFigure 9 shows

the 95% confidence interval for the mean accuracy of each colour and each of the
four presentation times. The graph shows that there is no meaningful difference
between the both colour concepts.

OWhite @Red

=

—HH

A

Mean Accuracy
OO0 O0O0000O0o
P NWMOIO N 0O

0.680.6 0.790.7 0.830.80

o

200 ms 250 ms 300 ms 350 ms
Presentation Time

Figure 9. 95% Confidence Intervdisr the mean accuracy of both colours and all
presentation times

Discussion

In the current study, two car cockpit colour concepts (white and red) were compared
in order to examine them in terms of readability of information under mesopic
lighting conditbns. The occlusion technique was used to facilitate a comparison
between the readability of a displayed speed for specific presentation duration. The
aim was to investigate whether two display colours yielded the same results for the
presentation times 20@50, 300, and 350 ms. Mean accuracy and global accuracy
were included in the analysis. No significant differences between the two colours
were found. A significant main effect of the presentation time was found, meaning
that the longer the presentatiomé was, the more correct responses were reported.
This result is in line with studies reporting increased visual performance according
to an increase in stimulus presentation time (Baumann et al., 2004). A final non
inferiority test showed no meaningfuifférence between the two colour concepts,
implying that both colour concepts are associated with the same performance
outcomesThe NHTSA report (Klauer et al., 2010) shows that therefiz-second

ruled which is based on research by Rockwell (1988). dtiglies showed that the

85" percentile eye glance length was about 1.9s. Still some researchers like Green
(1999), Wierwille (1993) or Dingus et al. (1989) suggested a time not greater than
1.5s to look away from the forward roadway. The results of Xperément show,
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independently of the colour the speed can be read even in very short presentation
times. The lighting colour of the cockpit concept is not important under mesopic
vision as long as the driver stays adapted to those luminance levels.

Conclusion

In short, the study shows that a new cockpit colour concept, as tested, has no
objective disadvantage over the currently used red colour concept under mesopic
lighting. These results will help designers of displays or car manufacturers with new
possbilities for interior lighting concepts for nigltime driving in urban areas.
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Measuring skill decay in process control results from
four experiments with a simulated process control task

Annette KlugeBarbara Frank & Julia Miebach
University of Duisburggssen, Duisburg, Germany

Although widely acknowledged in the field of process automatikiti, decay of
operators and its consequences has not been investigated intensively. In four
laboratory experimentsNE252 subjects in total), skill decay of a trained start
procedure of a water purification plant was measured after two (studipsarid

three (study 4) weeks with respect to the primary task performance (speed and
accuracy of performing the starp procedure) and secondary task performance to
measure mental workload (MW). During the retention interval, experimental groups
(EG) received aefresher intervention (RI), while control groups (CG) received no
treatment (studies-4). The Rls were designed differently based on theories of skill
proceduralisation (PractieRl), the test effect (Skill Demonstration or Procedural
Knowledge Test), Mntal Practice (Symbolic Rehearsal) andtlomjob training
(Work Experience). Results show that substantial skill decay occurs early on but can
be countered by induced retrieval effort during RIs, which in turn affects primary
task performance and MW déffently. MW and variance in performance was lowest
for the PracticeRl. RIs based on the test effect supported skill retention but affected
MW negatively. Finally, all EGs (except the PractiRp and CGs varied in skill
decay, which can be substantiallftributed to persomelated variables (mental
ability/memory).

Introduction

The notion of skill degradation and skill decay in highly automated workplaces such
as process control is widely assumed to be a noteworthy side effect of automation
(e.g. Bainbidge, 1983; Kluge et al., 201@nnasch et al., 2013; Parasuraman et al.,
2000; Sauer et al., 2000; Wickens & Hollands, 2000). It can potentially become an
important safety issue, especially in Amutine situations, e.g. in the stap or
shutdown of aplant (Wickens & Hollands, 2000) or in cases of automation failure
(McBride et al., 2013; Onnasch et al., 2013; Parasuraman &08D). A non
routine situation is defined above all by the rarity with which it is performed (Kluge,
in press). This rarperformance creates a period of ame, and through this nen

use, processes of forgetting as expressed in a very low strength of retrieval occur
(Bjork & Bjork, 1992; Bjork, 2009); and consequently, the performance level is not
present in the necessary mnar.

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (orine). Available from http://hfes
europe.org
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The assumption concerning the process of forgetting refers tpaver law of
forgetting(Bourne & Healy, 2012; Wixted & Carpenter, 200@)Vith the passage of

time and the lack of opportunity to rehearse or refresh acquired knowledge and skill,
performance declines and reflects failure to retain informati@ourne & Healy,

2012, p. 4). The skill degradation is observed in an increased response time or
decreased accuracy. The power law of forgetting (Wixted & Carpenter, 2007) can be
thought of asthe inverse of the power law of practice (Bourne & Healy, 2012).
Forgetting is assumed to be a difficulty in recalling knowledge and skill, which is
due to the process of losing access (Bjork, 2011). Losing access, in turn, refers to a
decrease in retrieVatrength, defined as the accessibility at a given point in time
(Bjork, 2011; for more details see Bjork & Bjork, 1992, 2006). In particular,
procedural tasks are highly liable to forgetting (Martinussen & Hunter, 2010; Farr,
1987).

The amount of forgéihg or the decrease in retrieval strength in process control, has
seldom been directly addressed and investigated. We therefore conducted a series of
four experiments (Kluge et al., 2012; Kluge & Frank, resubmitted; Miebach, 2013)
to investigate the parasters within which forgetting becomes apparent in
procedural tasks such as standard operating procedures (SOPs). As is known from
the law of forgetting, skill decay may lead to a loss of speed and accuracy in
performing a task, and may additionally leadatoincrease in attentional resources
and the mental effort with which the task is performed. In detail this means that the
task is not performed skibased anymore (because it is less proceduralised) but
needs to be performed knowledgased (by using dtarative knowledge; Kim,

Ritter & Koubek, 2013) with less attentional resources available for e.g. secondary
tasks.

In these four studies, we investigated the amount of skill degradation and the impact
of various countermeasures. In the present paperfoctus will be on the aspects of

skill decay in terms of a) speed loss and its consequences for production outcome, b)
increased mental workload (a & b studied)l and c) its correlation with person
related variables (study 4).

The task to be perfoamed
The skill to be maintained and the simulated process control task

In all studies (Kluge et al., 2012; Kluge & FrariR, pres$ referred to here, the
participant§task was to start up a simulated plant in an elestep fixed sequence
(Table 1). The staitip of a plant is assumed to be a #montine task which requires
skill retention. The stamip sequence is embedded in the operation of the Waste
Water TreatmenSimulation (WaTrSim, Burkolter et al., 2009). In WaTrSim, the
operatoés task is to separate waste water into fresh water and solvent by starting up,
controlling and monitoring the plant. The goal is to maximize the amount of purified
water and to minimizeéhe amount of waste water (primary task). This goal is
achieved by controlling four main processes in WaTrSim, considering the timing of
actions and following fixed sequences (Kluge et al., 2012). Theuwgigstocedure

was used to measure skill retentamd skill decay, respectively.
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Table2. Sequence of staup procedure trained. VIL V4 are the abbreviation for
e.g. valve 2, tanks in AWAsim are called Ba, Bb, Bc, Bd, Be, R1 and HB1 as well as
heatings are labelled by H1 and K1

Step # Temporal Transfer
(in Initial Training, trained statip procedure)
Step 1 Deactivate followup control

Operate controller V2
Set the target value from external to internal
Step 2 Valve V1: Flow rate 500 I/h
Operate controller V1
Set targevalue 5001/h
Step 3 Wait until content of R1 > 200 |
Step 4 Valve V2: Flow rate 500 I/h
Operate controller V2
Set target value 500I/h
Step 5 Wait until content R1 > 400 |
Step 6 Valve V3: Flow rate 1000 I/h
Operate controller V3
Set target value 1000l/h
Step 7 Wait until content of HB1 > 100 |
Step 8 Switch on heating H1
Operate controller HB1
set from manual to automatic operation
Step 9 Wait until HB1 > 60°C
Step 10 Put column C1 into operation
Operate controller C1
setfrom manual to automatic operation
Step 11 Valve V4: Flow rate 1000 I/h
Operate controller V4
Set target value 10001/h

The general experimental setting of studie® 1

The studies comprised a betweesnd withingroup design with one or two
experimental groups (EGs) compared to a control group (CG) and two measurement
times (Figure 1).

In the present paper, we present the findings concerning skill decay in terms of

a) the CGs and their amount of skill decay resulting from speed loss and its
consequences for production output, and

b) performance degradation in the secondary task of EGs and CGs (indicator of
mental workload).

For studies 43 and all groups, each experiméncluded two measurement times: 1)
performance at the end of the Initial Training (IT) and 2) performance at the
Retention Assessment (RA) two weeks later. The EGs additionally received a
refresher intervention (RI) between IT and RA (for details offfes, see Kluge et
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al., 2012, Kluge & Frank, in pressl.Gs were assessed at the IT and the RA only
and received no refresher intervention. The G@erformance served as an
indication forfipure forgetting due to noruse.

Initial Training
Assessment

30 min 60 min 10 min 5min 15min 5min
Know- Know-
CG Pre- Trainin Test1 ledge | T88t2 | ledge
1 per Study tra_:_lmng ning 2 Weeks test | iqemp, | test
est (only Iqransfer| (only
Study 3’ Study 2)
20 min 15 min
Practice
Study 1 t P.re.- Training Test1 —- or Test2
2EGs raining Symbolic Tem)
1Week P-
Test Rehearsal 1Week S
20 min 15 min_5min
Practice
Study2 | Pre- Training reety| ———— | oSt [ [TeSE2 l|<ndow-
2EGs raining E= Demon- - edge
Test 1Week stration 1Week - rae.nn;‘f)ér test
20 min 5min__15min
Symbolic
Study 3 Pre- . —_— [|Rehearsal| — 5 |Know-| Test2
2EGs training Training Testl 1Week or Proced | 1Week ledge Temp.
Test T:dogvé- test |Transfer

Figure 5. Procedure in studies-3; the CG procedure was identical in studie8 1

and is described in CGs (in study 1, the knowledge test was not applied in RA; in
study 2, the knowledge test was applied after the measurement of temporal transfer;
in study 3the knowledge test was applied before the measurement of the temporal
transfer).

All participants were recruited through postings in university internet forums,
handing out flyers and requests for participants during lectures. To ensure technical
understading, only students from faculties of engineering were recruited. All of
them received course credits for their participation. All studies were approved by the
ethics committee and subjects were informed about the purpose of the study and told
that they ould discontinue participation at any time (in terms of informed consent).

The initial training (IT): The IT session lasted for 90 minutes. Participants were
welcomed and introduced to WaTrSim. After completing tests concerning person
related variables relant for the study (described below), participants explored the
simulation twice. They were then given information and instructions about the start
up procedure and practised performing the target elsteggnstarup procedure four
times. During these 1t four trials, participants were allowed to use the manual.
Following this, they then had to perform the stgwtprocedure four times without
the manual and were told that they were expected to produce a minimum of 1000
litres of purified water.The fouth and final trial of this series was used as the
reference level of performance after traininiginally, the ability of participants
regarding their acquired knowledge was tested (knowledge test, described below).
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The retention assessmef(RA): The RA tmk about 20 minutes. After the
participants were welcomed, they were asked to start up the plant two consecutive
times. The first trial was used to assess skill retention/de@dg knowledge test,
which was applied in the IT, was also applied at the dnithedo RA. The test was
identical in all studies, except for the position in the RA (Figure 1).

In the IT and the RA, participants were trained and tested in groups containing a
maximum of eight persons.

Independent variables

During the retention intervalEGs received aefresher intervention(RI) while
control groups (CG) received no treatment. The RIs were designed differently based
on theories of skill proceduralisation (PractkRB, the test effect (Skill
Demonstration or Procedural Knowledge Test)d anental practice (Symbolic
Rehearsal), which are described in detail in Kluge and Frank (resubmitted).

Dependent variables

Skill decay The starup procedure (see Table 1) was used for the measurement of
skill decay . The statip procedure incorporatea secondary task which required
participants to note the tank level of a specified tank every 50 seconds (s&res 0
in order to measure mental workload.

Skill decay is therefore operationalised in terms of a) the production outcome,
which equals the aaunt of produced purified water in litres at the measurement
point of the RAtwo weeks later; Table 2nd b) secondary task performance.

Control variables

Personrrelated variables:Sex, age, general mental abilitfGMA, using the
Wonderlic Personnel Bt 2002), as well as prior knowledge about waste water
treatment and basic chemical understanding were assessed at the beginning of the IT
(Figure 2). To measur6MA, verbal, numerical and spatial aspects of intelligence
were assessed. The participantsl helve minutes to answer 50 items. Correct
answers were counted (scor®@ points). Theprior knowledge tesincluded seven
questions about waste water (scorg oints).

Knowledge At the end of the IT and the RA, participants filled in a knowle@ége t
addressing declarative and procedural knowledge about operating WaTrSim. The
test includes clozes, questions and diagrams about WaTrSim and background
knowledge about waste water treatment (10 questions). Questions inélhed

are the goals in theast-up procedure in WaTrSind?fiwhich gadget is shown in the
diagram® or iWhat happens in waste water treatméifseore 624 points).
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Table3. Overview of experimental parts and variablE&s received a refresher intervention
(RI1) while control groups (CG) received no treatment

Studies 13
Session Week 1 Session Week 3
Initial Training (IT); Retention Assessment (RA);
90 min 20 min
A Pretraining Test: A Test2:
- Sociodemographic data - Temporal transfer:
- General mental abilities Startup (further
- Prior knowledge called RA)
A Initial Training: - Knowledge test*
- 2x Explore
- 4x Startup with manual
A Testl:

- 4x Temporal transfer:
Startup without manual
(performance in fourth of
four times was measured
Knowledge test

* Study 1: noknowledge test was applied, Study 2: knowledge test at the end of RA, Study 3:
knowledge test at the beginning of RA

Results of studies 43
The descriptive statistics of all three studies are displayed in Table 3.

CG: For production outcome, a repeatedasures ANOVA showed a significant
effect of time and of group but no interaction of time and group (Figure 2, left side).
For the secondary task, a significant effect of tine group was revealed, but no
interaction of time and group (Figure 2, righte). For the knowledge test, a
significant effect of time, no effect of group, but a significant interaction of time and
group was shown (Table 4). This means that three control groups showed skill decay
from IT to RA and that this skill decay differs stdostially between groups, with a
medium to large effect size.

EG. A repeated measures ANOVA for the secondary task with EGs revealed a
significant effect of time, no significant effect of group, but an interaction of time
and group was found (Figure 3).dvkover, a significant effect of time, group and
interaction of time and group was found for production outcome (Figure 4). For the
knowledge test, no significant effect of time, group or interaction was found (Table
4). That means that skill retention addcay depends on the refresher intervention
(Figure 3).



Table4. Descriptive Statistics of sample size, sex, age, prior knowledge, GMA and performance in IT and RA for CGs; M (SD)

Study 1 Study 2 Study 3
CG1 Practice  Symbolic CG2 Practice Skill Demo. CG3 Symbolic ~ Procedural
Rehearsal Rehearsal Knowledge
(n=19) (n=18) (n=20) (n=24) (n=22) (n=22) (n=24) (n=22) (n=22)
Sex 4 female 5female 5 female 8 female 11 female 11 female 18 female 13 female 12female
Age 21.42 21.44 21.15 20.88 22.86 21.55 20.58 20.09 20.95
(2.69) (2.59) (1.61) (1.30) (3.36) (2.54) (1.95) (2.09) (1.94)
Prior Knowledge (67) 5.10 5.56 4.80 4.63 4.86 5.23 5.17 5.50 5.23
(1.34) (1.25) (1.24) (1.81) (1.32) (1.23) (1.34) (1.14) (1.31)
GMA (0-50) 28.05 26.78 26.80 25.79 25.00 28.09 24.42 25.27 26.82
(5.19) (4.92) (3.94) (4.38) (3.72) (5.80) (4.34) (4.34) (4.87)
Prod. Outcome IT 1142.72 1107.96 1124.72 1092.31  1020.51 1123.55 1026.95 1119.62 1093.74
(99.33)  (80.49) (77.02) (142.88) (366.32) (178.31) (346.58) (125.23) (150.02)
Sec. Task IT 1.84 2.00 2.20 1.92 1.59 2.00 1.50 1.91 1.86
(0.69) 0.77) (0.52) (1.06) (1.18) (0.97) (1.06) (0.92) (1.17)
Knowledge Test IT (24) - 17.67 17.85 14.42 15.09 16.45 15.33 16.00 15.64
(3.82) (1.60) (3.84) (3.35) (3.36) (4.07) (3.28) (4.29)
Prod. Outcome RA 719.32 1033.43 850.28 630.04 1025.40 968.44 390.03 641.85 665.72
(418.69) (196.69) (294.05) (420.30) (366.03) (220.06) (440.76) (408.41) (308.27)
Sec. Task RA 1.05 1.94 1.25 0.75 2.05 1.41 0.17 0.86 0.95
(0.85) (0.54) (0.79) (1.03) (0.99) (1.01) (0.38) (1.04) (1.05)
Knowledge Test RA (24) - - - 13.67 16.05 16.64 12.75 16.82 15.32

(4.44) (2.66) (3.96) (3.80) (2.36) (4.64)




Table 4. Results of repeated measures ANOVA for CG and EGs for stiddies 1

Production Secondary Task Knowledge
Qutcome (mental workload) Retention
(skill decay)
CGs (n=67)
Time F(1,64581.67, F(1,64)=62.25, F(1,64F17.81,
p<.001,%,=.561 p<.001,d%,=.493 p<.001,d £.279
Group F(2,64F4.33, F(1,64%5.11,p=.009, n.s.
p=.017,0%=.119 d’=.138
Time x Group n.s. n.s. F(1,46)%5.39,
p=.025,d .105
EGs(n=126)
Time F(1,120¥50.73, F(1,120)=29.56, n.s.
p<.001,d%,=.297 p<.001,d%,=.198
Group F(5,120¥%4.33, n.s. n.s.
p=.001,¢%=.153
Time x Group F(5,120¥5.93, F(5,120¥6.73, n.s.

p<.001,d%,=.198 p<.001,d%=.219

We also analysed the difference between the variance that occurs between all groups
(SD) based on Bland (2000), as the variance differs strongly. Significant differences
between the variances are displayed in Table 5. The performance of subjects at RA
is most similar in the practice and skill demonstration groups.

Table 5. Significant differexes in variances between CGs and EGs (Bland, 2000)

Production Secondary Task  Knowledge
Outcome (mental Retention
(skill decay) workload)

CGs vs. EGs F=1.65, p=.008 n.s. n.s.

CG1 vs.
Practice (Study 1) F=4.53, p=.003 n.s. -
Symbolic Rehearsg5tudy 1) n.s. n.s. -
Practice (Study 2) n.s. n.s. -
Skill Demonstration F=3.62, p=.006 n.s. -
Symbolic Rehearsal (Study 3 n.s. n.s. -
Procedural Knowledge n.s. n.s. -

CG2 vs.
Practice (Study 1) F=4.57, p=.002 F=3.64, p=.008 -
SymbolicRehearsal (Study 1) n.s. n.s. -
Practice (Study 2) n.s. n.s. F=2.79, p=.021
Skill Demonstration F=3.65, p=.004 n.s. n.s.
Symbolic Rehearsal (Study 3 n.s. n.s. F=3.54, p=.005
Procedural Knowledge n.s. n.s. n.s.

CG3 vs.
Practice (Study 1) F=6.75, p<.001 n.s. -
Symbolic Rehearsal (Study 1 n.s. F=4.32, p=.001 -
Practice (Study 2) n.s. F=6.79, p<.001 n.s.
Skill Demonstration F=4.01, p=.002 F=7.06, p<.001 n.s.
Symbolic Rehearsal (Study 3 n.s. F=7.49, p<.001 F=2.59, p=.032
ProceduraKnowledge n.s. F=7.64, p<.001 n.s.
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Figure 6. Production Outcome and Secondary Task performance (as indicator of mental
workload for primary task) of EGs and CGs of Studi€s Explanation of abbreviation: E.g.,
Practice Imeans Practice group from study 1

In addition, Pearson correlations for CGs showed significant correlations between
GMA and prior knowledge, secondary task in RA, but no significant correlation
between prior knowledge and performance were found (Tablé-d@).EGs, no
significant correlations with persamelated variables were found (Table 7).

Table 6. Pearson Correlation between GMA, Prior Knowledge, Production Outcome and
Secondary Task in RA for CG of Studie® (h=57), **p<.01, *p<.05

1 2 3 4
GMA(1) -
Prior Knowledge (2) .236 -
Prod. Outcome RA (3) .155 .036

Secondary Task RA (4) .364** 161 373* -
Knowledge Test RA (5) .383* .362* 199 .385**

Results for the CGs show that GMA is significantly related to the mental workload
at RA aswell as to the amount of knowledge which is retrieved at RA. As the CGs
received no RI, this means that the mental workload with which the primary task is
performed also depends on the individsahental abilities.

Table 7. Pearson Correlation between GMPrior Knowledge, Production Outcome and
Secondary Task in RA and 2 for EG of Studi8q1=122), **p<.01, *p<.05

1 2 3 4
GMA (1) -
Prior Knowledge (2) 247" -
Prod. Outcome RA (3) .084 -.041 -
Secondary Task RA (4) 134 103 .387° -

Knowledge Test RA (5) 341 403" 244 325

Results for the EGs show that GMA affects knowledge retention only and has no
effect on mental workload here.
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Summary of studies 13

In summary,we found that skill decay and loss of retrieval strength has two
consequences: loss of speed and accuracy of the performance of a fixed sequence
procedure on task performance and the mental workload which accompanies it.
Based on the observation that therignce in performance varies to a large extent,

we assumed that persoglated variables other than GMA may affect the retention

of knowledge and skills; thus, in study 4, which is introduced next, we incorporated
retentiveness.

Methods study 4

With regad to studies 43, criticism emerged that the generalisation of findings is
limited because in a real production context, the operators would niddieg
nothing between IT and a neroutine situation, but would be constantly interacting
with the systemWe therefore designed a study which simulated a forrfidaily
routined for the operators. The study is reported in detail in Miebach (2013). The
study conducted by Miebach (2013) addressed the impact of work experience (in
which the plant is controlleth routine operation, in which the stan procedure is

not required) on skill retention and skill decay, respectively.

The skill to be maintained here is also the elestep fixed sequence as described in
sectionfiGeneral Methods(Table 1).

Experimenthaprocedure of the study

In this study, a betweenand withingroup design was implemented with one
experimental group (EG work experience/routine operations) compared to a
control group (CG) and two measurement times (Figure 3, Table 8).

The two measement times were as follows: 1) performance at the end of the Initial
Training (IT) and 2) performance at the Retention Assessment {{iRé&& weeks

later. The EGs additionally received an intervention called Work Experience (WE),
which consisted of conthing WaTrSim twice for 30 minutes between IT and RA.
The WE took place one week and two weeks after the IT. The CG received only the
IT and the RA, which are described in secti@eneral Methods

Initial Training
Assessmen

40min 60min 20min 20min 20min
Pre - Test 2 Knowd
CG | training Training Test 1 Temp. | ledge

Test 3 Weeks Transfer| test

40min 60min 20min 20 min 20 min 20min  20min
Test 2
Pre Work Work Know
— — —
CWE | training Training Test1 1 Week Exp. Exp. « | temp. | ledge
Test ee (wg 1 Week (wg 1Weel Transfer| test

Figure 7. Procedure of studg; the RA was conducted three weeks after the IT
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The dependent variables are identical to studigs 1

In this study, in addition to sex, age, GMA and prior knowledggntivenessvas
measured as a further control variable using subtest | for figuediti@t and subtest

Il for verbal retention of the-8T 2000R (Liepmann et al., 2007). The dimension of
I-ST 2000Rmeasures retentiveness verbally and figurally. After one minute of
memorising, the memorised words have to be attributed to presented ymgpern
such adiThe word with an initial letter B was: a) sport, b) food, c) city, d) job or e)
buildingd (score 010). After another minute of memorising, one figure of the pair
was presented and the related figure had to be pi¢lédelase find the right awen
(score 613, overall score-@23).

Furthermore, knowledge about WaTrSim was measured with an adapted and
extended version of the knowledge test applied in studi&sThe test consisted of
13 questions, e.dis it correct that tank R1 has to bedil with at least 100 litres so
that the heating HB1 can be turned d(gtore 647).

Table 8.0verview of experiment parts and variables.

Study 4

Session Week 1 Session Week 4

Initial Training (IT); Retention Assessment (RA);

120 min 40 min

A Pretraining Test: A Test2:

- Sociodemographic data - Temporal transfer:
- General mental abilities Startup
- Retentiveness - Knowledge test

- Previous knowledge

A Initial Training:

- 2x Explore
- 4x Startup with manual

A Test1:

- 4x Temporal transfer:
Startup without manual
(performance in fourth of
four times was measured

- Knowledge test

Results of study 4
The descriptive statistics of the study are shown in Table 9.

CG: A repeated measure ANOVA showed a significant effect of time for the control
group in productioroutcome E(1,19):47.87,p<.001,dfp:.716), in the secondary
task €(1,19)=39.23,p<.001, ¢,=.674) and in knowledge tegF(1,19)=11.33,
p=.003,q2p=.374). This means that substantial skill decay occurred if no WE took
place.

EG:. A repeated measure ANOV#howed a significant effect of time for the EG in
production outcomeF((l,19):9.07,p:.007,dfp:.323) but no effects of time in the
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secondary task H(1,19)=3.71, p=.069, o[zp:.164) and in knowledge test
(F(1,19)=0.06,p=.805, olzp:.OOS). This means that th&E could not avoid skill
decay, but did support the automaticity of skills (indicated by a reduced mental
workload with which the production task is performed) and the retention of
knowledge.

Table5. Descriptive Statistics for C@&nd EG of Study 4; M (SD)

CG4 WE
(n=20) (n=20)
Sex 13 female 12 female
Age 27.05 (4.85) 20.25 (0.85)
Prior Knowledge (67) 5.28 (1.22) 5.65 (1.04)
GMA (0-50) 25.90 (5.22) 25.55 (4.67)
Retentiveness (@3) 19.15 (4.17) 19.55 (3.17)
Prod. Outcome IT 1122.18 (216.63) 1036.51 (307.26)
Sec. Task IT 2.35 (0.67) 2.20 (1.01)
Knowledge Test IT (817) 35.55 (4.32) 33.20 (6.65)
Prod. Outcome RA 316.75 (429.03) 810.45 (391.69)
Sec. Task RA 0.75 (1.07) 1.65 (0.99)
Knowledge Test RA (@17) 29.35 (8.38) 32.85 (5.67)
ProductiorOutcomein litres Secondaryrask
1200 3

1000 =
. \ WE Study 4 2 N
\ WE Study 4

600
400 1
CG Study 4 CG Study 4
200 Y
0 0
IT RA IT RA

Figure 8. Production Outcome in Litres and secondary task results of WE and CG in IT and
RA.

Here too, the difference between variance in performance between groups was
analysed, but no significant differences were found (p>.05).

A Pearson Correlation between persetated variables and performance at RA
showed no significant correlations eitlierthe CG or in the EG (Tables 10 and 11).
This means that in this study, neither GMA nor retentiveness had an impact on
knowledge and skill retention.
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Table6. Pearson Correlation between GMA, Prior Knowledge, Retentivenesdy€ion
Outcome and Secondary Task in RA for CG of Study 4 (n=20), **p<.01, *p<.05

1 2 3 4 5
GMA(1) -
Prior Knowledge (2) 318 -
Retentiveness (3) -173  .052

Prod. Outcome RA (4) .149 .387 -.015 -
Secondary Task RA(5) .108 .399 .021 .923* -
Knowledge Test RA (6) .427 .397 -176 .482* .568**

Table 11. Pearson Correlation between GMA, Prior Knowledge, Retentiveness, Production
Outcome and Secondary Task in RA for EG of Study 4 (n=20), **p<.01, *p<.05

1 2 3 4 5
GMA(1) -
Prior Knowledge (2) .280 -
Retentiveness (3) .021 -.034

Prod. Outcome RA (4) 162 242 351 -
Secondary Task RA (5) 158 -.074 .434 .072 -
Knowledge Test RA (6) 357 214 145 173 -273

Discussion

The present paper shows that skill decawels as the mental workload (with which

a task is performed after a longer period of+use) depends on narse as well as

on the method of refresher intervention (studie®.lin addition, it was shown that
ordinary work experience also leads to skiicey in certain tasks, although some
automaticity in handling the system is acquired (study 4). These results support the
theoretical assumptions and empirical findings presented by McBride et al. (2013)
and Onnasch et al. (2013). Regarding perstaied variables, in studies -3,
correlations between the persaated variable GMA and the secondary task was
found for the CG. In both the EG and CG, a relationship between GMA and
knowledge was shown. The fourth study showed no significant correlationg) and
particular no correlations between dependent variables and retentiveness. These
findings may be explained by the retentiveness test used?(080R), which might

not have corresponded to the type of retentiveness required in this study, because it
addesses shorter retention intervals in particular. In a further study (Maafi, 2013),
we therefore incorporated the Wil@eTest (Kersting et al., 2008), which measures
retentiveness for longer periods of pase, and found substantial and medium to
large corelations between the retentiveness measured by the -@ilded
knowledge and skill retention.

Our studies aimed to show the effects of skill decay and possible countermeasures to
support skill maintenance over longer periods of-onsee. In summary, ressalshow

that different RI methods lead to different performance results and skill decay or
maintenance. Even work experience cannot completely counter skill decay with
respect to nomoutine situations. Organisations should therefore carefully design
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possile interventions in order to maximise skill retention with a minimum of mental
workload.
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Abstract

The effecs of group dynamics on creativitgre investigated, through a design
briefing and the generation of concepts by two groups of industrial design students.
Seventeenvoluntarily participating studentswere randomly assignedo two
conditions: a control group and a treatment group. The groups were given the same
design brief and drawing materials, simultaneously in two classrooms. The treatment
group was asked by the moderator, after 20 minutes oflimitthvidual silent
concept generation, to discuss through a structured discussion the design brief. At
the same time the control group was asked by another moderator to write in a sheet
of paper answers to the same questions that were given orallytteatraent group.

This intermediate stage of the parallel simultaneous sessions lasted 15 minutes, at
the beginning of which a different colour pen was exchanged for the one initially
given to the subjects. Finally, the subjects in the two groups were g@inen
additional 20 minutes to complete ideation silently and individually. The underlying
hypothesis for this study is that group dynamics promotes increase in effectiveness
of individual ideation. Results were analysed in terms of maximum novelty of
individual ideation, showing a positive pastatment effect, departing sharply from

the novelty degradation in the control group in the second phase of the experiment.
Future data analysis work contemplates analysis of the ideation outcomes of the
experiment ging a variety metric, in order to complement the findings obtained for
novelty, in characterizing the effect of group interaction in creative ideation.

Introduction

Given the widespread belief that creativity is essential to compete in industry,
research has focused on the process by which creative ideas are generated and on the
processes that contribgtéo creative outcomes for individuals in organizations.
Research on creativity has also focused on tangible creative outcomes (those ideas
or praducts which meet the criteria of being novel and useful) as well as on each
individualGs perception of the creativity occurring (Kurtzberg & Mueller, 2005).

Decades of creativity researchveaproduced several major theories of creativity
(e.g., Amabile,1996; Ford, 1996; Simonton, 1999; Woodman, Sawyer, & Griffin,
1993), and each notes that some forms of interpersonal interaction can play a role in

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. BropyeBarham, C. Weikert, A. Kluge,

W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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the creative process. Heneesearch on the development of original ideas that are
useful or influential (ceativity) has evolved from a perspective focused on
individuals (Mumford & Gustafson, 1988; Sternberg & Lubart, 1999) to studying
group creativity in organizations (West, 2000) and collaborative learning (Johnson,
Johnson, & Smith, 2007) as well as miam@ativity in group processes (Chiu, 2008)
within piecemeal problem solving.

Isaksen (1998) reviewed 40 years of empirical research on brainstorming, one of the
most weltknown tools for creative thinking. Seminal experimental studies
performed by TaylorBerry and Block (1958) suggest that group participation when
using brainstorming inhibits creative thinking. Dunnette, Campbell and Kay (1963)
found that brainstorming effectiveness of individuals is greater vtheg are
brainstorming individually, thamvhen brainstormings donein groups. Moreover,

the superiority of individual brainstorming over group brainstorming was found to
be relativelyhigher when it was preceded by group participation. These authors
concluded that group participation is accompdrby certain inhibitory influences
even under conditions (e.g., brainstorming) which place a moratorium on all
criticism. Isaksen (1998) noticed in the review that measurement of the effectiveness
of idea generation shoulde improved in future studies @mparing individual and
group idea generation with the use of improved measures of the ideation outcomes.

Design research has developed a series of measures of ideation effectiveness,
focusing on outcome based metrics, rather than process based metrids, tHa
perceived difficulty in relating the occurrence of cognitive processes to the
effectiveness of an idea generation method (e.g. Coelho & Versos, 2011). Shah et al.
(2003) proposed four objective measures of ideation effectiveness for assessment of
ideation outcomes in engineering design: novelty, variety, quality and quantity. The
latter is defined simply as the total number of ideas generated by a group or
individual during a designated amount of time. Generating several ideas increases
the chancesf occurrence of better ideas (Cross, 1996). The quality of an idea is an
independent measure based on a physical property or ratio related to the
performance of the artefact (e.g. time, weight, enér§hah et al., 2003).

To measure novelty, the designoblem is first decomposed into its key functions
and characteristics. The idea produdéedhen analysed by first identifying which
functions it satisfies and describing how it fulfils these functions at the conceptual
and/or embodiment level (for a aefption see Pahl & Beitz, 1996). Each
description is finally graded for novelty, which, combined by applying the weights
to each function and stage, yields the novelty score for each idea. The novelty metric
proposed by Shah et al. (2003) had also beed by psychologists to measure
creativity (Jansson & Smith, 1991).

To measure variety (Shah et al., 2003), one examines how each function is satisfied.
A variety rating applies to an entire group of ideas, not a single idea. Ideas are
grouped based on hot¥fferent two ideas are from each other. The use of a different
physical principle to satisfy the same function makes two ideas very different. On
the other hand, if two ideas differ only in some secondary construction level detail,
say a dimension valu#he ideas are only slightly different. Verhaegen et al. (2013)
identified three shortcomings of the aforementioned variety metric, proposing a



effect of group interaction n creati

matching set of refinements. Their variety metric is more sensitive to changes in
distribution of ideas over nodeon a given abstraction level in the genealogy
structure, accounts for the degree of uniformness of the distribution of ideas and it
exhibits a monotonically increasing behaviour from higher to lower abstraction
levels.

Ideally, variety and novelty shoulzk considered simultaneously, because novelty is
concerned with how well the ideation outcomes expand the design space, while
variety is concerned with how well the ideation outcomes explore the (more or less
expanded) design space.

Aims

The aim of theexperimendl study reported in this paperto ascertaimvhether the

50 year old findings of Dunnette, Campbell and Kay (1968) lme verified in
actualityappliedto ideation in industrial design, with ideation effectiveness assessed
using more recentlgeveloped metrics. Novelty (Shah et al., 2003) was chosen as
the metric to assess effectiveness of ideation. It is a measure of how unusual or
unexpected an idea is compared to other ideas. The underlying overarching
hypothesis for the study is that thdeetiveness of individual ideation in industrial
design is improved by group participation. In particular, ideation effectiveness is
assessed in this paper, using the novelty metric presented by Shah et al. (2003), in an
experimental comparative study thaought testing the following specific
hypotheses:

I H1 - The individual maximum novelty scores of the ideation outcomes in the
control group are lower than the ones in the treatment group, after the same
amount of time following groujnteraction in theéreatment group.

1 BH - Individual maximum novelty scores are not statistically different between
the control and treatment groups prior to the gfotgraction (baseline
hypothesis) after the same amount of time of ideation.

A limitation of this paper ishiat it does not report on the variety scores (this analysis

is still under preparation), which when applied to an idea set provides a measure of
how much the design space has been explored, contemplating the variation brought
by several ideas.

Method
Participants

The effect of group dynamics on creativitigs investigated through a briefing and
design concepts generation by two groups of Portuguese students of industrial
design. Seventeen volunteer participants were randomly assigned to two conditions:
a control group and a treatment group. Participants were rewarded with a 5 Euro gift
card from a local department store.

Vi

ty
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Procedure

Both groups received the same design briefing (shown in appeidilson et al.,

2010) and the same drawing materials wtemeously in two classrooms. The
briefing chosen was sufficiently open to foster the generation of novel and varied
concepts and had been tested before, and was translated to Portuguese by the
authors. The subjects in the treatment group were requegtite Inoderator, after

20 minutes of silent generation of individual initial concepts, to analyse the project
briefing through a structured group discussion. At the same time, individuals in the
control group were asked by the chairman to write down iddaliresponses to the
same questions that were verbalized orally to the treatment group, but they were
only presented in written form to the control group. This intermediate step of the
parallel simultaneous sessions lasted 15 minutes, at the beginniiigcbfthe pen
which had been initially provided was exchanged for a different colour pen in both
groups. Finally, the subjects in both groups had an additional 20 minutes to
complete the ideation silently and individually.

Dependent Measures

The results were analysed using the approach presented by Shah et al. (2003),
focusing on the key functions and characteristics of each idea to determine the effect
of group interaction on the maximum score of individual ideation novelty by
comparing theeasults in the two groups.

The total novelty of each idea may be calculated from equation (1).
A
Mi=a f,a Sikbx (1 (Shah et al. @03)
j=1 k=1
M, - novelty metric value for an idea with functions andh stages;
fJ. - the weight that is given according to the importance of the function or
essential characteristics;

ni number of stages of product development;

Sjk— the various attributes of a particular function or essential feature of
stagek of product development;

P.- the weight given according to the importance of each product
development stage.

Because in the experiment, only the concept generation stage was inoleded)s
1 and P, is given the value 1, simplifying equation (1) resulting in:
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M= Q f;S,
j=1

Calculation of S is done afterwards, given the frequency of occurrence of the
attribute in the universe of ideas for that function, using equation (2):

Ty - Cy

310 @
T

Sijk =

Tjk - total number of ideas generated for a functipriofr each stagek;

Cjk - number of ideas generated for th@rent attribute a function)(for

each stagek];

Multiplying by 10 is meant to standardize the result.

Hence Si depends on the universe of ideas produced for a certain function, in each

phase of the experiment, and also depends on the number of ideas produced for the
current attribute.

Each participant case waconsidered as a replication of the experiment in eedha
context, considering that the novelty metric of ideation effectiveness is a measure of
how much the limits of design space are pushed farther, expanding the design space,
considering all ideation outcomes from all participants altogether to set xicfomte

the relative novelty of each idea. As participants may lmebmore than one idea

in each experimental phase, the particifmidea that achiedethe highest novelty
score is taken as the novelty performance for that participant in the particular
condition. The novelty metric can only be applied to an entire group of ideas, and
not to an isolated idea. Ideagre grouped based on how thesere different from

each other across clusters. For example, using a different physical principle to fulfil
the same function makes two ideas very different, increasing the variety of the
results of ideation. On the other hand, if two ideas differ only in a few details of
construction or on a secondary level, such as a dimensional value (or an additional
feature ofthe material), the ideas are only slightly different.

