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| Preface

This thesis has been formulated in the Englishdagg for the specific purpose of
publication in an English journal. For this reasthnis article attempts to meet all
prerequisites necessary and demanded of suchificiamnuscripts, above everything,

to remain precise, up to date and relevant tolteme it seeks to explore.






Il Article

Detection Response Tasks — A New Method to Measut®gnitive Workload






Abstract

Currently, many new in-vehicle information and coomitation systems are entering
our cars. They range from media players to nawgatystems to speech based systems
which allow the use of the vehicles functions bgesgh. While these systems are
intended to facilitate the driving task, some reseahows they also may also have the
potential to distract drivers (e.g. Santos et28lQ5). In order to evaluate to which
degree such systems are suitable for the whiléngrivnany evaluation methods have
been proposed. While most of these evaluation ndstatiow the measurement of
visual-manual distraction (e.g. eye tracking), atga distraction is much more
complicated to measure. However, as more systenwriemulti-modal or purely
speech-based, it is getting even more importantdasure the impact of cognitive
distractions. Recent studies (Merat & Jamson, 288B)ored a promising method to
evaluate cognitive workload: detection responsksté®RTs). Such detection response
tasks rely on at least a dual task setting, whHeenhpairment in a secondary task (the

detection response task) is an indication of theklead imposed by the primary task.

In this study three types of DRTs were evaluatestipperal detection response task
(PDRT), auditory detection response task (ADRT) taxdile detection response task
(TDRT). In order to evaluate the sensitivity of eaxd these DRTS, cognitive tasks like
the n-back task (Mehler et al., 2009) and a cogrtiisk were deployed in two levels of
difficulty. Additionally, these cognitive tasks wepresented in a visual, auditory, as
well as pure cognitive way to clarify if any intetens between the different modalities

of the DRTs and the presentation modes of the twgriasks exist.

Results revealed significant differences betweegh hand low levels of cognitive
workload for all three types of the DRT variantalkexating the reaction time. However,
a closer examination of the results showed thaPDRT is not adequately sensitive to
measure increased cognitive workload on the cogrtsk if the dependent measure is
the hit rate.

It is concluded that all three DRT variants areeasstive measurement technique to
assess cognitive workload. More research is netdedlidate these findings on the use

of real world tasks. Furthermore it has to be pnoNet is possible to apply one of the



DRT variants to a tertiary design (driving + testk + DRT), as this would increase the

ecological validity of the method.

Keywords: DRT; PDRT; ADRT; TDRT; N-back task; Cognitive wdolad; Driver

distraction



1. Introduction

In recent years, the installation and use of variduver information systems, such as
driver support and infotainment systems, has become and more widespread in
vehicles. These systems have been designed intordefiver useful information to the
driver and simplify the drive (navigation systems a good example of this incentive).
Nevertheless, the use of such systems has sinodibked with the exercise of mental
workload and the possibility of distraction. Thegdee to which those systems interfere
with a drivers attention and lead to distractios lgat to be determined. An even more
precise estimate of these factors could be vergfi®al, as it would have tremendous
significance when it comes to ensuring a safer whyise of such systems while
driving. Accident likelihood may increase if drigeengage in too many secondary
tasks. Wierwille and Tijerina (1998) found eviderfoe the negative influence of the
amount and frequency of visual attention to in-gkhdevices on the safety of drivers

using a large pool of accident data.
In general, driver distraction can be categorizethe following three types:

» visual distraction: caused by tasks that requieedtiver to look away from

the road to visually obtain information

* manual distraction: caused by tasks that requigedtiver to remove a hand

from the steering wheel to manipulate a device

» cognitive distraction: caused by tasks that reqthie driver to avert their

mental attention away from the driving task

Most of present day in-vehicle information systeans visual-manual systems as they
use touch screens or controllers as input devidate whey present information on

display screens. As a consequence, most of tharaddskas been concerned with visual-



manual distraction (Angell et al., 2006). Recetiig has also lead to the publication of
guidelines to reduce visual manual distraction lne tNational Highway and
Transportation Administration of the United States America (NHTSA, 2012).
Nowadays, the implementation of auditory-vocal syst has increased in order to
minimize the distraction potential of the driverrihg the use of such information
systems. Therefore, these systems require voiag gpd provide auditory feedback.
This way, even though the direct visual-manual ofdehe device is successfully
bypassed, distraction of the driver's attention rs@ly occur through the cognitive

workload involved.

In contrast to the large amount of research andsarement techniques that exist for
the evaluation of visual-manual systems, researckagnitive workload is still in its
early stages. Only a few widely accepted measureneehniques exist, which rely
mainly on self reporting (e.g. De Waard, 1996). réfiere, the accurate evaluation of
cognitive workload still constitutes a challengegogéat importance for research.

In the following I will review briefly the state aksearch on cognitive workload, how it
can be measured, and which quality criteria areefbee essential. Consequently, | will
present an experiment that evaluates the sengitia new evaluation method for the
measurement of cognitive workload called detectesponse task (DRT) for use in the

automotive context.



2. Theoretical background

2.1. Limited capacity

Driving requires a significant amount of cognitiwerkload in itself. This workload
increases significantly through the use of variduser information and infotainment
systems during the driving task, as the drivereiguired to divide his/her attention

between the actual driving task and the use oktbgstems (Santos et al., 2005).

Attention is generally considered to be a limiteghacity within the human information
processing procedure and selective attention igefine viewed as a logical
consequence stemming from these limitations. Wathard to the human information
processing, it can be assumed that the availalwfitihe resources required is indeed

limited.

The concept of limited process resources withinhibmman information processing can
be found in numerous basic theories on attentiong@ent, 1958; Kahnemann, 1973;
Wickens, 1984). Distribution of those resourcesethels upon the tasks difficulty and
the individual's motivation to successfully complehe task. Therefore, the ability to
cope with demanding situations differs from indivédl to individual, as does the

respective mental workload.

2.2. Resource theories

In the last decade, various plausible models ofdruresource management have been
the focal point of the debate stemming from thedrteeunderstand the ways and forms
in which cognitive resources may be compromiseche&aly, two research traditions
have been established by researchers, single oestheories and multiple resource

theories which will be briefly described in theléling sections.



2.2.1. Single-Resource-Theories

Single resource theories focus on a sole, cenesburce. According to Kahneman
(1973) humans have access to a central pool otires®. If the available capacity of
this single resource pool is exceeded (for instaagea result of multiple competing
tasks) cognitive demand can be observed.

According to the single-resource theories, therea idirect connection between the
number, the difficulty of the simultaneously atteddtasks as well as the resulting
cognitive performance: with additional tasks therfgeenance deteriorates and
influences the limited cognitive resource. The bkigthe difficulty level of a task, the

lesser are the resources and as a consequencergeisvalso performance.

This theory is usually considered in connectionhwitual task experiments. Two
parallel tasks can be simultaneously performedil tiné available single resource
becomes exceeded and thereby is no longer sufficiekReep both tasks functional.
When this occurs, deterioration of the performanwey be observed, which mainly
manifests in delayed reaction (for example delgyedsing on a key, or an increase of

the latent reaction time before producing an onalger) or faulty actions.

