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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.



18 JansenYan EgmondPe Ridder & Silvester

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
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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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=~ 80
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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



24 JansenYan EgmondPe Ridder & Silvester

Solo patrol Dual patrol

Driving to incident: 8% Driving to station: 3% Driving to incident: 12% Driving to station: 12%

TN

Driving Driving
surveillance s Usurveillance
Parked 36% Parked 15%
\ surveillance surveillance
1 0% H / /
3 i | /
F L
i i
if
Parked at station Parked at station
» 4 -
{ &
\ \
po——

 —

Vo

Excerpt
f CALL CANCELLED (B30)

IO ORI S M

N0 TLHORId MO

(828) TIVO AONIONING
(B10'STSOTIVIV) TIVD ALl Moy

AR
: (L\B“g‘@
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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
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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).



Garcia, Blanco, Nogueirg, Rial 36

3+

I I
o
o)) —
©
1o
S
< 2,63
2,21 213 ’ 2,25
- 2,00] = 1213 [2,04] A
1,75| [1,75
0 T L L L L L L L
< m o <o oo <a o oo
g & 2 2 &£ 28 L & 2 8L
®
B ER2EBEE2E2EE 88 OB
T ©®© ©®©® ® ®©®© ® ©® ®©®© ®© £ < C
E €E E E € € E € € & o0 o
¢ © o © © o © O o © O ©
'c'c-c'c'c-c'c'c'cg‘%g
cC € ¢ T ®® T ® ® ©
S 6 6 &% & ¢ & & © T E E
2 2 v o o o 9 9 o
OCJ%:SS_QQQ'
2 = 2 >ggE
T & w ke 2
T ®© ®
o O QO
o 9O o
o O o

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.

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