An example of one idea, which obtained a novelty score of 4.32 from equation (2),
is shown in Fig.1. Table 1 shows the general function categories and the particular
attribute analysis made for the &shown in Figure 1.

ty
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Figure 1. Example of an idea resulting from the experiment (participant in control group,
second experimental phagstquestionnaire)

Table 1. Analysis of the function attributes of the idea depicted in Figure 1 for the process of
assessing its novelty score (the novelty score obtained for this idea was 4.32)

Function Attribute

1. Variation in size for storage / immobilization Curl

2. Treatment of injured member Splint

3. Material used Not very rigid

4. Comfort and health gfatient / guide safeguarded No
Results

The resultswere analysed statisticallyconsideringthe maximum value of the
novelty of each participant in the first and second part of the experinfdme
novelty scores of the ideation outcomes are shown in Table 2, in the form of the
mean and standard deviation of the maximum novelty score of the ideas generated
per participant for the four experimental conditions (two groups in two experimental
pha®s). With this arrangement, testing of hypothesis 1 and the baseline hypothesis
ensued.

Table2. Mean and standard deviation of the maximum idea novelty score per participant

Phase / Group Treatment (n=9) Control (n=8)
First (pre-questionnaire: 20 min) 5.40 (1.00) 5.06 (1.14)
Second (questionnaire and ook 5.49 (2.24) 3.99 (1.82)
questionnaire: 15 + 20 min)

Due to small sample sizes, nparametric statistics (Siegel &astellan, 1988) are
used. While the distribution of first phase maximum novelty is not statistically



effect of group interaction1l@n creativity

different across groups (Independent Samples M&hitney U Test, U=42.5,
p=0.541), the same does not apply for the second phase (U=59.5, p=0.021). The
distribution of novelty scores is statistically different comparing the treatment and
the control groups in the second phase of the experiment. The related samples
Wilcoxon Sign Ranked Test was applied to the differences between phase one and
phase two, wh the following results: Treatmeiit W=17.0 , p=0.607; Contradl

W=4.0 , p=0.208Focusing on the means of the first and second phase for both
groups shows a decrease in the control group, but this effect is not statistically
proven. After questionnaire adinistration, ideation novelty shows stability in the
treatment group overall, while it is degraded on average in the control group,
without achieving significance {pgalue isgreaterthan 0.05).

The total quantity of ideation outputs differeadbeit notin a statisticallysignificant

way, between both groups in both the jopgestionnaire phase and the second phase

of the experiment (Table 3). Although randomly selected, the treatment group
showed on average higher ideation productivity in terms of skeer quantity in

both phases of the experiment compared to the control group. The average number
of ideas generated per participant decreased 10.5% in the treatment group and 25%
in the control groupStatistical tests applied to the data described in Talliel not

show significant differences for both horizontal and vertical comparisons in the
Table. However, the independent samples Mafititney U Test applied to the
number of ideas in the second phase across groogginally approached
significance withp=0.059, and U= 55.5.

Table3. Mean and standard deviation of number of ideas generated per participant

Phase / Group Treatment (n=9) Control (n=8)
First (pre-questionnaire: 20 min) 2.11 (0.78) 1.50 (0.53)
Second (questionnaire and poy 1.89 (1.27) 1.13 (0.64)
guestionnaire15 + 20 min)

Analysis of the results reported in Tables 2 and 3 inspired a queBfiom:the
participants who achieve the highest novelty scores in each phase also the ones who
are more prolific in terms of quantity of idegenerated® To answer this question

the approach to correlations reported by Coelho et al. (2013) is applidgthgesn

the selection oSpearmaés rank order coefficient. As experimental conditions were
virtually the same for the two groups of participants in the first phase of the
experiment, the two groups are joined in one (n=17) yielding rho=0.066 (p=0.802)
for the correlation between the maxim novelty score and the quantity of ideas
generated per individual. Hence no correlation whatsoever is found for the first part
of the experiment. For the second part of the experiment, groups are maintained
separate in the correlation analysis, as cantit between the treatment and the
control group were effectively different. Both groups display high correlation. The
treatment group shows rho=0.852 (p=0.04; n=9) with significance, while the
correlation in the control group yields rho=0.843 (p=0.09, )naPproaching
significance. Hence, while achieving high novelty scores in the first 20 minutes of
the experiment did not depend on the quantity of ideas generated in that phase, in the
second part of the experiment (involving 15 minutes with individualrQupg

i d
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questioning and 20 minutes for silent ideation only), the more each participant in
either condition generated ideas, the higher the maximum novelty score of the
individualés ideation outcome.

Discussion

Statistical analysis of the noveltsesults sbws that in the first part of the
experiment the two groupsere undifferentiated regarding the maximum novelty of
participanés individual ideation set. The effect of the group dynamics in the
treatment group appears to lead to maintaining in the seahdfpthe experiment

the average value of novelty reached in the first part of the experiment. In the
control group, the average novelty per participant decdeasbeit not in a
statistically significant wayfrom the first to the second phase of thpeziment.

Comparing the first and second experimental phases, ssdlgastdeation quantity
displays a tiredness effect over tim&his effect may explain the fact thiie idea
novelty and quantity of the treatment group did not increase in the sebaisd,

while the means in the control group decreased. Moreoreredsed standard
deviation in the second phase for the treatment group denotes increased variance
over time, possibly because some subjects followed inspiration and detailed few
ideas, whie others kept exploring the solution space with new alternative but very
conceptual solutions.

In future analysis of results, ideation outcomes in both groups (treatment and
control) are to be analysed using the approach presented by Verhaegen &83l, (20

to determine the effect of group interaction oa tlegree of variety of ideatiofo
assess the variety of each set of ideas generated by each of the two groups (control
and treatment) in the first and second parts of the experiment, an examifation
how each function is satisfied in each idea is to be carried out. The experimental
hypothesids that the variety of ideation in each group, normalized with respect to
the size of the group, is not different for the first part of the experiment irottieot

and treatment groups, differing however in the second part of the experiment. The
second part of the experiment also aims to test if the variety of ideas of the treatment
group, standardized for the size of the group, is higher than the varidty mfeas

of the control group, or, if variety is lower for the treatment group than for the
control group.

Once the overall results of the experimental study are extracted (combining the
novelty and variety metric analyses) authors shall seek to deteifigmup
dynamics influences the effectiveness of ideation evenly for the novelty and variety
metrics. This analysis has been done both at the individual level for the novelty
metric and is to be performed at the group scale only for the variety mettause

of the relatively short duration of the phases of the experiment which did not give
rise to many ideas per participant in each phase, with a few exceptions, the direction
of the effect of group dynamics is only to be seen by comparing the varsetysre
between both groups, each one viewed as a whole.



effect of group interactionl1l@Bn creativity

References

Amabile, TM., Whitney, D., Weinstock, J., Miller, L., & Fallang, C. (199¥}hat
really happens in creative projects: Event sampling through electronic data
collection Working Paper, Haard Business School.

Chiu, M.M. (2008). Effects of argumentation on group micreativity: Statistical
discourse analyses of algebra stud&msllaborative problem solving.
Contemporary Educational Psycholo@B, 382-402.

Coelho, DA., & Versos, CA. (2011). A comparative analysis of six bionic design
methodsInternational Journal of Design Engineeringy 114131.

Coelho, DA., HarrisAdamson, C., Lima, ™., Janowitz, |., & Rempel, DA.
(2013). Correlation between Different Hand Force AssessiiiEthods
from an Epidemiological StudyHuman Factors and Ergonomics in
Manufacturing & Service Industrie3 128-139.

Cross, N. (1996). Creativity in design: not leaping but bridgingCreativity and
Cognition 1996: Proceedings of the Second IntermatioSymposium
Loughborough, LUTCHI.

Dunnette, MD., Campbell, J., & Jaastad, K. (1963). The effect of group
participation on brainstorming effectiveness for 2 industrial samples.
Journal of Applied Psychology7, 30-37.

Ford, CM. (1996). A theory of intvidual creative action in multiple social domains.
Academy of Management Revj@4, 11121142,

Isaksen, $5. (1998).A review of brainstorming research: Six critical issues for
inquiry. Creative Research Unit, Creative Problem Solving Gidwuifalo.

Janson, DG., & Smith, SM. (1991). Design fixationDesignStudies, 123-11.

Johnson, D., Johnson, R., Smith K. (2007). The state of cooperative learning in
postsecondary and professional settirfgducational Psychology Revigw
19, 15 29.

Kurtzberg, TR., & Mueller, JS. (2005). The influence of daily conflict on
perceptions of creativity: A longitudinal studinternational Journal of
Conflict Managementl6, 335353.

Mumford, M.D. & Gustafson, B. (1988). Creativity syndrome: Integration,
application andnnovation.Psychology Bulletinl103, 27 43.

Pahl, G., Beitz, W. (1996Engineering Design A systematic approact2nd ed.
[Translation], London: Springer Verlag.

Siegel, S., & Castellan, .81J.(1988).Nonparametric Statistics for the Behavioral
SciencesMcGrawHill Book Company, New York.

Simonton, DK. (1999). Origins of genius: Darwinian perspectives on creativity
New York: Oxford University Press.

Shah, 1., Smith, 9., & VargasHernandez, N. (2003). Metrics for measuring
ideation effectivenes®esign studies?4, 111-134.

Sternberg, R.J., Lubart, T.I. (1999). The concept of creativity. In R.J. Sternberg
(Ed.),Handbook of creativityCambridge University Press, New Yogg.
3i15.

Taylor, DW., Berry, PC., & Block, CH. (1958). Does group participation when
using brainstorming facilitate or inhibit creative thinking@ministrative
Science Quarterly23-47.

i d



104 Coelho & Vieira

Verhaegen, A., Vandevenne, D., Peeters, J., & DuflolR.J(2013). Refinements
to the variety metric for idea evaluatiddesignStudies34, 243263

West, M.A. (2000). Reflexivity, revolution, and innovation in work teaAthances
in Interdisciplinary Studies of Work Teanis 1i 29

Wilson, JO., Rosen, D., NelsoB.A., & Yen, J. (2010). The effects of biological
examples in idea generatiddesign Studigs31,169-186.

Woodman, RW, Sawyer, .E. & Griffin, RW. (1993). Toward a theory of
organizational creativityAcademy of Management Revje\8, 293321.

Appendix

Design Briefing (Wilson et al., 2010)

Mountain-TREK

Mountain-TREK (MTREK) is an outdoor wilderness company that organizes backpacking trips to the
mountains throughout the year. During these trips, MTREK utilizes trip guides to lead a group of
participants through these wilderness expeditions. For safety reasons, MTREK requires each of its
guides to carry emergency kits containing an assortment of medical supplies. These kits contain
items that can be used in the case of sickness, insect bites, wounds, trauma, etc. Due to the other
items outfitted in the guides' packs, available space is limited. In extreme hiking conditions, MTREK
has noticed a significant risk of leg and ankle dislocations and fractures.

Design challenge

Due to the potential for leg injuries, MTREK is now requiring guides to carry additional supplies to
treat these Injuries. In this design challenge, MTREK has hired you to design a device that can be
used to immobilize a joint or limb In case of an extreme injury. This device must (1) be as light and
small as possible when stored in the guides’ packs but (2) rigid enough and large enough to
immobilize the leg of an average-sized male,

Portuguese version (translated and adapted from Wilson et al., 2010)
Monte TREK

A MonteTREK (MTREK) é uma empresa de atividades ao ar livre que organiza
expedicdes as montanhas ao longo de todo o andadNesividades, a MTREK
recorre a guias de montanha que lideram o grupo de participantes nestas
expedicdes. Por razBes de seguranca, a MTREK exige que cada um dos seus guias
transporte consigo um conjunto de itens, para utilizar se se tornar necessaio, qu
inclui um estojo de primeiros socorros com material para fazer curativos e alguns
medicamentos. Este estojo contém itens que podem ser usados em caso de enjoo ou
maltestar, picada de insetos, feridas, traumatismo, etc. Estes itens limitam o espaco
disporivel na mochila dos guias. Em condi¢bes extremas de escalada, a MTREK
notou que existe um risco significativo de ocorréncia de fratura da perna e de
deslocamento do tornozelo.
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DESAFIO DE DESIGN Geracéo de conceitos alternativos

Devido ao potencial acregto de lesdo e ferimento na perna e no tornozelo, a
MTREK vai passar a exigir que os seus guias levem consigo itens adicionais para
tratar este tipo de lesdes e ferimentos. Neste desafio de design, a MTREK centratou
o(a) para criar um dispositivo que possar usado para imobilizar uma articulacdo

ou um dos membros inferiores em caso de ocorréncia de lesdo ou ferimento
extremo. Este dispositivo tem de ser téo leve e tdo pequeno quanto possivel quando
armazenado na mochila dos guias, mas téo rigido e tdondgrajuanto necessario

para imobilizar a perna de um homem adulto de estatura média.






The Effect of TaskSetlInstruction on Detection
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Abstract

Detectionresponse tasks (DRTs) have been suggested as a way to measure online
levels of cognitive workload. DRTs have been used in various applied settings under
different task instructions. Especially in situations where multiple tasks are
performed simultaneousle.g. a driver operating a vehicéad using a navigation
devicd, how someone allocates attention and other cognitive resources is also based
on the given task instruction. Task instruction is importand can affect the
strategy one takes on to complet task, affecting the metric used to gauge task
performance (e.g. reaction times). This, of course, can affect the results and the
conclusions drawn based on these results; which, in an applicative setting, has real
life outcomes (e.g. law making, car mdacturers, etc.). As the DRT method is in

the process of being standardized, the effect of various instruction types on task
performances to beinvestigated. The presepiper reporton a betweeigroup

study where participants performed a tripdsk scenario, involving a simulated
driving task, under four different instructions. No difference in mean DRT RTs was
found according to task instruction, suggesting that the complexity of a-tagke
condition subjugates any influence that different taskructions could have on the
performance metric.

Introduction

Varieties of detection response tasks (DRT) have been implemented for many years
in driver distraction research (e.8engleret al.,2012; Contiet al.,2012 Engstrém

et al.,2005; Jahret d., 2005; Merat & Jamson 2008 Olsson & Burns, 2000; van
Winsum et al., 1999)Over time, this method has matured and is currently being
used to measure the attentive effects of cognitive (@adyas & Dumont, 2013

Conti et al., 2013; Engstrom et al., 20arbluk et al.,2013 Younget al.,2013.

The DRT presentontinuousstimuli (visual, auditory, or tactilefo which a
participant respondga button pressThe performancenetricsof the DRT, reaction

times (RTs) ad misses, can be interpreted as the degree to which the other tasks
required cognitive or attentional resourcd$e DRT is used according to the
secondary task methoKifowles, 1963 Ogden et al., 1979De Waard, 1996;
Wickens & Hollands, 2000andis performed in addition to othetasks.

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (orine). Available from http://hfes
europe.org
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As part of the progress of the DRT method, the DRT is being standardized under
ISO/CD 17488Essential to this process is the standardization of the instructions to
be used. Especially because the DRT is performed iitiauido other tasks, a
standardized task set instruction is needed to be able to advise the participant on how
to prioritize task performance when they are required to perform multiple tasks at a
time.

Instructions for an experimeatetypically standadized with the intent to optimally
orient participantsto an experiment. In addition to serving as an introduction and
explanation, itis reasonable to considérat the specific instructions a participant
receives can influencleis or hertask performanceHowever, previous research on
this topic both support and oppose this.

For example, Haider and Frensch (1999) found thak performance metrics,
reaction times (RTs) and errors, as well as the extent of informptimeessing,
weresensitive to diffegrt instructions(participants were told toptimize accuracy,
speed, or a combination of the twdhe authors concludetthat this findingcould

be due to the setting of a response criterion based on the given instruttieks.
instructions have alsbeen observed to influence the mental representations of task
responsessuch that the instructed response labels (colours and location, in this case)
in a duaitask setting affect the coding of responses and task perforrilecgke &
Frensch, 2005)Trottier and Pratt (2005jound that saccadic RTwere reduced
when the task instruction was to gather informatmma scene(an instruction
relevant to the function of a saccad&ther than to be as fast as possiBleother
performancemodulationdue to irstructionswas reported by Ansorge and Newmann
(2005) where priming effectswere eliminated by instructng the prime as task
irrelevant

On the contrary, the effect of task instruction laéso been reported to have a
minimal effecttaskperformance In 2001, Levy and Pashler evaluated whether-dual
task slowing could be altered through instructions that varied task priority. They
found that manipulating tashkstructions did not alone suffice &iminaie duakttask
interference Additionally, the effect 6 task instructions seems to diminisar
difficult tasks compared to easier on@arker & Barber, 1964)In this study,
participants who received task motivating instructions performed significantly better
on a simple digit task than those who did naeree such instructions. However, for
more difficult memory and reasoning tasks, no such differences in performance were
found. The authors concluded that difficult tasks are not easily influenced by
instructions. Finally, in an article by Koch (2008),iavestigation of the role of task
instructions in task repetitions and switches is reported, where it was found that the
task instruction effect was present in the former and not the latter.

The current articleeports an experiment where the effect gktanstruction on DRT
RT performance was assessed. Whemeast previous research investigated the
effect of task instruction on the performance of one or two tdklks.experiment
required participants to perform the DRT in addition to two other tasksely, a
simulated driving task and either a cognitive taskbdok) or a primarily visual
manual task (Surrogate Reference Task; SuR3}he DRT is of particular interest
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in in-vehicle testing,the simulateddriving task was included in the study. The
secondary tasks were chosen based on their relevamcethe current DRT
standardization procesprecisely because of this, experience with these tasks and
their effects according to the DRT has already been established.

Methods
Design

This experiment el a 4 (task set instruction) x 6 (task set load) mixedel
design. The betweesubjects variable was task set instruction and the within
subjects variable was task set. Four participant groups were differently instructed on
how to perform the same taskts. Participants performed the he@aolunted version

of the DRT (HDRT) in addition to two other taskdhe HDRT was tested under 6
types of task set load, including 2 baselines: HDRT performed alone and HDRT
performed with the simulated driving task; add experimental trials with 2
secondary tasks, thelrack and SuRT, in 2 levels of difficulty: HDRT + simulated
driving task + nAback (0), HDRT + simulated driving task +back (2), HDRT +
simulated driving task + SURT easy, and HDRT + simulated drivisk) taSuRT
hard.

Participants

Participants were separataéadto four groupsreflecting the mmber of task set
instructionstested. A total of 79 participants were tested, 71 of which qualified for
analysis (2 were excluded due to ambiguous license statiug ® reefgreen color
blindness; 3 because of a technical error occurring in the data recording phase). All
participants held a valid drivés license and reported to have normal or correited
normal vision. Table 1 describes these participants ire metail.

Table 1. Participant group demographics (N = 71).

Participant N Mean Minimum Maximum n n Left Right
Group Age Age Age Male Female Handed Handed
(years) (years)

1 18 24 17 33 16 2 2 16

2 18 24 19 33 15 3 1 17

3 18 24 19 28 13 5 3 15

4 17 23 18 29 12 5 4 13
Apparatus

This experiment was conducted in a fixed simulator at the Institute of Ergonomics,
Technische Universitat Minchen. The drigeseat was centrally located behind an
active steering wheerdconfigurable active yolk frorVittenstein). A large LCD
monitor displayed the simulated driving scene (SILAB; Veitshdchheim, Germany),
in front of the driver. To theight of the driver, a separate screen displayed the
visuatmanual taskurrogateReferencerask, SURT).
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HeadMountedDetection Response Ta@kDRT)

The DRT used in this experiment is a USB device developed at the Institute of
Ergonomics.The HDRT wasimplemented.The HDRT is a construction with one
red LED mounted to a basebalpe cap and placed on the particigartiead The

LED was viewed at 18 cm (measured along the centre line of tie thratn, starting

from where the brim is joined to the ca@ignals(viz. LED turning on)were
randomly presented every 4006000 ms (signal onset to onset) and remained on
for 1000 ms or until button press. The response buttonfasiened to the left index
finger with a Velcro strip and positioned to facilitate a response by pressing the
button against the steering wheRhrticipantsvereinstructed to respond as quickly
and accurately as possible to these signals via button press.

Simulated driving task

The drivinglike task simulated a twaay highway with two lanes in each direction.
This simulated driving task required participamsitive along the highway scene in
the middle of the righhand lane, maintaining a constant speed of 80 km/h. The
vehicle was automatic and required no gear shifting.

Secondary Taske-back and SURT

The nback and th&&uRTwere used in both easy and diffit variants (n levels 0 &

2; Mehleret al.,2009; and SURT as pé¢BO/TS 14198:2012to induce different
levels of workload.The nback taskis a systempacedtask whereprerecorded
numbersare dictated to thparticipantand he or she is to repeatsbenumbers. The

find indicatesthe number the participaneedso repeat: either the number just said,

n = 0, or the number said two steps prior to the current number, n = 2. In this task,
participants were dictated 20 numbers agpondedccording to th currentind of

the task.Participants were to be as accurate as possible apdrrsesvere given
verbally and recorded’he SuRT task required participants to femgop-out target

circle (larger circle) in a display filled with distracters (smallemsasized circles).
Task difficulty increased as the difference between the target and distracters was less
prominent. Participants were to perform this task as quickly and accurately as
possible.Navigation through and responses to the SURT were perfoxiaed
numeric keypad lcated undethe screemn the participard right side.

Tasksetinstructions

In the current experiment, a distinction between task instruction and task set
instruction is made: task instructions indicated how to perform each dudiviask
(given to all participants); task set instructions specified how to prioritize the
performance of each task within the task set (given to all but one group, group 4 in
Table 2).Each participant group4(groups in totalwas given different taskset
instructons with the goabf explicitly directing participantsattentive and cognitive
resourcesTable 2 presents the priorities specified by the wethnstructions per
participant groupThesenstructions were derived based on previous DRTditee

and reasonable permutation. For safeggsons the simulated driving task was
always the primary prioritjor task seinstructedgroups
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Table 2. Instructed task priority per participant group.

Participant Group First Priority Second Priority Third Priority
1 imulated drivi DRT Secondary task
2 Simu att:sk fiving No priorities specified
3 Secondary task | DRT
4 No priorities specified

Procedure

At the beginning of the experimental session, participants watched a standardized
multimedia instructional presentation that introduced and explained how to perform
eachtask (viz. HDRT, simulated driving task, -back, and SuRThand how to
prioritize the wvhole task set (ex. Driving + HDRT + eitherback or SuRT).
Participants were able to ask questions and practice the tasksthaytilfelt
comfortable. Participants then performed the experiment, beginningeitiiter a
basline or experimentablock A synchronization program ran ahsk software.

Each trial began with allowing the participant to adjust tlaie position andpeed

to 80 km/h.After performance on the simulated driving task was stadieHDRT

and secondary task began to run, respdgtiveithin seconds of each other. Trials
were recorded for 1 minute and included the simultaneous performance of all three
tasks. Performance on the simulated drivitagsk and secondary tasks were also
recorded, however, as the focus of the current arscten the DRTRT, other task
performances are not discussed.

Dependent variables and hypotheses

HDRT RTs (ms) to HDRT signals were measured. Signal responses were classified
as a hit between 100 ms and 2000 ms-piggtal onset. Only the HDRT RTs of hits
qualified for analysis. The RT value for a task set or baseline was calculated as the
mean HDRT RT during this 1 minute segment. Means and standard deviations were
then calculated across participants per task or basdlme.authors hypothesized

that boh task set load and task set instructions would both affect mean HDRT RTSs.
It was expected thaask setinstructionsprioritizing the HDRT would yieldfaster
meanRTsthan those instructions where the HDRT was given a I@nierity. For
groups wheredsk priority was less restricted (viz. group 2 and dimilar DRT
performancdor these groupsias expected due to a possible ingrained ascription of
importance for the driving taskAdditionally, it was hypothesized that task set
would affect mean HDRT RTshowing the sensitivity of the HDRT to different
task loads.
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Mean DRT RTs (ms) by Task Set and Instruction
ODriving - DRT - 2° Task ~ @ Driving - No priority ~ ODriving - 2° Task - DRT @ No Priority
1200 4

——nl

DRT Bascline ~ DRT + Driving DRT + Driving + DRT + Driving + DRT + Driving + DRT + Driving +
0-Back 2-Back SuRT Easy SuRT Hard

Figure 1. Mean HDRT RT (ms) -1 SD per task set per tasktinstructiongroup.iDRT
Baselin® indicates the performance of the HDRT as a single task.

=]
=3
=]

-
=
I=]

Mean DRT RTs (ms) +/-1 SD
[
=]
(=]

Results

In Figure 1, themeanHDRT RTs (ms) across conditions per task andnstruction
can be found. For all conditionthe hit rates were abov@%. It can be seen thist
the baselinetrials, meanHDRT RTswere overall fastethanin the experimental
trials. HDRT RT values,means(M) and standard deviatioi{SD), can be found in
Table 3.

Data was analysed usingda(task set instruction) x 6 (tasletload) mixed design

ANOVA. Mauchly’s test indicated that the assumption of sphericity had been
violated for task set load 6 2 ( 14 )p < #H1. Th&rdforedtite ,Greenhouse

Gei sser correct i oMo gghtificanrt mainéeBeft ofwaskset us e d .
instruction was found on mean HDRT RTs
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Figure 2. HDRT performance changes across task set instruction. Mean HDRT RT (ms) in
each task set, except for the SURT, was similar across task set instruction groups.
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A significant interaction between task $ead and tasksetinstruction was found
F(10.23, 228.4p= 2.74,p< . (er.ll, rdeaning that depending on the task set
load, the tasksetinstruction had a different effect on mea®RIT RTs(see Figure

2). Simple effect tests, using Bonferroni adjusted alpha levels, indicated that for
participant group 1, mean HDRT RTs did not significantly differ between the two
baselines, DRTbaseline and DRT + driving. Additionally, in groups 1, 2, and 4,
mean HDRT RTs were not significantly different across task sets witcR and
SuRT in both difficulty levels. In group 3, no significant difference was found in
sets with SURT, easy andrbta All other comparisons were significamt,< .01.
Pairwise comparisons were also carried out for each task set across participant
groups. Task sets always yielded similar HDRT performance despite task instruction
except for the task set with SURT easyder which mean HDRT RTs were
significantly different between participant group 1 and 3, and 3 apet 405.

In terms of main effects, task set load was found as signifi€48t4, 228.46) =
312.43,p< .01 , p2 =¢B3, meaning that the HDRT was sensitio load induced by
the different task sets. Specificalljnet Bonferroni post hoc test revealed significant
differences between HDRT RTs in all conditipps< .01, except for the two task
sets containing SURT Easy and SuRT Hard.

Table 3.For each parttipant group, the specific task instruction is indicated as well as the
mean(M; upper valueHDRT RTs (ms) and SQiswer value).

Task Instruci Baselines DRT + Driving +
asknstruction DRT  DRT+ | nBack nBack SURT SURT
Alone Driving (0) (2) Easy Hard
1 Driving+DRT+2°Task 312.32 326.32 454.67 650.33 691.52 683.67
62.74 53.88 68.86 125.50 125.46 151.63
2 Driving+No Priorities 278.80 343.77 476.67 655.90 707.66 770.80
36.85 52.79 79.39 167.98 129.13 139.86
3 Driving+2°Task+DRT 285.85 345.08 485.08 608.77 828.21 801.84

60.18 71.93 112.07 120.22  203.08 140.86

4 No Priorities 296.67 362.20 501.18 631.02  687.03 750.77
53.35 69.19 139.84 180.36 113.30 150.94

Discussion

The aim of the current experiment was to investigate whether differentsésk
instructions affected meaDRT RTs. The HDRTwas used for this evaluation, as
were a simulated driving task and two additional secondary tadieckhand SuRT,

in two levels of difficulty. It was hypothesized thataddition to the task set load
affecting the DRT metrictask setinstructionsprioritizing the HDRT would yield
faster RTsfrom participants relative to those instructions where the HDRT had a
lower priority. Additionally, when no task priority was instredf similar DRT
performancedor these groupsvas expectedAlthough task set load did affect mean
DRT RTSs, no significant effect of task instruction was found on mean HDRT RTSs.
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Generally, the data trends indicate that for all task sets with lower load (i.e. easier
task variants), excepoff the SuRT, faster HDRT RTs were yielded. These HDRT
RTs increase with task demand. A significant interaction between task set
instruction and task set was found and revealed that mean HDRT RTs differed
according to both task set load and instructionvByally inspecting thgraghs in

Figure 1 and 2, it can be seen that no systematic influence seems to affect the data.
The source of this interaction stems from the SuRT task. According to the HDRT
RTs, SURT easy did not always lead to faster RTs tharB&®T hard, in fact,
sometimes this relationship was reversed. Since the DRT method proposes to
measure the attentional effects of cognitive workload, it is not surprising that such
effects are found for a primarily visualanual task, which differs mora ivisual
demand than it does in cognitive (Young et al., 2013). Additionally, because the
SuRT is seHlpaced, participants could have used a different performance strategy
relative to other tasks, which were system paced.

The significant main effect ofak setload shows that the HDRT wasensitive to
the changes idoad correspondingwith each task set. In accordance with this
finding, it can be assumed that the participants were, in fact, perfoth@mgsks in

all condiions, else, no significant diffence would be expectedAs discussed
above the differenceén HDRT performance during the SURT easyl atifficult was
not significant.

The main effect of task instruction was not significant, implying that the task
instructions used in this experiment did not affect mean HDRT RTs. At this time it
cannot be confirmed whether task instruction, therefore, has no effect on the
performance of task set involving multiple tasks. First, an in depth evaluation of
the other performance metrics, including an analysis of the performance strategies
used in solving the tasks, needs to be carried out. It is possible that the difference in
task performace manifests in another performance metric. The evaluation of the
additional task performances included in this study is currenttyoamg.

In terms of the current experiment and the manipulation used, the mean HDRT RTs
were not significantly affectedybaltering task instructions. Alternative hypotheses

for this occurrence could be that because participants had to perform multiple tasks
at once, the task set was too complex and participants were not able to accurately
attend and perform as instructedifported by Parker et al., 1964). As there were
many tasks included within this experiment, it is also possible that some sort of task
switching effect affected the performance metric, similar to the finding described by
Koch (2008. The exact dynamic prest here needs to be further investigated.
Future investigations should also examine if the way the DRT and other tasks were
technically operated (see Methods, each trial began with the driving simulation, then
the DRT and secondary task started withinosels of each other) affects the
performance outcome. This could indicate that giving different task instructions is
not enough to alter task performance (supported by Levy et al., 2001) and that
participants wer@ot able to or did not adapt their stratégythe instructions given.

An additional subjective questionnaire on how participants felt they were able to
follow the instructions given could help clarify any inexplicable trends in the data.
Future reproductions of this study could also include amwiti incentives for
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participants to ensure that the tasks are performed as close to the instructed priority
as possible.

Conclusion

In terms of the current experiment, it has been demonstrated that task set instruction
does not significantly affect mean D RTs. Further evaluation is required to
definitively confirm that task set instructions, therefore, have no measureable effect
on task performance in a multiple task setting.
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Abstract

Children are overrepresented in road accidents, often due to their limited ability to
perform well in road crossintasks The present study examined childiewisual
search strategies in hazardous romwbksing situation A sample of 33 young
participarts (ages 713) and 21 adults observed 18 different roaaksing scenarios

in a 180 dome shape mixed reality simulator. Gaze data was collected while
participants made the crossing decisiorisat was used to characterize their visual
scanning strategies. Results showed thatgagap limited field of view, and the
presence of moving vehicles affect the way pedestrians allocate their attention in the
scene.Therefore, we can deduce thatulis ter to spend relatively more time in
further peripheral areas of interest than younger pedestrians do. It wdsuaido

that the oldest child age group ¢18) demonstrated more resemblance to the adults
in their visual scanning strategy, which can indicatelearning process that
originates from gaining experiencand maturation Characterization ofchild
pedestriareye movements can be used to determine readiness for independence as
pedestrians. The results of this study emphasize the differanmasmagegroups in

terms of visual scannin@ his informationcan contribute to promote awareness and
trainingprograms

Introduction

Over a third of road traffic deaths in low and midiéteome countries are among
pedestriansEven in more developed countritee rates of pedestrian deaths do not
fall much behind; in Europe and in the Americas, the pedestrian death rate is 27%
and 23%, respectivelyWHO, 2013) Accident statisticsconsistently showthat
children are overrepresented as a group in pedestrian accidents. Children aged 15
and youngeareaccounted for % of the pedetsian fatalities in 2009 and 25 all
pedestrians jares in traffic crashe{NHTSA, 2009) The NHTSA report revealed

that pedestrianare fully or partially acounted for most of the accidentnd that
childrenare more likely than adults to be the cause of the accident. In an earlier
study, pdestrians under the age of wBre found to be responsible for 77% of the
motorpedestrian accidents, children aged @4 were the guilty party in 60% of

the accidents, anthoseaged 15 or older were to blame in 33% of the accidents
(Hunter et al., 1996) Thus, children more than adultare at risk as pedestrians

often due to their own actions

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.)2014). Proceedings ofhe Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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Much of the success in making the crossing decision relies on the pedestrian
ability to focus attention on relevant elements in the trafiwironment and to
ignore irrelevant stimuli. It has been recognized in several studies that pedéstrians
selective attention abilds are linked to their performance in road crossing tasks
(Dunbar et al., 2001; Footet al., 1999; Tabibi& Pfeffer, 200). It was also
demonstratet that children have limited attention abilities compared to adults, and
that those improve with age develiog during middle childhoodAkhtar & Enns,
1989; Lin, et al., 1999) Overall, the literature suggests that due to their inferior
attention abilities young children ee less competent to act in traffic than older
children and adult§Dunbar et al., 2001; Tabibi & Pfeffer, 2007; Whitebread &
Neilson,2000)

Children suffer from inadequateisual searchingoehaviourthat exemplifies the
importance okfficient visual searcktrategyfor safe roaetrossing.Early literature
review revealedthat while the proportion of children that failed to look lyefo
stepping down to the road was significant but inconsistent, age was always an
effecting factor(van derMolen, 1981) More recent tdiesestimate that over 50%

of the childrenare not looking at the traffic before stepping into the road and the
younger theyare the less likely they do soWhen looking @esoccur itis often
restricted to a single obsation, often in the wrong directiqg@eedyk et al.20032.
Analysis of accident data demonstsatee consequences of this behavjand thus

it is estimated thaB9% of child-pedestrianvictims do not look for approaching
vehicles at all before crossingrayson, 1975)Nevertheless, it is not just that
children do notiooké Studies have shown cases where children that have looked in
the richt direction still failed to detect the approaching vehicle. For example,
Grayson (1975¢stimated that in 31% of the caselsildren haddooked but failed to
sed the hitting vehicle. This kind of failure might be difficult to explain, as it is
reasonable to assume that when looking at an object direwlyvill Gedéit and
respond accordingly. However, this phenomenon is nauggrising.For example,
one can stare at the right direction but attend to somethinglikdssounds or
thoughts, gphenomenon known as tifinattentional blindnesg(Mack, 2003) It is

also possible that one is not interpreting the scene cor@ctjyickly enoughJust

like in the case of inexperienced drivers, that delayedpincessg the
representation of a stilimage traffic scenevhen a potentially hazardous objest
present in it but able to fixate upon thabjectjust as fast as an experienced driver
(Huestegge et al2010) In either way, no matter what cause children to fail spotting
the approaching vehicléé results othe above studiestrongly suggest that gaze
related behaviour is part of the reason for childtor accidents.

Childrents search process is affected by conspicuous parts in the visualdield

with age this procesecomesnoresystematic, exhaustive, focused and r¢piy,

1975) Other studies exemplify additional aspects afufres in childrets visual
searchchildrenbefore age 9 have limited ability to adapt their visual search strategy
to fit different tasks(Hall, 1985) and young childrerts visual attentioris more
adversely affected by the presence of distractors than older children and adults
(Pasto & Burack, 1997Age-related differences also existanmore simple aspects

of eyemovements;six-yearold children makeshorter fixatios, and shorter and

more rapid eye movements in comipan to adults(Mackworth & Bruner, 1970)
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Whitebread and bilson (2000examined the relationships between pedestrian skills
and visual search strategies. According to their findings, major chamgé&ategy
occurred around the age of87years this change expressed in the frequency and
pattern of lookingat different directions having a sophisticatedlastminuted
checking approach xbaustivevisual searchstrategy, and the speed of making the
crossing decisian

The work of Whitebread and Neilson (200@)stifies the need to further examine

child pedestrian visual search behaviamongage groupsMeir et al. (2013)
contrastedhe crossing behaviour of three different chpleldetrian age groups and
anadults groupThe currenwork addsthe layer of visual search behaviour to ithe
results. The aim of the current study is to get better understanding of the pedestrian
visual behaviour and visuattention distribution in the endinment in various
roadside situations, with regard to the age of the pedestrian. The research hypothesis
was that age has a direct link to visual behaviour and attention distribution; meaning
that the older the chiten arethey will show more resemblande the experienced

adults group.

Method
Participants

Fifty-four participants were recruited, 21 experieneddlt participants aged 27

(mean age=23, SD=1.8), fourteen -f0-8 yearolds (mean age=7.8, SDH).
eighteen 20-10-yearolds (mean age=6, SD=03) and nine 1io-13 yearolds
(mean age=11.5, SD=0.9). Children completed the experiment in exchange for an
educational compensation equivalent of 30 NIS (approx. $10). Adults received the
monetary compensation or bonus credit in an introductanyrse. Participants
sigred an informed consent forrRarental consent was given for participants under
the age of 18.

Eye tracker anddome facility

The head mounted ASL eye tracking systd®H6 was usedo perform correct
measurement of pupil diametand gaze direction (see Figure 1). After a shert 9
points calibration process, the eye tracker accurately tracks the Ssibgget
movements and gaze direction by sampling the eye at 60Hz. THd6H®ad
mounted eye trackewasdesigned to track gaze diteon over approximately a 30

35 degree vertical visual angle and a#®degree horizontal visual angle, with 0.5
degrees precision and a 0.1 degrees resolution. The head mounted helmet is
equipped with a front cameracordingthe same scene viewed byetparticipant.

The video from the scene camavas recorded with an overlay of the particigant

gaze location (Figure)2

The 3D PerceptionE Dome consists of a 180 degrees
3.5 meters) aligned with a very accurate projectigstem of three projectors. This

setting allove measurement othe participants when watching pdesigned

simulated scenariosf real life situation from the roaide environment without the

risk of harm(Figure 3)
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Figure 2. Capture from the scene video with the gaze location layer marked by a black cross.

Procedure

Participantsarrivedat the Dome facility for an hodlong sessionParticipants went
through a stage of eye calibration, aftenich their eyemovements were recorded
via the eye tracker. Each participant obsdive 18 scenarios in a random order and
engagd in a crossing decision by pressing a response button eachqgtiicidy
whenit was safe to cross the road. Two practicenseios weraised tofamiliarize
with the experimental task. For each scenario fané&achparticipant a video with
the superimposkeye gaze data was saved file usingthe scenario and the
participant numbeas identifier At the end of the session,rpeipants were asked to
fill a computerized demographic questionnatreen received the compensation and
left.

Stimuli

Eighteentypical urban simulated scenarios, eacte lastingl0-45 secondsshown
from a pedestriads point of view as seen in Figar4 The scenariosonsised of a
structured combination of elementél) Traffic Movement fo moving vehicles,
oneway street where moving vehicles are traveling in one directionwayostreet
where moving vehicles are traveling in two directiof2) obscured Fieldf View
(unrestricted, partially obscured by the r@&adurvatureon the left or partially
obscurd by parked vehicles, see Fig, 4nd(3) Presence of Zebi@ossing(with
zebracrossing, without zebrerossing) aiming to decipher participaritsesponses
to those situations.
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Eyedatacollection

A fixation happens when the eye focuses on a specific detailduring this time

the eye collects information. Fixation duration varies and is estimated to be between
150t0-600ms as 10@ns is the minimum time required for the eye to receive
information. In order to collect the fixation data from the videos, a manual coding
method was applied. &Kainedresearch assistant did the manpiicess of fixation
identification.