2.2.2. Multiple-Resource-Theories

Contrary to single-resource proponents, multiplsouece theories suggest specific
modules for information processing. Although thedry also suggests a limitation of
the cognitive system, it determines the generaacayp of the cognitive system as the

combination of various single capacities, indepenhd®m one another.

The multiple resources model proposed by Wicke®@®Z» outlines four categorical

dichotomous dimensions of information processirmg Bigure 1):
a) Stages perception & cognition vs. responding
b) Codes spatial vs. verbal
c) Modalities: visual vs. auditory

d) Visual processing focal vs. ambient
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Figure 1 Structure of the Multiple Resource Model a proposed by Wickens (2002).

Wickens™ model states that there are independsatirees for perceptual and cognitive
activities which are also separated from the uryieglexecution and response selection
(see Figure 2). Evidence for this dichotomy is jued when the difficulty of
responding in a task is varied and this manipufatioes not affect performance of a
concurrent task whose demands are more perceptdaognitive in nature.
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Figure 2 Representation of resources that supply flerent stages of information processing
(Wickens, 2002).

The codes of the processimymension indicate that spatial activity uses défe
resources than verbal/linguistic activity does, iehaotomy expressed in perception,
working memory (Baddeley, 1986), and action (LinM&ickens, 1992; Wickens & Liu,



1988). The separation of spatial and verbal ressueccounts for the relatively high
degree of efficiency with which manual and vocalp@nses can be time-shared.

The modalities dimension (nested within perceptmd not manifesting within
cognition or response) indicates that auditory @gtion uses different resources than
visual perception does and thus it is easier taddiattention between the eye and the
ear than between the same channel (auditory oalyisu

A fourth dimension was later added to these thramedsions: visual channels,
distinguishing between focal and ambient visionpested dimension within visual
resources. Focal vision, primarily (but not exchety) foveal, supports object
recognition and, in particular, high acuity pereept Ambient vision, distributed across
the entire visual field and unlike focal vision peeving its competency in peripheral
vision, is responsible for perception of orientatand movement. This can be explained
with the help of the following example: ambientiwisis needed to keep a car moving
in the centre of the lane (e.g. Mourant & Rockwé®72), whereas focal vision is
essential for reading road signs, glancing in thar rview mirror or recognizing

hazardous objects on the road.

According to this model, it is possible to undeeakultiple and parallel tasks without
any undue disturbance if external conditions renuaichanged. For instance, the ability
to divide attention regarding separate perceptioadatities (i.e. eye and ear) is easier
by the so called cross-modal time-sharing tharhkysb called intra-modal time-sharing
(Wickens, 2002).

According to both resource theories resourcesimuiget. Thus, information processing
is strongly connected to cognitive workload, whighl be defined in the next chapter.

2.3. Definition of cognitive workload

Next to the discussion concerning which mental weses are available for the
information processing, it is also important toidefthe term “workload”, or at least to
attempt a clarification as to what the term meansesthe term has no standardized
definition, even though the concept of workload Imidpe familiar to most people

intuitively.



A simple definition of workload would suggest thiais the sum of all demands, which
have been placed upon an individual on a given mmbnte time. However, this
definition defines workload only insofar as extdrimafluences are concerned (De
Waard, 1996) which does not make any allowanceageessing how these influences
affect an individual. Therefore, a more precisardgebn, which would cover both — the
system requirements and the specific charactegisticthe individual user - may be
more appropriate. According to the definition prepd by Parasuraman and Hancock
(2001):

-Workload may be driven by the task load imposedhoman operators from

external environmental sources but not determicedy so, because workload is

also mediated by the individual response of hunaraiors to the load and their

skill levels, task management strategies, and gibesonal characteristics.”
(S.306).

Accordingly, the degree of workload depends upom ¢t@mponents, on the complexity
of the task (task load) and on the individual perfance prerequisites (abilities, skills
and motivational settings). Mental workload is thlie consequence of a complicated
interaction between the specific traits of an imdlial and the requirements of the task
in the context of motivation (Manzey, 1998).

Once both aspects have been incorporated in theitcef, it becomes evident that the
estimate of the workload depends on the naturdeftask and the characteristics of
each individual. It follows thus, that the samektesquirements can induce distinctively

more intense workload when applied to differentgeo

Different workload assessment techniques have pemrosed. They will be discussed
in the following chapter. However, | will first desbe basic quality criteria for such

techniques that will help to evaluate the qualitgach workload assessment technique.

2.4. Workload-assessment techniques

The ability to correctly measure the driver's wodd is essential for the development
and evaluation of driver information and infotaimmheystems. The goal is to ensure
that the workload involved in their use remainsl@as as possible in order to avoid

potential perils such as automobile accidents.



2.4.1. Quality criterions for workload-assessmentt  echniques

Since workload is not directly observable, measemmmethods especially designed
for this purpose need to be developed. Evidentigsé methods have to comply with
specific quality criterions. According to O Donnelhd Eggemeier (1986) for a more
precise workload assessment technique additiondkriar such as sensitivity,
diagnosticity, primary task intrusion, operator eguance and implementation
requirements need to be taken into considerationgaide usual psychological quality

criteria such as objectivity, validity and reliatyilthat will be described below.

Objectivity: A measurement fulfills the objectivity criterionf guality when two
distinct observers acquire the same result whenppgd with the same measuring

instrument (for the same objective).

Validity: The validity of a measuring instrument dependghenextent to which the
instrument in fact measures the dimension it clabmameasure. In this case this
dimension refers to the extent to which the metfeaatts exclusively with variations of

cognitive workload.

Reliability: This dimension concerns the reliability of a methdhis means its
stability and consistency. A method is therefot@bde if it produces consistent results

under consistent conditions.

Sensitivity: This criterion describes the capability of thehieique to indicate changes
of the workload level due to task difficulty or cesce demand. The more accurately
mental workload fluctuation can be registered, there sensitive the technique is
considered to be.

Diagnosticity: The term diagnosticity refers to a method's padémd reflect demands
on a specific resource, i.e. to what extent thehow$ procedure can provide with

information concerning the underlying factors iefhecing cognitive workload.

Primary-task intrusion: This dimension refers to the degree to which aklead
assessment technique interferes with the primask.ta#\s the primary task in
determining the degree of driver distraction isvig, the applied measurement tool

should not degrade the driving performance.



Operator Acceptance.The degree of approval of the technique by the igseeferred
to as operator acceptance. The user's opinioneofmdlasurement technique can affect
the correctness and accuracy of the measure. lergetihe acceptance is higher if the

technique is less intrusive and has high face wglid

Implementation Requirements: This dimension assesses the practical limitatidres o
technique, such as, for example, the requiremerad specific piece of equipment or

possession of specialized technical knowledge.

For the following section established measuringho@s for cognitive workload will be
introduced and discussed. According to O’'Donnel Bgdemeier (1986), the empirical
measuring techniques can be classified in thrdendisategories:

e self-report measures

» physiological measures

» performance measures
2.4.2. Self-report measures
For this type of evaluation method, the user isstjoeed on the degree of his/her
mental workload as well as on the way upon whids thanifests. Subjective, self-
report measures are based upon the premise thasénes capable to correctly identify

and assess the degree of his/her mental workloatltbe limitations of his/her own

capacity to process information (Roél3ger, 1996).

Indexing is normally done with the use of a singtemulti dimensional rating scale.

The following are the most prominent examples ahssubjective measures:
» Rating Scale of Mental Effort (RSME) by Zijlstra9@3)

* NASA-TLX (NASA Task Load Index) by Hart and Staveth(1988)
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Figure 3. Examples of the RSME and NASA-TLX surveys

The single-dimensional RSME offers questions albetsubjective effort involved in
solving a task, whereas the multidimensional NASA<Tmeasures mental and
physical workload by means of six dimensions (mledimand, physical demand,

temporal demand, performance, effort, frustration).

In most cases, the survey is conducted directbr adisk processing. Questioning during
task completion has been deemed problematic siaceprding to Wickens and
Hollands (2000), the number of tasks which needdoexecuted simultaneously is
essential at the assessment of workload. This mibangwo easy tasks, which can be
executed simultaneously without any significanthpeans could be assessed as more
difficult than a single difficult task which failhis could lead to adverse effects.

Furthermore, to define workload status on a givement through subjective means is
impossible, since conducting the questioning moardgtinterrupts the process and

can therefore lead to erroneous measurements.

Moreover, a subjective measurement of the degremgnitive workload is based on
information recalled at the time of the survey avitich respectively the subject has

become consciously aware of (Hart & Staveland, 1988

10



2.4.3. Physiological measures

The second option available for measuring cognitiwerkload is to collect
physiological data. The fundamental idea behind thithat changes of the workload
can be directly observable in changes of the ceatréhe vegetative nervous system.
Typical indications would include, for instance riasion of the heart frequency, skin

resistivity and EEG.

A significant advantage of the measuring of mewalkload by means of physiological
examination is that it does not require participatof the user in a direct way and
measurements may be obtained during task oriemtadti@s, without interrupting the

process. Moreover, physiological measurements ane rooncise and offer a higher

temporal resolution (Wickens & Hollands, 2000).

However, these measuring methods are heavily dep¢noh specialized technical
equipment, as the case is, for example, for thetrelencephalogram (EEG). This
method is currently not practically applicable tbe evaluation of in-vehicle driver
distraction. Another recently discussed methodhésso called pupillometriy (Schwalm
et al., 2008).

Pupillometry is based upon the observation thatlpul® not react only to stimulation
by light, but also to emotional and mental processed that the size of the pupil is

altered depending on the effects of mental workload

The equipment required for such measurements igglalyhsensitive eye tracking
system, which can register changes of the puprédtar with high temporal frequency.
The high resolution of the measurement gives thixgxlure a significant advantage

over other methods, as the continuous change itain@orkload can be observed.

Nevertheless, such a measurement is not entirelyglgm free, since light conditions
and changes in the distance can also trigger atiasaof the pupil diameter. Therefore,
if applied to realistic and application orientetuations, like in a driving experiment,
the challenge lies in correcting the raw pupil sighy eliminating external influences.
This can be done by using a special method calied’index of Cognitive Activity”
(Marshall et al., 2004).

Although this method seems to be very suitable &msure mental workload while

driving, it is in its current stage still a moresearch oriented approach. The underlying

11



algorithms are still protected by a patent of acgfmecompany. Further, the method has
only been used in few research studies. Theretakdation of the method and its

algorithms is still research in progress (Schwa&6q9).

2.4.4. Performance measures

The third variant of empirical measuring techniquesto measure performance.
According to this model, behavior or performanceirtyitask procedure are evaluated
and measured so that the workload involved may bterchined. Performance
measurements can be further distinguished into $wb categories: primary task

measures and secondary task measures.

Primary task measures

A task is considered primary, when it is aimed tasathe main focus of attention.

Such primary activities are ascribed the highesjre® of priority. Performance

measurement is very task specific, given that tkeduprimary tasks can vary
considerably. The number of errors committed, fyeed of performance or the reaction
time measures are frequently used as primary-tadonmance measures in laboratory
tasks. There is not one prevalent primary task oreasalthough all primary-task

measures are speed or accuracy measures. In metatidriving typical performance

measures are speed, lane keeping (lateral anduolimial control) and steering angle.

However, there is a considerable disadvantage enude of performance measures.
They can not provide with an indication as to wtiegt actual mental workload of the

operator might be. In addition it can fail to deétperformance differences between two
individuals, as one may be approaching the limtisfher capacity while the other may

still have available resources at his/her disp(3alWaard, 1996).

Therefore it is necessary to combine primary tasgomance with other dependable
workload measures in order to draw valid conclusiabhout man-machine interaction

and, in particular, about the operator's strateggnergetic state.

Secondary task measures
Performance measure of secondary tasks is anothetorevaluate mental workload. In

such scenarios, a secondary task is being perfoatoedjside the primary task and the

12



performance exhibited in this additional task isleated (O Donnell & Eggemeier,
1986).

This is based upon the theoretical suggestionahatsources not otherwise engaged
by the performance of the primary task are stithiable, and may be used for other
activities, which relate to the secondary task.ofidary task performance evaluation
allows for conclusions to be drawn on the extentthef use of resources and the

workload generated by the primary task.

According to this approach, the Peripheral DetectiRkesponse Task (PDRT) was
introduced by Martens and Van Winsum (2000), topes#ormance in a secondary task
as a gauge in order to determine cognitive worklddte PDRT constitutes the first
variant of Detection Response Tasks (DRTs). In xpeament | will compare three

variants of this new workload assessment technique.

2.5. Detection Response Task

2.5.1. Development of the Peripheral Detection Resp  onse Task

The Peripheral Detection Response Task (PDRT) wagnally developed by van
Winsum, Martens and Herland (1999) at the TNO HumRactors Research Institute in
the Netherlands. The PDRT is based on the perecemtiovisual stimuli, which are
presented in the periphery of the visual perceptamge. Responses are typically made
by pressing a microswitch attached to the indegdin Thereby the driver’'s cognitive
workload is assessed indirectly via the detectate.rThe development of this novel
evaluation method was based on the assumptiothiaize of the field of perception is
reduced through the application of increased cognivorkload and that a so called

visual tunneling effect occurs.

This idea can be traced back to Miura (1986), whesgnted spots of light on the
windscreen under different horizontal angles andsued the reaction time for stimuli
detection while conducting a driving experiment. Keind that the reaction time
increased as the complexity of the driving taskg.(ehigher traffic density)

simultaneously intensified. The results were intetgd as being indicative for a
reduction of the functional visual field of view @ the complexity of the driving task

becomes higher.