Figure 3. Dome projection facility at BGU Ergonomics complex.

In each frame in the video, a dynamic black cross was observed symbolising the
participant gaze location in the scene at that time. The pindagitel video capture

card recordingat 25 FPS Fixation was defined as a sequence of at least three
consecutive video framg420ms)during which the participant ga@sllustrated by

the black cross remained focused on a specific detail in the scene. The manual coder
watched each video franiy-frame and manually documented each fixatfonly

those that fell in one of the areas of inter@stan Excel tableregistering fixation
duration and location.

Areas of Interest (AOISs)

For each scenario, five areas ofeir@st (AOIs) were defined-igure 5). The close
range central area was defined as the 10 meters of road in each side from the
pedestriats point of view (AOI3). Then symmetrically areas to the right of the
centre and to the left were defined.eTmiddle right/left range (AOI2/4) was the

part of the road distant at least 10 meter to the right/left of the point of view but less
than 100 meters away. The far right/left range (AOls 1/5) was the part of the road at
least 100 meter or more to the right/lefftive pedestrian point of @w.
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Measures of visual search behaviour

Gaze distribution §0]: This is hedistributionof fixation-time, that was directetly
each participant in each scenabetweerthe defined AOls.

Fixation duration pnilliseconds The mean duration of fixations ade by each
participant in each scenario.

Dwells [seconds The mean duration oflwells made by each participant in each
scenario A singledwell is defined as the time during which a contiguous series of
one or more fixations remaimgthin an AOL

Freqguency of fixationgfixations/mi: This is a calculation of the mean number of
fixations, made bgach participant in each scenario, per minute.

Figure 4. The Field of View factor as displayed in the virtual scenarios: (1) Unrestricted
(above); (2) Paiially obscured by the rodd curvature (middle); (3) Partially obscured by
parked vehicles (below).
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Figure 5. The Field of View factor as displayed in the virtual city terrain from a 2D
perspective: (1) Unrestricted (below); (2) Partially obscured by the @adrvature
(middle); (3) Partially obscured by parked vehiclabgve. The division into areasf
interest (AOIs) marked-% is shown in each scen€he diamond shape icon represents the
pedestrian point of view.

Results
Gaze distribution

For each participant and scenario, the Gaze distribution ovér¢hAOI G sums up

to one and theefore Gaze distributionis compositional datd.e., non-negative
proportions with unisum. These types of data arise whenever we classify objects
into disjoint categories and record their resulting relative frequencies, or partition a
whole measurement imtpercentage contributions from its various parts. Therefore,
attempts to apply statistical methods for unconstrained data often lead to
inappropriate inference. Dirichletegressionsuggested byHijazi and Jernigan
(2009)is more suitableDirichlet regression is a regression model that wessgh to

deal with compositional data and analyse the five AOIs simultaneously under the
constrained that thesumup to one.The Dirichlet regression model was fitted using
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DirichletRegpackage, in R Languag@pplying a backward elimination procedure
found the best fitting model has three significant main effects. The dependent
variable was the vector of AOland the independent variables were Ageup,
Traffic-Movement (TM)and Field of View FOV); all of them to be statistically
significant (p<0.05) Results from the Dirichlet regression shown in TaRle
reveakd differences among age grougsdamong the crossing conditianBable 3
shows the Gaze distribution for each category.

Table2. The Dirichlet regressiomstimatectoefficients for theet offive AOIs

Variable Category Far-left Mid-left Centre ?lﬂgllﬂt Eg;{t

Intercept -1.90%r 1. 76%r -1 63FFF -1, 72%* -1, 76%
Aged 910 0.03 0.17 0.4%** 0.26* -0.06

Age-groug Aged 1313 006 013 002 003  -0.02
Adults 0.19* 0.01 -0.23* 0.02 -0.02

Oneway traffic movement | 0.14  0.32*%* 0.47%* (0.23* 0.16*
Two-way traffic movement| 0.11 0.17* 0.57** 0.63**  (0.20%*
Restricted by parked

Field of View ™" vehicles
Restricted by roadurvature| -0.31*** 0.42*** -0.21* -0.41** -0.23**

Traffic Movement®

0.07 0.25**  0.54** -0.22* -0.15

*Reference aged-8. ** Referencdino-traffico. *** Reference unrestricted field of view.
*p <0.05, *p<0.01, ** p<0.001.

Table 3. The mean Gaze distribution [%] for each of the-dwep, Trafficmovement, and
Field of view categories.

Variable Category Far- Mid- Centre  Mid- Far-
left left right right
Age-group Aged 78 9.3 29.9 32.9 150 12.9
Aged 910 7.3 29.8 37.2 16.9 8.8
Aged 1113 9.5 34.7 27.8 15.8 12.2
Adults 17.0 315 219 15.5 14.1
Traffic Movement | No-traffic 13.5 34.3 300 12.1 10.1
Oneway traffic movement| 13.1 37.7 26.2 11.5 11.5
Two-way traffic movement| 9.7 23.2 27.7 23.4 16
Field of View Unrestricted field of view 15.2 21.7 21.7 22.7 18.7
Restricted by parked 16.7 25.0 38.8 11.9 7.6
vehicles
Restricted by road 4.4 48.4 22.8 12.7 11.7
curvature

Children aged 90 spent relatively more time than all other age groups looking at
theclose range (AOI_3)while the adults showed a significant oppodigspending
relatively less time in the close area than all other groups. Adults spend relatively
more time looking to the far left range (AOI_5) than efild-groups, thus they
allocate more attention to the cars travelling on thlwse lane (i.e., in their
perspective from left to right).
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Traffic movementalsohad a effect on the participaniwisual searchdistribution.

The most evident phenomenaras thattraffic movement eitheroneway or two

way caused participants to spend relatively more time looking at the close proximity
area than in scenarios where no travelling vehicles were pradiht.regard to

FOV, it led to statistically significant distribution differences evident hoth
restricting conditions. When restricted on both sides by parked vehicles, participants
spent more time looking at the close proximity area than in the unrestricted
condition. It seems that when encountered with blocked field of view on both sides,
participants tend to spend more time on the part of the scene that is not restricted,
hence the immediate close araagattempt to allocate more visual attention to the
left. When restricted by a road curve on the left, statistically significant effests w
shown in all AOBs. The curvethat limited participants from seeing the oncoming
vehicles was to the left of the participant poiof-view; once the vehicle coming
from the curve became visible, it was less than 6 seconds until the vehicle arrived
into the participant path of crossings a resulparticipantsspentmore time looking

at the midrange left side (AOI_4) and less time at all the other AOIs than they did
in the unrestricted scenarios.

Fixation duration

The mean fixation duration for da@ge group reveals a constant incline of average
fixation duration with aggTable 4) While the youngest groupad the shortest
fixations in all AOIs, the adultshad the longest average fixatidn all AOIs but
AOI_5 (Farleft). Fixation duration increas asarefarther from the centreglmost

twice as longin some cases. Although in far peripherals AQOIs the difference
between groups was larger, it was not statistically significant; which means that as
fixations got longer, variance increased as wellthough not statistically
significant, the longer average fixations for all groups were at tHeftaairea, about
500ms for the 3 oldest groups and 378ms for the youngest group.

Dwells duration

The results show that all groups had longer dwells in perg areas than in the
centre (Table 4). Age differences were again very clear; @dditellings in
peripheral areas were much longer than the two youngest age groups, especially on
the left where the adufigverage dwell was 1.54 s. in comparison @81s. for the
children aged -B and 1.1 s. for the children aged 9. The oldest group of children

were again the most resembling to the adults.

Freqguency of looks

The number of fixations each participant made in each scenario inside any of the
AOIs wasdivided by length of the scenariohigh gave the frequency of loakEhe
highest frequency was viewed in the youngest age group (Mean=52.2), and this
score was significantly different than of the oldest child group ageti3land the
adults that scored149 and 45.4 fixations/minute, respectively. Age grouf9vas
similar (2 fixation/minutes less) than that of the youngest group. Overall, two
clusters of groups were visible, that of the two youngest age groups and that of the
oldest child and adults.



128 Tapiro, Meir, Parmet, & Orofsilad

Table4. Mean scores and ongay ANOVAfor visual search strategy variables

AG1 AG2 AG3 AG4 F ratio Sig. group
(Aged #8) (Aged 910) (Aged 1113) (Adults) differences
Fixation duration (ms)
Farleft 378 515 493 499 0.59
Mid-left 290 333 356 374 7.12%* AG1l<
AG3/AG4
Centre 236 260 254 271 4477 AGl < AG4
Mid-right 266 325 303 340 3.99***  AGl<AG4
Farright 369 408 413 451 111
Dwells (Seconds)
Farleft 1.03 1.10 1.23 154 2.94*
Mid-left 1.06 1.35 1.48 1.49 2.84* AGl< AG4
Centre 0.76 1.04 0.92 0.76 2.89*
Mid-right 0.75 1.08 1.21 0.99 2.76* AG1<AG3
Farright 1.13 0.98 1.50 143 1.75
Frequency of fixation  52.2 50.3 41.9 454  6.34%* AG1>
(fixations/min) AG3/AG4
AG2>AG3

In this table, the F ratio is a measure of the overall significance of the differences bétaeen
four age groups. *p < .05, **p<.001The significance of differences between pairs of
groups, reported in the last column, was tested witiTtleey HSEat level 0f0.05.

Discussion

The present experiment studied childisevisual search strategies in hazardous road
crossing situation by examining their gaze data while theneengaged in crossing
decision tas& The hypothesis stated that age has a diret to visual behaviour
and attention distributignthat is, that the older the child, the more his or her
performance will resemble that of an experienaddlt.

Results indicated that age, limited field of view and the presence of moving vehicles
affectthe way pedestrians allocate theigual attention in the scenpand that age is
associated with several measures of visual sedntieed, adults were found to
spend relativelyless time in the centre areaghan children, shifting more visual
attention ¢ the far left area. It was also shown that the oldest child group (aged 11
13) showed partial resemblance to the aduits,spending relatively less time
viewing the centre area than the younger children and relatively more time in the
mid-left area.The measure of visual attentiveness, outside the scope of age reveals
that pedestriais visual search strategy is flexible anegrsatile giving the
environment. Thus, pedestrians were more attentive to the road when driving
vehicles were present than in scenarios with no traffic, and more importantly they
accommodated their visual attention to restrictions such as parked vehicles and
curvaures in the roadway.

This trend was apparent in all other gaze related measures. Fixation duxtdimse

with ageand as they moved from the centre to the peripheral areas, especially to the
left, which coincides with the way they allocate their attentiThe reoccurring
diverse resultghe left sideis notrandom,it may reflect a calculated manner of
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estimating the source of risWehicles coming from the leétre travelingn theclose

lane to thepedestriangind therefore constitute the immediateettwhen stepping

into the roadThe dwells, much like the fixationx&nds with agend adults seem

to dwell longer in comparison to children, especially than the two youngest groups.
It was also visible in all groups that peripheral dwells were lotigger those in the
centre. The frequency of fixations measure demonstrates again the age related
differences; adults and the oldest group of children have a lower frequency of
fixations than the younger children aged(. It seems from the results that pger
children tend to do more and shorter fixatiopsssibly, reflectingthat younger
children scan the environment in a more hegtanner.

Meir et al.,(2013)showed that bth 9 10-yearolds andlL1i 13-yearolds presented a
less demsive perfomane reflecting upon highettentiveness towards potential
hazardsalong with better prediction of the upcoming events of addlken
together with previousbehavioural findings (Meir et al., 2013) that crossing
behaviour is age related. Thatternof the results presented hereserves as an
additional indication fodistinguishing between the middle age groupdearning
process that origates from gaining experiencehd present research showed that
gaze data might serve as a tool differentiating between pedestrians with varied
age and experience levels in a dynamic simulated environment. Findings serve
applicable meaninghat is, further development of the characterization of children
and adulté eyemovements patterns may be usesia methodology to determine
potential pedestriadseadiness for crossing independence.
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Traffic Light Assistant i Can take my eyes off of you

Michael KrauseVerena Knott, &laus Bengler
Institute of Ergonomics, Technische Universitat Minchen
Germany

Abstract

A traffic light assistant on a smart phone is assessed with an eye tracker in real
traffic. The system is displayed on three different screen sizes on a nomadic device
and gaze durations are measured. Another condition of the experiment includes an
acoustic click when the display content changes to reduce glance frequency. The
acoustic click as an auditory hint does not reduce the frequency of gazes, as
expected. The gazdurations can get shorter as display size increases, but this does
not necessarily reduce the percentage of time arehiicle information system
(IVIS) is looked at.Subjective ratings indicate that display contents can even be
shown too big. Overallht gaze durations are in line with current limits, even when
displayed on a small screen. A set of gaze histograms and calculated gaze metrics is
provided to enable comparison with other experiments and IVIS.

Introduction

Stops at traffic lights andelated braking and acceleration are potential aims for
optimization. In the Bavarian pilot project KOLIBRI, which stands for Kooperative
Lichtsignaloptimierungi Bayerisches Pilotprojekt [Cooperative Traffic Light
OptimizationT Bavarian Pilot Project], four pters evaluated the feasibility and
chances of traffic light optimization and driver information on arterial roads. The
project was managed by TRANSVER GmbH, a traffic engineering company. The
Board of Building and Public Works in the Bavarian Ministrytioé Interior was
responsible for the two rural roads, which served as test tracks. BMW AG built up a
demonstration car. The Institute of Ergonomics at the Technische Universitat
Minchen handled the human factors and ergonomics issues within the project,
especiallythe information for the driver about upcoming traffic signal states with
smart phones.

The final information system is based on already installed GSM and UMTS
networks. The traffic lights on the two test trackene in northern Munich with
seventraffic light controlled intersections on seven kilometres, the other one near
Regensburg with eight traffic light controlled intersections on a length of five
kilometres- were equipped with radio data modems. A central server receives the
process datardm the traffic lights and tries to estimate upon historical data their
behaviour within the next minutes. This probability forecast is send to the
demonstration car or smart phones. These devices calculate a speed

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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recommendation, or give other approprigf@rmation about the traffic light phases
to a driver. Due to the imehicle use, special care must be taken for suitability while
driving (ESoP, 2006).

Related work Traffic Light Assistance

Early contribution to the field of traffic lights assistance and driver information can
be found in théNolfsburger Wellgroject from VW AG (Hoffmann, 1991; Voy et

al., 1981). About the same time, Australian traffic engineers experimented with
driver information and traffic lights, especially with dynamic speed
recommendations signs along the road (Trayford et al., 1984; 1B&4; van
Leersum, 1985; Trayford & Crowle, 1989). In the CVIS project, a green wave in
vehicle information system was compared tmamic signs along the road, in a
simulator studyDuivenvoorden2007;Pauwelussent al., 2008).

Thoma 2010 compared different human machine interfaces (HMI) for a traffic
light information onboard system. The idea, to feed traffic light informatiato ithe
adaptive cruise antrol, can also be found in Thoma (2010) and in the KOLINE
project Bley et al.,2011). Chenet al. (2009) gave a review on signal countdowns
and showed the risks of using traffic light signal countdowsesteiraet al. (2010)

dealt with the idea of virtual traffic lights (VTL) in the car, to replace the roadside
infrastructure. Olaverri et al. (2012) evaluated HMIs on the head up display for the
VTL in a simulator. The TRAVOLUTION project from AUDI AG (Braun ek,a
2009) used WiFi to bring the traffic phase information to the car. This approach was
also used in the Germaktiv project (Hoyer, 2012), which used a mobile device to
inform the driver. Data for WiFi connection ranges under different vehicle speeds
can be found in Iglesiaset al., 2008). A traffic phase information system was also
included in the German simTD project2008. The SignalGuru project
(Koukoumidis et al., 2011) used smart phones and image processing to estimate
traffic light phases.

KOLIBRI differs from other projects in its heavy reliance on already installed
mobile communication networks, instead of dedicated short range communications,
with their coverage drawbacks and maintenance costs. The information presentation
on the wide spreagimart phones makes it possible to equip every car, regardless of
make and year. The most important distinction is the-wmsd usabilitycentered
approach. Its use while driving needs special attention. Many of the preceding or
running projects showed adk of consideration for user needs, thus focusing on
technical feasibility only.

This paper will focus on a swudspect offisuitability while driving). The gaze
behaviour.

Related work Gaze behaviour
Gaze behaviour in transportation is a laegearche topic. All major guidelines for

in-vehicle information systems (IVIS) (i.e. JAMA, 2004; AAM, 2006; ESoP, 2006)
address the visual demand with some gaze metrics (occlusion metrics or glance

durations). For instance, the AAM statéf: é ] si ngl etiong feaemalye dur a
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should not exceed 2 secondénd the ISO 15005:2002, which is referenced in the
ESoP, introduces a maximum dwell time of 1.5s to capture information.

There is also a research tradition on the determination of optimal font size (Beymer
et d., 2008) and even the interaction between font size, display size and
remembering was assessed (Sanchez & Goolsbee, 2010). Tullis (1984) used metrics
like grouping and density, which are indirectly connected to display size, to predict
search times and Bjective ratings on alphanumeric displays. The Watwn

model SEEV Wickenset al., 2001) has a special focus on visual attention
allocation. The DistraeR approach (based on AER) currently tries to expand this
field with salience features (Lee et,&012). The advantages of an improved SEEV,
called NSEEV, can be found by Steelman et al. (2011). NSEEV especially uses
extended salience features and can be used for more than juststtgady
distributions.

In the experiment presented here two topétated to visual attention are addressed:

1 Given that smartphone screen sizes on the market are heterogeneous, how does
the display size of presented graphical information on small devices affect gaze
duration?

1 Can an auditory hint (a click for new inforti@ on the display) reduce glances
to the designed traffic light assistance IVIS and thus glance frequency?

Accordingly, it is possible to state the hypothesis that gaze duration should get
shorter when the display size of small devices increases babaug@phical

content should be easier to perceive. On the other hand, this should only be true on a
small scale, since the eye has only a narrow spot (fovea) for sharp seeing. So, if the
display gets larger, one has to look around on the screen. Thiedasddressed by
many usability studies (e.g. for websites, Nielsen 2006).

The discussion of the results of this experiment will try to connect the outcomes to
the SEEV modeliSEEYV derives its name from the four forms of attentional
influence that it pass: channekalience, thesffort needed to move attention

between channels, the operé@axpectancy of the signal on each channel, and the
task criticality orvalue of the information in each chanmébteelman et al., 2011).
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Method
Testenvironment

Testtrack

The individual test runs of the experiment were performed on federal road 13 (B13)
in nortrernMunich. Over a length of about seven kilometres, the test track has seven
traffic-light-signatcontrolled intersections. Moreover, it is a section of the BB

two lanes in each direction, and in addition, there are turning lanes in front of the
individual trdfic lights. A guardrail separates the carriageways structurally from
each other. Under dry road conditions, the speed limits on the test track are mostly
limited to 100 km/h, and reduced to 70 knithfront of every intersectionin the
various test runsised inthe experiment, this route was driven either from the south
(48° 14648 N 11° 3® 7 E) to the north (48° /6 N 11° 3436 E), or in the
opposite direction. At both ends of the test track, two turning points were used
during the experiment to evaluate the performed test run subjectively by
guestionnaires and to explain the object of the following testTha.experiments
avoided the rush hours, which have highly directional traffic load. Thus, the traffic
density was about 500 cars/h, for each directiothe experiment reported here, the
traffic lights were acting on a coordinated scheme (green wave). The predetermined
switching times are programmed into a nhomadic device to inform the driver.

Testvehicle

For the study on the real test field, a BMW ¥&odified US modelwas used as
vehicle. In the experiment, a Samsung Galaxy TabPR&000 (display: 7.0 inch,
1024 x 600, AndroidFirmwareVersion 2.3.6) was used to display the mobile
KOLIBRI-traffic light assistant. The nomadic device was fixed to the right of the
driver with a mount in the ventilation slots of the centre console of the test vehicle.
The automated analgsof gaze data, which were generated by the Dikablis Eye
Tracking System (Ergoneers GmbH, Manching), also required the attachment of
markers on the dashboard of the test vehicle Kgpae J).

Figure 1. Attachment of the nomadic device and tlzekers in the test vehicle
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Human Machine Interface (HMI)

After initial experiments regarding various H$/lin the static driving simulator
(Krause & Bengler, 2012&a 2012b), the optimized concept Figure 2is usedfor
the experiment in real traffic.

Vorbereiten
auf Halt

Figure 2.Display states of the KOLIBRiaffic light assistant

The favoured display concept of the KOLIBR&ffic light assistant on the nomad
device, which was used in thrssudy, includes a speed recommendation in form of a
speed carpet. The green area espnts the speed recommendatlwt supports the
driving behaviourfor a green waveHRigure 21 and Figure 22). The illustrated
vehicle position corresponds to the @mt speed. The white vehicle indicates that
the driver is within this recommendation whideiving at current speedrhe black

car of Figure 22 points to the contrary. The position of the pointer of iHeueo
traffic light in the right upper corner ofi¢ application shows the current cycle state
- green or red light of the next traffic lightThe speeding display appears when the
speed limit is violated> 10 km/h) seeFigure 23. If the vehicle is outside the
criteria for calculating a speed recommdation(i.e. if the driver has to move too
slowly or too fast to reach the green wpveigure 24, called iVorbereiten auf
Halto (APrepare to Sta)), is displayedlt shows the driver that the next traffic light
will be red at arrival. The combination tfe Heuer traffic light and the countdown
appears at a speed less than 5 km/h in front of a red light signal systeme (25).

This function displays the waiting time, until the traffic light changes to green again.

Independent variables: variation efze and click

This experiment used variations of the KOLIBfRaffic light assistant in the display
size. Furthermore, a variant was used with an acoustic skjgate 3illustrates the
relative proportions of the screen sizes of the display concéptsecassistance
system in the individual test runs. In the previously conducted studies in the static
driving simulator, the traffic light assistant was presented on a smartphone
(Samsung Galaxy Ace S5830) with &-&ch diagonalKrause & Bengler, 2012&a
2012b) So the experimentould be compareih real traffic with the appropriate
simulator study, one display of the variations on the tablet should correspond to the
smartphone display in size. The display concept HMI_M has the characteristic of a
3.5-inch diagonal.The large display HMI_L was adapted in such a way that the
screen of the tablet is utilized optimal{yidth of 900px) Derived from these
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dimensions generated for the HMI_L display, the exact sizes of the other KGLIBRI
displays result fronthe specified scaling factors.

Display Size W
~2,5" ~3,5" ~6,4"
o HMI_S HMI_M HMI_L
Acoustic Click “°
L D) - HMI_M_C .

600 px2
T m=055" P

) Scaling factor of the edge lengths s=0,385" I
2) Resolution: 170 dpi

Figure 3.Relative proportions of the screen sizes

The smallest display concept HMI_S corresponds to half of the display surface of
the HMI_M-system. The fourth variant of KOLIBRissistancendicating a change
betweendifferent states by an acoustic click (HMI_M_C), is identical in size to
HMI_M-display conceptThe HMI prototype was implemented in Adobe AIR. The
size scaling was performed inside AIR (vector graphics). There was nothing like a
border around the resizegtaphic. The resized graphics were just centred on the
black screen. The short click was played when the display changed between one of
the states of Figure-2 to Figure 25 (for instance, if the vehicle travelled too fast
and Figure 2 appeared or whenhe car drove out of or into the speed
recommendation, e.g. from Figurel2o Figure 22). The volume of the tab was set

to maximum. The display content was recalculated for every new GPS value,
typically at 1Hz.

Gazetracking

Within the scope of this stly, the Dikablis Eyelracking System (Ergoneers
GmbH, Manching) was used for experimémecording of the gaze data andLab
2.1 for analysis. Three areas of interest were defined (Figuraviydscreen (or
fifrontd), Aspeedometérandfismartphone (or fitablet). Thefismartphone area had
a fixed size and was not adjusted when display content was scaled.
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windscreen

speedometer

smartphone

Figure 4.Areas of Interest (AOI)

Questionnaires

In addition to the questionnaire for collecting degraphic information,the
following standardized written survey instruments were used in this study:

NASA-Task Load Index

The method for collecting of ratings of the workload, called NABA, was
developed by the Human Performance Grai NASA AmesResearch Center
(Hart, 1986; Hart & Staveland 1988 this study, we used a German translation
(Seifert, 2002 An Overall Workload Index (OW]|)based on a noweighted
average of the ratings of teebscaleswasused for comparisofHart, 1986)

Sygem Usability Scale

The System Usability Scale (SUS) represents a reliable andeftestive
questionnaire with ten items (each o®-point-Likert-scalg for a global ratingof

the usability of interactive systenBrooke, 1996)In the experiment, thelEs was

used after eacHull run combined with the KOLIBRItraffic light assistanceA

careful German translation was used, combined with the English original text. There
is some effort in GermanyRginhardt 2012) to get a uniform and verified
translation.The translation used here was involved in different experiments at our
institute, so we published the translated items and condensed SUS results from these
studies (Krause & Bengler, 2013) to make comparisons possible.

Testprocedure

After the st subjectsvere welconed and inforned about the KOLIBRIproject,

they indicated their consent to participate in the study. In addition, a demographic
questionnaire collected personal data. Afterwattas explanation of the maximum
120 minutes ongoingitl followed. After successful calibratiosf the eye tracking
systemand vehiclespecific instructions, the explanation of the KOLIBRAffic

light assistant with its functions followed.
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After these preparationthe acclimatisation test rutook placeusing the KOLIBR}

traffic light assistance, which included the acoustic click. In addition, five test runs
in randomised order were realised in the BMW X5 on the test track B13. A baseline
run (BL) without the use of a traffic light assistant was comparitd feur other

runs combined with various KOLIBRdystems that differed in their display sizes
(HML_S, HMI_M, HMI_L). Moreover, in another test run (HMI_M_C}he
KOLIBRI assistant with a 3:Bch diagonal and an acoustic click was tested on the
test track The signal happens at each chaimgdisplayto illustrate a display change

to the driver.

The individual test runs wemandomly donén one direction (southorth or north
south). To assess the subjective workload during the testhoth theNASA-TLX
and the SUSjuestionnairdexcept for the baseline ruhpad to be completed by the
test subject after finishing the run.

Participants

The sample of this study included 22 test pergbrismales; mean age28.6 years

st. dev.= 8.4). All testsubjectshad a valid driving license. No test person of the
study had a colour deficiency amportant eye disease for the test procedure.
However, 3% of the subjects reported the use of a visidl Ninepercent of the
participants were not familiawith driving an automaticarand two persons of the
KOLIBRI study did not know the real test track in nerth Munich. With a
proportion of 45 percent, almost half of all participants of the experiment had
already participated in a KOLIBRitudy in the driviag simulator. 63 percent of the
subjectshadparticipaedin a previous study that was carried out whb use of the
traffic light assistant in real traffic. In this study, reaction times were collected by
handling a tactile detection task.

Results anddiscussion
Glance duration and display size

The traffic lights assistant reported the current display state to the eye tracking
system. So it is possible to split the gaze analysis up. An average trial run in the
fiHMI_L o, iAHMI_M o and iHMI_So conditions lated 417 seconds (SD: 40s). From
this time only sections were analysed when the vehicle was moving. This was
achieved by considigrg the display stateBspeed recommendatiofsee.Figure 21

and Figure 22) which was on average active for a total time $ummed up
segments) 0200 seconds (SD:3s) during a test rurAnd fiprepare to stap(Figure

2-4), which was on averageactive fora total time ofLl24 seconds (SD: 66gjigure

5 shows the results.

A single factor (display size), repeated measurement ANOVA figpeed
recommendatiain reported a significant difference F(2;42) = 13.4, p < 0,001
whereas the same test for the sfigeepare to stapwas not significant F(2;42) =
0.646 p = 0.529. A Bonfeoni corrected postoc test revealed the dataliable?.
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Figure 5 Mean glance durations with different display sizes

Table7. Bonferroni corrected post hoc test for glanceadions in display stat@éspeed
recommendatioi (*p < 0.05)

HMI_ST HMI_M p = 0.004*
HMI_Si HMI L p < 0.001*
HMI_M i HMI_L p =0.923

For thefispeed recommendatiodisplay state, the same ANOVA (display size) was
carried out on glance frequency and glance percentage of time. Both were not
significant (average glance percentage of time to the phone déEpged
recommendatiobwas HMI_S: 12.1%; HMI_M: 10.2%; HMI_L11.2%; average
glance frequencyuring fispeed recommendationvas HMI_S: 0.174Hz; HMI_M:
0.163Hz; HMI_L: 0.186Hz). It seems like a larger screen can reduce glance
durations up to some point, where information is easy accessible and additional
increasing ha only a minor effect (maybe a further enlargement can even worsen
glance durations). At the same time, a larger information presentation can slightly
increase the glance frequency, which even counteracts potential béndétsns of
SEEV, the topdown features éxpectancy andvalue) should not be affected by
resizing.The effort to move the gaze to the HMI should also notimghly affected
(same location). The slightly increasing gaze frequency could be explained by
increasingsaliencewith display enlargemenWhat is hard to explain and model
with SEEV would be the decreasing glance duration. In NSEEV, the parameters
finhibition-of-returrd, or the fixation duration maybe could be used. An easier
approach would be to add a bottam paameter, which accounts for information
retrieval costs within one area of interest.

Glance frequency and acoustic click

For the analysis of glance frequencies, the data are analyzed similarly to the
antecedent section and treated separately for the display statéspeéd
recommendatiaiand fiprepare to stap Figure 6 shows the results. The hypothesis
was that the acousticlick could reduce check gazes and lower glance frequency.
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However, a ondailed ttest revealed no significance in both cases. For the state of
fiprepare to stap even the direction of the hypothesis is wrong.

Table8. Onetailed ttests for the reduction of glance frequencies by acoustic click

speed recommendation | t(21) =0.577; p = 0.285 >0.05
prepare to stop t(21) =-0.414; p = 0.6580.05

A two-tailed ttest for paired samples between the statéspdéed recommendano

and fiprepare to stap(i.e. Figure 61 versus Figure -8) reveals: t(43) = 4.7; p
<0.001. So the system design, and information presentation (to show in some
situationsfiprepare to staq), reduces the glance frequency significantly

One explanation with SEEV for the inefficiently working acoustic help could be top
down expectancy, together with a sufficient bottamp visualsalience. The display
Figure 21 contains the Heuer sign in the upper right corner, an item with low
informatioral bandwidth (it behaves like a clock and is predictable) and the dynamic
speed recommendation with a medium to high information bandwidith.display

of Figure 24 also contais a Heuer clock and a static message with extremely low
informational bandwidt. Maybe, if visuakalience meets the requirements imposed
by expectancy, there is not much room for improvement by the acoustic sound.

Glance frequency in state "speed recommendation” Glance frequency in state "prepare to stop"
025 0.25
error bar: SO error bar: SD
02 02
z z
Z 015 Z 015
H 1]
H H
H H
g 2
£ 1]
s 01 o1
5 H
® / =
0.05 WHMI_M_C 0.05 / BHMI_M_C
0.163 0.118
0 BHMI_M o BHMI_M
HMI_M_C HMI_M HMI_M_C HMI_M

Figure & Mean glance frequency with and without acoustic click

System Usability Scale

The SUS scores fahe different system variants are reported in Figure 7. Single
factor, repeated measurement ANOVA showed no significance: F(3;63)=1.207,
p=0.314.

Looking at the absolute values HMI_M seems to be the favorite. According to
Bangor et al. (2009), a score 8.4 can be connected to the adjecfie&cellend.
There seems to be a drop in the S8®re for the HMI_L. In terms of SEEV, this
could be a mismatch between tdpwn parametersXpectancy andalue) and the
bottomup parametesalience. The subjecfsel it is too large.
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Figure 7.SUS Scores of the different system variants

NASATLX

Figure 8 shows the results of the NAFAX questionnaire. Single factor, repeated
measurement ANOVA (Greenhouse Geisser corrected, due to Mauchly test)
revealed F(2.9;60)=4.577, p=0.006. A Bonferroni corrected phet test was
significant for: baseline/HMI_S (p=0.004), baseline/HMI_M_C (p=0.048) and
HMI_S/HMI_M (p=0.047). Looking at the absolute values, HMI_M imposes the
lowest additional subjective demand comparethébaseline run.

Figure 9 depicts the results from the NASAX sub-dimensions. The most
subjective impact for the smartphone information comes fromfithentad and
ftemporad dimensions.

NASA-TLX Overall Workload Index (OWI)
50 error bar: SD
*
s 10 * * O Baseline
g 30 — - BHMI_S
E 20 i B HMI_M
2 OHMI_L
Z10 | I I _
. 13.6 | | 17.2 18.1 | B HMIMLC
Baseline HMI_S HMI_M HMI_L HMI_M_C

Figure 8 NASATLX Overall Workload Index (OWI)
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Figure 9.NASATLX subdimensions

User preferences
The test subjects were asked which variant they preferred (forced choice).

Table 9 contains the results. This led to a split decision between HMI_M and
HMI_M_C.

Table9. Number of users that prefer a specific system variant

HMI_S
HMI_M
HMI_M _C
HMI_L

w|oo|ofw

The comments of the participants were written down and grodjadxde 10 lists the
remarks expressed most often. The most frequent answer reveals that display
components can be even subjectively too large. The often sounding signal can be a
result of driving style: Some participants drove around the border of the speed
recommendation and got atlof clicks when they drove in and out of the velocity
carpet (despite an implemented hysteresis).

Table10. Top three comments with number of occurrence

Presentation of HMI_L is too large 7
Acoustic click is a good idea 6
Acoustic signal sounds too often 5

General gaze histograms and metrics

For the following histograms, the gaze data were exported fretratD and
processed by Matlab. An additional minimal threshold of 120ms for single glances
was introduced. The histogrs only show data when the smart phone was in the
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fispeed recommendatiorisplay state (Figure-2, Figure

tracking system if a speed recommendation would
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22). For the baseline
condition, the display was blanked (black), but the smartphone reported to the eye
have been shown to get
comparable road sections. Figure 10 shoves distribution of gazes to the smart

phone. The distribution data in the upper right corner reveals that thee8entile

of all gazes from all participants is 0.88 seconds.
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Figure 10 Gazes to the phone, condition HMI_M

The smartphone shows a speedommendation and can

induce people to combine
gazes to the phone with gazes to the speedometer. So Figure 11 holds the times,

participants do not look to the ardaindscreen (calledfiEyes off the road). Figure

11 shows that the 8%ercentile value athis metric (1.12 seconds) is also below the
limit of current major guidelines. Figure 12 holds the same metric for the baseline

condition.
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Figure 11.Eyes off the road, condition HMI_M
w0 EYes offtheroad, Baseline 100%
wl e M 0.76 90%
' SD 032 P5 028 | gop
250 QL 05 P85 104 | o
> Median 0.76 P95 1.33
£ 200 Q3 092 P99 176 | 0%
=2 _ . 50%
% 150 N=894 in388%ec
o 0.23Hz 40%
100 30%
50 Frequency 20%
""""" Cumulative 10%
0 bansett 0%
D 0 0w w w W oo w W wwww WL W ow Lo w b W o o
89 8§82 B8 8RLYEYESTEHELYLHEERLEEL LB QLB ERE 8T
O O O 0O O 0 0 8 ©6 © H «d «H o «d o o o o4 <4 & & & & & & o o o « Seconds




144 Krause, Knott& Bengler

Figure 12 Eyes off the road, condition Baseline

Figure 13 and Figure 14 hold the distribution of gazes through the windscreen for
the conditions HMI_M and baseline (both under the condition that the display shows
a speed recommendation). Both figures show an exponential decay. For modelling,
the lowestand highest bin from the figures were excluded. An exponential curve
fitting led to:

occurrence(t) = 233*e4t/2.28s)for Figure 13 with a fitting of R2=0.945 and
occurrence(t) = 144*et/2.82s)for Figure 14 with a fitting of R?2=0.932.