13



Similar results have been reported by Williams @,98988), who conducted
tachistoscope studies, where the gaze directionfixad. Participants were asked to
name letters as a primary (foveal) task and idgriife orientation as a secondary
(peripheral) task. He noted an interaction betweecentricity and foveal task load,
albeit only in some conditions, which can be inteted as tunnel vision. The ability to
process peripheral information decreased as fdwadlincreased.

However, Recarte and Nunes (2003) investigatdusfdffect is due to visual tunneling
or if it is in fact caused by general interferenthey tested the effect on detection and
discrimination of visual stimuli with different eentricities and found significant
effects of cognitive load but no interaction withcentricity. This clearly provides
indication that the cause of the decreased perfocenéies with a general interference

rather than visual tunneling.

In fact, “cognitive tunneling effect” suggested Yiktor et al. (2008) may be a more
appropriate term to use, when it comes to desgilhe phenomenon than “visual
tunneling effect”, given that the phenomenon isidative of a shift towards

increasingly selective patterns of attention.

In their study Martens and van Winsum (2000) tetedPDRT with stimuli at different
eccentricities in high and low driving demand caiotis. They found no evidence for a
visual tunneling effect, as there was no effectistial eccentricity of the stimuli at all.
(See Figure 4).
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Figure 4. RT and fraction of missed signals as a fiction of horizontal angle and workload (Van
Winsum et al., 1999).
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Thus, it can be asserted that it is rather a covgnitinneling effect that occurs, and that
the detection performance depends surprisingle ldh the stimuli position. Moreover,
the sensitivity of the PDRT does not depend orsthmeuli position at all.

The main application of a detection response taskesearch on cognitive workload
until now has been the visual PDRT. The PDRT hamhesed in simple laboratory
studies (e.g. Liu et al., 2009) as well as in satar studies (e.g. Burns et al., 2000) as
well as in real traffic (e.g. Jahn et al, 2005)alhof these applications the PDRT has
since been established as a highly sensitive mdtirocheasuring cognitive workload
(e.g. Olsson & Burns, 2000; Harms & Patten, 20@BnJet al., 2005).

However, there are some clear drawbacks and liomsitof the classic PDRT. The
PDRT depends on the participants™ ability to see gtimulus and at least in non-
laboratory studies it can not be excluded that lae@bleye movement have an impact on
stimulus detection. As an example of such a negamnpact it was shown by Jahn et al
(2005) that participants missed many PDRT signélgewvaiting at traffic lights.

To summarize, while laboratory studies showed feces of stimuli position, there was
a clear negative impact of traffic situation inldistudies using the PDRT. To overcome
such inherent methodological drawbacks of the @dBRT, new research has focused
on establishing other versions of the DRT as weltiscussing the suitability of such
DRTs for laboratory as well as field studies (Enfyst, 2010).

2.5.2. Different Detection Response Tasks
Since research showed, that the sensitivity of RRERT does not depend upon the
position of the stimuli presented, a next logicalelopment was to explore whether it

is in fact essentially independent from the stirsutuodality.

Therefore a number of modifications such as theithug Detection Response Task
(ADRT) and the Tactile Detection Response Task (TDRave been developed. The
stimuli involved in these modifications are not uvay but auditory and tactile
correspondingly, eliminating the problem of lookiaggay and thereby missing visual

stimuli.

All three DRT variants have been (simultaneoushgted for the first time in a single
driving simulator study by Merat and Jamson in 2008 their experiment, they
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examined the effect of two tasks on signal detaciothe visual, auditory and tactile
modalities. The tasks used were one visual-mamlgpbhone task (typing a seven digit
phone numbers on a touchscreen numberpad) andnéticegask, where participants
had to count backwards. The results showed thah@e types of DRT have the same
sensitivity and that all three detection tasks sargable for assessing distraction (see
Figure 5).
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Figure 5. The effect of each IVIS on index of decreent in reaction time for each detection task
(Merat & Jamson, 2008).

While the authors of this study argue that thesuhs show that all three types of
detection tasks and their corresponding modalitylimexchanged according to the test
conditions (e.g. replacing LED with auditory stimah a sunny day) it is not yet clear

to what degree their results generalize.

Firstly, they used a tertiary design (driving +ttesk + DRT) as experimental set-up.
Driving scenarios vary to a large degree as wellragng simulators do. To compare
results between different test sites, one woulcehavstandardize a driving simulation
scenario that had to be used along with the DRTwe¥er, such standardizations of
driving simulators and scenarios have proven verdficdlt (Jamson, 2000).
Furthermore, such tertiary designs can add compldri the evaluation procedure.
Therefore, it would be worth to evaluate differ®RT tasks in a more basic setting as a

secondary task (test task + DRT).
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Secondly, Merat and Jamson used one visual-maaslaland only one cognitive task.
They did not vary experimentally how such cognittesks are presented or induced
(e.g. peripheral, auditory, or pure cognitive) daded to account for interactions
between the modality of the detection task andribdality of the test task as predicted

by Wickens™ model (see Figure 1).

For this reason the following experiment is base@ onore fundamental, basic research
approach. The cognitive workload was systematioaiyed using two difficulty levels
as well as different presentation modalities of ttugnitive task to determine if
interferences between the DRT variants and theeptagon mode of the secondary task

exist.
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3. Research Objective

For the purposes of this study three different DRifiants (peripheral, auditory and
tactile) are systematically tested in referencehtr sensitivity to measure cognitive
workload under different presentation modes ofsth@ndary task.

According to Wickens™ multiple resource theory, ldizsk interference will be more
intense when two tasks demand overlapping resauitas therefore important to
determine whether the chosen type of DRT appliedamy influence on the secondary
task. In particular whether it triggers undesirabléeraction when the stimuli are
presented via the same channel (visual/auditoryyloich also the secondary task itself

is being loaded.

As this work aspires to contribute to the fundarakresearch into the different DRTS,
artificial test tasks were chosen. In order to test effect of high and low imposed
cognitive workload on the detection response taskKopmance, cognitive loading
secondary tasks were applied. These additionas taske implemented with two levels
of difficulty: Easy, i.e. less demanding task, afifficult, i.e. more complex and thus
more demanding task, in order to verify that theTBRire an appropriate measurement
tool by which cognitive workload can be assesséztgvely.

Finally the following secondary tasks were chosEme n-back task (Mehler, Reimer,
Coughlin & Dusek, 2009) via visual presentation mdd from the original

requirements and additionally in the original versivia auditory presentation. A
counting task, designed to serve as an almost gagaitive presentation mode, was
also implemented. Even though these tasks diffah@ir presentation mode, they all

induce comparable low and high cognitive workload.

It becomes therefore important to determine whether interference occurs as

suggested by the multiple resource model by Wické&@00). For instance, the
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peripheral detection task (PDRT) and the visuatlyspnted n-back task use the same
resources and thus the performance might be nefjatfected. The same hypothesis
is extended to include both the auditory detectiask (ADRT) and the aurally

presented n-back task. As a control the countisly should serve as a pure cognitive

workload inducing task and therefore no interfeesnwith any of the DRT variants

were expected here.
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4. Method

4.1. Participants

All twentyfour participants (12 female, 12 male)tims experiment worked for BMW.
The age range of the subjects tested was betwean®42 years old, with an average
of 29 years $D = 5.17). All of the participants had normal or remted-to-normal
vision. Three of the participants were left handad,one of them was forced to use his

right hand as a child and is now ambidextrous.