The constant (238r 144) adjusts for the relative differences, but the difference in
mean lifetime (2.28s or 2.82s) should be an interpretable gaze metric of a system.
The baseline has a shallower curve (mean lifetime 2.82s) with relatively longer
gazes to the front. Theore often used term with exponential decapa#-life (=
In(2)*mean lifetime), which is 1.95 seconds for Figure 14. The visual demand of a
system lowers the mean lifetinaed accordingly the halflife of front gazes. Or to

put it another way: Gazesrtugh the windscreen are a kind of epdisthe-system
glances.
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Figure 13. Gazes through the windscreeondition HMI_M

Front, Baseline

350 r 100%

F 90%

SD 3.49 P5 04 [ 80%
Q1 0.96 P85 6.08 | 70%
Median2.04 P95 9.48 | 5o

3 4.2 P99 16.4

300 e M 3.23

N
a
o

N
=
S

Frequency  50%

=== exp-model N=981 in388%ec F 40%
----- Cumulative 0.25Hz r 30%
F 20%
r 10%
0%

Frequency
=
(4
o

N
o
[S]
1
2
7

o
o

-~
S~
-~
Se-e
~~~~~~

o

N
RN
A

10.2
10.6
114
1144
118

Seconds

Figure 14 Gazes through the windscreandition Baseline

Krause and Bengler (2012hised an artificial metric to compare different HMI
variants:As measure afeverity the average gaze frequency was multiplied with the
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85" percentile value (both values are derived from the data pool of all participants,
not with an intermediate step of indivial averages). Thus, the severity measure for
the finaturab behaviour (e.g. speedometer checks) in Figure 12 would be 0.23Hz x
1.04s = 0.24. The severity with speed recommendations from the smart phone
(Figure 11) would be: 0.32Hz x 1.12s = 0.36. We intetrphe difference of 0.36

0.24= 0.12 as an additional visual load imposed by the smartphone. A similar value
can be obtained by calculating the severity of Figure 10: 0.16Hz x 0.88s = 0.14.

The multiplication of frequency by mean glance duration givpsrcentage amount

of time. For instance, according to the data in Figure 10, the participants show
0.16Hz x 0.63s = 0.1, so 10% of the time to the phone. The multiplication of
frequency by the 8% percentile of glance duration maybe can include some
information about how heavy the tail of the glance distribution is. The long gaze
durations in the tail are important for driving safatip(rey et al., 2001/

Conclusion

An increase in display size can reduce glance duration, but it does not necessarily
reduce the percentage of time an IVIS is looked at. Furthermore, subjective ratings
indicate that display contents can even be shown too big. The gaze durations for the
traffic light assistant are in line with limits of major guidelines, even when displayed
on a small smartphone or must be scaled by height due to landscape mode.

An acoustic click (as hint for display changes) does not reduce glance frequency as
expected. Subjective ratings are divided. The click will be implemented in the final
system and cabe enabled by the user. This will also include a function to suppress
fast successive clicks for some driving styles. Appropriate information presentation
design has shown to reduce glance frequency for this system more effectively than
acoustic feedback.

The subjective ratings from NASALX dimensions indicate that participants feel a
slight mental and temporal demand when using the system. This was assessed in
another experiment with a tactile detection task (TDT), to get objective data.

The different omments of the participants motivated to carry out some minor
tweaking of the system. With a view of the already excellent-Stéfes, it is clear
that, with each iteration of the engineering process, it gets much more difficult to
score higher.

A set of gaze histograms and calculated gaze metrics was provided to enable
comparison with other experiments and IVIS, as well as discussion with researchers.

Outlook

From the results of this experiment one can argue: Maybe the interface and
information are withinthe limits for gaze behaviour, but how strong is the mental
demand on the driver? Another experiment was carried out to test this and measure
the mental demand of the information system with a tactile detection task (TDT).
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The TDT is a tactile variant othe detection response tasks (DRT), which are
currently in a standardization processi8® TC22 SC13 WG.8

In the experiment reported here, the traffic lights were acting on a predetermined
and coordinated scheme (green wave). Afterwards, the trafffits l@n the test roads
were equipped with data modems to transmit their current state and were switched
back to a traffieadaptive control scheme. Based upon the transmitted process data, a
central server tried, based upon historical data, to estimate Hewratffic light
probably will act within the next couple of minutes. The server sent this forecast to a
demonstration car and smart phones. In the last field experiment, we tested this
improved app and examined if the estimated switching times can bgoliséorm a

driver.
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Abstract

Millions of people are killed every year in road accidents, caused mostly by human
errors.Therefore, it is of paramount importance to support the driver by improving
the interaction betweemumans and machineEhis paper presentsresearch aimed

at developing a Cooperativieane Change Assistant Human Machine Interface
(HMI). The system checkshether the adjacent lane is free: if positive, it will
suggest the lanehange manoeuvre via a recommendation HMI; if negative, it will
show a warningpased HMI. In addition, an acoustic warning will be provided if a
critical event is detected\s prelimnary test,20 users carried out two sequences of
18 lanechange®n a static driving simulatothe first runservedas a baselinehile

the second added secondarycognitive task to induce distraction. Eyracking and
vehicle data were collected thrdwayt the test and will be used to develop a Driver
Cognitive Distraction Model. This classifier will be included into the HMI strategy;
further tests have been planned to evaluate the efficiency and the acceptability of
this assistant HMI, which can be srded as a edriver for the driving lateral task.
This work is in the interest of the ARTEMIS Joint Undertaking under the number
269336 (www.d3cos.el

Introduction

The lane change manoeuvre is considered one of the most difficult driving tasks and
specid attention is neededt is estimated thatrashes resulting from improper lane
changegonstitutealmost 8%of all car crashef~itch & Hankey, 2012)A common

kind of dangerous situatiomay occurif the driver underestimates the speed of an
approachingrehicle or overlooks it at allt has been shown that drivégserception

of intervehicle distances are often insecure, especially at high velodoedofsen

et al.,, 2010) Lane Change Assistant (LCA) systems may help human drivers in
avoiding severeaccidents.A LCA monitors adjacent lanes and keeps the driver
informed of the presence of other vehicteearby. Typically, these systems @on
perform any automated action to prevent a lane change, though such a feature is
expected in the futur@/isvikis et al., 2008).

Furthermore, in the event of conflicting resources (i.e. a section of a lane aimed by
two vehicles) acooperative LCA could considerably improve thandling of

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (orine). Available from http://hfes
europe.org
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resources, boosting a benefictallaboration between driversi¢eseret al, 2012).

Such cooperation could be achieved via a Vehidd/ehicle (V2V)
communication, which would allow an exchange of information between involved
vehicles oralso between their assistance systems. Moreover, cooperation among
road users should also besociated with an efficient cooperation between the LCA
system and the human drivéfflemisch et al., 2(&), meaning that a proper HMI
needs to be builfThe system could also provide additional support if it was able to
improve the involved driveds situation awareness (Endsleyl996). Many
experiments with driving simulators assess the impact of cognitive distraction on the
driving performance. Strayer and Johnst@9(Q1) found thatdrivers engaged in
phone conversations were more likely to miss roadssiglus their reaction time
was superior with respect to the ones that wem@mthe phone. Reported effects are
similar whether mobile phones were held in hand or in hémeesconfiguration
(speakerphone): this indicates that the decrease in the gipeirfiormance wagn

due to a physical limitation, but rather to a different cognitive load induced by a
phone conversation. Then, the field of research was extended to the larger domain of
the invehicle interfacesLee et al. (2001)eported a 300 ms dw} in the braking of

the vehicle for drivers who were using a velEsed email system while performing

a primary driving task on a simulatdRecently the growing number of In Vehicle
Information Systems (IVIS) on the market, such as radios, GPS navigatstems

etc., threatens to increase dangshpthe sources of distractioiherefore, to allow

the drivers to take advantage of the IVIS without reducing safetyrbes a critical

topic (see also Liang et al., 2007)

In this paper, ainnovative CoopeativeLCA HMI is presented: it embeds elements

to support the driver in performing the lane change manoeuvre as well as a cognitive
distraction model tanfer a possible state of distractiohhe key elements of the
proposed system are:

1 A cooperative drivemode]| a set of cooperation algorithms for collision
avoidance

T A warningfecommender HMI, a multichannel interface which delivers the
information to the driver in the most suitable way

1 A Driver Cognitive Distraction Model (DCDM), a binary classifier wiic
infers the cognitive state of the driver

This research is performed within the project D3Cd3esfigning Dynamic
Distributed Coperative HumaiMachine Systenms whose objective iso develop
methods, techniques and tools (MTTs) for system engineers ardied them in
industrial system development processies support affordabledevelopment of
highly innovative coperative humamachine systems.

Background
Cognitive distraction and kchineLearningapproach

As aforementioned in the introduction, digsghe complexities of the driving task,
it is not unusual to see drivers engaged in various other activities while driving,
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including talking to passengers or by a cellkpapne, listeningo the radio and
even readingConcers with the use of thelVIS while driving are also becoming
increasingly common. All in all, any activity that distracts the drivers or competes
for their attentionwith the driving primary task has the potential to degrade
performance and have serious consequences for road d$afétis context, one of

the main goa of this research is to support drivers by means of cooperation
algorithms for collision avoidance, integrated with classifiers of dstase and in
particular of cognitive distraction. Hence, the following reseajubstions are
investigated:

1 Isit possible to develop appropriate driedistraction classifiers, which are
then used together with D3COS cooperative applications, in order to support
users and to make such systems dwenarteo?

1 Which techniques analgorithms can be regarded as the nfiappropriate
(meaning enough accurate, precise, reliable and feasible)?

1 With respect to the current state of the laoty can we improve the
methoddogy and the results possibly achievable?

In order to deal witthese topics, many methods have been proposed to evaluate and
classify driveés distraction Tango & Botta, 2009; Mattes, 2003; Youngt al,

2003. In particular, Machine Learning (ML) technicpieseem to be very
appropriated for this type of classificatiproblem. In fact, ML is the technology of
searching large volumes of data for unknown patterns. It has been successfully
applied in business, health care and other domdias ét al, 2005; Baldi&
Brunak 200J. So, the rationale to udéL techniques apes with two aspects:

1 From a mordiphilosophicab point of view, one of the most ambitious goals of
automatic learning systems is to mimic the learning capability of humans and
their capability of driving is widely based on experience, particularly on the
possibility to learn fronit.

1 From a more technical point of view, collected data about vehicle dynamics and
external environment are definitely ntinear. Several studies have proved that
in such situations ML approaches can outperform the traditioadytical
methods. Moreover, also hun@ardriver mental and physical behaviour is hon
deterministic. So, since mental state of the drivers is not observable, no simple
measure can index visual and cognitive distractions precigbbnget al,

2004 Lianget al, 2007).

Hence, these types of technology can be applied to build a discrimination abbzlel
to capturethe differencesetweendriver$ normal and distractedehaviar. This
phase iscurrently under development in the D3COS projedtere the different
distraction models are prepared and then implemented in-t@ACapplication.

LaneChangeAssistantsystems

Designing a proper interface for a LCA system should comprise two different tasks:
how the proper suggestion is presented to thedand how the state of the system
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is communicatedqVisvikis et al., 2008) Standards recommend that warnings are
used to tell which side of the surrounding area is already occupied by another
vehicle. Moreover, visual warnings should be clearly distisigable from any other
in-vehicle signal and should be positioned so that the driverampted to use
mirrors.

LCA systems usually provide a twevel warning: the first level is reserved to
cautionary warnings, when the likelihood of a collision iatigely low. The second

level is instead a more imminent kind of warning, when dangerousigitsaire

more likely to occurVisvikis et al., 2008) Visual, acoustic or haptic channels may

be used, but visual warnings are mostly suitable for a low primfibormation since

they rely on the fact that the driver is looking at the display. On the other hand,
acoustic warnings can draw the attention of the driver regardless of where he/she is
looking and are therefore morepppriate for urgent warnings.

Furthermore, the driver might assume that the LCA system is alwayseactiv

throughout the journeyt is possible, tough, that the system is occasionally inactive,
for example if the driver forgot to activate a manual system or if the criteria for an
automaticactivation were not met. Therefore, the driver should be constantly kept
aware of the state of activation of the system in order to prevent any
misinterpretation; likewise, it is also important to notify the driver if the system is
temporarily unavailablefor example in case a sensor is covered with dust or snow.

Concept

The system presented in this paper is an innovdfiveperativeLane Change
Assistant HMI, aimed at providing the driver with a twofold information: on one
hand the system will give aasning if it detects a dangerous situation or a state of
distraction of the driver; on the other hand it will suggest a lane change manoeuvre if
a gap on a more suitable lane is available, accordingctmperativedriver model.

The driver model is builbn the bases of a highly cooperative approach utilizing
methods from the field of distributed artificial intelligence and madent systems.

This model enables to plan the trajectory of the vehicles moving on a highway and
cooperatiely checks them foranflicts: if a collision was detected, the trajectories

of the vehicles would be adjusted to be confliee. A detailed description of this
model is beyond the scopetbfs paper and can be found in Vokrinek et al. (2013)

The development of the HMI lég and images was driven by the research
background reported ithe previoussection and was supported by pilot tests on a
driving simulator, which are described time next sectiors. The visual interface is
integrated in the simulator dashboard, betweles $peedometer and the RPM
needles, in order to minimize the deviatioh driverds gaze from the roadlhe
acoustic interface is played by the simulator speakers.
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Figure 1. Samplepicturesof the visuaHMI: a) filane changé recommendationb) fikeep
your lan& warning c) LCA inactive

In case the driver is proceeding on the lane suggested by the system only a white
straight arrav is displayed, whereas a red box is added in case the indicator is turned
on (fig. 1b) in order to alert the driver that he/she is about to perform an unsafe lane
change; it is important, in fact, to prevent needless or distrasi@mgings during
normaldriving (Visvikis et al., 2008)so for those cases a minimum warning level
was chosen. If instead the system is recommending a lane change, a green box will
highlight a free gap onto the suggested Idige 1a). this particular recommendation
doesidt neal any trigger or input from the driver (proactive behaviour).

The acoustic channel is instead launched if one of the following conditions becomes
true:

1 Two vehicles are about to collide (mostly because one of the drivérs isn
following the shared plaripr example by attempting a lane change towards an
occupied lane)

9 A state of distraction is detected, in which case a sound is emitted with the
purpose of alerting the driver

In particular, the state of cognitive distraction will be inferred by the cilassihich

is being developed by means of ML techniques: wheneVBiRUEO condition is
detected, the HMI strategy is consequently adapted, emitting a sound specifically
designed to warn a driver e.g. on a wide frequency range in order to be easily
audibleand clearly distinguishable from background noise.

The cooperative model constantly computes an updated plan and, at the minimum,
the visual channel is always active so that the driver has at any moment the
possibility to check his/her @ positioning.However, if necessary input data are

not available, then an HMDFF image is displayed (fig. 1c) in order to keep the
driver aware of the status of the system.
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Experimental design
Description of the simulator

The experimentsvhose setup ipresented in this paper were carried out using a
static  driving simulator owned by Reggio Emilia Innovazione
(http://www.reinnova.iteh and equi pped with a SCANeRE simulati o
(http://www.scaner2.com The system is a fixed based simulator that poses a
mockup of a car with real driving controls, specifically a seat, steering wheel,
pedals, gear, handbrake and a digital simulated dashboard displaying a traditional
instrumental panel, with RPM, speedometer and vehicle subsystem lamps. The
scenarb is projected on a frontal screen at the driver point of view, together with the
rear mirror displayed on the top of the field of view and the wing mirrors on the
sides.Environmental sounds, such as the engine rumble, are provided through the
loudspeakes.

Distraction Model

A set of experiments on the driving simulator was carried out, invoR@ngsers in

the age between 20 and 40 (Mean = 28.9, SD = 3.8 years). Participants were 14
males and 6 females, with a minimum driving experiencevofyears ad at least
10,000 Km per year of travellingihe simulated scenario represented a highway
and, after dive minutes warrrup period to let the user acquire confidence with the
simulator, participants were instructed to:

1 keep a fixed speed (130 Km/h)
i stay onstartinglane, whenever possible

For theprimarydriving task, the reference test protocothe LaneChangeTaskby
Mattes (2003). With respect to this protocol a modification of the triggering event
has been applied, corresponding to the introductioone vehicle that appears in
front of the Ego vehicle instead of a sequenfeoad signs suggesting a lane
change. The reason of this adjustment wasngureconsistency with the scenario
that will be used to test the-IGCA. A secondary task was thertrioduced to induce
cognitive distraction: while driving, participants were asked to count backwards by 7

starting from a given number, suggested by the inte
Every participant performed two driving session, each consistingl8fLC
manoeuvres:

1 Run 1 (Al): LC without secondary task, serving as baseline for the driver
cognitive distraction model
1 Run 2 (A2): LC with secondary task

The time interval between two subsequent LC manoeuvres4(q15) was
randomized between the partiaiis according to 8 different combinations of the 18
manoeuvres, both for A1 and A2. Each participant had a different combination in Al
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and A2. Randomization was aimed to minimize learning and interaction effects
among the different sessions.

Figure 2. The driving simulator used for the experiments

Throughout the test, vehicle data (such as speed,
were collected by the Recorder module of the simulation software at a sample rate of

20 Hz. In addition, users were equippsith a Tobii® Glassegye-tracker system

(http://www.tobii.conm) to collect gaze position and in particuldiree different

Areas Of Interest (AOI) were defined: dashha rear mirror, central area (fig.. 3)

Figure 3. Sreenshot of a lane changeanoeuvre illustrating the AQinder investigation

The distraction classifiers of users are being developed by using ML techniques
(such as ANN, SVM, etc..When the DCDM will be fully developed, its output will
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be included as an input for the LCgystem this way,different HMI strategies can
be chosen depending on thisttaction state of the driver

Cooperative HMI

With the purpose of collecting valuable feedbacks for the development of the HMI,
10 participants ifhean age = 34.3, SD = §.Were invohed in a set of pilot testé\s
preliminary task the users were asked to fill out some questionnaires to evaluate
Sensation SeekingA(nett, 1994 and Locus of ControlMontag& Comrey 1987),

and also aocicanagraphidorm to assessiser®driving experence andcconfidence

with IVIS (such as radio or GPS). Thehe interviewer brieflyexplained the
operation and purpos# the LCA system undemvestigation, also by showing the
screenshots of the visumilterface;five minutes of free driving weréhen sed as
warmup before the beginning of the test.

The scenario represented a 3 lanes highway and the users were instructed to drive on
the central lane, following a leagkhicle at a distance that they considered safe.
After a time interval of 5 to 40 s (mdomized between the manoeuvres) of car
following, the lead vehicle slowed down: otherrg were in transit around thg&
vehicleandthe user had to choose between changing lane or slowing down.in turn
This manoeuvre was repeat@dimes for each of thevo arranged driving sessions,

the first of which was carried out without th€&€A system, serving as baseline.
Finally, participants were asked to fill outa questionnaireto evaluate their
confidence and acceptance of the system.

Pilots evaluation

The main purpose of the pilots was to have a halfway evaluation from the users on
the HMI, especially on the suitability of the graphics and of the acoustic warning.
Besides, pilots also provided useful suggestions on rétienale and on the
operating parameters of the system, which were taken into account for the following
cycle of developmentParticipantd response to usability questionnaires regarding
the Visual Interface (VI) and the Acoustic Interface (Al) is showed in figure 4, on
scale from 1 to 7.

Users were asked to evaluate the appropriateness (whether or not the interface fit its
purpose) and the clarity (whether or not the intended message was clearly received)
of the VI (fig. 4a) and the Al (fig. 4b)ln particular, theevduation of the Al
suggested a replacement of the warning sound with a more alerting one, which will
be implemented in the next version of the system.

Participants also gave some frmemmentsregarding their perceived confidence in
the systemand in partialar the proactive behavioysreviously described was
appreciated by the useras final question8 out of 10participantsanswered that
they would prefer to driveusing this CLCA system with respect to the baseline
situation.
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Figure 4. Mean evaluatiarleft: Visual Interfaceyight: Acoustic Interface, on a scale from 1
to 7.

Conclusions

This paper presents the concept of an innovatiieC& HMI and outlinesan
experimental strategyhaving the purpose of supporting and validating the
development process. Vehicle and ¢ngeker data are being used to feed the
distraction classifiers by means of different ML techniques in order to develop a
DCDM: its output will then be included as additional input to the HMI logic, so

that different warning or recommending strategies may be chosen depending on
driverés state.Pilot tests indicated that the users appreciate this kind of assistant
systems: they are aware of the risks of highway traffidthey would rather have a

LCA on their carComments by the pilofgarticipantswill be taken into account to

tune some parameters of the systesuch assome threshold values, and their
evaluation of the HMI indicated that the warning sound shoeldeplaced with a
more alerting one. Further experiments will be carried out as soon as the revised
version of the €@.CA is fully developed: ts effectiveness in improving thadriving
performancewill be the main subject ahe nextinvestigationswithin the D3CoS
project, as well as the user acceptance and trust.
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Abstract

The time saving bias predicts that when increasing speeding from a high speed (e.g.
100 kph) the time saved is overestimated and underestimated when increasing speed
from a slow speed (e.g. 30 kp#n alternative meter indicating the inverted speed
(min/km) was used to debias time saving judgements in an active drivingrtask.
simulated driving task was fiirst drive a distance at a given speed and then drive
the same distance agaihthe speed the driv@rdgedwas required in ordeo gain
exactly three minutes in travel time compared to the fitstze. A control group
performed the same task with a speedometer and savetthdesthe targed three
minutes wherincreasing speed fromhagh speedand more than three minutes when
increasing from a lovgpeed as predicted by thiéme saving bias. Participants in the
alternative metegroup were closer to the target. The study shows that biased
intuitive judgementgsan be affected by changiigormation format.

Introduction

Drivers often need to armvat their destination at a specific time. If a delay occurs
due to unforeseen circumstances such as a traffic jam, the driver needs to make
judgements of how fast he or she has to drive in order to arrive on time. Previous
research has shown a time sauiigs in judgements of time saved when increasing
speed ((Eriksson, Svenson & Eriksson, 2013; Fuller et al.,, 2009; Peer, 2010a,b,
2011; Peer & Rosenbloom, 2013; Peer & Gamliel, 2012, 2013; Peer & Solomon,
2012; Svenson, 1970, 1973, 2008, 2009). The timagadias implies that the time
saved when increasing speed from an already high speedverestimated
Contrarily, the time saved by a speed increase from a low speed is underestimated.

The actual time saved can be obtained by the following formula:
Time gain = ¢cD (M;-1/h) D

c is a constant used for conversion of the units of the distance measure, D is the
distance travelledy, is the original speed and the higher speed. According to the
formula, an increase from a lower speed has a greapect on the time saved than
the same increase from a higher speed. Svenson (1970) investigated intuitive

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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judgments of the difference in travel time between two speeds, a high and a low
speed, over the same distance. The study corroborated a time sagrantithe
time saving judgements could be described with the following formula:

Time gain = cB(V>- v1)/ Vo 2

in which ¢ and e are constants describing the perceived distance as a function of the
objective distance Dy, is the original speed ang the higher speed. A possible
interpretation is that participants arrive at their time saving judgements by estimating
the speed increase as a ratio or percentage of the faster speed which is a
simplification of the physical auilinear relationship between speed and time. An
alternative description of the heuristic has been given by Peer and Gamliel (2012)
who found that replacing, in the denominator withr; provided a better fit to their

data.

The miles per gallon (MGP) ilkion is a bias that resembles the time saving bias. In

a study by Larrick and Soll (2008), participants made judgements about the fuel
consumption of different cars in the U.S. In the U.S., fuel efficiency is measured in
miles per gallon, instead of litrgser kilometres. The relationship between the
amount of fuel consumed and a @afuel efficiency, when expressed in miles per
gallon, is curvilinear. Larrick and Soll (2008) found that participants judged the
relationship as linear and therefore made é¢naate judgements of fuel consumed
over a given distance when comparing two cars. They also found that judgements
were more accurate when the information about fuel efficiency was formulated in
terms of amount of gas consumed per given distance.

Peer and @mliel (2013) conducted a questionnaire study to investigate if the time
saving judgements would be more accurate if information about the inverted speed
(pace) was given, similarly to the MGP illusion example. In their study, participants
were given infomation about the inverted speed (pace) in minutes per 10 miles and
speed in miles per hour. The study showed that judgements were more accurate
when pace dataevepresented alongside the speed. In their study, participants were
presented to the informaticand the problems in an online survey when they were
not driving.

In the present study, we wanted to investigate if time saving judgements can be
debiased in an active driving task by using a technigque external to the decision
maker, such as an informaiti display proposed by Larrick (2004). In this study, we
use a pace display informing participants instantaneously of the inverted speed in
minutes per kilometre. The present study differs from the online survey by Peer and
Gamliel (2013) in that in theistudy participants were given speed information as
well as pace data, but in the present contribution participants had to solely rely on
pace information so that any effects can be attributed to the pace information alone.

In the present contribution, weested the hypothesis that the dridespeed
judgements would be debiased by presenting a pace meter indicating the inverted
speed.
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Method
Participants

There were twelve participants in the study. They were recruited from the participant

pool of the Svedish National Road and Transport Research Institute in Linkdping,

Sweden. Participants were randomly assigned to three age groups with two men and

two women in each group; 2% (M = 29.75 years, SD=3.40), 38 (M = 38.00

years, SD=2.16) and 44 (M = 49.50 years, SD=4.12). The majority of the

participants had an average annual mileage of between 1500 and 2000 kilometres.

All participants had a drivés license, all of them had had their license for at least

five years. The participants recieved 500SEE bout G 50) for their participat

Apparatus

Simulator

An interactive fixedbase driving simulator at the Swedish National Road and
Transport Research Institute in Linkdping, Sweden was used in the study. The visual
system consists of three 40 inblEC M40-AV TFT displays with 1 920 x 1 200
pixel resolution, providing a field of view of 180 degrees. The seat, steering wheel,
pedals and dashboard are from a real car.

Pace meter

A pace meter that provided instantaneous information of the invepeedsin
minutes per kilometre was used (Figure 1). As the speed increases, the pointer of the
meter moves from left to right, but the numbers indicated on the meter decreases
from left to right (as speed increases it takes less time to travel one kilpriiéiee
numbers indicated on the meter ranged from three minutes per kilometre up to 0.5
minutes per kilometre and were presented with .5 interWds. movement of the
pointer decreases as the speed increases, illustrating that the time saved diminishes
with higher speeds.

Figure 1. Pace meter indicating the invertgebed in minutes per kilometre.
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Scenario

The simulated road environment presented to the participants waslangvoural

road. There was no traffic in the particip@ntaneand light traffic in the opposite
direction. Two driving distances were simulated; one was 8.5 and the other 28.3
kilometres. The shorter driving distance was the first 8.5 kilometres of the longer
distance, so both distances were parts of the same road.

Experimental design

A within participant design was used, each participant drove each of the two
distances twice. Time was held constant so the driving distances were chosen so that
the time spent on each of the two distances was the same. Half of ticggats

drove the shorter distance at the lower speed first and half drove the longer distance
at the higher speed first. Age group and sex were balanced in both conditions
(shorter distance/low speed first and longer distance/high speed first). Alcontro
group who performed the same task and drove the same distances in the same
simulator with a conventional speedometer indicating speed in kph (Eriksson,
Svenson, Eriksson, 2013) was used to allow for between groups comparisons.

Procedure

Participants fist answered questions about background information such as age and
years with a drivés license. Then, they were given an instruction of the experiment

in writing. Before the simulator task began, participants engaged in a practice run to
adapt to drivig in the simulator. The practice run lasted for 15 minutes and was
driven on the same road as the one used in the driving task and at any speed chosen
by the participant.

After the practice run, participants were first told to drive either the shortéreor t
longer distance at a given speed (30 kph for the shorter distance and 100 kph for the
longer distance). Participants were then asked to drive the same distance again at the
speed they thought necessary to gain exactly three minutes in travel time.
Partcipants were then asked to answer a set of questions regarding the simulator
drive such as how much time they thought they had saved and their average mean
speed (in kph). The simulator task was then repeated with the second distance and
speed and after ¢htask was finished participants answered the same set of questions
regarding time saved and mean speed.

After the simulator task, participants were given a questionnaire with further time
saving problems. In order to compare the perceptual motor tagkvofg to paper
andpencil studies of time savings, two of the problems corresponded to the two
simulator driving tasks. Participants were given the distance (8.5 and 28.3
respectively) and initial speed (30 and 100 kph) and were asked to estimate the mea
speed required to gain three minutes in travel time.
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Results

Participants estimated how much time they thought that they had saved in both
conditions. Their judged time saving and the actual time that they saved are shown
in Table 1 (pace meter groumgnd Table 2 (speedometer group). The judhed

saving when increasimgpeedrom 30 kphwas3.38 minutecompared to the actual

time saved, 4.42 minutes in the pace meter conditon. When increasing speed from
100 kph, the judged time save@s3.34 minuescompared to the actual time saved
3.47 minutes.n both conditiongparticipants judged their time saviag d¢ose to the
targeted three minutes.

Table 1. Judged, actual and targeted time savings for the pace meter group.

Original speed (km/h) Judged Actual Target
30 3.38(.80) 4.42(2.39) 3
100 3.34 (.94) 3.47 (1.44) 3

Note. All entries are expressed in minutes. Standard deviations in parentheses.

Table 2. Judged, actual and targeted time savings for the speedometer group (Ei
Svenson & Eriksson, 2013).

Original speed (km/h) Judged Actual Target
30 3.56***(.90) 6.14 (1.86) 3
100 3.25%(.72) 2.21(.85) 3

Note. All entries are expressed in minutes. Standard deviations in parentheses. Sig
deviation of mearjudged) from actual time savings *p<.05, *p<.01 and ***p<.001.

The average actual time saviedthelow speed conditiomnvas4.42 minutesand not
significantly different from the targeted three minute$:2.058.p = 0.064, twe

tailed. In the high speedondition theaverageactual time saving was 3.47 minutes
which was not significantly different from the targeted three minutes;1,.133p =

0.281, twetailed. In the control study (Eriksson, Svenson & Eriksson, 2013),
participants completed the samheving task with an ordinary kph speedometer and
the actual time savings were significantly greater than three minutes when increasing
from 30 kph t;;=5.853, p = 0.0001, on<ailed) and significantly lower when
increasing from 100 kph(=3.228, p=0.004, ondailed),which corroboratea time

saving bias.

Figure 2 shows a comparison between the actual time saved in the control
(speedometer) study and the present (pace meter) sutlannWhitney U test

was used to test the difference in actualetisaved between the speedometer and
pace meter group. In the high speed condition, the speedometer group saved
significantly less time than the pace meter grodp=(34,Z = -2.194,p = 0.014,
onetailed). When increasing from the low speed, the speedammgtoup saved
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significantly more time than the pace meter group=(41,Z = -1.790,p = 0.039
onetailed).

Actual time saved

4 Type of meter
3 M Speedometer

Travel time meter

Actual time saved (min)

O - I—
30km/h 100 km/h

Original speed

Figure 2. Acutal time saved (min) in both low and high speed conditions for the speedometer
meter and the pace group.

Although the actual time savings differed depending on whether the speed was
increased from a low or a high speed, the judged time savings did not. Figure 3
shows the judged time saved for both groups and conditions.

Judged time saved

min)

4 A Type of meter

B Speedometer

Travel time meter

Judged time saved (
w

30km/h 100 km/h

Original speed

Figure 3. Judged time saved (min)dath low and high speed conditions for the speedometer
meter and the pace group.
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The mean speed estimates given in the questionnaire and the actual mean speeds
chosen in the simulator tasks for both the speedometer andnedee group are

shown in Table3. Mean speed estimatesade in the questionnaiweere similar to

the mean speeds in the simulator task, except at the higher speed condition where
participants in the pace meter group drove closer to the targeted mean speed in the
simulator task.

Table3. Participant®questionnaire estimates of mean speeds, actual simulator driving mean
speeds and correct mean speeds for the two distances.

Type of meter Speedometer  Pace meter
8.5 km at original speed 30 kph

Questionnaire estimate 49.46 40.33
Chosen speed in simulator task 4551 42.26
Correct speed 36.43 36.43

28.3 km at original speed 100 kph

Questionnaire estimate 113.63 115.08
Chosen speed in simulator task 113.52 123.95
Correct speed 121.46 12146
Discussion

A previous study by Eriksson, Svenson and Eriksson (2013) showed that
participants make biased judgements of the time saved by increasing speed from a
high and low speed in an active driving task. The presemty showed that these
intuitive biased judgesnts can be debiased by presenting a pace meter which shows
the inverted speed in minutes per kilometre instantaneoéddflgough intuitive
judgements of time savings have shown a robust bias (Eriksson, Svenson &
Eriksson, 2013: Peer, 2010a, 2010b, 20R&er & Gamliel, 2012, 2013; Peer &
Rosenbloom, 2013; Peer & Solomon, 2012; Svenson, 1970, 1973, 2008, 2009), the
present study indicates that driving behaviour can be altered by providoay in
information adapted to the drivéshortcomings.

A driver who overestimates the time saved of a speed increase from a high speed
may experience time pressure whies or she realises thtne is running short. The

driver may then be tempted to increase speed even further to reach the destination on
time. Also, drivers who realise how little time that actually can be saved at higher
speeds may be less motivated to choose a higher speed in the first place. Hence,
drivers need to be aware of the effect of speed on time saved in order for them to
make optimal choicesbaut their mean speed over a journey and debiasing such
judgements majead to a decreased mean speed which has a positive effect on road
safety.
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product development: Quality of turn indicator sounds
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Abstract

In the automotive industries, it becomes more and more important to connect
customer requirements and technical specifications t@ldevsounds with high
quality. The turn indicator sourghn be heard very often during drives and gives the
customer important feedback on correct function performance. Thus, this is one of
the sounds, which play a role in the custoimgrerception of vehle quality and

which is safety relevant as well. In an expesital laboratory study the question

was investigated, how a turn indicator sound must be designed to be perceived as a
high-quality and pleasant. A multidimensional approach was chosen to m®mbi
subjective assessments, physiological measures of the cardiovascular and the
electrodermal activity and physical parameters of the sounds. In total, 15 different
turn indicator sounds were assessed bydgicipants The results show that high
quality turn indicator sounds are characterized by the fact that they are rather gentle,
soft, reserved and not too rough and sharp. This can be confirmed by the
physiological reactions of the participants. The study shows how the connection of
subjective and obgive parameters can support product development. Also, it
shows a possibility to involve the human factor in a highly technical environment.

Introduction

Recent developments show that the subjective perception of a product and its sound
cannot only be described by technical parameters (Genuit et al., 2006). Therefore it
becomes more and more important to connect customer requirements and technical
specificdions (Resch & Mast, 2006). Especially in the automotive industry, where
product sound can be seen as a differentiating factor between different brands these
connections play an important role (Fastl, 2005; Nor et al., 2008; Otto & Wakefield,
1993; Schiffestein, 2006). Previous research has shown that custdpedieve
instinctively that a higkclass product also produces highality sounds

( Mi Ski ewi cz & L et-Bovikarspket a)., 2008).909 the dBherthantl, t e
the sound quality of a product camfluence the perceived quality of a product
(Genuit, 2008).

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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Turn indicator sound

The turn indicator sound can be described as an operational vehicle sound with
signalling character (c.f. Cerrato, 2009; Muhlstedt et al., 2007; Zeller, 2009). The
acoustt feedback shows the driver that the indicator is set even if hendbese

the visual information. Because of that the driver dagishave to avert his gaze
from the street if the traffic situation would not allow it. The turn indicator sound is
also me of these sounds that a driver will hear very often during a drive. If it is not
created well, it can become aversive for the driver. So it seems to be important to
pay great attention on the development of this operational sound.

From a customés pointof view, the turn indicator sound can also be seen as one
perceptible aspect that gives customers some information about vehicle quality.
Vehicle manufacturercan design a brand specific sound and use it as distinguishing
aspect (Bronner, 2007; Kilian027; Krugmann & Langeslag, 2007; Zeller, 2009).
Empirical data indicate that the turn indicator sound can be seen as one important
representative sound for vehicle interior souridss soundalsoplays an important

role for perceived custom@r vehiclequality and was pointed out as a sound that
polarizes with reference to custoréeassessment (cf. Beitz et al., 20183sed on

the results of studies, improvement opportunities in three dimensions of vehicle
sound perceptioritimbred, floudness and froughness/sharpnesare found (cf.
Wagner et al., 2009).

Multidimensional approach

The multidimensional impressions, which a product and its sounds may activate in a
customer, call for a multidimensional approach to assess the sound quality of the
turn indcator. The subjective assessment of the impression of driving, analyses of
sounds as well as of noise is described as multidimensioria¢ literature (Alt &
Jochum, 2003; Bodden, 1997; Genuit, 2002; Genuit & Burkhard, 1995; Schulte
Fortkamp, 2010)Geruit and Burkhard (1995) as well as Bodden (1997) claim that
different parameters should be takém consideration for sound evaluation:
subjective parameters (psychological part) and objective parameters (physical and
psychoacoustic part). A third approatitiudes psychophysiological measures to
assess activation and emotional reactions in addition to subjective cuitomer
assessments. This way of product testing has been used successfully for products
which address other senses than the sense of heBongsgin, 2007; Boucsein et

al., 2002).

Physiological parameters

Human behaviour as well as cognitive, emotional and social phenoarena
accompanied by physiological processes in different physiological systems. These
processes can be made visible ar@hsurable with the help of psychophysiological
parameters. For emotional tone and activation/arousal parameters of the autonomic
nervous system (ANS) are widely used (Boucsein & Backs, 2009). Cardiovascular
and electrodermal activity was recorded in thespnt study. Psychophysiological
measurements are not under active control of humans during normal conditions
(Boucsein & Backs, 2009) and they are relatively easy to measure usirg non
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invasive measurement techniques (Boucsein, 2006). It iskwelkn thatnoise
produces different physiological responses which are quite similar to -stress
responses, (Babisch, 2002, 2005; Griefahn & di Nisi, 1992; Ising & Kruppa, 2001;
Ising et al., 1990) but these aspects should not be part of the present study. The
interestlies in physiological response differences which correspond to subjectively
assess sound qualities and the impression of pleasantness. An investigation of
Bradley and Lang (2000) with different sounds showed that the subjective
classification of the sousdin the two dimensiongpleasuré and fiarousab is
accompanied by different physiological responses op#rédcipants Similar results

are also shown with the help of investigations in the area of music (lwanaga &
Moroki, 1999; Sammler et al., 2007)affic sounds (Raggam et al., 2007) as well as
with everyday sounds (Gomez und Danuser, 2004). Investigations with other
products than vehicles and their sounds showed that it is possible to make emotional
experience with a product objectively measurabléhwhe help of physiological
measures (Boucsein, 2006; Mandryk & Atkins, 2007). The results of the different
research groups agree that more than one single physiological measure is necessary
to reflect the different psychophysiological processes of aiivaemotions and
attention in (sound) perceptiomherefore a combination of different measures is
recommended (Boucsein & Ottmann, 1996; Whang, 2008).

Acoustic and psychoacoustic parameters

Different acoustic and psychoacoustic parameters should h@eddas objective
measures in the present study. To cope with the circumstances that a sound as well
as its subjective impression cannot be described well by using a single parameter,
different parameters were considered in this study. Sounds with strong
characteristics in the psychoacoustic parameter sharpness are often assessed as
unpleasant, annoying and aggressive (Fastl, 2005; Fastl & Zwicker, 2007; Genuit,
2008; Maschke & Jakob, 2010). At the same time a product sound gets a strong and
powerful charater if the parameter sharpness is wmllanced (Fastl, 2005). In
addition, the parameter loudness is able to influence the perceived quality and the
perceived pleasantness of a product sound (Fastl, 1997, 2005; Fastl & Zwicker,
2007; Griefahn & di Nisi, 992). Strong correlations between the perceived quality

of engine sounds and the psychoacoustic parameter impulsiveness are also reported
(Hashimoto, 2000).

Aim of the study

The study addresses characteristics which customer assign to a high quality turn
indicator sound. Also, the importance of different dimensions of sound perception
and the influence of differences due to age and gender are addressed in the present
study. A multidimensional approach which combines subjective assessments of the
participants as well as psychophysiological measures and physical characteristics of
the turn indicator sounds were systematically included in the study.
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Method

A laboratory experiment with repeated measurement was chosen for this study.
During the experiment thparticipantswere sitting in a sountsolated acoustical
cabin. The sounds were presented via headphones.

Sample

In total, data from 48 participants with normal hearing ability were incorporated in
the study. Age and gender of tparticipantswere bahnced (male/female, < 35
years old/35 years old and oldeFhe 48participantsvere between 21 and 60 years
old with an average age of 36.2 yeds®E 11.56). All participants owned a valid
driverés licerce and drove regularly.

Materials

In total, 15 dfferent turn indicator sounds were assessed by the participants. Two
different lengths of sounds were used in the laboratory experiment. A preliminary
investigation with city drives and drives on motorways shows that in average the