4.2. Apparatus

The experiment was carried out in the Usability 2abt the Research and Innovation
Center of BMW in Munich. The experimental set-upswauilt upon a desk and the

participants were asked to assume a centric positifront of it (see Figure 6).

The experimental set-up consisted of a laptop,loudspeakers, positioned behind the

laptop and the three different detection respoaslest
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Figure 6. Experimental set-up.

For the peripheral detection response task (PDRM@ fed LEDs were mounted
horizontally on a black cardboard and spread symaoadlyy from the center point. The
participants were seated 1 m in front of the LED $@that the stimulus presentation
would be obtained from a horizontal angle of 11285 of the participants™ forward
view, as specified by Martens and van Winsum (2000)y the four outer LEDs were
lit up, the one in the middle was used to measweorrect distance.

Participants were required to respond as soonegsdétected a lit up LED by pressing
a microswitch, which was attached to the index dmgf their dominant hand. On
average every 4 s, with a random variation betw&emd 5 s, a visual stimulus was
presented. The LED signal was visible for a maximafml s and within this limited

time frame it disappeared as soon as the subjeet@eesponse.

The auditory detection response task (ADRT) wabzesh by presenting a 1 kWh sinus
tone (according to Merat & Jamson, 2008) using lovwmispeakers arranged behind the
laptop. The participants were asked to adjust tleme to a comfortable audible level
prior to the start of the experiment. The auditstiynuli were produced for a maximum

duration of 1 s and on average every 4 s, withhda®n variation of 3 and 5 s. Prior to
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the initiation of the experiment, participantss hbden instructed to press the
microswitch upon detection of an auditory stimultsch caused the sinus tone to stop.

Finally, a small electrical vibrator, obtained froen mobile phone (according to
Engstron et al., 2005), was attached to the wristhe non dominant hand of the
participants (see Figure 7) so that testing fortHatile response task (TDRT) may be
conducted. The participants were encouraged tosadpe vibration strength via a
regulator to a comfortable level prior to the st#rthe experiment. The tactile stimuli
were also given every 4 s, with a random variatietween 3 and 5s and lasting a
maximum of 1 s. The subjects were asked to respsrsbon as they detected a tactile
stimulus by pressing the microswitch.

Figure 7. Vibrator pad attached to the wrist and mcroswitch.

Average reaction time and hit rate were used afoqmeance indices for all three
variants of the DRTs. Responses that were givemini s after the onset of a detection
response signal were counted as a hit. The hit ttateefore corresponds to the
percentage of correctly responded stimuli withie 28 time frame. Any subsequent
response outside the 2 s time frame following gumth of the stimulus was considered
as a miss. The complete lack of a response haseako registered as a miss and has
been included in the calculation of the rate. Aiddi&l responses triggered in the

absence of a stimulus were considered as falsaslar

4.3. Secondary Tasks

For the auditory presentation mode the n-back #askpecified by Reimer (2009) was
used. 10 single-digit numbers (0 to 9) with an rstienulus interval of 2.5 s were

recited aurally via loudspeaker.
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Two levels of difficulty were employed; the 0-baakd the 2-back version. In the O-
back version the participants were asked to simplyeat out loud each number
immediately after it was presented (see Table 1 ilfastration). This variant is
considered easy and imposes less cognitive workla@ltke the 2-back version which
is highly demanding. In this condition the partanp is required to recall from memory
the number that was presented two numbers befereulrent value (i.e. two items
back) and repeat out loud that value meanwhilend numbers are presented. This

places the 2-back version in the 'difficult’ catggof variants.

The following example illustrates in detail how ti® and 2-back task were

implemented:

Table 1. Example of the two versions of the n-badiask.

Presentation: 0 4 7 1 3 9 2 8 5 6
0-back 0 4 7 1 3 9 2 8 5 6
2-back Subject Subject| 0 4 7 1 3 9 2 8

is silent| is silent

The n-back task was also presented visually viagPBaint presentation on a laptop to
cover the visual presentation mode. The originablaset-up was hence transformed
into a visual presentation mode with all above nosm@d specifications remaining the
same. In order to eliminate the learning effecty series of numbers were employed.

Again the two levels of difficulty (0O- and 2-backgre used.

As a third task without any real presentation mthgecounting task was implemented.
The participants were requested to begin countmgauds in steps of two beginning
from a given three-digit number. This was the aasyant. More workload was induced
by the difficult variant, where the participants reveasked to count downwards in
increments of seven from a given three-digit numBee Appendix 9.1 for the n-back

audio files and PowerPoint presentations, as vediha given three-digit numbers.

4.4. Design

In general a 3x2 within-subjects design was empldge each detection response task,

with three different presentation modes (visualli@muy, purely cognitive) and two
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levels of difficulty (easy and difficult). The depeent variables were reaction time and
hit rate.

4.5. Procedure

The experimenter offered all participants a brigiiiiarization period and adequate
explanations both on the detection response tastkoa how the various devices and
apparatuses worked prior to experimentation. Théggaants were able to adjust the
volume of the auditory stimulus for the auditorytes®ion response task, as well as the
strength of the tactile stimulus administered by Wibrating element attached to their

wrist to a comfortable level.

Once the initial stages of the experiment were detad, the secondary tasks were
introduced and explained. Even though it was natiide for the participants to train
for them, adequate instructions and explanationse waovided about what was
required of them and how the procedure functiokettlitionally, the participants were
instructed to not prioritize any one of the two egjvtasks (detection response task and
secondary task) in favor of the other, but ratbeaim for the fastest and most accurate

performance possible of both tasks.

The setting of the detection response tasks wagdasut blockwise. The participant
started the experiment with one variant of the D& ran through all the three
secondary tasks, proceeded with the next DRT Vasaad finished with the last one.
The order of the DRT variants and the secondarikstasas randomized. Each
secondary task was repeated three times, wheredsshtrial served as training and its
results were not used for subsequent analysis apopletion. The total testing time
lasted approximately one hour.
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5. Results

The aim of the study was primarily to determine thiee the DRTs are an effective
means to measure cognitive workload, and as sueht@lclearly differentiate between
less and more demanding tasks, and secondly tomdagewhich of the tested DRTs is

best suited to which mode of presentation.

Analyses of variance (ANOVA) were carried out or tturrent data set to determine if
there were any effects of difficulty for each sedany task in the reaction time and hit
rate. T-tests were run for each DRT variant to @agewhether they are discriminating

between the low and high imposed cognitive workload

In Figure 8 the mean reaction times as well asntlean hit rates are shown for the

visually presented n-back task.
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Figure 8. Mean RTs and hit rates for the three diférent DRT variants under the visual
presentation mode.

For the visual presentation mode, significant meffiects of the difficulty were found
for the reaction time;(1,23) = 32.68p < .05 and the hit raté(1,23) = 13.48p < .05.