short sound has to haeelength of three to five seconds. Because of this a sound
length of four seconds was used. To assess the different sounds, a second lengths of
sounds (30 seconds with an on/p#ttern of four seconds) was used: these second
lengths of sounds considerathdrivers normally hear the turn indicator sound in
different situations: for example, it can be heard for a short time duaing
overtaking manoeuvre or if the driver changes lane, or for a longer time, when the
driver wants to turn (e.g. crossroadsfficalight). The preliminary investigation
results show as well that during a turning manoeuvre the turn indicator sound was
heard by a minimum of 20 seconds, mostly even much longer. Based on these
results it was decided to use trials with the parts:tsdmmdperiod(4 sec.)i pause

(10 sec.)i long soundperiod (30 sec.) for each sound in the second part of the
experiment where the participantsdia assess each sound. The sequences of the
different sounds were randomly assigned.

The questionnaire coonised a broad range of itemsg@int rating scales and items
based on semantic differentials) addressing different aspectpanticiparncs
evaluations of the turn indicator sounds, items to assess these sounds including items
of vehicle sound perceptiatimensions (cf. Wagner et al., 2009) and also items to
specify the emotions and somatic feelings of the participants during the experiment.

Procedure

At the beginning of the experiment, each participant had to render an audiometry to
check the hearinghdlities of the sample. Onlyparticipantswith normal hearing
abilities were included into the final sample. After a short questionnaire {socio
demographic data and general attitude towards vehicle sounds), the electrodes for
the physiological measuremewere fixed. After baselineecordings, all 15 turn
indicator sounds (4 s.) were played to show the participants the evaluation
framework of the experiment. After a 90 second psychophysiological recording, the
turn indicator sounds were presented (4 40 s. pausd 30 s.) in groups of five
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sounds, each group followed by a psychophysiological recording (90 s.). When the
participant finished the assessment of all 15 sounds a faifpwurvey hd to be

filled out. The psychophysiological recordings took platuring rest intervals and
during the sound presentations.

Physiological measurement

The physiological recordings were conducted with the varioport system from Becker
Meditec. The participants wear the portable recorder in the acoustical cabin during
the experiment to record loggings of the trigger as well as cardiovascular (ECG) and
electrodermal activity (EDA). ECG was recorded using a thorax lead. EDA was

recorded as skin conductance from the inner palm (thenar and hypothenar) of the
non dominant hanadf the participants (two Ag/Ag€l-electrodes filled with 0.5%

NaCl paste, diameter = 22 mm; recordings: 0.5 V constant voltages, resolution =
0.002 €8S).

The software variograf was used to convert the data. For the elimination of artifacts
and the computain of the different measures, different software packages from
Boucseilis laboratory were used (Schaefer, 1999, 2000, 2002, 2005). The measures
which were used in the statistical analyses were for ECG: heart rate (HR) in beat per
minute (bpm) and heart tea variability (HRV) calculated as mean square of
successive differences (MQSD) and for EDA: Level EDL, -spacific skin
conductance response (NS.SCR), saamplitude and mean suamplitude. A
baseline correction has been done for all measured physidlegioas. For every
physiological measure, two mean values were calculated from the measurements
during the trials (short soungeriodi pausei long soundperiod to analyze the
physiological effects of each of the turn indicator sounds: one mean valilne fb0
seconds of the pause after hearing the short sound and one mean value for the 30
seconds while the participants are listening to the so called long sound.

Sound analysis

The software ArtemiS was used to analyze all 15 turn indicator soundgmaiized
sounds were binaural recordings of the turn indicator sounds, recorded with an
artificial head from HEAD acoustics in the original experimental settinghis

study, different acoustic parameters were useeratdd sound pressure level
[dB(A)], specific loudness [soneGD] (DIN 45631), sharpness [acum] (DIN 45692)
and specific impulsiveness [iu]. All parameters represented an average value over
each turn indicator sound signal (sBtaneunit).

Statistical analysis

Analyses of variance ancdkgression analyses were performed for calculating the
results. A significance level of 5 % was adopted for the results. Due to a descriptive
appr o a-cdrrectioo wab conducted (Abt, 1987). The statistical analyses of the
data were conducted using thaftware SPSS 17.0 for Windows.
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Results
Perceived quality differences of the turn indicator sounds

Based on the results of an analysis of variance with repeated measures three sound
groups of significantly differing quality ratings (quality, comforelpleasantness)

could be formed: best rated group (5 sounds), middle rated group (5 sounds) and
least rated group (5 soundB)1.73, 81.22) = 101.64, < .0001.

Differential effects

No significant differences for the independent variables age (2 groups),
F(1, 44)< 1, ns and gender (2 groupsk(l, 44) < 1,ns as well as for their
interaction age x gendeF(1, 44) = 1.49ns can be shown for the factor quality
sound groups (3 gups: best, middle, and leastsessed).

Psychophysiological measures

Results of the analyses of the physiological parameters and the factor quality sound
groups only show significant differences for the electrodermal parameter NS.SCR
during the pause beeen hearing the short and the long sour@, 43) = 7.03,

p =.002 (see figure 1).

04

0.0

NS8.SCR (pause)
Mean deviation of baseline

-0.4

best group middle group least group

Note.Error bars reflecstd. Error of Mean; 0.0 = Baselitevel

Figure 1. Differences in electrodermal response for the three quality sound groups

PostHoc analyse show significant differences between the electrodermal response
during best and middle assessed group (Sidlak,002), a tendency between middle
and least assessed group (Sidak, .053) and no statistical significant differences
between best and ldasssessed turn indicator group.

The adding of the two independent parameters age and gender into the analyses
show a significant main effect of age groups with the cardiovascular parameter HRV
(MQSD, heart rate variability) during the pause peried,, 4) = 4.91,p = .032.

Older participants react lessoused/distractethigher HRV) on the different turn
indicator sounds than younger participants. Additionally a significant interaction
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between age and gendd¥(1, 44) = 3.95,p = .053, can be shown with the
cardiovascular parameter HRV (MQSD) during the sound period. Younger women
react stronger and less relaxed on the different turn indicator sounds than older
women and men. Overall, the strongest reactions can be shown fatssolithe

least rated sound group. Significant effects with other psychophysiological measures
cannot be shown.

Dimensions of sound perception

The mean values for each of the three dimensitimabred, floudnesé and
froughness/sharpn@ssvere calculate as our former research shows that both
requirements and assessments of vehicle sounds can be represented using these
vehicle sound perception dimensions (Wagner et al., 2009). A regression analysis
with these three dimensions as regressors and theygratlitg score as dependent
variable shows that for turn indicator sounds the dimengiombred is not
significantly related to the quality rating score. In addition, the dimension
floudness is negatively related and the dimensidroughness/sharpnésss
positively related to the quality rating score. So, a fgjghlity turn indicator sound

is characterized by the fact that it is rather gentle, soft and reserved as well as not too
rough and sharp. The values of the regression analysis can be seea In tabl

Table 1. Linear regression analysis for the dimensions predicting the quality rating score

Variable B SE B b
Timbre -.069 .039 -.054ns
Loudness -.758 .040 -.636**
Roughness/sharpne .085 .036 .074*

Note.Adj. R2 = .495. *p < .0001, P < .05.

To enable a closer look into the three dimensions of vehicle sound perception and
their varieties for the analyzed turn indicator sounds, analyses of variance with
repeated measures were calculated based on the subjective assessments in each
dimensia. These analyses show that the 15 different turn indicator sounds can be
assorted into different groups on the basis of their different subjective assessments in
each dimension. Multivariate analyses of variance validate the significant
differences betweethe formed groups. The turn indicator sounds were grouped into
three significant different assessed groups in the dimengimudness,

F(8.37, 393.24) = 22.73 < .0001, into three significant different groups because of
their assessment in the dimensi@oughness/sharpnésd=(9.52, 447.27) = 10.24,

p < .0001, and have to be arranged into four significant different assessed groups
with reference to the dimensiaitimbred, F(8.98, 422.08) = 37.97p < .0001.
Although the regression analyses shows no significant relevaree(q76) of the
dimensionfitimbred with regard to the quality rating score, it was included in the
following analyses to clear coherences wither measures and this dimension.
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Differential effects

Neither for the three different assessed groups in the dimen8immness and
froughness/sharpna@ssor for the four different groups of the dimensfiimbred,
significant differences becaustage or gender can be shown.

Psychophysiological measures

Significant effects for the different groups of vehicle sound perception on
physiological parameters could be show in a repeated measurement MANOVA.
Resultsare shown in table 2.

Table 2. Signiftant psychophysiological reactions on subjective assessments in the different
dimensions of vehicle sound perception

Dimension Physiological Parameter F df p
Loudness (3 groups) Cardiovasular activity:
HRV (MQSD) pause period 3.49 2/43 .039
HRV (MQSD) during sound 6.19 1.75/76.82 .005
Roughness/ Electrodermal activity:
Sharpness (3 groups, NS.SCR during sound 3.31 1.74/76.48 .048
Timbre (4 groups) Cardiovasular activity:
HRV (MQSD) pause period 7.87 1.87/82.44 .001
HRV (MQSD)during sound 5.07 1.53/67.30 .015

For floudnessé andftimbred, significant cardiovascular reactions can be found while
froughness/sharpnésaffect electrodermal activityselectively. Poshoc analyses

show that the subjectively sensed richest, darkesi low pitched sounds
(dimensionfitimbred) bind least attention an@sult in fewer arousal/distracti@nd

at the same time are more pleasant than other turn indicator sounds. If a sounds
perception is not reserved, gentle and soft (dimenéiondnes§), the level of
relaxation of the participants decrease. Furthermore, very sharp and rough perceived
turn indicator sounds call for more attentismmoredistractingand result in larger
emotional arousahan other sounds.

Acoustic parameters arglibjective sound perception

To clarify connections between the acoustic parameters and the perceived quality of
the analyzed turn indicator sounds, a regression analysis with all acoustic parameters
as regressors and the quality rating score as deperatéttle has been carried out.
Because of the relatively strong correlation (r = .782; .001) between the two
volume related parameters specific loudness anmdtédd sound pressure level
[dB(A)], two separate regression analy$esene with specific loudess, sharpness

and specific impulsiveness and one withraded sound pressure level [dB(A)],
sharpness and specific impulsiveness were carried out. The results of these two
analyses show, that specific loudness results in a better prediction. Specifiedsud

and sharpness are negatively related to the quality rating score. This means that a
turn indicator sound which produces a perception of high quality should be
physically characterized by lower values in specific loudness and sharpihess
values of he analyses can be seen in table 3.
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Table 3. Regression analyses for acoustic parameters predicting the quality rating
score

Variable B SEB b
Regression analysis 1

A-rated sound pressure level [dB(A)] -.198 .068 -.630*
Sharpness -.266 1.083 -.051ns
Specific impulsiveness -.078 .075 -.238ns
Regression analysis 2

Specific loudness -.248 .063 -.856**
Sharpness -2.431 1.028 -471*
Specific Impulsiveness -.069 .063 -.212ns

Note.Regression analysis 1: Adj. R2450. *p < .01,*p < .05
Regression analysis 2: Adj. R2 = .602p* .01,*p < .05

Discussion

The concentration on a specific source of sound allows a detailed investigation of
the customds reactions on differently sounding turn indicators using a
multidimensional approach. The absence of significant perceived quality differences
due to age or gender supports the idea of the implementation of a brand sound of the
turn signal against a diffential approach which considers varying target groups of
different vehicle segments. Because of the frequent usage of the turn indicator
during normal drive situations, the application of one corporate turn indicator sound
into all vehicles of differentegments of a company can also be used as additional
and easy recognizable item to strengthen brand identity. As well the integration of
the results of the physiological measurements supports this recommendation. The
results show that due to differenceghi perceived quality of the evaluated 15 turn
indicator sounds three different groups can be formed (best, middle, least rated
group), which can be characterized by different electrodermal and cardiovascular
responses. The turn indicator sounds of thedmidated group do not activate
emotions as strong as turn indicator sounds which belong to the best or least quality
group. Even older participants react lessusedon the different sounds. From a
physiological point of view turn indicator sounds of thest rated perceived quality
group should be implemented to reach positive emotions of the driver and at the
same time prevent mental workload. Sounds which belong to the middle rated group
can be used if the intention is to implement a sound which remainthe
background. The results advise against the implementation of turn indicator sounds
of the least rated group not only because of their poorer values in the perceived
quality, but also becaughesepotentialy trigger arousal in the direction of gative
emotions.

The regression analyses with the acoustic parameters supports the suggestion that a
turn indicator sound which produces a perception of high quality can physically be
characterized by lower values in the volume related parametested sund
pressure level [dB(A)] and specific loudness. In addition, especially in the
combination with specific loudness, the parameter sharpness should be less
pronounced. These results correspond with results from Fastl (1997, 2005) and Fastl
and Zwicker (207) who assume that loudness is able to influence the perceived
quality of a product sound. Fastl (2005) proposes furthermore abualalhce of
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sharpness. On the other hand, the importance of specific impulsiveness for perceived
sound quality which Hashinb@ (2000) reports for engine sounds could not be
verified for turn indicator sounds in the present study.

The inclusion of the dimensions of vehicle sound perception (c.f. Wagner et al.,
2009) allows deriving recommendations for future sound developmeitse
regression analyses with the three dimensions of vehicle sound perception show that
a highquality turn indicator sound is rather gentle, soft and reserved as well as not
too rough and sharp. This result is supported by the physiological reactidms of t
participants that show that if the perception of a turn indicator sound is not reserved,
gentle and soft, the level of relaxation of the participalgsreaseToo sharp and
rough perceived turn indicator sounds call for more attention of the listeder a
result in stronger emotional arousal. The physiological measures support, that
subjectively sensed rich, dark and low pitched turn indicator sounds are most
pleasant, bind least attention angsult in fewer arousal/distractiothan other
sounds.

To sumup, the results of this study show that a multidimensional approach which
brings together different subjective and objective aspects of a sound and its
perception, can be seen as an important step to determine further optimization
options for the developemt of highquality sounds.
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Abstract

Subtle motor activity of the gluteal muscles and legs of the operator sitting in a chair
can be obtained by using capacity sensors applied to the seat itself, thus making
viable to easily record variations in motor restlessness during the executiorskf a ta
The present study was aimed at studying the relation between variations in mental
workload and variations in motor activity thate unrelated to the task to perform.
Preliminary results from a laboratory study employing behasip ocular,
subjectiveand motor measures show that motor restlessness can be considered as a
promising indicator that can be usefully integrated in any data collection procedure
for assessing the operator functional state.

Introduction

A leitmotiv of Human Factors researchtigat multiple approaches are needed for
measuring mental workload, being the construct itself determined by many different
factors related to both the nature of the task and the characteristics of the operator.
Another reason for using multiple measureshis intrinsic imperfection of any of

them in terms of sensitivity, diagnosticity, intrusiveness.

A large numberof sensitive subjectivepehavioual, and psychophysiological
measuresre reported in the literature. Many of them atl commonly used in
research and practice, many others have failed to meet the requisites of diagnosticity
or have temporarily failed because of the limits imposed by techné@igyocera,

2003) The use of eye movements, for example, has been revitalized after eye
trackingsystems have become cheaper, less intrusive, and actually implementable in
real world domains. Single trial ERPs such as the P300, insteaih ate opinion

still unusable. The limitations due to the difficulties in extracting a clean signal from
the an-going EEG avoiding artifacts, as well as the unreliable predictive power of a
change in amplitude or latency, connote ERPs as a measure hard to export outside
the laboratory setting.

The quest for a fairly good measure of mental workload will probablg ha end,
considering that 1) the real objective is that of finding a measure that can work in
real operating environments aridnost importantly in the realtime, 2) the

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.)2014). Proceedings of the Human Fast@nd Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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pervasiveness and miniaturization of portable technology is tremendously growing
and already delivers novel and unpredictable solutions 3) different measures are
needed to suit different operating settingtso because they show sémsnhess

within different bandwdths (de Waard, 1996Y he latter consideration is not trivial.

For examfe, infrared based solutions for etracking may not be the best approach
when the operational settings are characterized by abrupt and frequent changes in
lighting. Moreover, sophisticated techniques for measuring mental load may simply
be unnecessary.dBsider, for example, the difference between the need to measure
mental workload of baggage screening vs. customer care operators. In both cases,
information on the operator functional state is useful for mitigating the workload
through alarming systemsy@mation support and the like. However, the activities
carried out in the first case need a better time resolution than the second. Indeed,
sudden changes in mental workload can strongly affect performance in the first case,
whereas in the second case ax@ming is not an issue. This difference applies to
many settings in which the mental load assessment does not serve a timely change in
the operative procedures. In those cases, cheap, smooth, not at all intrusive, and even
rough measurement strategieayne better suited.

In this paper we will take into consideration timeidental motor activity that is
unrelated to the primary task imposing the load. We started from the consideration
that many operative settings require individuals to spend muchstsed over a
chair. Over a prolonged period of time, sitting becomes uncomfortable and we
believe that the spontaneous motor activity of the operator constrained in that
position can be considered as a candidate measure of his/her functional state.

Motor restlessness

Motor activity has been usually neglected in mental workload assessment with the
exception of the NASATLX (Hart & Staveland, 1988), as the physical demand was
included among the factors affecting the overall mental workload. In that case,
however, the focus was on the amount and intensity of physical activity required to
complete the task. What is of our interest here is, instead, is the physical activity that
is not related to the primary task.

As far as we know, the only experimental studytie HF/E domain specifically
involving motor restlessness as a variable is that carried out by Galinsky and
colleagues (1993). In that case, restlessness was employed as and indicator of stress
in a vigilance task and results showed that it increaseidgltie task along with
fatigue. After that contribution, the idea of including restlessness within the set of
measures usually recorded during workload/vigilance studies has not been taken into
consideration anymore. Still, movement is a pervasive hurotivitg, not only

when it relates to the operating task: the incidental motor activity may be interesting
as well.

Although the type of movements we are interested in here are not pathological in
nature, the urge to move dbsebody to stop uncomfortable odd sensations is
typical of a neurological disorder known as Restless Legs Syndrome (RLS). Sir
Thomas Willis had noted the symptoms as far back as 1672 (Molnar, 2004):
fiwherefore to some, when being abed they betake themselves to sleep, presently in
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the arms and legs, leapings and contractions on the tendons, and so great a
restlessness and tossings of other members ensue, that the diseased are no more able
to sleep, than if they were in a place of the greatest tarifirem fiDe Anima
Brutorun®). The RLSis a controversial disorder, as many physicians consider its
incidence exaggerated by manufacturers of drugs used to treat it (Woloshin &
Schwartz, 2006). However, whether a diagnosis of RLS is genuine or not, the
pervasive habit to engage in incidentaltor activity while performing another task

by many people it is an undeniable fact.

In this paper we will thus take into considerationiti@dentalmotor activity that is
unrelated to the experimental task employed for imposing the taskload. Such subtle
motor activity may be related to the unpleasant feeling of being uncomfortable, or
more genericallyto the impatience of the individual. For example, tapping with
ongs foot impatiently it is a common experience in relation to nervousness,
agitation, boedom or a combination of these. Such motor restlessness is among the
activities commonly grouped under the terfifidgetingd (although, fidgeting
includes many othdoehavious, such as playing with oéehair or clothes, that are

not of our interest here)idgeting is commonly considered a bad habit and also
symptom of mental tension. Nevertheless, fidgeting has also been related to better
concentration (Pine et al., 2013).

Study
Participants

Twelve individuals (7 females, mean age = 29.6 st. dev. = %88 involved in
this study. All participants had normal or corrected to normal vision.

Experimental setting

A custom version of the Tetris game, a commonly knownntiggching puzzle
videogame, was coded using Matlab. The version used in this study aacted
common version of the Tetris gaméth the exception that in this case the game
started from a blank screen (starting condition) each time the stack of Tetriminos
(game pieces) reached the top of the playing field and no new Tetriminos were able
to enter. This condition commonly denotes the end of the game, whereas in this very
situation was scored as a loss. Number of losses was used as dependent variable for
assessing participaidtperformance. Three difficulty conditions were implemented

by manipuéting the falling speed of the Tetriminos (Easy, Intermediate, Hard: 125,
100, and 80 ms per row respectively). Each condition lasted 10 minutes and the
condition order was randomized across participants.

Ocular data collection

The X230 wide eye trackingystem (Tobii, Sweden) was used for recording ocular
activity. The X230 Eye Tracker is a standalone eye tracker that can be used in
various setup by attaching it to monitors, laptops or for performingragking on
physical objects with a sampling rai€30 Hz. Its large head movement box allows
the subjects to move during recording while maintaining accuracy and precision.
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The X230 uses infrared diodes to generate reflection patterns on the corneas of the
subjects eyes. These reflection patterns,ettgr with other visual data about the
subject, are collected by image sensors. Image processing algorithms identify
relevant features, including the eyes and the corneal reflection patterns. Complex
mathematics is used to calculate the 3D position of egehall, and finally the gaze
point on the screen.

Fixations data collected in the three gaming conditions were used as input for the
software package ASTEF (Camilli et,a008) in order to compute the Nearest
Neighbor Index (NNI), an index of spatidispersion that has been repeatedly found

to be correlated to mental workload (Camilli et al., 2007; 2008; Di Nocera et al.
2006; 2007).

Motor data collection

In order to measure the subjecisovements on the seat, the PressureTex system
(FutureShape GmH, Germany) was used. It consists of two layers of conductive
textile with a norconductive compressible layer-retween implementing a textile
capacitor. The lower conductive layer is structured in typically 32 independent
sensor fields per square metbe capacitance of which is measured by means of
integrated flexible electronics modules. When force is applied, the textile is
compressed leading to a rise in capacitance at that location. Figure 1 shows the
typical dependency of capacitance on the presapplied.
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Figure 1. PressureTex typical dependency of capacitance on the pressure applied.

The capacitance data is transmitted wirelessly from the electronics modules to a
radio receiver plugged into a BSCUSB port. Whereas the spatial and temporal
resolution of the sensors are typically 1/32 m2 and 1/100 s, the data for the
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experiments described in this paper were obtained bypkmss filtering the
maximum pressure variation over the whole seat and orenute.

Procedure

Participants were seated in front of adHfsplay, at a distance of approximately 60

cm, over a chair mounting the capacitance sensors described above. The room was
dimly illuminated only by the display. After calibration of the dg@cking system,

they underwent a practice run of the Tetris game. Practice was run at the
Intermediate level of difficulty for all subjegtwho were informed on the nature of

the level of difficulty for avoiding context effects in the subjective assessfseat

Colle & Reid, 1998) they carried out by compiling the NASEX at the end of

each gaming session.

Data analysis and esults

Performance, subjective, ocular, and motor data were used as dependent variables in
repeated measures ANOVA designs using Taklas repeated factor (Easy vs.
Intermediate vs. Hard). One subject was excluded from the analysis on motor data
because he/she did not produce any recordable change over the sensors during an
entire session. Results showed a significant effect of Taskdoathe number of

losses (F2=159.16, p<.001). As expected, performance deteriorates as difficulty
increases. Duncan pestc testing showed that adlifferenceswere statistically

significant.
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Figure 2. Performance breakdown in the three taskloadlitimms. Error bars denote 95%
confidence intervals.

Results showed a significant effect of Taskload on the NASX weighted scores
(F225=5.60, p<.05). Perceived workload wdswest in the Easy condition.
Particularly, Duncan pogtoc testing showed thamnly the difference between the
Easy condition and the other two was statistically significant.
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Figure 3. NASATLX weighted scores in the three taskload conditions. Error bars denote 95%
confidence intervals.

Results also showed a significant effect Taskload on the distribution of eye
fixations (R 25=5.87, p=.01). The fixation pattern became more widespread as
taskload increased. Particularly, Duncan gust testing showed that the difference
between the Easy and the Intermediate condition wagfisam, whereas the
difference between the Intermediate and the Hard condition showed a tendency
towards statistical significance (p=.07).
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Figure 4. Nearest Neighloo Index in the three taskload conditions. Error bars denote 95%
confidence intervals.
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A significant effect of Taskload was also found on the average excursion of
movements over the chair {=12.07 p=.001). Greater restlessness effects were
associated with the Easy condition. Particularly, Duncan-tpmsttesting showed
that only the diffeence between the Easy condition and the other two was
statistically significant. However, the difference between the Intermediate and the
Hard conditionrapproached significance (p&9).

300

280

260 T .
240
220
200
180
160
140
120
100
20

EASY INTERMEDIATE HARD

TOTAL RESTLESSNESS AMPLITUDE

Figure 5. Restlessness amplitude (pF) in the three taskload agittrror bars denote
95% confidence intervalSubtle motor activity of the gluteal muscles and legs of the operator
sitting in a chair can

Discussion and Conclusions

When we started devising this study, we were exploring the opportunity to
investigate lte relation between subtle motor activity and mental load. We candidly
admit there was no theoretical linkage between the two at that time, except the trivial
consideration that expressions of human variability are somewhat linked one to
another, and that was worth investigating another parameter possibly linked to the
operator functional state. The effect found (namely, the lower is the mental
workload the greater is the restlessnéisi suggestive of aelation between these

two constructshat is worth to be further investigated in successive studies.

People apparently make more incidental motor activity when taskload is low. This
excludes that the type of motor activity we have measured here is related to
apprehension for ode performance in theripary task. On the contrary, we could
expect boredom in this case. It is worth noting that our participants underwent a
training session at the intermediate level of difficulty, thus the first time they
approached the easiest level of difficulty they rhaye experienced the tediousness

of the slowfalling Tetriminos. However, interacting with a slgpaced task may
reflect in drifting attention to a fast@aced activity (e.g. foethpping). This
concept is not new in the functional analysidoehaviourand Susan Schneider has
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convincingly described it in her boéR he Science of ConsequengeAccording to
Schneider (2012), not only variety is a reinford@&ven threemonthold babies will
turn their heads so that they can see complex patterns butmale sines), also
activity itself is intrinsically reinforcing. A slowaced task may be a poorly
rewarding activity from which people are willing to escape. With that in mind,
fiboredond would indicate a lack of reinforcers, not a lack of stimulation.

What we have so far described fasstlessnessmay indeed be an active (albeit
mindless) strategy for focusing on the primary task. Fidgeting might indeed provide
a form of afimental brea& Mehrabian and Friedman (1986), for example, suggested
that fidgeing is an activity overflow and that it is more probable when the
organisnds physical activity is constrained by the central or focal act. As a matter of
fact, in the context of a sustained attention task, task switches can decrease the
vigilance decremdreffect (Ariga & Lleras, 2011).

Of course these are mere speculations, and a specific research programme should
address these very hypotheses. Nevertheless, this study provided additional evidence
for the distribution of eye fixations as an indicatomwéntal load and the results on

the relation between taskload and incidental motor activity are very encouraging.
Finding a linkage between a spontaneous activity and the operator functional state is
always appealing in the HF/E domain. Also, as reported&kin many operational
settings the mental load assessment does not serve a timely change in the operative
procedures. Motor restlessness (or fidgeting) could be the cheap, smooth, non
intrusive metric to employ in those cases. Future studies will aldhes many

issues that could not be solved in one single experiment (e.g. the large variability
affecting the movement data) and, as a first step, we are considering the opportunity
to address the sensitivity issue by enhancing the capacitance sens@d fuged
gathering the subtle activity we are looking for.
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Abstract

Future cooperative perception technologies provide the possibility of assisting
drivers by secalled advisory warnings in potentially dangerous driving ditnat

The effectiveness of such advisory warnings will possibly depend on (1) warning
timing and (2) situatiorspecific expectations of the driver. Using a fixeake
driving simulator, n=20 participants encountered three different conflict situations,
which varied in the possibility to anticipate critical situations: (1) turning vehicle
taking the driver’s right of way (anticipation level: low), (2) pedestrian entering the
road between parked cars (anticipation level: medium) and (3) cyclist passing a
sigralized intersection (anticipation level: high). The situations were completed with
and without assistance by a prototypical advisory warning system. Advisory
warnings were provided via heag-display and accompanied by an unobtrusive
acoustic signal. Waing timing was varied in five steps (last possible warning
moment up to four seconds prior to the last possible warning momenisies.
Advisory warnings strongly reduced objective and subjective situation criticality if
they were provided at least @rsecond before the last possible warning moment,
whereas drivers subjectively preferred advisory warnings between two and three
seconds before. The advisory warnings were of greatest effect when conflict
situations were hard to anticipate.

Introduction

The Ko-PER research project aims at achieving improvement in preventive traffic
safety. KBPER is a German national research project, which is founded by the
Federal Ministry of Economics and Technology. Its objective is to use distributed
sensory networksniorder to provide road users with a complete picture of the local
traffic environment. Here, wireless vehislehicle and vehiclénfrastructure
communication is used to provide information about the current traffic situation and
to consolidate it with vbicle-localized environmental perception {called
cooperative perception). Thus, in comparison to sensor systems that are only
vehiclelocalized, conflict situations can be detected more completely (e.g., by
eliminating sight obstructions) and much earliwhich enables otime driver
support. Functional and HMI development run parallel during thd?KR research
project. The objective of the HMI design is to determine suitable information

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. BrouweBafham, C. Weikert, A. Kluge,

W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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strategies in order to provide early driver assistance in impgratid timecritical
conflict situations.

This paper presents the results of a simulator study during which advisory warnings
were provided before critical traffic situations in order to mitigate conflict. Based on
research results pertaining to imminestash warnings, it is expected that the
effectiveness of such advisory warnings on one hand depends on the time of
transmission of such data to the driver, and on the other hand is contingent upon the
situationspecific expectation by the drives¢hmidt & Kriiger, 201); that is to say,

the driver having the option to react in anticipation of conflict situations.

Background
Motivation

The lasis for the output of an information or a warning signal isadled Gituation
analysi® (Weidl & Breuel, 2012 Here, based on the consolidated data of the
cooperative peeption, current traffic situations are captured holistically and a
probabilistic situation prognosis, including a forecasting situation criticality, are
generated. The assessment of the prognosticating situation criticality (e.g., via a
time-based measarsuch as Tim#o-collision) is utilized in order to prioritize the
type of driver assistance (e.g., advisory warning at (still)-lbwel situation
criticality or imminent crash warning at high prognosticated situation criticality).
The challenge when dgsing early advisory warnings is the decision regarding the
transfer of potentially unreliable information to the driver. Although, from a
technical point of view, it is possible to collecefedata, based on its probabilistic
nature, it might be unrelble and therefore may have a negative effect on the
efficiency and acceptance of the driver suppBlisé & Acton, 2003 Sorkin, 1988.
Based on findings regarding urgent warninBsogvn, Lee & McGehee, 2001ee,
McGehee, Brown & Reyes, 200RIcGehee, Brown, Lee & Wilson, 20Pthetime
frame for advisory warings must be localizedIn order to ensure maximum
reliability and, at the same time, ascertain a minimum degree of distraction, advisory
warnings should be provided as late as possihleas early as needed in order to
initiate an adequate driv@r reponse. Howevercurrently information about this
time frame, which represents an important foundation for the design of the HMI, is
only available in isolated cases (e.ggnné & Triggs, 2009 Totzke, Naujoks,
Muhlbacher & Kriiger, 202) but was prepared within the scope of the study at
hand.

Conceptual framework

Established concepts to provide driver assistanamjprending conflict situations are
largely based on vehiclecalized sensor systems and are considered to render
urgent driver warning signals in order to prevent collisions or, if necessary,
autonomously intervene with the operation of the vehicle (Brown et al., 2001
Rhede, Waller & Oel, 2011Winner, 2009. Pertinent review articles consider
intervals of 700 to 1,500 ms prior to an imminent accident as a suitable time frame
for such urgent warnings (referred to @aminent crash warnin@se.g.,Lenné &
Triggs, 2009 Spence & Ho, 2008 When considering cooperative perception, the
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time frame prio to the imminent crash warnings (>500 ms), makes the
presentation of driver information about impending conflict situations accessible
(Neukum, 201) These messagereferred to asadvisory warningd (Lenné &
Triggs, 2009 or gisk informatiord (Rhede et al., 20)1should alert the driveto a
potential conflict and render iher reag to respond. On the contrary, imminent
crash warnings aim at the immediate reactiérth@ driver in order to avoid a
collision. During the KePER conception phase of the driver assistance system, it
was assumed that the established chronological warning structures, that have been
described or investigated many times, should be maintamedder to ensure a
consistent message transfer to the driver. Therefore, the chronological structure of
the warning concepts that are based on veludalized sensor systems will be
supplemented by adding an early information component (i.e., adw&mings)

by means of a cooperative sensor system without changing previous chronological
structures of established warning concepts (i.e., imminent crash warnin§eysee

1).

Potential conflict can be Conflict can be reliably Conflict can be perceived by
predicted cooperatively predicted cooperatively onboard sensors/driver
Effect of cooperative perception: Effect of cooperative perception:
Information about conflict Optimisation of warning

‘imminent crash warning’

Goal: Goal:
Attention direction, Immediate reaction

‘advisory warning’ |
I

Preparation for possible reaction I (braking, steering)
I
I

Warning signal
too late for
collision
avoidance
Early information without annoyance
and lowering of acceptance

Optimal time frame for
warning

— —— —————

Time to impact

Figure 1. Schematic of a time frame for driver assistance during the last seconds prior to a
collision Neukum, 2011

Configuration of advisory warnings for collision avaitce

In addition to thepoint in timewhen to provide effective advisory warnings, which

is the focus of this study, a decision must be made concerningnalality and
contentof the information provided. In part, this may be based on available research
papers. From the literature pertaining to the configuration of advisory warnings, the
following recommendation for thenodality design can be derived (e.Gampbell,
Carney & Kantowitz, 1997COMSIS Corporation, 199@ingus, Jahns, Horowitz

& Knipling, 1998 Green, Levison, Paelke & Serafin, 199ternational
Harmonized ResedncActivities (IHRA) working group on Intelligent Transport
Systems (ITS), 200&Rkhede et al., 2031

1 Application of visual displays rather than voice messages or exigent sounds.

9 Acoustic signals (warning sounds or audio response) are to didedvand
should be reserved only for urgent warnings. This applies in particular to
frequent activation that may cause false alarms (which is to be expected for
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early advisory warnings). These urgent auditory warnings may have an adverse
effectin this cae

1 An announcement that uses a fiotmusive tone can increase the effectiveness
of the advisory warning.

Furthermore, additional requirements for tdwmtent of the advisory warnirgan be
derived from the abovmentioned configuration recommendation$t is
recommended to further display the type of the respective conflict (referred to as
conflict specificity and the location at which the conflict is imminent (referred to as
directional specificity. It is further conceivable to provide information abdhe
distance remaining to the imminent conflict (referred tdoastion specificity or
providing data about the predicted probability of the conflict (referred tasks
specificity. Whether such specific data stimulate a favorable effect on driving
behaviar in imminent conflict situations cannot be conclusively explained based on
the available literature. There are studies that provide information about a faster
driver response when provided with directiespkcific signals Ho & Spence,
2005 Spence & Ho, 2008009 as well as studies that ot provide evidence for

the benefits of such signalkge, Gore & Campbell, 199Bliss & Acton, 2003
Cummings, Kilgore, Wang & Kochhar, 200AVith regard to the effectiveness of
conflict (Cummings, Kilgore, Wang & Kochhaf007 Thoma et al., 2009 local
(Totzke et al., 202), and riskspedfic (Gupta, Bisantz & Singh, 2002 ee,
Hoffman & Hayes, 2004warnings, there are very few studies with mixed results.
Therefore, positive statements about the benefits of such warnings da@not
supported conclusively.

Method
Experimental design

The sample consisted of N = 20 participants, half of them male and half of them
female of various age groups (30 years of age: N=10, 501 years of age: N=10).

At the time of the study, the dihg experience of the participants varied between
two and 53 yearsM = 28.10 yearsSD = 17.29 years). The participants were
selected from an existing WIVW (Wuerzburg Institute for Traffic Sciences) test
driver panel. All participants had previously peifiated in extensive simulator
training.

The study was conducted in the WIVW static driving simulator using a within
subject design with the experimental fact@ty warningtiming and (2)situation
specific expectationf the driver. Supplied with or without driver assistance, the
participants mapeuvred through a simulator course that included different conflict
situations. Advisory warnings about upcoming conflicts were provided up to four
seconds prior to the last ggible warning moment and in five increments. The
second focus of this study was a selection of three conflict situation3 gbé=1).
Here, the degree of predictability of conflicts variéu an anticipated situatn, a
cyclist crosses the road while the vehicle attempts a -hight turn (high
anticipation). In arunexpected scenari@ pedestrian appears between two parked
vehicles, enters the road and crosses it (medium anticipation). srpaising
situation aturning vehicle ignores a stop sign, disregarding the right of way of the
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participant (low anticipation). In order to control sequence effects, six different
random scenario orders were created and assigned to the drivers at random.
Furthermore, thesimulator course included several nenitical scenarios in which

no driver intervention was needed.

Human machine interface

The drivers received visualuditory advisory warnings, which contained the
respective display of the opposing road user and thetidineof the conflict. In
combination with an unobtrusive acoustic signal (500 Hz sinus), it was displayed in
the simulated HUD (se€able1). The point in time when the advisory warning was
provided was varied in fivestages, whereby one second was added to the last
possible warning momeny tseeTablel). Under consideration of the initial speed, it
wasassumed that after receiving the information, the driver activates the lftdes

a reaction time (;J of one second and continues deceleration at 8 m/s2 until the
vehicle comes to a complete ha§t=tT, + (v/2a) whereby: T= 1s, a =8 m/<.

Triggering the advisory warningvas a function of the drivés behaviour. The
remainirg time to reach the respective conflict pbiwas taken into consideration.

If during this phase the respective threshold timeqft;setc.) fell short, the advisory
warning was triggered. If the driver initiated the deceleration when approaching the
point of conflict, no advisory warning was provided.

Tablel. Scenarios, HUD displays, and time of warning préagon as a function of the
respective driving speed.

Scenario v[km/h] Timing of advisory warning
to t0+:L's t0+25 t0+3's t0+4s

Anticipated: Right turri crossing
cyclist at traffic light

25 143 243 343 443 543

UnexpectedPedestrian enters the
road between parked cars

+-- 50 1.87 287 3.87 487 587

e T ]

Surprising: Turning vehicle takes rig
of way

3 50 1.87 287 3.87 487 587

! Time to the point of conflict [s] = Distance to the point of conflict [m] / speed [m/s]
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Dependent variables

In addition to the recording of objectivdata, e.g., approaching and deceleration
behaviour of the driver during conflict situations, subjective assessments of the
experienced criticalityNeukum et al., 20Q8-igure2 left) were raised. Furthermore,

the participants rated the extent to which they expeed the situation as
surprising, how timely the information was presented and how helpful the
information was Figure2).

uncontrollable m How surprising was the situation?

very litlle little medium very
surprising surprising surprising surprising surprising

not at all
dangerous

nothing noticed

o 1‘2‘3 4|5|s 7|a‘9 1n|11‘1213‘14|15

How timely was the information?

too early alittle too early Jjustright a little too |ate too late

2 -1 0 1 2

How helpful was the information?

very little little medium very

notatall | heiprul nelpful helpful helpful helpful

~EEENeaa

0 1‘2‘3 4|5|5 7|B‘9 ‘IU|‘H‘1213‘14|15

Figure 2. Subjective measures.

Statistical procedures

Given the experimental setup (witksmbject design), global effects of the
independent variables (scenario: low vs. medium vs. high anticipation of critical
driving scenario, level/timing of driver assistance: no assistance vssoaglvi
warning at§v s . € advi s oidyon dviging mehavigur @and sulbjective
assessments were investigated using linear mixed models (fixed effects: scenario,
timing and interaction scenariotiming; random effect: participants) witim alpha

level of 5%. Differences in subjective and objective situation criticality to unassisted
driving were of special interest in this study. Hergedts for dependent samples
were applied in order to test for significant differences to baseline driving.

Resuts

As is evident inTable 2, most participantsefl below the trigger threshold for
advisory warnings pertaining to the surprising and unexpected situation. Dging
anticipated situation, the participants redudbeir speed by themselves and,
therefore, triggexda late advisory warningg(tind t.19 less frequently.

Table2. Frequency of triggeringdvisorywarnings.

Timing/Scenario to  torss foros ftoias fowss

Anticipated: Right turfi crossing cyclist at traffic light 3 7 16 19 20
Unexpected: Pedestrian enters the road between parke( 12 20 20 20 20
Surprising: Turning vehicle takes right of way 20 19 20 20 20
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Table3. T -test for dependent sample statistics, difference to baseline in partidpants