T-tests for the three different DRT variants reedahat all of the variants proved to be

effective and able to differentiate between low aigh cognitive workload. (Reaction
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time: PDRTt(23) = -3.15,p < .05,r = 0.55; TDRTt(23) = -4.72,p < .05,r = 0.70;
ADRT t(23) = -3.41,p < .05,r = 0.58; hit rate: PDRT(23) = 2.31,p < .05,r = 0.43;
TDRT t(23) = 2.90 p <.05,r = 0.52; ADRTt(23) = 3.23p < .05,r = 0.56).

Table 2 shows the mean reaction times and hit fatethe different DRT variants in

the visual presentation mode.

Table 2. Mean RTs (ms) and hit rates (%) plus SD fadifferent DRT variants.

PDRT PDRT TDRT TDRT ADRT ADRT
easy difficult easy difficult easy difficult
Reaction | M 501 618 608 754 741 840
Time SD 116 240 181 208 157 216
Hit M 99 92 99 91 96 89
Rate SD 3 14 3 16 7 13

Figure 9 shows the average reaction times as weélemean hit rates for the auditory

presented n-back task.
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Figure 9. Mean RTs and hit rates for the three diférent DRT variants under the auditory
presentation mode.

Significant main effects of the difficulty were alfound for the reaction time, F(1,23) =
129.45,p < .05 and the hit rate(1,23) = 19.55p < .05 under the auditory presentation

mode.

T-tests for the three different DRT variants reedalthat all three were able to
significantly differentiate between low and highgodive workload to a significant
degree.

(Reaction time: PDRT(23) =-6.81p < .05,r = 0.82; TDRTt(23) = -6.67p < .05,r
0.81; ADRT1(23) = -9.27,p < .05,r = 0.89; hit rate: PDRT(23) = 3.34,p < .05,r
0.57; TDRT(23) = 4.13 p< .05,r = 0.65; ADRTt(23) = 2.45p < .05,r = 0.46).
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The mean reaction times and hit rates for the @diffe DRT variants in

presentation mode are shown in Table 3.

Table 3. Mean RTs (ms) and hit rates (% plus SD for different DRT variants.

the auditory

PDRT PDRT TDRT TDRT ADRT ADRT
easy difficult easy difficult easy difficult
Reaction | M 486 600 549 712 711 870
Time[ms] | SD 114 171 107 164 166 183
Hit M 99 93 99 91 97 89
Rate [%] | SD 3 9 3 11 5 16

Once again, all of the three DRT variants demotestthe capacity to significantly

discriminate between low and high cognitive workldlat is orally presented.

In Figure 10 the mean reaction times as well asniean hit rates are shown for the

counting task.
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Figure 10. Mean RTs and hit rates for the three dierent presentation modes.

For the purely cognitive presentation mode, a ficant main effect for difficulty was

found for the reaction timés(1,23) = 29.15p < .05 and the hit rate(1,23) = 18.44p

< .05. However, there was also a notable interactm the hit rate between the
difficulty and the DRT variant$:(2,46) = 3.3815p < .05 indicating that the different
DRT variants exhibit varying degrees of sensibiitlyen the difficulty level of the task

increases.

T-tests for the three different DRT variants reedathat all of them are able to
significantly discriminate between low and high oiliye workload regarding the
reaction times. (Reaction time: PDR(R3) = -3.25p < .05,r = 0.56; TDRTt(23) = -
3.44,p < .05,r = 0.58; ADRT(23) =-2.63p < .05,r =0.48)
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However for the hit rate only the TDRT and the ADRe a sensitive measure. (Hit
rate: PDRTY(23) = 1.92p > .05,r = 0.37; TDRTt(23) = 3.45p < .05,r = 0.58; ADRT
t(23) = 3.18p < .05,r = 0.55)

Table 4 shows the mean reaction times and hit fatethe different DRT variants in

the cognitive presentation mode.

Table 4. Mean RTs (ms) and hit rates (%) plus SD fadifferent DRT variants.

PDRT PDRT TDRT TDRT ADRT ADRT
easy difficult easy difficult easy difficult
Reaction | M 508 589 600 722 705 777
Time SD 143 174 188 253 158 207
Hit M 98 96 95 85 96 89
Rate SD 3 6 8 16 4 10

Thus, it is evident from the results presented hbeg there were no interferences
between the DRT variant and the presentation madall.aThe results are almost

identical for each presentation mode.
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6. General Discussion and Conclusion

Recently a shift towards the implementation of sargivocal information systems
(NHTSA, 2012) into the vehicle can be observed,ciwtdimed to reduce the distraction
caused by visual-manual information systems. Nae&ss, these systems may be still
distracting as cognitive workload occurs. To asdbes cognitive workload that is
imposed by these systems, suitable measurememtiqeels are needed. Therefore the
purpose of this study was to take first steps oteoto evaluate new types of cognitive
workload assessment techniques: detection respasise (DRTs). Three different types
of DRTs were compared to evaluate their suitabibtyneasure cognitive workload.

The following DRT variants were evaluated: perigthedetection response task
(PDRT), auditory detection response task (ADRT) taxdile detection response task
(TDRT). The cognitive workload was systematicallaried, by using artificial

secondary tasks in two levels of difficulty whiclene presented visually, audibly and

purely cognitive.

Thus it was determined if there are interferencesveen the DRT variant and the
presentation mode of the secondary task both &septed via the same channel, e.qg.

visually.

The results of this study strongly suggest thaD&IT variants were able to discriminate
between high and low induced cognitive workloade Picture over all secondary tasks
remains consistent while evaluating the reactiores. The reaction times in the PDRT
setting are the shortest, followed by the reactiores with the TDRT and the ADRT

setting. All three detection response tasks shomnaarkable sensibility to measure

cognitive workload.

Nonetheless it may be important to note that thesupe may appear rather different
should evaluation be based solely on the hit ragtead. A significant interaction
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between the detection response variant and theudtff level indicates that the DRT
variants do not demonstrate the same sensitivitgrmthe level of difficulty increases.
A closer examination reveals that the PDRT is rogqaiately sensitive to measure
increased cognitive workload on the counting tdstus it seems that the hit rate is an

even more sensitive measurement than the reaatenaione.

Surprisingly no interferences between the modalftthe secondary task and the DRT
variants were detected. Even though the secondakyand the stimuli of the detection
response task were sent to and received througbatine channel (visual or auditory),
there appeared to be no evidence of interferenbés finding is contrary to the

assumption and prediction based on the multipleureg theory by Wickens (2002).

Where the modality of perception distinguishes leefvauditory and visual resources
and therefore dividing attention between the eat #e eye should be easier than

between the same channel.

A possible explanation for this might be that thRT3 themselves require so little in
attentional resources. This of course is a usefstodery and generally speaking a
positive one, considering the workload measureneoit should not induce a lot of
workload itself. Therefore, all DRT variants areually suitable for what ever kind of
presentation modality of the secondary task attleath these artifical test tasks.
However, another explanation could be that the itiwgntasks that were chosen were
not as demanding and therefore participants dideath their information processing

limits.

Relating to the basic methodological quality créat can be stated that the DRTs are a
valid measuring tool to assess cognitive worklddds is clearly shown in their ability
to detect and discriminate between high and lowlkewef cognitive workload. They are
furthermore a very objective technique, as the gaace and the interpretation of the
results are independent of the experimenter. Thabrity of the DRTs has to be more
thoroughly examined in the future, as up until now identical studies have been
carried out. Although a consistent coherence beaiwke DRTs and the cognitive
workload in other studies could be found (Marteny& Winsum, 2000; Harms &
Patten, 2003; Jahn et al., 2005; Patten et al§)200
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The further quality criteria postulated by O Donragld Eggemeier (1986) by which the
suitability to measure cognitive workload is asedsare partly met. All three types of
the DRT are very sensitive in their ability to disunate between the high and low
cognitive workload that was induced on the par#oig. However, the DRTs are very
low in their diagnosticity, as they do not discnraie between the different types of
workload. On the basis of DRT measures, it is nmdsle to distinguish between
different types of workload (for example visual aodgnitive workload). Since an
adequate measuring tool for workload was neededgtihahis criterion is certainly not
the most important one. Primary-task intrusion waiWays arise as soon as a secondary
task is deployed. Nevertheless, the results of shusly showed that the interference
between the DRT variant and the presentation mddéhe® secondary task was
negligible. As the operator's acceptance of thessssent technique might have an
influence on the measurement (e.g. low motivatibe) DRT is quite suitable, because
usually it is not recognized as a measurement tqaantself, but rather as just another
task. Finally the implementation requirements aather low, compared to the
pupillometry method for example. The different aaitis are easy to implement and data
collection can be fully automated. Furthermore ¢bst of the hardware is negligible
and the equipment relatively easy to set up.

Despite the fact that there is a strong consenisat the DRTs are indeed a very
sensitive method of measurement for cognitive waadll (Van der Horst & Martens,
2010; Engstrom, 2010), future research is stilldeekein order to specify some absolute
criterion against which driver distraction can beoren accurately determined,

particularly in the context of international staraiaation.

As Olsson and Burns (2000) suggested permissiblRTPbit rates no less than 65%
and reaction times not slower than 800ms as tamdfivesholds. Admittedly until now
there is no indication of how much impairment iegé detection tasks is considered to
be too much impairment. However, previous studredicated a rise in the brake
reaction time of 168 ms by a blood alcohol coneditun that varied around the legal
limit (e.g. de Waard & Brookhuis, 1991). Thus, litoslld be considered, if the use of
any device that increases the reaction time ofdthesr by more than that of the legal
alcohol blood concentration is advisable.
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This study had its main focus on the detection @fnitive workload induced by
artificial tasks, as it should provide further misi in basic research concerning the
DRTs' sensibility. Therefore, to be able to dra¥inal conclusion about the suitability
of the DRTs as an appropriate cognitive workloadsoeng tool, it is needed to test
real world tasks in a similar systematical way. ISteal world tasks like an automotive
speech based in-vehicle system could show interéeewith the ADRT that were not
observed in this study. Accordingly, a real woridual manual task interference with
the PDRT could be observed. These interferencekl qmtentially come about as a

result of higher levels of task complexity and wosdd.

Finally, an open question remains on how the DRAcukl be applied if used to
evaluate cognitive workload in an automotive cohtdurther testing is required in
order to determine the extend to which it is pdssib apply one of the DRT variants to
a triple test scenario (driving + secondary tadRRT variant). The triple test scenario
variant is clearly the one with highest face andl@gical validity, because a driving
scenario is combined with the test scenario. Howeves also much more complex and
interferences between the three tasks can not ibenated. Moreover it is to be
expected that participants will use different comgagion strategies to reduce the
applied workload in especially demanding situatjdios example by reducing speed
(HASTE, 2004). Another possibility to reduce workibis that participants switch from
triple task to dual task performance by neglectiregdetection response task. Therefore
the hit rate is an essential marker for the qualitthe data. However it is crucial to use
these tertiary designs as they offer high univerahdity. Only the findings of using an
information system while driving can be generalireds real distraction potential.

According to the results of this study the usehef TDRT and ADRT appears to be the
most appropriate and can be recommended, as forthetreaction time and the hit rate
showed their sensitivity to measure cognitive woakl. However, more empirical and
theoretical work is needed, to gain more insightthe underlying concepts and to
establish the DRTs as a valid method to evaluagaitiee workload respectively driver

distraction.
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8. Summary in German

In den letzten Jahren wurden vermehrt Fahrerinfoons- und Entertainmentsysteme
ins Fahrzeug implementiert. Diese dienen dazu, Bahmer wertvolle Informationen zu

liefern und die Fahrt zu erleichtern. Jedoch swlih die Frage, wie sehr der Fahrer
durch die Systembedienung tatsachlich abgelenkt. witm eine sichere Bedienung

wahrend der Fahrt gewahrleisten zu kdnnen, gilless Grad der damit verbundenen
Ablenkung zu erfassen. Eine Uberbeanspruchung kongzu fiihren, dass

fahrrelevante Entscheidungen nicht mehr schnellsicider getroffen werden und sich
damit die Wahrscheinlichkeit fir Fahrfehler und &lid erh6ht.

Gerade wahrend der Entwicklung dieser Systemesisteshalb wichtig, dass getestet
werden kann, ob und wie sehr diese Systeme gegafaieeablenkend wirken, um
dementsprechend die auf den Fahrer einwirkendesBlg so gering wie maglich zu

halten.

Die meisten Systeme erfordern eine visuell-manudlledienung und in den
vergangenen Jahren wurden eine Reihe von Bewerhgijeden entwickelt und zum
Teil auch 1ISO-standardisiert (z.b. Okklusionsmethd80 16673), die in der Lage sind
diese Komponente der Beanspruchung zu erfasseerdilys werden neuerdings
vermehrt rein sprachbasierte Informationssystem@ementiert. Somit wird zwar die
direkte Ablenkung durch die visuell-manuelle Bedieg wéahrend der Fahrt vermieden,
jedoch kann die erhdhte mentale Beanspruchung duscébenfalls ablenkend wirken.
Die Bewertung und Messung der mentalen Beansprgchtellt deshalb eine zentrale

Herausforderung dar.

Die ursprunglich von Martens und Van Winsum (200@rgestellte Peripheral

Detection Response Task (PDRT) und die in Folgeiekelten weiteren Varianten der
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Detection Response Tasks (DRTSs) stellen eine ngekersprechende Messmethode

dar, um mentale Beanspruchung sensitiv zu erfassen.