assessment of surprise.

Timing/Scenario 1o to+1s o425 to+3s to+as
Anticipated: Right turfi crossing t 1.89 -0.25 0.57 0.44
cyclist at traffic light df 6 15 18 19

p .108 .804 574 .662
Unexpected: Pedestrian enters the t -0.65 1.56 3.08 3.99 3.43
road between parked cars df 11 19 19 19 19

p 527 135 .006 .001 .003
Surprising: Turning vehicle takes t -0.94 5.02 6.25 6.48 7.95
right of way df 19 18 19 19 19

p 357 <.001 <.001 <.001 <.001

Consequently, the intended manipulation of the predictability of the situatiass
being fulfilled. Thiswasalso substantiated in the subjective assessofdetel of
surprise in the conflict situations (steble 3 during baseline drives without driver
assistanceOn average, the surprising situatiomas rated asdéurprising) the
unexpected situation amedium surprisingand the anticipated situation ditle
surprisingd The impat of advisory warnings depended the warning timing and
the respective situation (scenaro= 14.13,p < .001; timing: F = 11.78,p < .001;
interaction:F = 2.84,p = .009) When considering the surprising and the unexpected
situation, it becomes clear thabmpared to noassistediriving, the situationsvere
consistently assessed as less surprising fgonfin the unexpected scenario) gft

(in the surprising scenario, see Table 3). On the contrary, the anticipated situation
waslittle surprising without and with driver assance.
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How surprising was the situation?

A Surprising: Turning
% vehicle takes right of way
127
o Unexpected: Pedestrian
crosses the road
Anticipated: Cyclist

crosses road at signalised
intersection

[0...15)

T T T T T T
Baseline t0 tO+1s  t0+2s t0+3s  t0+4s

Timing

Figure 3. Reported surprise during the encountered situations. lllustrated are mearf values

If advisory warningswere provided, the participanisassessments regarding the
situation criticality confirned as expected, the predictability of thespective
conflict (seeFigure 3). While the majority of participantsated the anticipated
situation as tarmles§ the unexpected situatiomvas mainly considered as
Qinpleasar@t and the surprising situatiomas assessed aslangerou8 Thiswasin
accordancavith the minimum Timeto-arrival (TTAny) to the respective conflicting
road user (se€igure 3), whereby the surprising situatioesultedin the shortest
TTAmn, followed by the unexpected and anticipated situation

Table4. T-test for dependent samples statistics, difference to baseline in partiéipants
assessment of criticality.

Timing/Scenario 1o to+1s to+2s to+3s to+4s
Anticipated:Right turni crossing t 2.05 -0.36 0.00 0.33
cyclist at traffic light df 6 15 18 19

p .086 .728 1.00 .748
Unexpected: Pedestrian enters th{  t -1.70 0.35 2.26 3.33 2.46
road between parked cars df 11 19 19 19 19

p .118 728 .036 .004 .024
Surprising: Turning vehicle takes t -0.68 5.08 6.43 6.43 7.78
right of way df 19 18 19 19 19

p .504 <.001 <.001 <.001 <.001

Depending on the predictability of the conflict, the preséntatof advisory
warnings affectedsubjective and objective situation criticality (séégure 3;
subjective assessment: scenafior 35.46,p <.001 timing: F = 16.17,p <.00%

2 (Based on the limited number of only 3 drivers that actually received driver support (see
Table 2), the results for the anticipated situation of tingevere not incorporated into the
assessment.)
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interaction:F = 5.16,p <.00%, TTA,: scenarioF = 6.16,p = .003; timng: F =
46.19,p <.00% interaction:F = 10.45,p <.00J). In the anticipated situation, there
wereneither subjective nor objective changes when using driver assistdhether
advisory warningswere providedor not, only harmless situations an averag
TTAm, 0 f O 2 weretleaesutsin the unexpected scenario, a decrefse
subjective criticality occuredtarting with §.,, and a decrease in objective criticality

with ty.15(See Table 4 and 5).

Table5. T -test for dependent samples statistics, difference to baseline in minimustoTime
arrival.

Timing/Scenario to to+1s o425 to+3s to+as
Anticipated: Right turii crossing t 0.15 -060 2.18 1.68
cyclist at traffic light df 6 15 16 19
p .888 556 .044 .110
Unexpected: Pedestrian enters therg  t 1.82 -2.18 -438 -3.06 -4.04
between parked cars df 11 18 19 18 18
p .096 .043 .000 .007 .001
Surprising: Turning vehicle takes righ| t 222 -199 -589 -4.77 -6.09
of way df 18 10 13 17 15
p .039 .074 <.001 <.001 <.001
How critical was the situation? Minimum Time-to-arrival [s]
control\alglczet 107 ™
9 } N
[§)
dangerous 87 {
7 En

Is]

1

harmless 27 %
| %

nothing o o y. 3
noficed T T T T T T T T T T T T
Baseline  t0 t0+1s  t0+2s  t0+3s  t0+4s Baseline to t0+1s t0+2s t0+3s t0+4s
Timing Timing
Scenario
A Surprising: Turning o Unexpected: Anticipated: Cyclist
vehicle takes right of Pedestrian crosses crossesroad at signalised
way the road intersection

Figure 3. Reported situation criticality (left) and TTAto the conflicting road user (right);
illustrated are mean values and 95% confidence intervals. If drivers decelerated below a
threshold of 5km/h before the conflicting road user entered the conflict area, the resulting
TTAn-values were not reported tacse they produced large outliers in the data set.
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How helpful was the information? How timely was the information?

15 - I i (i A
14
137
191

L

0 2
T T T T T T T T T T
t0 t0+1s t0+2s t0+3s t0+4s t0 t0+1s t0+2s 10+3s t0+4s
Timing Timing
Scenario
Surprising Turning O Unexpected: Anticipated: Cyclist
vehicle takes right of Pedestrian crosses crossesroad atsignalised
way the road intersection

Figure 4. Reported usefulness (left) and timeliness (right) of the advisory warnings;
illustrated are mean values and 95% confidence intefvals

Compared to noassisteddriving during surprising scenarios, the decrease in
subjective criticalityoccuredstarting from §.,5 and withobjective criticality at ¢.»s

(see also Table 4 and 5). At this point, it must be stated that, when compared to non
assisted driving, driverseported a higher criticality if the advisory warningsere
provided atd. Similarly, objective data during these drives indickitaver TTA,,-

values than those drives withowsistance. However, this appliedthe unexpected

as well as the surprisirgtuation.

If advisory warningswere provided only at4 those messagesere evaluated on
average abeing oflittle help or faling within the medium range of being helpful
(seeFigure 4). If advisory warningsvere provided earlier, the assessment of these
warning® usefuhess also increasethdependerty from the driving scenario
(scenarioF = 2.51,p = .094 ; timing:F = 6.60,p <.00%; interaction:F = 0.35,p =
.929). This reflects the reported mitigation of situations if information about
upcoming conflictswas received prior to the last possible warning moment;
however, thisdid not hold true if datavere received at the last poskbmoment.
With respect to the timelinesgith which theadvisory warnings werprovided, all
situations indicate that advisory warnings presented two to three seconds prior to the
last possible warning momeng.gor t.39, receivel the best assessmdreeFigure

4; scenariof = 0.48,p = .623; timing:F = 69.95,p <.00%, interaction:F = 0.31,p =
.947).
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Discussion

The effectivenes®f early advisory warnings based on cooperative perception in
different conflid situations was investigated. The objective of the study was to
localize the time frame for such early driver assistance under consideration of the
effects related to situational driver expectations. In particular, a positive effect of the
driver informaton could be illustrated in surprising and unexpected situations. In
anticipated situations, the driver directs his/her attention autonomously on the
conflict situation and, accordingly, does not benefit from such advisory warnings.
When advisory warningsvere provided, the strongest effect was found when
surprising situations occurred. Furthermore, the study results provide data for an
optimized advisory warning time frame. Advisory warnings must not be provided as
early as possible. On the contrary, imf@tion about upcoming conflicts must be
provided at least one second prior to the last possible warning moment,shifter

two second$eforehandin order to have a positive effect on driving behawiand

the associated criticality of the situationatB supplied even earlier to the driver do
not contribute to the mitigation of the situation. Participants consistently preferred
independent from the investigated scenatioseceive the advisory warnings two to
three seconds prior to the last possillarning momentrather than receiving
information @ imminent conflict situations. However, at this point it must be
emphasized that the determined time frame for advisory warnings applies to the
prototype implemented driverehicle interface. That is teay, it refers to discrete
visuatauditory advisory warnings provided as a visual display element in the
simulated HUD accompanied by an acoustic signal. It can be assumed that a more
intensive signal, as usually applied during imminent crash warningshavie an
effect at a later point in time.

With regard to theacceptanceof advisory warnings, it can be stated that such data
aregenerally perceived by drivers as useful, provittexrldata areot presented ag.t

The usefulness of early advisory warrsndprior to the last possible warning
moment) is consistently assessed as medium to high. Furthermore, the information
received during scenarios that were still safely managed by the driver without
assistance is considered helpful on average. The resuoifhasize that the
information system for the avoidance of traffic conflicts, as it was implemented
prototypically in this study, are generally perceived useful by the drivers.
However, the subjective assessment of the usefulness does not reflecasealbn
objective benefit in driving behaviour.

The increase in situation criticality for advisory warnings provided, atuting
unexpected and surprising scenarios must be seepasrgiallyproblematic issue.
Mathematically, from the moment of reeigig the information, the driver has one
second to start the activation of the brakes. Nonetheless, compared-desigiad
driving, lower TTAq,-values can be found in these scenarios. The following offers
possible explanations: (1) adaptation of thekbrgeaction to the information system

(in most assisted scenarios more reaction time is available), (2) an increase in speed
during assisted driving compared to rassisted driving, or (3) a distraction effect
caused by reading the visual display elensamt thus requiring more response time.
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A clarification of this effect was not possible within the scope of this study;
however, subsequent studies angicipated
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Abstract

Adaptive Cruise Contro(ACC) is an Advanced Driver Assistance System that
maintains a predefined speed aneadway to the vehicle in front. Despite the
expected benefits, the effects of ACC usage on didveehaviour are not
completely identified yet. In this context, the present study was performed to
investigate drivei@perceived risk and mental workloadsasiated with the usage of
ACC, through the measurement of drividnand position (high, medium, and low)

on the steering wheel. In addition, the study also aimed to understand the effect of
sensation seeking on the driv@hand position. A study was cduacted in a driving
simulator, with 26 participants who drove twice, once with ACC and oramually

along the same route. Using Wilcoxon exact test, the results showed that the
percentage of high and low hand position on the steering wheel did not change while
driving with ACC or manually Besides,no differences were founHetweenthe

ACC driving condtion and the manual driving condition on slf-reported
experienced mental workload and perceived .rislowever, the score on the
sensation seeking questionnaire was related to the hand positions selected by the
participants.

Introduction

Adaptive CruiseControl (ACC) is an Advanced Driver Assistance System (ADAS)
that partly automates the longitudinal driving task by maintaining specific speed and
headway to the vehicle in front, according to the settirgfineld by the user. The
deviceautomatically maitains the distance to a vehicle ahead by reducing fuel flow
and/or actively braking the vehicl&hrough the partial automation of the driving
task ACC is expected to bring a reduction of driv@nsental workload, as already
demonstrated in previous stedi(Stanton et al, 1997; Hoedemaeker & Brookhuis,
1998). The usage of the system might also affect the dpeneived risk during

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (orine). Available from http://hfes
europe.org
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driving, considering that part of the task has been automated by the system
(Rajaonah et al, 2008). Both variables (mentakkload and perceived risk) are
relevant for road safety research because they are frequently considered in studies
related to road accidents (Oppenheim et al, 2010)tlaeyl also affect reliance on
automationasunderlined by Riley (1996).

Mental workloa can be defined as the capacity allocated to the performance of a
task (De Waard, 1996) and, in the context of driving, it can be affected by several
variables, including traffic density and the usage of automation such as ADAS/IVIS.
On the other hand, gk perceptiorrefers to the subjective experience of risk in
potential traffic hazardéDeery, 1999) and is determined by timputs: information
regarding potential hazards in the traffic environmant information on the ability

of the driver (and theapabilities of the vehicle) to prevent those potential hazards
from being transformed into actual accidents (Brown & Groeger, 1988)
Interestingly, previous research found that driGensental workload strongly
correlates with driverg perceived risk, irexperimental conditiondn particular, in
Fuller et al. (2008), it was found that drivératings of risk were highly correlated
with driver® ratings of task difficulty (which is linked to mental workload).
Similarly, LewisEvans and Rothengatter (2009) reported in their study that d¥ivers
experience of task difficulty while driving in a simulator and feeling of risk during
the driving task wee correlatedln recent years, the assessment of hand positions on
the steering wheel has been gaining validity for the measurement of @rivers
perceived risk and mental workload. Compared to other measurements (travelling
speed, headway to the vehiclefiont andlane position), the position of the hands

on the steering wheel can be easily assessed both in driving simulator and
naturalistic driving studiesand, therefore, it deserves the consideration of road
safety researchers.

In a first study condued on the topic, Walton and Thomas (2005) assessed drivers
hand positios on the steering wheel of vehicles passing at different road sites. The
hand positions were classified according to the number of hands on the top half of
the steering wheel (thas above the dotted line in Fig. 1): two hands, one hand and
no hands were the 3 categories identified. The results showed that 50% of drivers
were observed with only one hand on the top half of the steering wheel. In addition,
it was found that higher olgéve risk (related to traveling speed) led to more
controlhand positions.

Figure 1. Hand positiols measurement according to Walton and Thomas (2005)
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In asubsequendtudy, Thomas and Walton (2007) adopted the same measurement to
determine differences in hand positions on the steering wheel between SUV and car
drivers. Overall, SUV drivers were observed to exert less control on the steering
wheel. Given that SUV areedmed safer than other vehicles by SUV owners and by
the general public (Davis & Truett, 200@sscontrol on the steering wheel shown

by SUV drivers was related to the reduced perception of risk compared to car
drivers.

Later, De Waard et af2010) stdlied the relationship between mental workload and
perceived risk and hand positeon the steering wheel in a driving simulator study.
Contrary to whathad beendone previously, the researchers adopted a different
measurement to take into account also libtom part of the steering wheel. The
scoring of hand position was dividedtanhigh, medium and low control. High
control meant thaheleft and right hands were located respectively in the left and in
the right blue areas in Rige 2. Medium control reant that two hands were placed

on the steering whedbutonly one (left or right) was located in the resfiee left or

right blue areasFinally, low control meant that the two hands &glaced in the

pink area inor that one hand or no hands were on the steering wheel. During the
experiment, drivers had to perform a lane merging taskffierent traffic situations,
merging lane length and number of cars in the acceleration lane. The results showed
that, during thdane merging manoeuvre, a change in hand positions on the steering
wheel seemed to reflect changes in drierental workload and reported risk.
Notably, drivers assumed a lower control positédter merging into the highway
once they reached the ldfine (higher speed laneBesides, age differences were
found within the panel concerning hand positions:epldivers drove more often

with ahigh control positioncompared to yourey drivers.

-

Figure 2. Hand position measuremeaccording taDe Waard et al. (2010)

In a following study, Fourie et al. (2011) collected observations of dfivemsd
positions from the roadside and attempted to link them to travelling speed and
headway to the vehicle in front. Concerning speedsedsiwho placed two hands

on the top half of the steering wheel drove slower than drivers who placed one hand
on the top half of the steering wheel. Similarly, drivers who placed two hands on the
top half of the steering wheel had lower reciprocal headvihgn drivers who
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placed one hand on the top half of the steering wheel. Baseasenfihdings, hand
positiors on the steering wheelerelinked to driver§characteristics (e.g., sensation
seeking). In addition, the authors found gender differengeselation to hand
positiors.

On the whole, from the studies performed on the topic, risk perception and mental
workload level seem to influence hand posisiam the steering wheel. In this
context, considering that Adaptive Cruise Control is supposed lteide driveds
workload and perceived risk, then, the hand positions on the steering wheel should
also be affected by the employment of ACC. In order to know more on the topic, in
the present study, the attention wasned to how the useof Adaptive Cruse
Control (ACC) might affect drivefshand positios on the steering wheel. Based on
ACC functioning, the following hypotheses were proposed:

1) The use of ACC will lead participants to adopt more frequently lower control
hand positionscompared to drivingvithout ACC.

2) The use of ACC willead participants to adopt medium control hand positions
as much as duringriving without ACC

3) Driving without ACC will lead participants to adoptore frequently higher
control hand positiosy compared to driving with ACC.

The rationale behind #se hypotheses is that the habdesitiors on the steering
wheel are related to the drivedsrisk perception and to drivéssental workload:
during the use of ACC, drivers have lower perception sk due to the partial
automation of the driving task and, therefore, they might adopt a lower control hand
position on the steering whedélurthermore when usingACC, drivers have lower
perceived workload and, therefore,with perceptionof risk, they night adoptthe
position of lower control on the steering wheel. Based on abgumption the
following hypothess was alsgroposed:

4) The use ofACC will be related to loweself-reported riskand selfreported
mental effort compared to driving without AC.

Therefore, the first aim of this study is to investigate the effect of the use of ACC on
driver® workload and perceived risk, through the observation of didvieand
positions on the steering wheel and throughisgdbrted measureé. second aim is

to investigate the relationshipetween drive@handpositiors on the steering wheel

and the personal characteristicé@ensation Seekidgdefinedasthe inclination to

fiseek varied, novel, complex and intense sensations and experiences and the
willingness to take physical, social, legal and financial risk for the sake of such
experience (Zuckerman, 1994, p. 27As previously reported, in a research work
(Fourie et al. 2011) it was supposedhat driver®d hand positions on the steering
wheel are affeed by personal characteristics and, in the specific case, by sensation
seeking (which causes drivers to adopt higher speeds and lower headways). In order
to confirm this assumptiohe following hypotheses weedsomade:

5) Sensatiorseeking will be positiely related to low hand positioning.
6) Sensatiorseeking will not be related to medium hand positioning.
7) Sensatiorseeking will be negatively related to high hand positioning.
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Method and materials

Overall, 26 participants took part in the experiment, 24 males and 2 females with an
average age 5.3 years $D = 9.0). They were selected among a group of ACC
users and among staff of tRaculty of Engineering of the University of Porto.

The study waperformedat the driving simulator ofhe Faculty of Engineering of

the University of Porto The simulator was composedf a Volvo 440 Turbo
provided with the steering wheel, the pedals (accelerator, brake and clutch), the gear
stick and the instrument pal. The simulated Adaptive Cruise Control allowed for

the selection of the desired speed and headway to the vehicle in front through the
controls on the steering wheel.

The participants drove twice in the simulated environment, once with ACC and once
mantally (without the systein The designed test route was akég stretch of a real
motorway in Portugaldivided irto six setions, each one presenting e@ifént
characteristics with regard to traffic conditions, length, speed limits and weather
conditions.The simulated environment included other vehicles moving at 90 km/h
on the right lane and at 120 km/h on the left laree routes were counterbalanced
between the participants in order to avoid carver effects.

The participants were filmed during theutes by 4 cameras, recording respectively
the simulated roadhe driver, the steering wheehd the feet on the pedals. The
hand$ positiors on the steering wheelexe codedone of the authgraccording to
the classification proposed byeDNaard et al.2010) and, therefore, dividedtin
low, medium and high control. The tingiiring which a participant keptis or her
hands in one of the three positions (low, medium, higggreported in seconds and,
later, turned into percentages. Hence, each partic\was characterized by three
percentages (Low, Medium, High) for both driving conditions (ACC rmadhually).
The coding of hand positions was performed only in Section 2 and Section 4 of the
route becausdan those stretcheshe traffic was constant amb critical situations
were planned.

In order to assess drivéattitude towardsensationseeking, the Portuguese version

of the Arnett Inventory of Sensation Seeking (AISS) questionnaire (Arnett, 1994)
was administeredBefore the first route, the padipantshad to indicate, for each
one of the 40 items, which defintion applied best ffiem on a foupoint scale from

4l = describes me very wétb &1 = does not describe me atéallhe final scoravas
made up othe sum of the two subscales (Novedtyd Intensity), and the higher the
score, the higher the drivrsensationseeking attitude. The internal consistency of
the Arnett Sensation Seeking questionnaire was satisfactory, with a Crénbach
alpha value of .75.

In addition, dter each route (wit ACC andmanually, the drivers were asked to fill

in two questionnaires, one measuring perceived risk and the other one measuring
mental workload. For the former, the participants had to choose what was the risk
experienced during the rouyten a scaleanging fromd = no risk at abto 40 =

very high riskd Likewise for the mental workload, the drivers had to repgbe
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workload perceived during the tagin a scale ranging froidl = no efforbto &0 =
very high efforf

For thepurposef this pagr, the independent variableserethe driving condition

(drive along the same route with ACC and manually) and the score on the sensation
seekingquestionnaireThe dependent varialslavere the driver@hand positios on

the steering wheel and the irgfs on the two questionnaires measuripgyrceived

risk and mental workload\otably, the driveidhand position on the steering wheel

was evaluated by the variation of the 2 independent variables, whereas the ratings on
the two questionnaires were assessed exclusively by the variation of the driving

condition.

Results

The Wilcoxon signed rank test wased to determine whether the percentages of
respectively high, medium, and low drivélend position varied between the ACC
and manual conditions. These statistical analyses were conducted with the SAS
statistical package v.9.1. The results showed that percentages of high hand
positions did not significantly vary between the ACC driving conditidbiun =
43.15)and themanualdriving condition(Mdn = 46.75),S = -47.0,p = .212.The
same happened with percentages of low hand positions imah&CC usage
condition Mdn = 18.15) compared to thmanual conditiofMdn= 17.15),S= 35.5,

p = .378. On the other hand, thpercentages of medium hand positions were
significantly lowerin the manualcondition Mdn = 14.50) than in the ACQsage
condition(Mdn = 30.20),S= 72.5,p = .049 (despite being this result at the limit of
significance).

Concerning the two questionnairapplied after each route, no differences were
foundbetweernthe ACC driving condition and th@anualcondition on slf-reported
perceved risk §=-11.5,p = .570)andmental workload$=-12.5,p = .562).

To address the second aim of the present study, partial least squares (PLS) analysis
was conducted with the SmartPLS Version 2.0 (M3) software (Ringle et al., 2005),
because it does not require strong assumptions about the distributions of the data
(Cassekt al., 1999; Chin, 1998) and it achieves high levels of statistical power even

if the sample size is small (Chin & Newsted, 1999). To determine the inner weights,
the centroid scheme was used and a uniform valuk wés chosen as an initial
value for eah of the outer weights (Henseler, et al.,, 2009; Henseler, 2010). To
evaluate the significance of the parameter estimates, a bootstrapping procedure was
used, and implemented in SmartPLS. Specifically, 5,000 bootstrap samples with
replacement were requedteand the individual sign changes option was used
(Henseler et al., 2009).

Figure 1 shows the relationships between sensation seeking and hand positioning.
High and medium hand positioning were not significantly related to sensation
seeking. However, corsgent with our hypothesis, sensation Seeking was positively
related to | ow hand positioning. Since
for the variance explained in the dependent latent variables, the effect size&of the
values was calculated ing Coheids . According toCohen (1988)effect sizes of

Smart PLS doe.
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.02, .15, and .3%re considered small, medium, and large, respect
size was moderate for low hand positionirig £ .11), small for m
positioning = .07), and very small for high hand positioniffig=(.01).
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Figure 3 Relationships between Sensation Seeking and Hand Positidfoie * p < .01; **

p < .001)

Discussion

The present research was mainly conducted to detemine whether the uUSE of A
affects the perceived risk and the mentalrkload of drivers. In order to achieve
this, two measurements were used: the observation of diivansl position on the
steering wheel, and two questionnaires expressly designed for the study. The

research also aimed favestigate the influence of seation seeki

ng on mental

workload and on perceived risk, again looking at changes in diiarsl positios

on the steering wheel.
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Regarding the first aim, the core assumption ties drivers tend to adopt lower
control hand positions while driving withCC, compared to drivinghanually This
assumption is not confirmed by the results, since low and high diibhersd
positions did not significantly vary between the ACC and thanual driving
condition. Therefore, it can be assumed that use of the device does not lead drivers
to perceive lower mental workload and lower risk while driving. This result is
confirmed by the fact that no differences were folmetweenthe ACC driving
condifon and themanualdriving condition on slf-reported experienced mental
workload and perceived riskhose conclusions are partly in contrast with previous
research (Stanton et al, 1997; Hoedemaeker & Brookhuis, 1998; Young & Stanton,
2004) that reportetbwer driver mental workload levels while driving with ACC.
However, in contrast to this research, previous studies have provided drivers with
highly demanding tasks and/or risky situations where mental workload and
perceived risk are at a high level. lach conditions, the ACC could be useful in
reducing these levels, through the assistance provided by the partial automation of
the driving task. On the other hand, when the task is monotonous (as it was in the
case of the present study), it is possiblé tha system cannot bring any reduction to

the level of mental workload and perceived risk. In this discussion, it is interesting to
note however that theercentage of medium hand positiemsignificantly lowerin

the manualdriving condition than in ta ACC usage condition. This result was not
expected and it should receive closer attention in further research.

Concerning the second aim of this research, the results partly confirmed the
hypotheses formulated. Indeesginsation seeking was positivelyateld to low hand
positioning, to indicate that drivers with lagh score on the sensation seeking
gquestionnaire adopted lower hand positions on the steering wheel. This outcome
might be seen as confirmation of the fact thatsa@on seeking is strongly
correlated to risky driving (Jonah, 199@hd also show coherence withe results
reported inFourie et al. (2011

Overall, two main results can be drawn from this study:

1) The use of ACC does not influence the didsanental workload and perceived
risk;

2) Sensation seeking significantly affects hand positioning, as an indicator of
perceived risk.

Some limitations should be mentioned about the work performed. First of all, the
small sample size (26 drivers) might have prevented the finding of reldapsnsh
between the variables (usage of ACC and dréveasd positions), and could have

led to a reduced capacity for detecting their effects. Besides, the methodology used
could be regarded as a second limitation, due to the uncertain level of fidelity
encapulated within the simulated environnte which can be both physicand
functional (Stanton, 1996). Finally, another limitation is related to the coding of
driver hand positionghat has been done by a single researcher, and that might
have caused antarpretation bias. However, it should be noted that this research
was mainly designed as an exploratory study, and, therefore, the limitations
mentioned above are acceptable. Besides, since this work addresses a quite new and
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unexplored research field, itan contribute to influencinghe future research
directionsmentioned below

First of all, the effects on driver behaviour caused by the use of Adaptive Cruise
Control appear to be still rather unclear, and further clarification is required as to
whetherthe device produces an increase or a decrease in dnaergal workload

and perceived risk. With respect to this, further investigations are also needed into
whether these two constructs can actually be considered to be linked to each other,
and therefee evaluated together. Besides, future studies should also confirm
whether driver§ hand positios can be considered to be a reliable indicator of
mental workload and perceived risk. Finally, in previous research it has been found
that driver§hand positn is affected by several variables (eage and gendgrDue

to the small number of studies on the topic, it would be interesting to once again test
and validate those relationships in other contexts and situations, and to evaluate
other factors (e.g. @l of traffic, type of roacand weather conditions), that could
affect driverémental workload and perceived risk.
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Abstract

EU has promised to reduce emissions by 80 % by 2050. For the shipping industry
fislow steaming for justin-time arrival promises reductions of emissions. But a
rapid increase in the construction ofabfore wind farms planned in the North Sea
may lead to ships facing a very complex and safety critical traffic environment in the
future. Both of these issues bring ship traffic management to attention. In the Baltic
Sea, the EU project MONALISA (Motorways Electronic Navigation by
Intelligence at Sea) has been looking at a voyage plan coordination system where a
Ship Traffic Coordination Centre (STCC) handles a specific area, e.g. the Baltic Sea.
A prototype system was developed and tested in a full onidsiidge simulator
environment for some simple scenarios. Qualitative data were collected; the main
aim was to test marindiscceptance of such a system. The participants were in
general positive to the tested system; younger somewhat more than oleher. So
concern was expressed over risks ofsddling and a common concern was the
importance of the final control of the vessel resting with the captaboard.

Introduction

This paper will present work on ship voyage plan coordination done in theTTEN
EU project MONALISA. Ship voyage plan coordination will be introduced from
three perspectives: an environmental, an efficiency and a safety perspective.

The environmental perspective

EU has promised to reduce greenhouse gas emissions by 80 % by 205@&Burop
Commission, 2012). That is a substantial promise. The shipping industry is
responsible for about-8 % of all greenhouse gas emissions globally (Harrould
Kolieb, 2008). That may not be much. But if the collective shipping industry was a
country, it wold be the & largest producer of greenhouse gas emissions. While
land transportation can drive on electricity produced by wind, water and-fiessil

fuels, these options are very limited for shipping. One large opportunity lies in what
is calledslow seaming By reducing the speed of a typical container vessel by 30 %,

a 50 % reduction in fuel consumption, and thereby also fuel costs and emissions, can

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.Y2014). Proceedings of the Human Factors and ErgoesrBiociety
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
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be achieved (Cariou, 2011). This is, however, a complex issue, as slower speed also
means that more gis have to be engaged in order to maintain the transport
capacity. The bottom line is that slow steaming has a potential to reduce emissions
from the shipping industry. A study by Pierre Cariou (2011) shows that slow
steaming has the potential of reduciegissions by around 11%, looking at data
from 2 years back. This is close to the target of a 15% reduction by 2018 that was
proposed by the International Maritime OrganisaiorMarine Environment
Protection Committee, 2009.

The efficiency perspective

Today, ports have a very close horizon. The harbour masters of Scan@inavia
biggest port, Gothenburg, and Humber Ports, one of@ ldrgest ports, reveal that
they do not know more thar2hours beforehand whether a ship will arrive on time
or not (persoal communication 2012 and 2013). This leads to ports operating on a
fifirst come, first serveibasis which in turn leads to ships normally going full speed
ahead and then anchoring up, issuing their notice of readiness. If slow steaming is to
become a reality, a jugt-time, ship traffic management system with time slots has
to be put in place thaallows ship arrivals and departures to become predictable.
This would in turn be beneficial to the entire transportation chain, on into the
hinterland. Another factor is the increased complexity of ship traffic. The North Sea
is an extremely busy shipgrarea and the English Channel the busiest strait in the
world (133,444 ship passages in 2012).

A study in another EU research project, ACCSEAS, predicts that this number will
increase to 200,000 by 2025 (ACCSEAS, 2013). To further complicate the picture,
there is a rapid exploitation of sea areas for wind energy. In the German Bight, for
instance, 10,000 wind turbines are currently being planned to replace German
nuclear power. And to achieve the EU goal of 80 % reduction mentioned above, sea
based winddrms must keep expanding. In Figure 1 (left) the projected state of the
North Sea is shown, with the amount of ship traffic passing the red lines (and the
2012 figure in brackets). The dark blue polygons are areas where today there is open
sea, and tomorm there will be wind mill farms. In Figure 1 (right) there is a close
up of the fiwindmill citydo of the German Bight, where shipping risks being
conducted under more or le&reetliked conditions.

/
25.000
e Wy
l/

200.000
(131.444)

0O
444

Figure 1. To the left, the predicted number of simipthe North Sea passing each red line in
2025 (the figures in brackets are the actual numbers in 2012). The blue areas are the planned
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wind farms. To the right is a close up of the German Bight area, with the planned wind farms
and shipping lanes (datadm the ACCSEAS project, 2013).

However, if slow steaming is to be standard practice, a still larger increase in the
number of ships is needed to not only keep up, but increase transportation capacity.
Add to that the expected reduction in available sexepBoth these factors also
bring ship traffic management to attention.

The safety perspective

On the 31 May 2003, the 225 metre long Chinese bulk cavtgrFu Shan Hai
collided with the 100 metre long Cyprus registered container SHip Gdynig
about3 nautical miles north of the island of Bornholm, in the southern Baltic Sea.
The collision was the result of a failed avoidance manoeuvfédypiaas the give

way vessel. The collisionipped open a hole in the forward partfed Shan Hai
which subsequely sank. The crew of 27 were all rescy&MA, 2003).

Fu Shan Hahad departed from Ventspils, in Latvia, on 30 May 2003 at 16:20 local
time on a voyage to Chin&dyniahad departed from the port of Gdynia, in Poland,

the same evening at 23:25 on a vaydg Hull, England. Thé&u Shan Haiand
Gdyniacollision serves as an example of thelHvessels every year that are totally

lost after a collision at sea (IUMI, 2012). Although there is a lot to be said about the
actions of the ships in the final stage=fore the collision, this paper will focus on

the fact that both ships happened to be at the same place at the same time, the
question being: could this have been avoided?

All larger, sacalled SOLAS vessels are required to makberthto-berth voyage

plaro before leaving port, according to Reg. 34 of SOLAS Chapter V and IMO
Resolution A.893(21) (IMO, 2010). Whétu Shan Haieft Ventspils, she had such

a plan for her voyage across the Baltic Sea, up through the Belt and on all the way to
China. Takingnto account her service speed, the crew could calculate an estimated
time of arrival in China. The same would be true for any point on the voyage. Also,
Gdyniahad such a voyage plan.

If these two plans could have been superimposed on top of eachrotheentral
coordination system, it would, knowing the service speed of both vessels, have been
possible to predict that they would be at some point at the same time. Then only a
very slight change of speed would lead to the avoidance of the close quarters
situation which occurred. However, sharing @neoyage plan with a coordination
centre is a controversial issue, challenging the cafstaiitimate control of the
vessel. The presented study has been seeking to answer how the suggested
MONALISA voyage pan coordination system is perceived by Swedish mariners.

MONALISA and the concept of route exchange

MONALISA is a TENT EU project, started in 2010 and which will be finished in

2013. The project has been coordinated by the Swedish Maritime Administration.
Other partners in the project are Chalmers University of Technology, Sweden;
Danish Maritime Authority; Finnish Transport Agency; Gate House, Denmark;
SAAB Transponder Tech, Sweden; and SSPA Sweden AB. The MONALISA
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project deals with different maritime gstions, but in this paper only the particular
issue of route exchange will be considered.

In order to avoid yet another system on the bridge, the route exchange system needs
to be integrated into the Electronic Chart and Display Information System (ECDIS)
that already is central on a sédpbridge. ECDIS is a computerised information
system that contains electronic nautical charts, and will become mandatory on deep
sea vessels by 2018. The voyage plan is, for instance, made in the ECDIS and
resides in thenavigation computer, and thus could easily be shared if relevant
infrastructure and standards were in place.

In order to test route exchange, a prototfiR€DISlikeo ship-based test platform

was developed to mimic a standard ECDIS, but which was equipptd
functionality to exchange routes. A corresponding stased station was also
developed where routes could be received and compared. A first set of user tests,
with simple cases of route exchange between only one ship and a shore centre, were
carried out in a simulator centre at Chalmers University of Technology, in Sweden,
with bridge officers and Vessel Traffic Service (VTS) operators.

The main research question was whether such a system would be accepted by the
professional participants. Secondauyestions had to do with workload, changes in
procedures and usability improvements. Another major task was to look for
unintended consequences of change, as new technologies always carry an inherent
risk of new types of accidents.

Theory

The theories behd this type of system are wdhown to all human factors
researchers. Donald Norman (1988) introduced the notitmafledge in the head

and knowledge in the worldA nautical chart is a representation of the physical
world. It represents a crystallitian of knowledge from generations of
hydrographers and geographers. By drawing a pencil line representing an intended
voyage, knowledge is stored (in the form of checks for under keel clearance, risks
etc.), and cognition is downloaded during the voydde projection of the chart is

such that, by measuring the bearing of the intended path, the course to steer is
immediately clear. The nautical chart is used, here,@gyaitive toolin a process

of distributed cognitioninvestigated by Edwin Hutchir{4995). On a more general
level, this is all part of the area of Joint Cognitive Systems (Hollnagel & Woods,
2005), and earlier, Cognitive Systems Engineering (Rasmussen et al., 1994), to
mention just some important examples.

Method

In order to test shipaffic management in an ecologically valid way, route exchange
needed to be tested on a practical level in a ship and shore simulator. The first step
was to design a prototype application where captains and shore operators could
experience, first hand, thefects of such a system. Although much focus was put on
the conceptual level of acceptance within the maritime community, it was also
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necessary to ascertain that procedures on the bridge were not changed in such a way
that would increase workload or régumore manning.

Information flow in route exchange

The information flow can, from a user perspective, be described as follows. The
voyage is planned eboard as usual (or maybe requested from a service provider,
e.g. a weather routing service or a route library). Once the route has been validated
(checkedor underkeel clearance, and that it follows fairways and traffic separation
schemes), and departure and arrival times have been added, the route is sent to the
STCC. The route is nofipending (signified by a yellow dashed pattern in the chart
systems)The STCC checks the route, (checks it for under keel clearance, violation

of NoGo areas and loss of separation, i.e. conflicts with other ships or traffic
congestions, not tested in this study). The STCC can now éithesmmend the

route as it is, or sl the route back with suggested changes (signified in the charts
by green dashettecommendealand red dashediiot recommendeidroutes). If the

STCC suggests changes, the ship can either accept or reject these changes, or
suggest another modification. Routes can be sent back and forward until an
agreement is reached and a final solid grreed route is reached (see Figure

2).
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Figure 2. On top, is a simplified diagram of the information flow for the route exchange
process. To the bottom, is the symbology used in the electronic chart systems to signify (top) a
fipending route sent from ship to shore, now awaiting optimisation, then a stage in a route
negotiation (middle) where a deviationfi|ecommendeil (green) instead of the original

(red) segment. Finally (bottom), tiieecommendeadiroute has beefiacknowledged by the

ship and becomes greéafreed.

Two prototype systems were developed and tested during this study: one from
SAAB Transponder Tech and one from the Danish Maritime Authority. Both
systems had a ship and a shore display, and there were no signifiéemr@ndes
between them. In this paper, we will make no distinction between the two systems.

The prototype systems were set up in the full mission bridge simulator environment
at Chalmers University of Technology in Gothenburg, Sweden, using one bridge and
one shore station. AIS targets and routes were sent between ship and shore using
prototype protocols developed for the test. The technical details of these protocols
will later be presented through the MONALISA 2 project.

The first user tests with simpleages of route exchange between one ship and a
shore centre were carried out in two sessions, in May and September 2013, with 12
ship captains, 11 maritime acadenfyy&ar cadets and 5 VTS operators. This gave a
sample of subject matter experts: 25 malde®ale; ages 2866, mean age 42;
professional experience from none (cadets) to 40 years, the mean being 15.7 years of
professional experience (cadets excluded).

Each block of the study consisted of 4 scenarios where one captain and a cadet
manned the shibridge and a VTS operator the STCC. Each such block took about 3
hours to conduct, including familiarisation with the prototype systems, the 4
scenarios and a debriefing session.

Scenario 1: Route planning initiated by ship. The ship is anchored otiistdlbals
in the northern part of Denmark and the bridge crew plan a route from their present
position to Helsingborg in southern Sweden along the starfdarduted (the deep
water route through Kattegat). Once planned, the route is sent to STCC. STCC



voyage plan coordination 223

checks the route and sends faecommendedl route back. The ship finally
flacknowledgedthe route (see Figure 3, left).

Planned‘raute

Figure 3. Three of the four test scenarios. Left scenario 1 with the route from Hirtshals to
Helsingborg that the bridge crew wasgtan. Top right, scenario 2, a route change done en
route, initiated by the ship. Bottom right, scenario 4: drifting timber causing STCC to suggest
a route deviation. (The images are just scenario descriptions, not ECDIS with MONALISA
symbology).

Scenario2: Route change initiated by ship. An hour later, the ship is en route to
Helsingborg on its agreed route, just north of Skaw, on the northern tip of Denmark.
The engine room calls and says they will need to do some repair in the engine room.
They ask if he bridge can provide calmer conditions. The captain decides to change
the route to théB-routed (in the west part of Kattegat), in the sheltered waters along
the eastern shores of Denmark. The new route is planned and sent to STCC (see
Figure 3, top righ).

Scenario 3: Route change initiated by STCC. There has been a delay in port
operations at Helsingborg, and a request to slow down is sent from STCC to the
ship. New ETAs (Estimated Times of Arrival) are suggested in the waypoints ahead.
The change is mtiated and finally agreed.

Scenario 4: Route change initiated by STCC. A ship ahead has lost part of its deck
cargo (timber), which is now floating in the water. An MSI (Maritime Safety
Information) is sent out and displayed in the chart (see Figuoa@r Iright). STCC
suggests a route change around the dangerous area, which is negotiated and agreed
(see Figure 4).
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Figure 4. Watch officer and captain on the simulator bridge. The route is visible in the
prototype screen (scenario 4, before the MSI ditfiing timber has been received).

Data collection

Qualitative data were collected using video recordings during sessions, and a
debriefing with both ship and shore participants after the four blocks. An observer
was also present both in the ship simulaand at the shore station, taking notes and
prompting participants to think aloud. A questionnaire was also sent out by mail to
the participants after a couple of weeks.

Results and discussion

Observations, comments and statements made during thefaejsrigere classified
into four levels: conceptual, procedural, functional and HMI. Results on the detailed
levels of functions and HMI will not be presented in this paper.

Conceptual level

The hypothesis was that sHypard participants would be negatiesvards the route
exchange concept, but instead all participants were, in general, positive towards the
concept of voyage plan coordination; younger somewhat more than older. But even
if older participants were more concerned with issues likskiling, they still
accepted the system. A pensioned captain with 40 years of experiendd daiuit

like this, but | see it coming, and | guess it is alright.

The most discussed issue was that of control; if voyage plan coordination were to
lead to control beig shifted from the ship to the shore. Most bridge officers pointed

out that it was important that the captain still had the last word, being on the scene
and experiencing the situation first hand. Several participants saw a likelihood of
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conflicts betweerthe STCC and vessel on the issue of control, and between the
STCC and ship owners on the issue of costs.

From a shore perspective, the ability to check routes and see Gagesisons was
welcomed, but concerns were raised about workload when dealthgseweral
vessels in a heavy traffic or emergency situation.

On the question of whether a route exchange system has a future, comments ranged
from pointing out that it is inevitable, to stating that it may have a positive effect on
the quality of navigabn if captains can learn to trust it. Some comments were to the
effect that it will never be accepted by captains and ship owners.

Procedural level

Participants in both vessel and STCC felt that new routines were involved in
operating the system, but with a familiar environment, so that, once they
understood what was expected of them, and how to do it, it was easy to get
accustomed.

All differentiated between the planning and monitoring functions of the system, and
the need for separate routines for edchmost cases, physical separation of the
functions, either separate screens or a separate workplace, were suggested. It was
pointed out that individual vessels have different routines for route planning, either
first using paper charts, or using the BS3traight away, which, depending on the
method currently employed, could lead to a change in routine.

With regard to vessel manning, some felt that an extra person may be needed on the
bridge in heavy traffic situations, to leave thewsatch officer fre to navigate and

avoid collision. It was also felt by some that, depending on the degree of freedom
allowed to deviate from the planned course, implementation of such a system would
result in extra workload for the captain, who would be required to appadv
changes made.

Routines in the STCC, as opposed to the existing VTS stations, would depend on the
role of the STCC. Issues raised by the participants were workload, the capacity to
deal with heavy traffic, the ability to plan routes around obstrustenmd the time
constraints involved. Most participants felt that the role of the STCC in an MSI
situation should be limited to entering the area on the chart and sending to affected
vessels.

Survey

In a survey that was sent to the participants severalsvafdr they participated in

the study, the questiokiVhat is your opinion about the tested route exchange
concept?was asked. Eighteen answers where received, out of 28, and 14 were
fipositived or fivery positived, and 4fdid not knovd. No one was negative. On the
questionDo you think a similar route exchange concept will become reality in the
future?17 answerediprobabhp or fimost probably and only 1 answereiirobably

noto.
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Conclusion and future studies

Most participants, both yoger and older, were more or less positive towards the
ship traffic management concept.

Having said that, there was discussion on the yet undecided scope of the proposed
route exchange system and the role of the STCC; would it be monitoring, advisory,
assstance or full control? Would it involve a change to the established principle that
the captain is ultimately responsible for the vessel? Would the captain be required to
relinquish some degree of control of the vessel to the shore centre? Where would
resnsibility and liability lie for delays, costs incurred, accidents etc.? Several
participants mentioned the likelihood of conflict between the STCC and vessel on
the issue of control, and between the STCC anda®hipers on the issue of costs.

All participants agreed that the final decision needed to stay with the captain on
board.

One has to be aware of the limited validity of these findings, considering the small
number of participants and the cultural homogeneity (all Swedish). Also, the tested
scenarioonly involved one ship, without the complexity of routing several ships.
Future studies will target both these limitations. Preparations fobéelst in other
parts of the world have started, and, in the MONALISA 2 project, complex
simulation involving nore ships will be conducted.
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Abstract

This investigation was carried out in the frames of Interreg 4A préjcrkability

and social inclusioin headed by the Arcada University of Applied Life. Tallinn
University of Technology and Riga Stradins University were involved. A
questionnaire based on the Nordic, WAI (Workability index), and Kiva
questionnaires was compiled to study psychosocial and @hysicking conditions

at computerequipped workplaces for 295 workers. Occupational hazards were
measured. To investigate the level of stress of workers the cortisol level in saliva
was measured. After the first questioning of workers on the psychosaciats at
workplace, the Metal Age programme was implemented and after the intervention,
the Kiva questionnaire and the cortisol level in saliva were measured again. The
results showed that if the preventive measures for solving the problems at workplace
are implemented, and employers and employees are trained and consulted using the
appropriate programmes, the stress situations could be avdidedvorkers were
divided into two groups (under 40 yea’s and over 40 yearsB). These groups

were found to dfer in the perception of psychosocial risk factorshatworkplace.

Group B assessments for the psychosocial working conditions weretbattédrose

of group A. In group B employees appeared to be more afraid of losing their jobs
Therefore,the emploges in group B werrot sointerested irthe work atmosphere

as in group Alt is not easy to find a new position after losing one at the age over 40
years.

Introduction

The work was carried out in the frames of Interreg 4A projétrkability and social
inclusiord headed by the Arcada University of Applied Life of Finlamde number

of occupational diseases is the specific indicator that influences hazards on the
worker in the work environment. Occupational diseases in Estonia are usually
diagnosed in th late stage when the worker is already disabled. In this late stage it is
difficult to find proper rehabilitation methods fa total health recovery. The
majority of occupational diseases in Estonia are connected with musculoskeletal
disorders (MSDs). tensive use of computers causes major health problems like
tissue damages, imbalance in blood flow, formation of the carpal tunnel syndrome
(Oha et al., 2010). Computerorkers are under pressure as increasing amounts of

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
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work have to be done within limiteime. Stress is not only a feeling. It changes
functions in the body: release of a variety of hormones, increased breathing,
quickened pulse, and the production of more stomach acid. Computer work causes
social problems: it distracts an individual fromrmal social or family relations and

this in turn may lead to depression (Eltayeb et al., 2007). The interaction between
the body and the work environment is complicated and four important systems
(central nervous, automatic nervous, endocrine and immuse)neolved in this
network (Raja et al., 1996).

There are numerous hazards in the work environment (low temperatures, draught,
noise etc.) that affect office workers and can damage the peripheral and central
nervous system (Tint et al., 2012a). The phaisicomplaints are very closely
connected with psychological disturbances of computer workers (Zakerian &
Subramaniam, 2009T.he first symptoms of stress to appear can be physical (lack of
appetite, sleeplessness, headache, pain in chest) and psychdldifficalties to
concentrate, imbalance, anxiety, irritability, difficulties to make a decision, burnout).
llinesses and social problems develop under permanent stress. In stressful situations,
the emotions created increase adrenocorticotropic hormoneatary adrenal
cortex, which extract cortisol. Changes in the cortisol lé&vah indicator of stress

level (Melamed et al., 1999; Hofman, 2001). It is necessary to develop solutions for
decreasing unreasonable stress and anxiety in workers suffering dtess
situations at work.

Stressors like time limits, bad relationships betweerwearkers or with the
employer, too much work wanted by the employer are considered to be the factors
that can cause fatigue ihe upper extremities (Feuerstein et al.,020 Kulin &
Reaston, 2011; Panari et al., 2012).

Lahtinen et al. (2002) focus on the psychological and social dimensions of managing
and solving indoor air problems in their interviews and questionnaires. Their
interviews were very critical of the procestsolving the indoor air problem. The
study supported the hypothesis that psychosocial factors play a significant role in
indoor air problems.

Brauer and Mikkelsen (2010) studied the psychosocial work environsrenthe
individual and workplace level.he moderate differences between the workplaces in
the perception of the indoor environment, as well as large differences between the
individuals in the same building indicate that some occupants do perceive problems
in the indoor environment even in thbsance of a general indoor problem in the
workplace. The authors also mention that the complaints are usoeélyreported

or overestimated.

Stuffy air, noise, temperature, lighting deficiency might be the supplementary risk
factors for developing MSDand psychosocial stress at workplaces (Tint et al.,
2012a). The main physiological and psychological stress factor is a poorly designed
workplace (Tint &Traumann, 2012b).

Social relationships are important for the physical health of workers (Eisenberg &
Cole, 2012). Socially connected people live longer than socially isolated people and
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the first have increased resistance to a variety of somatic diseases ranging from heart
disease to cancer (Miller et al., 2009).

Studies that consider the working condigpmphysical overload and psychosocial
risk factors are complex and have not been conducted in Estonia until now.
Therefore, the results of the projgd/ork ability and social inclusianare very
important, offering ideas for further research to improvehef psychosocial work
environment. The results could also be implemented in othetspogtlist countries

as the early stage in the work environment was almost the same for all of these
states.

The research question: is it possible to reduce the physichpsychosocial risk at
workplaces by speaking with people, training them and solving the problems
regarding the issues of their complaints? Different hazardous factors (indoor
climate, psychosocial factors, static posture etc.) are influencing theutemp
worker (figurel). If the improvement methods in the working environment are
implemented, the level of stress of workers has to be decreased.
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Figure 1. The structure of the study

Material and methods

The aim of the investigation was to increase wgk ability, stress management,
good leadership behaviour and thereby social inclusion of the workforce. Therefore,
the Metal Age programm@Nasman, 2011) is perfectly relevant for this purpose. A
gquestionnaire based on the Nordiorkability index andKiva questions was
compiled and forwarded to the workers by the Internet or as copy before the
intervention of the Metal Age programme. 295 workers from different eftioens

from different institutions (including high school) were interviewed about &adttn

risks and health disturbances connected with their work. The health disturbances
were specified.

The Kiva questionnaire after the Metal Age programme implementation was
conducted with 136 persons selected from four institutions (from those most
interested in ceoperation and improvements in the working environment, figures 2
5) and the cortisol level of computeorkers was measured before and after the
Metal Age implementation for the same persons in 29 cases.
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Figure 3. Office in enterprise 2
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f:igure 4. Officeibi'n enteprise 3 Figure 5. Office in higkschool

Questionnaires

The Nordic (Lindstrom et al., 2000), WAI (Tuomi et al., 1998) and Kiva (Nasman,
2011) questionnaires were used to investigate the stress factors arising from the
relationship between the employees and employers at the workplace.

Work Ability Index (WAI) is determined on the basis of the answers to a series of
questions that take into consideration the demands before the interview with an
occupational health professional who rates the responses according to the
instructions.

Kiva questionnaire characterizée wellbeing of workers at work. The ratings were
given in an 8point scale (1not at all, 8 very much so, certain or well). The Kiva
questionnaire was composed of seven questions:

Have you enjoyed coming to work in the last weeks?

| regard my job meangful

| feel in control of my work

| get on with my fellowworkers

My immediate superior performs as superior

How certain are you that you will keep the job with this employer?
How much can you influence factors concerning your job?

NogokwNpE
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Measurements afiorking conditions

The indoor air conditions were measured using the following standards and
measuring equipment: EVBN-ISO 7726:2003 fiThermal environments
Instruments and methods for measuring physical quaiditE®¢S-EN 15251:2007
filndoor environmentainput parameters for design and assessment of energy
performance of buildings addressing indoor air quality, thermal environment,
lighting and acoustids EVSEN 124641:2011 fiLight and lighting Lighting of
workplaces part 1. Indoor work placés EVS &1:2008 fiMeasurement and
evaluation of electrical lighting in working plagesThe measurement equipment
used for microclimate: TESTO 435. TESTO 435 enables also the measurements of
CO.,. Workplaces lighting and and screens were measured using thenbgbt TES

1332 (ranges from-1500 Ix). The lighting was measured on the worktable, on the
screen and on the keyboard. Dust was measured with HazDust 5B@0/

Determination of fatigue in muscles

Myometer iIMYOTON-30 was used to diagnose the functional statéhe skeletal
muscles of office workers. Myometer is a hand held state device developed at
University of Tartu, Estonia (Vain & Kums, 2002). Myoton exerts a local impact on
the biological tissue by means of a brief mechanical impulse. The impactsfaroali
enough so that it causes no changes in the neurological reaction of the biological
tissue. The tissue responds to the mechanical impact with damping or oscillation
which is registered by an acceleration sensor located on the measuring tip efdbe de
(figure 6 and 7).

Figure 6, 7. Myometer for muscles stiffness measurements

Determination of cortisol level

The highperformance liquid chromatography method (HPLC Water Alliance with UV
detection) was useith determine cortisol in saliviKawasaki et al., 1979; Kalman et

al., 2004). Saliva samples were collected three times during the day: inrth@ngo

(8-9), at noon (1243) and in the afternoon (2&). Each participant was asked to hold
special sampling tubdiSalivett® in thar mouh for three minutes. The samples were
analysed by the Laboratory of Hygiene and Occupational Diseases in Riga Stradins
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University.
Results

For statistical data processing (except working environment hazards measurements),
the computing programme SPSS(W8indows) was used. The arithmetic mean and
standard deviation (SD) were calculated. To ascertain connections between the
characteristics, the Spearman rank correlation cprrelation coefficient) was
applied, differences between the groups were tesidd avStuderds ttest. The
difference p<0.05 was considered statistically significant.

Measurements in the work environment

Table 1 shows the results of measurements in the work environment. In winter the
humidity of the air is too low. By the norms (EMEN 15251:2007), relative
humidity of 4060% is required for the worker to feel comfort. The level of carbon
dioxide ~1000 ppm is felt by the workers as poor microclimate. The lighting of
workplaces equipped with computers is usually good, in the framesrofs (300

500 Ix), but sometimes infotechnologists prefer working in dark (without electrical
lighting). However, this situation must be avoided.

Table 1. Results of measurements indoors in offices {2012)

Room type T.°C R, % L, Ix CO,, Dust,
Cold/warm Cold/warm ppm mg/nmt
season season
U=0.6°C U=2.0% U=10.4% U=10% U=10%

Office 1, Figure 1 20-22/ 22-23/ 495890 537 0.030
28-30 3565 998

Office 2, Figure 2 20-22/ 1525/ 200250 500 0.020
24-28 3575 750

Office 3, Figure 3 1822/ 20-30/ 350600 350 0.015
20-24 40-74 1200

Office 4, Figure 4 17-20/ 1530/ 6901209 478 0.011
22-28 40-70 1152

U- the uncertainty of measurements; fEmperature of the air; Relative humidity; L
lighting; CO,- concentration of carbon dioxide in the air; Dudustconcentration in the air

Responses to the questionnaires

Table 2 presents the results of the survey involving 295 office workers working with
computers (94 men and 197 women) about their health disturbances. The
respondents were divided into two groups: age <40 (40 not included) 137
persons and B, age >39(40 includedp?2 persons. The average age of group A was
30.97 years and group B54.5 years $D 10.0). People who responded, had been
working in the same occupation for 4.81 years (group A) aha8lyears (group B,
SD9.0), respectively. Over 90% of the respondents were engaged in mental work in
both groups (A and B). In group A, MSDs were observed by 53.6% of the
respondents; the cardiovascular disturbances were observed by 20% of the
responderst (A); visual disturbances occurred in 16% of persons (A). The problem
of overweight in group A occurred in 20% of the responddbitshetes occurred in
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two people. In group B MSDs were observed by 50% of the respondents;
cardiovascular disorders by 45%tbE respondents; visual disturbances occurred in
23% of the respondents. The results from the questionnaire show that the computer
workers assess their health status considerably high. They are optimistic in solving
the problem that the monotonous worktlwcomputers will continue and believe

that their health status in the future will stay on the same level using the steadily
enhancing rehabilitation means.

Table 2. Health complaints according to the questionnaire (Nordic, WAI)

Group/ A (persons <40 B (persons >40 years of
Disturbances included; years of age), | age),
% of all investigated % of all investigated
MSDs 53.6 50.1
Cardiovascular 20.0 45.0
disturbances
Visual disturbances 16.1 23.2
The problem of 20.2 254
overweight
The health statugood 55.2 43.4

Considering the fact that people beg¢o work with computers at ever younger age,
according to the current investigation, more MDSs are observed by young people
(<40 years of age) than by older workerd@>years of age). The positive result is
that 43.4% ofthe older workers consider their health status good. Visual
disturbances were diagnosed for group A and B almost at the same rate. It shows
that eyes get tired and sight is worsening already at a yageng

Determination of fatigue in muscles

MSDs were examined in depth for 66 display unit workers. Nordic questionnaire was
used beforehand to find out the persons who might have MSDs with the aim to
diagnose the disease in the early stage. Myoton alpollisle abductors muscle tone
and muscle stiffness to be measured. Pain intensity was evaluated-poiatXKtale.

The body mass index was assessed, average being2h®d].

The study group consisted of 37 women and 29 men, at the mean age ofaf4.7 ye
and the average length of service of 9 years. Employees declared the average working
time with displays at 7.14 hours each day.

Muscle and joint complaints wereportedonly for 13 workers (19.7%). The majority

of the respondents declared the existeof two or more local pain points. Neck pain
complaints occurred in 37 respondents (56%), and the severity of pain was assessed at
an average of 4.18. Right shoulder pain occurred in 22 patients (33.3%) and left
shoulder pain in 18 (27.3%) of the respent$. Pain in shoulders was assessed with
3.80 (right) and 2.80 (left) balls. Wrist pain in the right arm was declared in 13 cases
(19.7% of all) and the left wrist pain only in three cases (4.5%); the severity of 4.57
(right) and 4.01 (left). Back pain waomplained by 25 (37.8%) persons with severity
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of 4.28 balls (table 3).The presence of pain was generally of-tshortduration,
mostly for 7 days.

Table 3. The results of measurements of fatigue in muscles with Myoton

Pain region Number of workers Severity of pain (@0)
(% of all investigated)
Neck 37 (56%) 4.18
Shoulder, right 18 (27.3%) 3.80
Shoulder, left 17 (25.7%) 2.80
Elbow, right 4 (6%) 4.71
Elbow, left 4 (6%) 2.12
Wrist, right 13 (19.7%) 4.57
Wrist, left 3 (4.5%) 4.01
Back 25 (37.8%) 4.28

Myometric study revealed differences in the pain severity of complaints from
employees with muscle pain and trapeze muscle pain in tonus and muscle stiffness.
As muscle strain is coming from the static posture, it can be influenced by the work
psycheemotional stress.

Thus, it might be concluded that static muscle tension causes increased muscle tone.
Loaded in front of the screen is mostly the guiding hani iinportant to find the
organizational measures that would ensure regular breaks and exercises, possibly
combining them.

Responses to the Kiva questionnaire

The Kiva questionnaire was conducted twice: before the intervention of the Metal Age
programmeand after it (table 4). The number of used questionnaires was 136.
According to the Kiva questionnaire, the investigated workers had high satisfaction
coefficients with work. In addition, the stress indicators did not evaluate the- stress
levels high. Kivamethodology for deploying a team is intended to find solutions to the
specific results of the work of the team. It is connected with the character of work to
find suitable working arrangements to be developed and therefore it is suitable for
work-relatedpsychosocial and MSDs prevention.

Table 4. Responses to the Kiva questionnaire

The question Office 1 Office 2 Office 3 Office 4
BIA B/A B/A B/A
1 5.0/7.1 6.2/7.3 7.3/7.8 7.1/8.1
2 5.3/8.0 8.4/7.8 8.3/8.7 8.3/8.2
3 8.0/7.7 7.717.6 8.3/8.4 8.2/7.9
4 7.8/8.0 8.4/8.9 9.0/9.1 8.5/8.9
5 3.5/7.7 7.3/7.8 8.3/8.5 7.4/8.3
6 5.5/8.0 7.2/8.1 8.8/7.3 8.1/8.2
7 5.8/4.9 7.0/7.6 7.5/7.4 6.7/7.4

B/A’- the mean values before the Metal Age intervention/ after the Metal Age intervention
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The changes in the Kivguestionnaire are shown in Figure 8. The relations between
the employer and the employees were usually improved (questdns7). A slight
decrease appeared in questions 3, 4: Does your immediate superior help you develop
your skills? Does your immed&superior tackle problems as soon as they surface?
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Figure 8. The responses to the Kiva questionnaire before and after the intervention
(10-point scale)

The measurements of the cortisol level in saliva (table 5)

Table 5. The cortisol levels of offis@rkers

Cortisol levels, Office 1 Office 2 Office 3
nmol/l M/L/E M/L/E M/L/E
Before 10.3/4.6/4.1 8.9/6.1/4.8 10.5/6.5/5.5
intervention

After intervention | 10.2/7.6/7.0 9.5/7.0/6.0 10.2/6.5/5.5

M/L/E* - measurements of cortisol in-Morning/L-lunchtime/E-evening

The changes in the cortisol levels in the three investigated offices are given in Figure
9.

The usefulness of the Metal Age programme is obvious, particularly in the office
situated in a small town where the knowledge of ergonoisigmoorer than in the
capital (two other investigated offices).
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Figure 9. The change of the cortisol level in saliva before (a) and after (b) the
intervention

Prevention and rehabilitation

The proposals were given for ergonomic improvements at wodg@ew ergonomic
chairs, the possibility to change the height of the worktable; the change of the situation
of a monitor etc.). The complaints in the air of the work environment and lighting
deficiency complaints weneportedto the employer. The rehaitéition of MSDs are
possible using balneological methods of treatment and methods of physiotherapy
(Tuulik et al., 2013; Visnola et al., 2010; Wargenaar et al., 2012).

Conclusions

The nyometer allows the basic indicators of the skeletal muscle condiifimess

and elasticity) to be determined. The data are valuable for the early diagnosis of
possible health disturbances caused by work and for planning the rehabilitation
treatment in an early stage of overload caused MBI3® questionnaires, objective
methods and environmental measurements are useful to plan prevention and early
rehabilitation before the disability appears.

The indoor air and other problems in the same workroom could be defined
individually in quite different ways. Therefore, an indival approach for every
workplace has to be implemented considering the anthropological and other features
of the worker who will work in the certain workplace. The idéchnology workers

often work in undetighted working conditions although there ispassibility to

raise the (artificial) lighting to the normal limits (4&Q0 Ix).

The main conclusion from the investigation is that stress situations at workplace
could be prevented by use of proper intervention programimissmost interesting
(based a the study results for under 49ear and over 40 year workers) that there
are different conditions for younger workers and for older workers or the same
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conditions are felt by the two groups of workers in different ways. In addition, the
age andthe sex of the employer and the employees have their influence on the
questionnaire results.
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Stress and strain in mobile IT-supported work:
an empirical study in the area of mobile services
involving smartphones, notebooks and similar devices
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Sankt Augstin
Germany

Abstract

Design and organizational issues and problematic aspects of moksleppbrted

work performed byservice technicianeiere examined by a quantitative study of the
associated stresses and strains. The study differentiated between stress dimensions of
a technical and organizational nature on the one hand, and their consequences, i.e.
strain, on the other. This differenii@t in turn enabled conclusions to be drawn for
specific recommendations for occupational practice. Reductions in impairing stress
and impairing strain were to be achieved by selective prevention measures and
improvements to the technical equipment usedheyworkers. Specific measures
derived for implementation in occupational practice are outlined.

Introduction

The world of work is undergoing a sustained process of digitalization. The mobile
use of digital systems in the form of mobile-4lpported workhas numerous
consequences, not all of which are immediately apparent. Beginning with the
breakdown of established forms of work organization and the decreasing scope for
individuals to identify with the contexts of traditional employment (cf.
BretschneideHagemes & Kohn, 2010), through to safety risks caused by the on
board use of mobile information and communications technology (ICT) in vehicles,
numerous issues of major relevance to occupational safety and health can be
identified. For some years, thestitute for Occupational Safety and Health (IFA) of

the German Social Accident Insuran@GUV) has conducted research into such
work systems, which can be grouped under the heading of mob#epidorted

work. Publications and firm recommendations forimas work scenarios with the
focus upon safe and humane work have been produced as a result.

In order to counteract the existing dearth of quantitative data on the stress situation
associated with mobile Fsupported work and to provide a basis for préiven
activity, a theoretical standard paradigm of the labour sciences (stresses and strains,
based upon ENSO 100751, cf. also Rohmert & Rutenfranz, 1975 and Cox et al.,
2000) was operationalized in a dedicated approach within the current research
activity, and used as the basis for an empirical study. The groups studied comprised

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.)2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (online) Available from http://hfes
europe.org
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mobile service technicians, responsible for example for maintaining
telecommunications networks. Working over a wide geographical area, these
technicians make intensive use loé tmost diverse mobile ICT equipment in order to
complete and document maintenance tasks. Equipment typically includes netbooks
and notebooks, smartphones, computerized instruments, satnavs, etc. Rather than
being used sporadically as an aid as was obdarvéhe early days of mobile ICT,

the equipment is now used systematically; its users are now dependent upon it and
its troublefree operation. The suspected sources of stress were studied with regard
to their relevance by the measurement of stressesofiie@bjective influences upon

the individual) and strains (individual impact, moderated by personal resources), and
the statistical relationships between the two. For this purpose, a broad discussion
was conducted in which hypotheses were gathered pgigpby field observations

and assigned to potential stress dimensions. The aim was to identify which stress
situations should be optimized, be they of a technical or organizational nature. In the
interests of concision, the description below discusshssafected key aspects.

Operationalization

Operationalization involved the distinction between stresses on the one hand and
strains on the other. The ternfistres® and fstraird as such imply no value
judgement; the adverse forms of stress and straiteemedfimpairing stress and
fimpairing straiid. In order for the problematic forms of stress and strain to be
identified, the analysis was structured by the creation of generic dimensions on the
stress side (see Figure 1).

Standard module
(genderage etc.)

i Safety:
Work i Work Social Company/societ Technology mobile ICT
organization i environment relations al conditions in car
v v v v v v
Individual resources
Outcome:
1. Symptors
» 2. Work ability index
3. Worklife balance
L= Potential sources of stress and strain = stress and strain <— = moderator

Figure 1.Research design/operationalization

The dimensions constructed in this way are specifically those of work organization,
work environment, social relationships, company and social conditions, and
technology. In many situations, a complex interaction was observed between the use
of mobile IT and diverse objective factors influencing the work system. The research
design is able oglto operationalize this objectivity as adequately as possible and to
study it with regard to its stress factors associated with the use of mobile IT.
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All dimensions constructed in this context and populated with items were reviewed

for their internal coristency and legitimized by Cronbaish U . I n addition, the strair
level was studied by means of three survey instruments employed in parallel (see

Figure 1). These were the work ability index (2nd dimension: test submets

estimation of their work abty in relation to the demands of the work; cf.

Hasselhorn & Freude, 2007); a proven index of symptoms (cf. Ertel et al., 1991)

used to measure the state of health; and certain-kerkalance items. This

procedure enabled the effect of specific work dbods and work equipment to be

compared.

Results

The study was based upon a random sample (N=233, returned questionnaires =
100%) of service technicians performing relatively homogeneous tasks. Mobile IT
was used for the purposes of documentation, contation and navigation, besides

the technical work itself. The data were obtained from a questionnaire completed by
the test subjects themselves following an introductory talk at the workplace (team
meeting). As expected, the composition by gender was aeggided, with male
workers accounting for 99%. The average age was 48.5 years. The individuals
questioned had already been working with mobile IT for an average of ten years and
with an average usage intensity of 3.6 hours per day. Up to 74.8% (witlg stro
variations according to region and technical equipment) considered their work
situation to have deteriorated on balance by the use of mobile IT. In this context
however, the charge was disproved that older employees are less well disposed to
the use ofmobile IT. The variables did not indicate any such correlation. By
contrast, poorer estimations regarding the potential for stress and impairing strain
were invariably found among persons with a negative fundamental view of the use
of mobile IT. For exam@, negative views both of the work organization and of the
work-life balance correlated with the negative fundamental view (statement: The
situation has improved/deteriorated as a result of mobile IT). This does not however
mean that the former is the causf the latter.

Such negative attitudes are not without justification. On the whole, initial motivation
for the use of new technology disappears when technical failures begin to occur and
the personal tolerance of frustration is exceeded (cf. H&HH)). In view of this,

the introductory phase of new technology in particular can be considered decisive. A
comprehensive pilot phase and granting the users a say in the planning phase
therefore pay off in the long term. During observation of the interadietween
generic items that do not correspond to any constructed dimension in the area of
stresses (standard module) on the one hand and strains on the other, a notable
observation was that neither the length of use (in years) nor the daily duratis@ of

of mobile IT had a statistically significant effect upon the strain. The pointed
emphasis that the longer -Bupported work equipment is used, the more stressed
and more ill the users are is in the first instance shown to be a prejudice.

Health, WAI ad worklife balance

Health: The health of the individuals surveyed was described by the recording of
scales of symptoms. The symptoms were selected based upon a reference study
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conducted among service technicians (cf. Ertel et al., 1991). Musculoskeletal
complaints were those most frequently stated (see Table 1). Approximately 76% of
the individuals surveyed (averaged across each group of technicians) indicated that
they sufferedrom back complaints; 69% indicated shoulder/neck complaints. These
were followed by typical symptoms of mental strain, for which the values were also
high: 64% suffered from inner restlessness and tension; fatigue/weariness was a
factor for 55%; 48% conlgined of concentration disorders; and 43% experienced
increased irritability. The levels of these conditions were generally more severe than
those suffered by the reference group, specifically with regard to physical/ergonomic
area aspects. In additionwmrk conditions that may have been less favouralhe

survey of the reference group was conducted at the beginning of the 1990s, without
the influence of ICTi one reason may be the relatively high average age of the
random sample. The trend towards stwioskeletal disorders is at any rate
confirmed clearly here and points to ergonomic deficiencies in the work equipment
and workplaces of the mobile workers.

Tablell Selection of symptoms, comparison

Reference Random sample

Inner restlessness % 73% 64%
Back pain % 64% 76%
C_oncentration % 64% 48%
disorders

Shoulder/neck pain % 55% 69%
Irritability % 55% 43%
Fatigue/weariness % 55% 55%
Changes in eyesight % 50% 60%
Headaches % 27% 39%
Joint pain % 14% 34%

Work-ability index (WAI): The workability index was recorded in its second
dimension, the work ability in relation to the demands of the work. Work ability
refers here to separately surveyed mental and physical criteria in relation to the
demands of work, and is regarded as a reliable indicator
that deviates only rarely from thiphrty estimations by experts (cf. llmarinen 2003,

p. 94). Estimations of the physical work ability differed: a good 44% considered
their physical work ability to be mediocre miore bad than good, 56% considered it
good to very good.

Table 2. WAI values, comparison

Mean values of the WAI reference database (University of Wuppertal) and
mean value of the random sample

Mean value SD N
Reference 7.44 1.501 8,330
Random 6.89 1.562 209
sample
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Around 56% rated their mental work ability as mediocre or more bad than good. A
weighted total was calculated from the values for the mental/physical work ability
according to task profiles. This total can be compared with the values from
comprehensive reference data (see Table 2). If the respective mean is taken as the
reference, the value attained for the estimated work ability is seen broadly on
average to trend slightly negatively (random sample = 6.89, reference = 7.44 with a
best posble value of 10 and a possible negative value of 2). In view of the clearly
negative indications of health symptoms, the estimations regarding the WAI appear
somewhat optimistic. The reactivity in response to the survey should be considered
during interpetation of the data: possibly being unable to satisfy demands may give
rise to negative feelings and fear of repercussions.

Work-life balance: The total value for the welife balance was operationalized by

the adjacent nomocational areas of family, gaership and other leisure aspects.
54% of the workers stated that the mobilestipported work caused significant to
high perceived stress in the neocational areas of their lives. Availability at all
times as a consequence of mobile ICT was repeataitigd as a major problem in

both the questionnaire responses and interview situations. Many employees had
difficulty separating working and vocational life. Some employees felt that they
were being checked on by the use of mobile ICT, particularly by sneatheir
mobile telephones. In addition, some individuals complained of being controlled by
always being expected to respond immediately to telephone calls -arailse
Criticism was also levelled in this context at the scheduling practices of some
employers. The affected employees would like to have a greater say in this area. The
industrial partners were advised to clarify issues of reachability and availability in
company agreements. Procedures for the issuing of appointments and for planning
journeyswere also criticized, particularly with regard to their compatibility with
family life.

Impairing stress and its relationship to impairing strain

The most important results for the dimensions created in the area of stresses (see
Figure 1) are described icondensed form below, and their relationships to the
defined strain values outlined.

Work organization: The dimension of work organization fared negatively in the
estimation of the survey participants (see Figure 2). 77.4% considered themselves
exposed tosignificant to high impairing stresses. The variable with the strongest
negative influence upon this total value was the tightness of the schedule. 75.8% of
those surveyed indicated the stress value here to be significant to very high. The
individuals sureyed would appreciate a greater say in scheduling. The variable of
multitasking is also conspicuous for its substantial stress values, which 71.3% of
those questioned state to be in the range from significant to very high. One
observation was continual grruptions to the primary maintenance tasks by calls by
dispatchers and superiors.
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Figure 2. Region of the stresses, overview (clustered estimations of the subjectsno
impairing stress; 2 = impairing stress; 3 = significant impairing stress; 4 = high impairing
stress’ groups differentiated according to work equipment of notebook and RG)et

A further complaint voiced in interviews was of typical work situations that were
often performed under adverse conditions. These included working in dark and dirty
and in confined spaces. Documentation work was frequently performed without
desks or snilar. Work with mobile IT was then carried out with no work surface
whatsoever, in the vehicle or on unsuitable work surfaces.

The most significant effect (p< .05) is that of the total value of the work organization
upon the worKife balance strain (seleigure 4). The correlation here is moderately
strong (r =.400). The strain elements of health (r = .273) and WAI2 (r = .286) also
correlate significantly. It was thus demonstrated that unfavourable circumstances in
the organization of mobile Fsupported wrk are closely related to impairing strain
upon the individual (particularly that associated with the widekbalance).

Work environment: Among those surveyed, the work environment had not changed
directly as a result of mobile IT. The demands resulfiom the combination of use

of the equipment and the environment had changed, however. Those affected may
for example be responsible for the condition in which their equipment is kept. The
equipment is however regularly used under adverse weather caadlticthe cases
observed, the equipment was not adequately prepared for such use, even though the
market provides a more than adequate range of products for this purpose. In these
and similar cases, it is notable that equipment is frequently purchasedsedd
without consideration or adequate acknowledgement of the actual working
conditions. The work environment in general was rated by 77.4% of those surveyed
as being significantly to very stressful. The strongest negative influence upon this
total valuewas the variable of stresses arising from unfavourable work locations.
75.9% of those surveyed stated a significant to very high stress value in this case.
The street, construction site and the vehicle were stated as examples.

The variable of creation of @ew mobile office was conspicuously negative, with a
value of around 70% (significant to very high stress). Complaints were voiced
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regarding the problems entailed by having to improvise a workplace under
continually changing conditions. The clearest dffgas that of the total value for

the work environment upon the perceived wbfi balance (see Table 2). A
significantly (p < 0.05) positive relationship was observed here (r = .351). The
strains of workife balance and WAI2 also correlated, with wedgngficance. It

was thus demonstrated that unfavourable circumstances in the area of the work
environment of mobile I%Bupported work are closely related to impairing strain
upon the individual.

Social relationships: Reference studies, including studidiseirarea of hombased
teleworking (cf. Kleemann & Vol3, 1999), have repeatedly drawn attention to the
issue of social isolation. The associated discussion tends at times to view work
performed in isolation from the outset as negative. Interestingly, dipends
however very strongly upon the attribution by the affected individuals, i.e. upon
their personal resources. The preferences of individuals, i.e. whether they prefer to
work alone or not, must be taken at face value. Mobiteupported work doubtis

leads to formerly stationary forms of work now being confronted with this fact. The
attribution of negative consequences solely to the use of mobile IT and the drawing
of conclusions on a purely technical level would not however appear to be geared
towards resources and solutions. The results of the present random survey further
indicate that the enhancing of personal resources by targeted programmes for the
development of skills and accompanied by structural provision for regular
networking between thenobile workers could be more constructive in terms of
reducing strain. Social relationships at the workplace were classified by the
participants in this survey broadly on average, i.e. by 46.8% of those questioned, as
being associated with significant tery high impairing stress. Up to 54% of those
questioned (depending upon the gwbup) however associated the variable of
isolation with significant to very high stress. The term loneliness appeared
repeatedly in isolated freext responses. Employers stalso appreciate that much

of the information communicated implicitly within an organization (unwritten rules)
may pass mobile, isolated workers by. Informal chats are in fact frequently
underestimated as a functional medium within companies. The c¢leffiexs is that

of the total value of social relationships upon the widekbalance and the workéys

own estimation of their mental and physical work ability, WAI2 (see Figure 3). In
this area, a weak but significant (p < 0.05) relationship is obsdrved335 and

.405). The related issue of scope for staff participation had already been raised by
Klemens in relation to the resulting burnout risk and recognized as a considerable
influencing factor (Klemens et al., 2003). It was therefore demonstrhtddtie
quality of social relationships in mobile upported work exhibits relationships
with impairing strain upon the individual.

Technology: The stress dimension of technology can be interpreted as the origin of
numerous forms of strain. It is impontahowever to consider that many forms of
strain attributed prematurely to technology become relevant only through the
relationship in particular situations with the specific work organization and work
environment. Almost the full range of assumed techrleficits were encountered.
Input devices were often unsuitable, since they exhibited ergonomic deficits.
Displays exhibited glare, were highly reflective, and often could not be adjusted to
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the lighting conditions. Data transmission was frequently waigj or no network
access available. In addition, software applications were often not suitable for the
practical work procedures. The source of strain of technology is notable for having
comparatively clear negative aspects (with values for tablet bearg even worse

than the average value stated). 74.9% reported significant to very high impairing
stress. The variable of software ergonomics is shown to have the clearest negative
influence upon the total value. The questionnaire focussed upon théacdafer
usability. The adaptation of the user interfaces to the small screens of mobile devices
can be regarded here in particular as unsuccessful. The variable of technical failure
is conspicuous, receiving a negative rating of 70.5%. The notebooks aatk tabl
used, i.e. the hardware side of mobile IT, were not in any way equipped for use
under adverse conditions, but were merely conventional business products. Total
failure was correspondingly frequent, causing interruptions in the wdrkers
productivity, totheir disadvantage (time pressure). It was also demonstrated that
where the technical equipment of mobilediipported work exhibited deficits, the
result was impairing strain upon the individual. Significant correlations were seen
with all surveyed formsef strain. Specific products for improving the situation were
recommended following market surveys and laboratory tests.

D C
Work -life
balance Health WAI2
L B N _N| LU N ] N

A: Work organization 40.00% 27.30% 28.60%
B: Work environment 35.10% 21.60% 22.30%
C: Social relationships 40.50% 27.50% 33.50%
D: Company/Health conditior 26.80% 30.70% 29.80%
E: Technology 25.00% 20.00% 17.70%

Figure 3. Relationships between stresses and strains, overview (r = 1 is treated as 100%)
Discussion

The present study represents a quantitative reference points in the study of mobile
IT-supported work. An established standard paradigm of the labour sciences (the
stress/strain  model) was operationalized and applied in combination with
observabns in the field and interviews (method triangulation). Results were
obtained for the specific fields concerned. The service technicians proved to be an
occupational group yielding useful study results. The assumption of high mobility
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among these employgenvas confirmed, as was the diverse and intensive use of
mobile IT. The interpretations and observations enabled a substantial need for
improvement to be identified within all the sources of strain (stresses). The key
factors leading to impairing strain veeshown to be not, for example, greater age or
the daily duration of use, but the way in which mobileslpported work is
organized, the form taken by the work environment of mobile workers, their social
relationships, and the quality and usability af thobile IT (hardware and software).
The most important individual variables were presented and related to the field. In
view of the particularly critical strain source of technology, a surprisingly high
relevance must be accorded to the work equipmemduet tests in the IF&
laboratories enabled recommendations to be made for ergonomic and usable
equipment. The high luminance and the reflection properties of the screens in
particular led to product recommendations in the area of rugged computing.

The datistical studies enabled the assessments of those surveyed to be related to the
findings from the field studies. At the same time, it became possible to identify
probable consequences of impairing stress in the form of impairing strain (outcome),
and tocompare these with reference groups, at least to some extent. A useful body
of data is thus available for the pending prevention work and can be used to launch
the necessary changes purposefully and selectively.
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Abstract

The role of the operat@ performance for continuous, hazdirge and economically

viable production in the chemical industry is of paramount importance. Even a
minor error may result in a near miss, an abnormal situation, and even a catastrophic
accident. This paper analyses and discusses the role played by distimicigtr
methods performed in an Immersive Virtual Environment (IVE) to form and
influence the performance of operators. An experiment was designed and conducted
for a specific procedure of a polymerization plant, i.e. catahysttor switch, where

the opeator has to follow a sequence of actions. Two groups of particifdrt24)

were trained within the IVE according to different training methods. The Immersive
Observers (I0) group observed a trainer explaining and performing the procedure,
while the Imnersive Actors (IA) group performed singularly and personally the
procedure through a smalled guideetour. The 10 group showed higher accuracy,
precision, process understanding, identification skill and lower help requirements
than those of IA group, coevsely IA group showed better speed when compared
with the former. The results lead to the conclusion that IVE are not effective per se
and need guidance by a competent trainer when the task is unfamiliar. The impact
for future research and practice arsadissed.

Introduction
Industry background

The contribution of chemical industry is enormous in terms of the quality of life that
was achieved in recent past, the availability of goods, and reduction in costs of
various necessary products, aptimization of energy consumption and production.
Only in Europe, in 2011, the production of chemicals generated euro 539 billion in
revenues. The chemical industry employed directly 1.1 million people working in a
large number of companies (CEFEC, 20¥)the same time, each year millions of
euros are lost in this sector because of accidents, unscheduled shutdowns or
abnormal situations, for instance the notorious Deepwater Horizon oil spill caused
an estimated economic loss of USD 90 billion. In teaffisuman lives, according to

the International Labor Organization (2003), 2 million people are killed by their
work every year, which means ca 5,500 people every day, ca 230 every hour and
nearly 4 persons every single minute.

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Europe Chapter 2013 Annual Conferend8SN 23334959 (orine). Available from http://hfes
europe.org
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Most of the industrial accid#s are triggered by some abnormal situation. An
abnormal situation is referred to as a situation where the operating conditions
deviate from the optimal range, which can result in the introduction of uncertainties
to the system leading to forced shlawn of the plant or generating a serious
accident scenario. Chemical processes run smoothly if operated within a safe region
as shown in Figure 1. If the process falls outside that region, an abnormal situation
occurs. If the abnormal situation is not managedperly, it can result in an
accident.

Accident event

Near miss — Abnormal situation

Optimal setpoint

Safe operation

Near miss

@ Accident event

Figure 1. Qualitative trend of a chemical process variable, y, as a function of time, t. Since
the process is intrinsically nelmear then the horizontal bands are usually not symmetric
(PSE Lab, Politecnico dvilano).

t

Influence of training on safety

Most of the abnormal situations, which arose in a process plant, are less due to the
failure of equipment, design or system and are more due to inappropriate reaction or
understanding of the operator who transfoarmossible little problem into a serious
accident (Reinach & Viale, 2006). There are different stages before a major accident
arises. Figure 2 shows the pyramid depicting different types of situations and
incidents before the major accident takes placestMid the situations including
unsafe behaviours, near misses and minor incidents can be avoided if proper actions
are taken in a timely and consistent way. If the situation can be controlled during the
first three stages of the pyramid, then major incislenight be avoided.

In a recent study by Antonovsky et €013) 45 petroleum industries were surveyed

to understand the elements responsible for accidents using HFIT (Human Factor
Investigation Tool). It was found that the most common reason amongjlafies

was the wrong interpretation or assumption made by the operator. Therefore, the
understanding, accuracy and errorless actions of operators are key elements in
determining the safety and the continuous production from industrial plants. Various
training methods are used in the industry with the aim of improving both opérators
understanding and performance.
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Accidents

Minor Accidents

NearMisses

@ Unsafe Behaviors

Figure 2. Safety pyramid reflecting different stages before reaching the major incident (PSE
Lab, Politecnico di Milano).

Operator training

An industrial operator is the person who works in the plant. Depending on his/her
location and nature of job, s/he works either as Field Operator (FOP, working in
field) or as Control Room operator (CROP, working in control room).

Although there is not a spiic operator§training method, nonetheless the concept

of industrial training exists since decades (Kluge et al., 2009). Contrary to training
methods for aviation industry, where homogeneity and consistency can be observed
independent of the geograpHicand cultural differences, the process industry
training methods face diversity and variance depending on country, nation, culture
and stakeholdés interest. Unfortunately, the value and impact of training has not
been fully understood and appreciatect@se of process industry. This study does
not focus on the importance of training, which is already extensively covered by
Nazir et al. (2012) , Manca et al. (2013), Salas et al. (2013), and Kluge (in press).

The Authors have been working on advancemeritdining methods for industrial
operators in order to improve their performance, reliability and ability to handle
normal situation, abnormal situation and rare situations like start up or shut downs
(Kluge, in press, Kluge et al., 2009, Manca et all2WNazir et al., 2013). Stanps

and shut downs are not the only rare events which take place in chemical plants, but
other events like regeneration of some specific components at a periodic frequency
are common events in industrial processes. The pildaif running into an error

in these rare events is higher as there is always a rather long time interval (usually
and at least from 1 to 2 months) between consecutive events.

It has been shown that skilled performance can be directtglated to quaty and
quantity of training (Kluge (in press), Proctor & Dutta 1995, Colquitt et al., 2000)
and expertise (Ericsson et al., 1993). Burkolter et al. (2009) and Nazir et al. (2013)
discussed the possible improvements in process control tasks attainakffereyntd
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training methods. Most of the conventional tasks are performed in the field and not
in the control room, where automation, graphical data, numerical values are
explicitly displayed on the screens of the DCS (i.e. Distributed Control System)
solution. Simple skills like identification, attention management, following a
sequence of actions in a precise and timely manner are sufficient to accomplish such
tasks successfully.

Training of CROPs is considered essential and vital in the world of prockssrin
Conversely, FOPs have been mostly neglected by the training programs of the
Industry. As extensively discussed by the authors of this manuscript, the training
tool for FOPs should be immersive and capable of reproducing the spatial layout of
the phnt. Manca et al. (2013) coined the term Plant Simulator (PS) to describe an
advanced training tool that is centred on the trainee and addresses the most relevant
human factors issues related to his/her formation and personal involvement. In less
technical words, the PS is a training simulator using IVE augmented by
computational software and algorithms to assess the performance in a systematic
manner. As reported in Nazir et al. (2013), the understanding of the plant geometry
and most relevant process ogsns was significantly improved with respect to the
conventional methodologies adopted to train FOPs. The benefits and usefulness of
IVE implemented in the PS training solution was tested and shown by Nazir et al.
(2012) and Colombo et al. (2013). Thasgeriments simulated an accident event
and compared two different training methods, i.e. PowerPoint presentation versus
PS (IVE). Conversely, the present study emphasizes on deepening the use of IVE by
analysing two training methods within the PS solutifem normal operating
conditions. In the study, a replica of catalyst injector switch was developed in the PS
by following the real process parameters, geometry and constraints. Moreover, an
algorithm for assessment of performance was developed and tatkgra

The purpose of these experiments based on alternative training methods is reaching
the best possible training practice for industrial operators so to mitigate the losses (in
terms of finance and human lives) in the process industry. This paper réprase
step towards filling the gap in the development of universally viable and consistent
training methods. Specifically, two groups of trainees are trained by means of
distinct methodologies inside the same training environment. The first group is
trainal in an IVE by an expert trainer. These trainees observe the specific procedure
for catalyst injector switch (discussed later) and represent the immersive observers
(10) group. The second group is trained by directly performing the actions within an
automaic guided tour. This is the immersive actors (IA) group. The performance
assessment on both groups of trainees allowed extracting the following bits of
information:

1) Observing the trainer performing the actions in an IVE improves the
performance in termsf@accuracy, number of helps required and precision.

2) Performing directly the actions in an IVE (without the previous example of
the trainer) improves response speed at the cost of accuracy.

Methodology

Participants
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A total of 24 university students (12 Maleage 224 year; mean 20.8 year; SD

0.94 year) participated to the experiment. The participants were from the third year
of the bachelor degree in Chemical Engineering at Politecnico di Milano. They
applied to an open and free call. No economic rewaas provided. In advance, the
participants were asked about any previous experience on similar experiments and
their interest in 3D gaming to increase a priori the groups formation and equalize
and balance the experiment. The experiment was performed @ndaocce to the
ethical standards laid down in the 1991 Declaration of Helsinki. All participants
signed a consensus form prior to their participation to the experiment and were
informed of the freedom of leaving the experiment without any prior notice.
Paticipants were randomly divided into two groups of 12 people each, equalized for
gender and previous experience (if any). Each participant was assigned an ID from 1
to 24. The immersive observers (I0) group was given the IDs from 1 to 12 while
immersive ators (IA) group received IDs from 13 to 24. All the participants were
amateurs, as they had not any experience of working in industrial plants.

Experimental setup

The catalyst injector switch

The training task consists in switching the operation ofdatalyst injectors. This is

a periodic but not routine task. The Spheripol process, where the catggsor

switch occurs, is the most widely used process for the production of polypropylene
(PP), with a total production of almost 80 million metric dqrer year (Spaniol et

al., 2008). The necessary steps of switching the catalyst at the plant are performed
periodically every 2 months. The technical details of this process and the catalyst
switch mechanism are out of scope of this paper and can be ifoting literature
(Urdampilleta et aJ.2006, Shi, et al.2010). The procedure for catalyst injector
switch involves a total of 29 actions. A successful catalyst switch can be ensured
only by following accurately such a sequence. Any errors in followiegsequence

can result in triggering an abnormal situation that may lead to a significant impact
on the process operation, thereby, resulting in huge economic losses. Failure of
catalyst switch is enough to bring losses of millions of euros as it requinaglex
maintenance activities based on the shutdown of the plant (and following start up
when the malfunction is fixed) with consequent production losses and need for
production rescheduling. Therefore, other than analysing the effect of training
methodsn IVEs on the performance of operators, this study focuses the attention on
the effectiveness of training procedures for catdahjsictors switch in the
production of PP.

During the development of the 3D model for catalpgtctors switch, the detailsf
the real process, in terms of geometry, process dynamics, physical appearance,
valves locations and functions, and piping, were considered (see Figure 3).
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Figure 3. A subsection of 3D catalyst injector switch model (courtesy of Virthualis company).
Training

Prei training

The participant (playing the role of FOP) experiences the PS as a 3D immersive
environment (facilitated by 3D passive glasses) in a dark room with spatial sounds.
The pretraining session is focused on the use of-cmck to allparticipants at the
same time (see Figure 4a and 4b). Mbnock is the means of interacting with the
IVE for current experimental setup. It allows moving around the process section
where the catalyst injectors switch occurs.

Figure 4b Training for the use of nwahuck.

Figure 4a. Nurchuck used to
interact with IVE.

Both groups were prirained for use of the nurhuck. At this stage, participants
had no prior knowledge about the function or significance of any valves and their
location.



use of immersive virtual environment for training industrial operatord57

Training

In order to keep the time interval between training and performance assessment
consistent, the 10 group was trained and assessed in the morning and the IA group in
afternoon of the same day. The fr&ining session lasted the same for both groups.

10 the imnersive observers group

The 10 group was given a lecture using slides presentation, which consist of
background information regarding the process, its significance. The sequence of the
first 9 out of 29 actions (see above), which the participants will ferpgng, was

also revealed in the last slide of the presentation (see Figure 5a). Both the training
and assessment sessions limited the sequence to 9 out of 29 actions based on the
available training time with relation to the capacity of working memonhénrange

of 7+2 chunks (Miller, 1956). At the end of the slides presentation, the 10 group
went to the 3D room (where the PS is installed). A trainer performed the 9 actions of
the training procedure by means of the PS and the participants observetiohis. a

While performing the catalyshjectors switch procedure, the trainer explained
briefly the meaning of each action to disclose the not overt aspects of the task. The
actions were performed at a slower pace than normal. Actually, the trainer took
about 20 min instead of the usual 6 to 8 min in real operating conditions, so that
participants could understand better the sequence and its meaning. All the
participants were completely involved and immersed in observing and understanding
the training sessh by wearing 3D glasses (see Figure 5b). The following step
consisted in assessing the participants when performing the 9 actions individually. It
was made sure that the discussions among participants, regarding the sequence and
experiment, were avoidedudng the waiting time. Moreover, once a participant
finalized the assessment procedure, s/he was suggested to leave the premises of the
experiment.

Figure 5a. First part of training session for Figure 5b. Secongart of training session
10 group using the slides presentation. for 10 group. The trainer (yellow helmet)
performs the set of nine actions.

IA the immersive actors group

In case of the IA group, the participants got a flavor of the experiment nature by
means of a short oral introduction (without slides) that lastédnutes and was
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followed by the training on how to use the rehuck (see above). Later, each
participantwas taken to the 3D room (PS) for the individual training session without
the trainer support. The automated guided tour took the participant through the 9
actions by following a yellow coloed visual cue (Figure 6). Once a step was
performed, e.g. thealve was either opened or closed, the yellow border surrounding
the specific piece of equipment changed into green to produce a positive feedback
about the action correctness. After training half of the participants, they were called
for the performance saessment session individually so to keep some consistency
with the IO group as far as the time interval between training and assessment is
concerned. The same pattern was used also for the remaining half of the participants
of the IA group to keep the tieinterval between training and assessment consistent.

Figure 6. A Participant of the 1A group involved in the training session by the fully automated
guidedtour procedure.

The total time of training for the 10 group was 40 minutes (15 minutes for slide
presentation and 25 minutes for immersive training by the trainer), whereas each
participant of the 1A group took about 30 minutes for training.

Additionally, participants of both groups were informed about the procedure about
how to request help. The Ipesupport was designed to avoid distraction during the
performance assessment session. The help could be invoked by just raising one
hand, which was read by a skeletal recognition algorithm based on the input from
the Kinect device of Microsoft. Once tharficipant asked for help (during the
assessment procedure) the following device to be operated in the actions sequence
was highlighted in yellow. By doing so, the participant was able to continue the
performance session without being stuck in the IVE.

Performance assessment

The operator/participant performance assessment is based on a hierarchical and
computerized methodology that allows evaluating the effectiveness of a specific
training method (Manca et al., 2012). Each action performed by the trairieg du

the assessment procedure is recorded and analysed. The assessment procedure is
implemented in a computer program capable of evaluating not only the marks about
the performance of operators but also registering, storing, and analysing the actions
and decisions taken by the operator during the experiment with the help of a
dedicated algorithm that runs in real time (Manca et al., 2012; Nazir et al., 2012).
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With reference to the catalyst injectors switch procedure, the performance
assessment is based dre tfollowing dependent variables, which are named as
Operator Performance Indicators (OPIs) (see also Figure 7):

Overall mark The total mark obtained by the trainee. It is evaluated by a dedicated
algorithm and is based on the number and nature of ewodiicted and the number

of helps requested. In the experiment (based on the first nine actions out of the 29
total ones), the maximum obtainable (i.e. theoretical) overall mark was 30.04.

Number of helps requested and when the help(s) was requestedplayticipants
during the course of experiment; they were recorded by the assessment software.
The possible range of score from helps requested can be from 0 to 9.

Number of errorsEach time the participant failed to perform the correct action the
softwareregistered it as an error. The total number of errors performed and their
relative significance produce the most important contribute to the overall mark.

Total time takenThis OPI reflects the time taken by each participant to finalize the
nine actionsThe time taken in requesting and using the help contributed to the total
time taken.

J

Overall marks

|

Number of helps
requested

OPlIs

|

Number of errors|

|

Total time taken

I

Figure 7 Operator performance indicators for catalyst injectors switch procedure.

Results
Overall marks

As shown in Figure 8, nine out of 12 (75%) participants eflt group obtained the
maximum overall mark (which means they did not make any errors and did not ask
for any help and took a time to perform the nine actions below a suitable threshold),
whereas only 4 out of 12 (33%) participants of the IA group weketalachieve the
same optimal result. Moreover, the lowest score among the 10 group is for
participant 5 i.e16.55, while for the IA group participants 18, 19, and 24 obtained
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even lower scores. The overall marks for the participants of both the IQvané t
groups are shown in Figure 8.

With respect to our assumptions concerning the benefits of the 10 training, these
numbers reflect the better performance (in terms of overall marks) for the
participants of the 10 group when compared with that of thgrdup, which is in
accordance with the expectations of this study.

35

Over all marks

10 -

1234567 8 9101112131415161718192021222324
Particpant's ID

Figure 8. Overall marks obtained by each participant (IO gralip:12, 1A group: 13 -24).
Higher is better.

Number of helps requested

In case of the 10 group, only 3 participants (25%@eded any help for the
completion of all the 9 steps. In case of the IA group there were 7 participants who
asked for helps. Moreover, a deeper look into the data reveals that only one
participant of the IO group requested help more than once (i.e.ipanticaumber

12 asked help 4 times). Conversely, four participants of the 1A group requested more
helps i.e participants 17, 18, 19, and 24 requested helps 2, 2, 8, and 4 times
respectively (see Figure 9).

Numbaer of times halps requasted

(=T T - T - B V-
L
i

S— | | [

12345678 9101112131415161718192021222324
Partidpant’s ID

Figure 9. Number of helps requested by eaafticipant (I0 group: 112, IA group: 1324).
Lower is better
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The total number of helps asked by the 10 group was 6 as compared to 19 in case of
the IA group. This shows that on average group IA required about 3 times more
helps than the 10 group to finz¢ the sequence of actions. This means that our
assumption concerning the advantage of the 10 training and its impact on the helps
requested is confirmed.

Number of errors

Number of errors made by the IO group was 3.5 times less than those made by IA
growp; the 10 group outperformed the IA group also in terms of drear
procedures. As a matter of facts, there were 9 participants of the IO group and only 4
participants of the IA group who did not make any errors during the assessment
procedure.

2 1 T H B 7]

Number oferrors conducted

0 -'—I N ——__ -I - T - + T . — . - — — r
1234567 8 9101112131415161718192021222324

Particpant's ID

Figure 10. Number of errors made by each participant (IO groupa®, IA group: 13-24,
(lower is better)).

Total time taken

The last OPI calculated is the total time taken by each participant to finalize the
experiment based on the 9 actions. The averagedpant by the participants of the

10 group was 407 s, that is 99 s higher than that of the IA group. Therefore, as per
the assumptions of the study, the responsiveness and promptness of the 1A group
were higher than the ones of the 10 group.

In summary, lie 10 group did perform better in accuracy and precision by running
into fewer errors, whereas the IA group was faster in completing the same task but
with a lower accuracy.
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Discussion

This study has examined the impact of training methods, within areigsive

virtual environment, on the performance of operators during a specific operating
procedure. The overall mark reflects the accuracy with which the actions were
performed. Moreover, it incorporates the number of helps requested and the relative
significance of errors made. The 10 group was more accurate and precise as was
demonstrated by the individual overall marks. Therefore, the first assumption is
correct and supports the earlier work (Nazir et al., 2013).

As mentioned in the results section, themer of helps requested by the 10 group
was far below the number of helps requested by IA group. The participants of the 10
group probably developed a more accurate association for identifying the
valves/devices and memorizing their location. They wereppasied in
understanding the whole picture of the procedure and set of actions by observing the
trainer and listening to his explanations. Similar reasons can be attributed to the
number of errors made by the participants of each group. It is interestoizperve

that 9 participants of the 10 group did not make any error in identifying and
operating the valves/devices. From a practical perspective, this is an important
finding because during sensitive operations like catdhysttors switch, there is no
space for any errors. One error in the sequence of valves/devices to be operated can
lead to the emergency shutdown of the whole process. In case of error in the
procedure sequence, the risk of undesired polymerization reactions inside the pipes
(insteadof the reactor) is rather high. When this happens, the whole plant must be
shut down and the involved pipes and injectors must be maintained.

According to the authodsimpression even if 1A participants spent efforts and
attention in following the colourto perform the sequence of actions they were
probably distracted from focusing on the complete sequence, the location, and the
arrangements of valves/devices in the IVE because a clear explanation of the
meaning of the sequence was missing and learnirsgbettomup. In contrast the

I0 group received a further explanation of the sequence meaning and reason.
Therefore, the 10 group was supported in memorizing, understanding, and following
the sequence by observing the expert trainer performing the actions.

The total time taken for each participant of the 10 group was higher than that of the
IA group. Actually, the participants of the IA group performed all actions during
their training by following the colours. Nevertheless, due to the lack of an extended
view of the scenario, the precision and accuracy in following the sequence of actions
were not comparable to the ones shown by the 10 group (see Figure 10).

It is worth adding a further comment, which is based on the efficacy of training in
IVEs. When the athors designed the experiment, there were vivid discussions about
the possibility by participants to perform the whole sequence of actions without
doing any errors. The overall task looked, at least theoretically, extremely
challenging and complex. Actugllsome authors were supposing the task almost
impossible due to the difficulty of remembering a rather complex sequence of nine
actions applied to valves and devices that are very similar and occupying a reduced
volume (see Figure 3). The scepticism wiaslfy washed away since there were a
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good number of participants (from both groups) who were able to achieve the
maximum overall mark corresponding to an effree sequence of actions. It is
rather surprising thinking at how an immersive virtual envirentrcan train in a
short time (3040 min) a trainee to perform a complex sequence of actions with a
quite good efficiency. IVEs implemented within a PS show their efficacy as tools to
improve the training of FOPs in complex environments.

The authors are awe of the fact that this study has limitations, e.g., that the
participants were all students and ni¥eab operators. Students are more
accustomed to receiving information in the form of lessons than that of being
exposed to a new environment. This needhat the results cannot be easily
generalized to plant operators with a different educational background and learning
capabilities. It can be assumed that operators are of a different age and differently
educated than the participants involved in thisdgt It would be necessary to
conduct similar studies with real operators and analyse their performance to draw
valid conclusions for organizational applications.

Conclusions and future work

This paper proposed a comparison of two distinct training adstimplemented in

an IVE to understand and analyse their influence on the performance of operators
based on the accuracy and speed reflected by proper OPIs. It was found that
observing a trainer when s/he is completely immersed in the 3D plant withl spatia
sounds resulted in improved precision and performance as compared to the training
method when the trainee follows the procedure and set of actions (once) in the same
IVE by means of a fully automated guided tour. Conversely, the response time
achieved bylatter training method was better than the former one. This study
reinforced the previous work (Manca et 2013, Nazir et a).2013, Kluge, in press)

that maintain that a PS improves performance of operators when they are facilitated
by an expert traier and opens the way to find more suitable methods to exploit IVE
training applied to the process industry. Improved performance of operators results
in averting emergency shutdowns, abnormal situations, and accidents, thereby,
saving financial and humagsources.

From a practical perspective, catalyst injectors switch takes place on average every
two months in several plants around the globe. The operator must follow-a well
defined sequence of actions. The impact of each action brings to different iesults
terms of its significance with respect to the process. Similarly, the error made among
the sequence of actions is a function of its relative significance and impact on the
overall process. Missing one action or doing an error, egening a valve and
allowing flowing water or oil instead of catalyst has a completely different impact if
the opposite action is made. Both errors are apparently similapeeating a wrong

valve, however, the damage in terms of cost and possible injuries associated can be
quite different. This task is independent of teamwork; therefore, the FOP is
responsible to carefully perform all the actions in a precise manner thites
cognitive skills like perceptual and spatial memory, attention management,
responsiveness and sedfiance and should be well trained.
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The use of IVE in training industrial operators is a relatively new concept. This
study shows its advantages gmalves the way to several questions which require
further research and investigations,.elpw much background knowledge of the
process is necessary before IVE training? How many times the trainee should
practice in the PS/IVE before being certified torwoen a real plant? What is the
most optimal way of interacting with IVEs during training session? Further
investigations are necessary to find the most suitable training method within
immersive environments and to find answers to the questions repooieel ab
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Strain caused by Head Mounted Displays

Matthias Wille, Britta Grauel, & Lars Adolph
German Federal Institute for Occupational Safety and Health (BAuA)

Abstract

Head mourdd displays (HMDs) have become smaller, lighter, brighter and less
expensive during the last years. They are now on the threshold to mass market and a
wider field of applications. During work they can be used as an adaptive assistant
device showing contexgensitive information while hands are free for the main task.
Within the projectthead mounted displaysconditions of safe and straoptimised

use of the German Federal Institute for Occupational Safety and Health (BAuA) a
study was carried out: 41Igects worked for four hours on a construction task and a
parallel monitoring task. The content was either presented on a HMD or on a tablet
PC. Besides performance within both tasks objective strain parameters {(NASA
TLX, RSME) and a visual fatigue questitaire were selected. Measurements at
different timestamps gave insight into the strain trend over time comparing both
display technologies. Results showed a higher strain and slower performance while
working with a HMD compared to a tablet PC. Anothercoate was a stronger
increase over time in strain and visual fatigue while using a HMD, especially for
elderly users. This implicates that working conditions, e. g. rest periods, have to be
adjusted to fit to new technologies.

Introduction

In 1998, Kellerand Colucci reported, that head mountesbliiys (HMDs) did not
meet uses’ expectationsat that time Nevertheless, they expected HMDs to be
useful tooldf design problems woulbde resolvedNow, 15 yearsater, the design of
HMDs showsprogressHMDs are becoming lighter and small€ompletely new
solutionsare at the prototype stage.

Monocular HMDs allow users to receive data from the real environment and
additional information at the same time (Kawai et al., 2010). Thus,dheyadopt

the primaryfunctions of job aids: provide information, prompt procedures of coach
perspectives and decisions. Th®in intention of using job aids is to improve
performance by reducing cognitive loadRosset & Gautier Downes, 1991;
Salvendy, 2012).

One advantage of HMDs over traditional job aids like manuaisnew display
technologies like handhelds that they can provide the user with context sensitive
information while working handfee. Their usage iparticularly suitable if tasks
contain severadteps, information can be provided in a graphical format, information
is time critical and there is little tolerance for errdicr detailed informéon see

In D. de Waard, K. Brookhuis, R. Wiczorek, F. di Nocera, R. Brouwer, P. Barham, C. Weikert, A. Kluge,
W. Gerbino, & A. Toffetti (Eds.2014). Proceedings of the Human Factors and Ergonomics Society
Eurgpe Chapter 2013 Annual Conferend&SN 23334959 (online) Available from http://hfes
europe.org
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Grauel, Kluge & Adolph2011).Nakanishi, Taguchi and Okada (2010) showed that
visual ontask ingructions using sethrough HMDs are more suitable than auditory
instructions for preventing careless skilised errors. A comparison study (Glumm

et al., 1998) showed that soldier performance of land navigating was better if using a
helmet mounted dispja compared to using traditional navigating equipment.
Soldiers also reported lower levels of mental workload.

However, HMDs can create problems which may not occur if tradltjobaaids or
displays are used, because the viewing situation is not natBatte(son,
Winterbottom & Pierce, 2006). Kawai et al. (2010) stated that, in spite of
technologicalprogress many questions regarding usability and usefulness remain
unanswered.

To identify the conditions for straioptimized use of HMDs to improve job
performance a long term study which addresses the optimization of work and task
load was conducted.

Method

To investigate strain and visual fatigue within longer sections of using- head
mounted displays, a study was conducted in the laboratories of Ahe\.B
Participants worked in 3 sessions for 4 hours each with an HMD or comparatively
with a tablet PC. Hereby the first session was always held with the HMD, while the
repetition with the HMD and the comparison with the tablet PC were permutated as
the 29 and 3 session among subjects. The repeated measurement with the HMD
was arranged to estimate a first habituation to the new technology. Between the
sessions were at least two and a maximum of 10 days.

Participants

A total of 41 subjects participated the study with an age of 1&7 years. The
sample was divided by median split int@o age groups to investigap@ssible age
effects. In the yoursy groupwere 21 subjectbetween 181 years (Mean = 23.48
SD = 3341, 9 male 12 femalg. In the older goup were 20 subjés aged 3&7
years (Mearr 50.55, SD = 9.214, 11 male9/femalg. None of the subjects had
previously worked with an HMD.

Tasks

The subjects had to perform two tasks which were instructed as equal important
(dual task paradigm): Firsthey should assemble model cars from building bricks,
based on a famous construction toy. The assembly instructions were displayed on
either the HMD or on the tablet PC. These imbgeed, step by step assembly
instructions were chosen because it redemimdustrial assembly instructions, such

as those being used in maintenance. In a parallel presented monitoring task, subjects
were asked to pay attention to three vertical bars on the outer edge of the screen and
confirm certain state changes with atbatpress. The bars varied continuously, but
very slowly in length and from time to time in its colour (blue / red). Colour change
which includes a visual peput effect by the large change in presentation, should be
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confirmed by one button. On a secondtbon each a change of position of the
longest bar, caused by the continuous variation in length of the bar should be
confirmed. The variation of the bars were programmed randomly, but on average a
change in bar colour happened every 140 seconds and aeciatige longest bar
position every 95 seconds. As a further dependent variable in half of the blocks
feedback was given on the last confirmation in form of a written notice on top of the
bars (e.gficentre- redd), while in the other blocks such feedbaeks not given.

Apparatus

The used HMD was a MAVUSystem fromfiHeite@® company, as it is currently
used in industrial maintenance. It is a monocular look around display with a
resolution of 800 x 600 pixels. The technique is fixed to a head carrier which
includes a front camera and a headset. During the study the camera and headset had
no function, while in industrial applications they are provided for communication
with experts. The head carrier including all technology weighed 380 grams and was
connectd via a cable with a vest which included the radio technology for the
transmission of data and the accumulator for power supglyablet PC the CL900

by Motion was used. To ensure that the representation of the work content was
comparable, only a windowaf 800 x 600 pixels was shown and the rest of the area
was covered. All interactions forward and backward switching the construction
slides and buttons for confirming the bar tasksok place over a converted number
pad.

Rechts-Rot % =30
®

Figure 1. Left: work conterds presented on the HMD. Right: HMD used in the study.

Procedure

The subjects were seated in a witlfoom in front of a heightidjustable table. At

the beginning of the experiment, the table was set to the body dimensions of the
participant. The expémenter sat behind a partition and monitored the session which
was fully recorded on video. At the beginning of the first session participants filled
out a questionnaire about demographical aspects and were informed about the test
procedure in common artthat they could cancel the experiment every time they
want. After that, their experience with different kinds of technologies was asked and
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a questionnaire about technology affinity (E& by Karrer et al.,, 2009) was
completed. Then the RSME scale (RatBzale of Mental Effort, Zijlstra, 1993) for
monitoring mental strain was introduced. Subjects were asked to imagine different
typical daily routine situations and to rate them on the RSME scale to get some
practice in using the scale which was retrieveerlat different points in time during

the session. Afterwards, the instruction describing the tasks and the session
procedure in common was given in a written form. If participants had any questions
they were answered by the experimenter. SubsequenthiNtiz was shown to the
subjects and all functions were explained. After that, the head carrier was adapted to
the subjects and the HMD was put on. Hereby the monocular HMD was always
mounted in front of the individual guiding eye of the subject and th¢alséralways
showed up in the outer region of the visual field (left side for left dominant eye, right
side for right dominant eyeYhen the combination of the two tasks was practiced
for about 10 minutes in the first session. The following session weedaut in 4
blocks of 50 minutes each. There was a break of 5 mitetwgeen the first and last

two blocks where subjects keep the head carrier of the HMD on, but folded the
display out of their sight. Between block 2 antl i& the middle of the sessic was

a major break from 15 minutes where the HMD was removed and the subjects were
asked to stand up and move around a bit.

During the session, several subjective stress parameters were measured: The RSME,
which reflects the perceived strain on a saafle€d-150, was administered in the
middle and at the end of each block during the work. So in total eight measurement
points are available to give insight in the development of strain over time. The
NASA - TLX (Hart & Staveland, 1988) with its six subscalwas not presented
directly in the work situation, but right at the beginning of the big break and at the
end of the experiment, so here are two measurement time points available. The pair
comparison for the individual weight of the subscales was cartiedtadhe end of

the experiment. Furthermore, a questionnaire on visual fatigue (Visual Fatigue
Questionnaire after Bangor, 2000) was administered at 5 time points: immediately
before the experiment to determine the individual initial situation and diraftér

the end of each block. (As an objective strain parameter the heart rate was collected
during the entire experiment, too. These data are still in analysis.) At the end of each
test session, anterviewwas conducted with the subject.

Experimentablesign and variables

This study followed a repeated measurement plan with multiple dependent and
independent variables. Independent variables are the experimental sefissbn
measurement HMDAHMD10¢), second measurement HMBHMD?20) and tablet

PC @Tabo) - and thefeedbackin the monitoring tasks (blockwise change). The age
and technology affinity of the subjects are between subjects factors (each median
split into 2 groups). Dependent variable was the number of construction slides per
session, as a fermance indicator in the assembly task. This was possible because
the complexity of each slide is similar across different car models and complex
models primarily consist of more slides. Further dependent variables were the hit
rate and reaction time ithe monitoring tasks, RSME values 8 times, NASA-

TLX values at 2 times and VialFatigueQuestionnaire at 5 times.
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The data was analyzed in SPSS 20 using ANOVA with repeated measures. Here,
two experimental sessions were always compared in paicsrmparison over all 3
sessions at once would be not allowed with regard to contents because they do not
represent levels of one factor, but in one case it is a repeated measurement to derive
habituation effects and in the other case a comparison of diffeneasurement
technology. For purposes of clarity this article is primarily concerned with the
comparison between the second HMD measurement and the -Péblet
measurement, representing differences between display technologies. The second
measurement witthe HMD was chosen, because here a sufficient familiarization
with the newtechnology already was given. The comparison between first and
second measurement with the HMD which can describe habituation effects with the
technology is also described if signént effects appeared.

Results
Construction task

As a performance indicator in theonstruction taskthe number oftonstruction
slidesprocessed per session was usedomparing across both age groups with a
HMD significantly less stepswere donethan when using a tablet PC (HMDG=

130.9 ,HMD2 =128.8;Tab = 157.7) Taking the age factor into account timain

effect of display stayed significanE(l, 37) = 24.285p < .00]] and furthermorea

highly signficant main effect of age showed up(l, 39 = 23.647,p < .001]:
Younger participants processed more constriction slides per session (see Figure 2).
A habituation effect on the HMD by the coarson between the first and second
measuremenivas notdetectedF(1, 37) = .208p = .651.

Monitoring task

The monitoring taslshowed a highly significant difference between the tagges
fibar colard and fibar lengtld: change in bar colar always hd a higher hit rate
[F(1, 36) = 84.60, p < .00]] and lower response tinj&(1, 36) = 17.560p < .00]

as the changefaoposition of the longest bar (seabtes1 and 2). This effect
illustrates the effect of a visual popoby the large variation icolour change and
wasexpected. Similarlythe feecbackon the last confirmed position léd a highl/
significant increase in the hit raté([L, 37) = 58,257p < .00] in both kartasks.But
the reaction time showed no main effect of feedb&¢k,[37) = .078p =.782]. The
display type showed no significant effect on the hit r&{@,[37) = 3.635p = .065]

or reaction time F(1, 37) = 2.858p = .100]. However, the tendency is towards
better valuedor the tablet PC. A habituation effect for the HMD by comparison of
1% and 2 measurement showed up in terms of the hit r&fé,[37) = 5.395p =
.026 ], but not for the reaction time(fL, 37) = .196p = .661]. An effect of age was
not found in the monitoring task.
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Figure 2. Number of processed construction slides per session by age groups. Error bars
reflect the 95% confidence interval.

Tablel. Average hit rate in percent for the monitoring tasks by test session and feedback
(standard deviation in parentheses).

Feedback HMD 1% HMD 2™ Tablet PC
measurement measurement

Colour changes| no feedback 78.17 (15.91) 81.02 (14.99) 80.86 (15.12)
given feedback  87.30 (15.27) 89.85 (13.25) 92.62 (11.18)
Length changeg no feedback 63.25 (23.43) 66.11 (21.96) 71.39 (18.45)
given feedback  73.99 (21.58) 79.75 (18.07) 81.23 (14.07)

Table2. Average reaction time in seconds for the monitoring tagkest session and
feedback (standard deviation in parentheses).

Feedback HMD 1% HMD 2 Tablet PC
measurement measurement

Colour changes| no feedback 9.60 (5.91) 11.50 (11.21) 11.86 (9.47)
given feedback  13.68 (8.26) 12.85 (8.98) 11.50 (6.65)
Lengthchanges no feedback 20.29 (21.64) 20.93 (21.36) 17.66 (19.21)
given feedback  19.42 (12.48) 19.99 (14.17)  16.14 (10.61)
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Subjective Strain

The subjective stin measured by theNASA-TLX (see figure B showed a
significantly higherscore for the HMDcomparedto the tablet PCH(1, 37) =
26952,p <.00]. The increase of perceived stress over time is also signifieght [
37) = 14.267p =. 001], but no interaction between display typel measurement
time showed upH(1, 37) = 1375,p =. 253].No main effect of age was found, but
an interaction between display type and age reached statistical ten&€hc87) =
3.172, p =. 083] based on a higher increase in strain over time on elderly
participants.A habituation effect betweerf'tand 2 measurment with the HMD

can not be proved.

For the first time an influence of technology affinity showed up in interaction with
the display type F(1, 37) = 5.000p = .031]: Participants with lower scores on
technological affinity showed not only a higher stress score in general (HMD: 73.18,
tablet PC: 66.17), but also less of the discharge in strain by the tablet PC compared
to users with higher technology affinifyMD: 68.96, tablet PC: 51.35).

overall strain (after 2
100 hours)

overall strain (after 4
hours)

weighted NASA-TLX sum score

HMD 1st measure HMD 2Znd measure Tablet PC

Figure 3. Weighted NASALX sum score after 2 and 4 hours of working by session. Error
bars reflect the 95% confidence interval.

The RSME value (see figure 4) also showed a highly significant increase in strain
for theHMD compared to the Tablet PE(fL, 35) = 84.435p < .001], an increase
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over time F(1, 29) = 6.956,p < .001] and a main effect of age([L, 35) = 6.684,

p = .014], which again indicates that seniors are more stressed. The development of
strain over tine also showed the influence of breaks on the strain rating: The short
breaks of about 5 minutes after 60 and 180 minutekere the HMDs head carrier
were kept ori seemed only to have little effects. However, the longer break after
120 minutesi where he HMDs head carrier was taken dffseemed to result in
lower values on next strain request for younger participants, while older participants
did not profit from that break.

Figure 4. RSME score over time by session and age groups.

Visual fatigue

The Visual Fatigue Questionnaire (VFQ) collects various aspects of visual fatigue
within 16 items. Each item is recorded on a-p@int scale, a sum score does not
exist. The questionnaire was given before the start of the session and then hourly.
Resultsshowed a clear, highly significant change of almost all item scores, which
however remain at a low average level e8.5. All items showed an increase over
time and higher strain levels on the HMD. For many items, the interdependency time
x display was gjnificant which reflects a greater increase over time during the HMD
sessions.

As an example the iteifidifficulty in seeing shampshowed a main effect of display
[F(1, 36) = 28.662p < .001] , a main effect of timd-[1, 33) = 8.510p < .001] and
an irterdependency display time [F(1, 33) = 7.668p < .001]. But here also a