In der urspringlichen Variante, der Peripheral Dgte Response Task (PDRT),
werden zufallig visuelle Stimuli im peripheren Blfeld der Versuchsperson
prasentiert. Sobald die Versuchsperson solch eirserellen Reiz entdeckt hat, soll sie
dies mittels Druck auf einem Antworttaster signalen. Aufgrund der Reaktionszeiten
sowie der Detektionsrate ist es moglich Rucksceliasf die zugrundeliegende
Beanspruchung zu ziehen. Da nicht ausgeschlossedemwekann, dass Kopf- und
Augenbewegungen einen nachteiligen Einfluss aufWghrnehmung der visuellen
Stimuli haben, wurden in weiterer Folge weitere isfaten, wie z.B. die Auditory

Detection Response Task (ADRT) sowie die TactiléeD@on Response Task (TDRT)
entwickelt (Engstrom, 2010). Hierbei werden die ZRemkustisch beziehungsweise

haptisch dargeboten.

Bislang wurden diese drei Varianten erst ein eezilylal gemeinsam in einer Studie
untersucht (siehe Merat & Jamson, 2008) und obw@hAutoren behaupten, dass alle
drei Varianten gleich gut geeignet sind, um menBdanspruchung zu messen, ist es
fraglich, inwiefern diese Ergebnisse generalisiegnad. Getestet wurden lediglich eine
visuell-manuelle, sowie eine kognitive Nebenaufgaeder die Schwierigkeit noch
die Darbietungsart wurden hierbei variiert. Laut céins” Multipler Ressourcen
Theorie (2002) ist jedoch davon auszugehen, dasgue$Vechselwirkungen und

Beeintrachtigungen kommt, wenn zwei Aufgaben diEselRessourcen benotigen.

Das Ziel dieser Studie war es daher zu beurtedbrdie DRTSs ein sensitives Mal3 sind,
um mentale Beanspruchung zu erfassen, wenn disgsensatisch variiert wird und ob
es zu Wechselwirkungen zwischen der DarbietungsariNebenaufgabe als auch der
DRT Variante kommt.

Folgende DRT Varianten wurden in der vorliegendé&ndi® evaluiert: die Peripheral
Detection Response Task (PDRT), die Auditory DetecResponse Task (ADRT),
sowie die Tactile Detection Response Task (TDRTS$. Mebenaufgabe wurden zwel
artifizielle  kognitiv  beanspruchende Aufgaben gelivah die in zwei
Schwierigkeitsstufen (leicht/schwer) vorgegeben dear Zusatzlich wurden diese
Nebenaufgaben in drei verschiedenen Darbietungsdvisuell/auditiv/rein kognitiv)
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prasentiert, um eben Ruckschlisse darlber zuzolaskees zu Wechselwirkungen
zwischen der Darbietungsart und der DRT-Variantentkd und anschlielRend eine

Empfehlung aussprechen zu kénnen.

Insgesamt wurden 24 BMW Mitarbeiter (12 Manner,Frauen) im Forschungs- und
Innovationszentrum in Minchen getestet. Der Altersdschnitt betrug 29 Jahre mit
einer Spannweite von 21 bis 42 Jahren.

Fur jede DRT wurde ein 3x2 within subjects Designwghlt, was bedeutet, dass alle
Versuchspersonen pro DRT Variante die kognitiverbéaufgaben in allen drei
Darbietungsformen (visuell, auditiv sowie rein kdiy), sowie in beiden
Schwierigkeitsstufen (leicht, schwer) bearbeitdidma

Die Ergebnisse beziglich der Reaktionszeiten zgigiass alle DRT Varianten ein
sensitives Mald waren, um zwischen niedriger undehdBeanspruchung klar zu
differenzieren. Hierbei ergab sich ein sehr homegeund koharentes Bild Uber alle
Darbietungsmodalitdten hinweg. Die Reaktionszeaitetler PDRT waren am kiirzesten,

gefolgt von denen in der TDT, sowie der ADRT.

Jedoch ergab sich ein anderes Ergebnis, sobald dian Detektionsrate als
Bewertungsgrundlage verwendete. Eine signifikamteraktion zwischen der DRT
Variante sowie dem Schwierigkeitsgrad der Neberahdg zeigte, dass bei
zunehmender Aufgabenschwierigkeit die DRT Varianiaterschiedlich stark sensitiv
reagierten. Eine Detailbetrachtung ergab, dasP@RT diesbeziglich nicht sensitiv

war.

Uberraschenderweise waren keinerlei Wechselwirkamzyéschen den DRT Varianten
und der Darbietungsart der Nebenaufgabe feststellbeeses Ergebnis steht im
Gegensatz zu Wickens™ postulierter Multiplen Resssiu Theorie. Eine mdégliche
Erklarung hierflr ist, dass die DRTs selbst so ydd¢anspruchung erfordern, dass es
zu keiner Beeintrachtigung kam. Auch konnten diebéwmufgaben, selbst in der
schwierigen Auspragung, zu einfach gewesen seidasse die Versuchspersonen nicht

ihr Limit bei der Informationsverarbeitung erreidtaben.

Gemal3 den Ergebnissen dieser Studie wird der Gabider TDRT sowie der ADRT
empfohlen, da beide sowohl in Bezug auf die Reak#ieiten als auch die

Detektionsrate ein sensitives Mal3d waren, um menBdanspruchung zu messen.
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Jedoch sind weitere Studien notwendig, die auchaR&gaben untersuchen, um die
DRTs letztendlich als valide Messmethode flir menB¢anspruchung zu etablieren.
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9. Appendix

9.1. Materials

9.1.1. Counting Task — Paper cards

Anleitung Zahlen_leicht_1

463

Bitte zahlen Sie in 2er Schritten aufwéarts , ausgehend von dieser Zahl:

544

Bitte zahlen Sie in 2er Schritten aufwarts , ausgehend von dieser Zahl:

623

Bitte zahlen Sie in 2er Schritten aufwarts , ausgehend von dieser Zahl:
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Anleitung Zahlen_leicht_2

Bitte zahlen Sie in 2er Schritten aufwarts , ausgehend von dieser Zahl:

175

Bitte zahlen Sie in 2er Schritten aufwéarts , ausgehend von dieser Zahl:

256

Bitte zahlen Sie in 2er Schritten aufwéarts , ausgehend von dieser Zahl:

335
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Anleitung Zahlen_leicht_3

254

Bitte zahlen Sie in 2er Schritten aufwéarts , ausgehend von dieser Zahl:

335

Bitte zahlen Sie in 2er Schritten aufwarts , ausgehend von dieser Zahl:

414

Bitte zahlen Sie in 2er Schritten aufwéarts , ausgehend von dieser Zahl:
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Anleitung Zahlen_schwer_1

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

887

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

606

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

327
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Anleitung Zahlen_schwer_2

976

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

695

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

414

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

a7



Anleitung Zahlen_schwer_3

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

869

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

588

Bitte zahlen Sie in 7er Schritten abwarts , ausgehend von dieser Zahl:

307
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9.1.2. n-back task — Audio files
Please see the attached CD for the n-back task éilet.

Auditiv_Set_1_leicht

Nachste Folge 8 7 4 1 9
Néachste Folge 7 3 1
Nachste Folge 2 5 3 7 1
Auditiv_Set_2_leicht

Nachste Folge 6 5 9
Nachste Folge 9 2 5 7 8
Nachste Folge 1 6 7 4 5

Auditiv_Set_3_leicht
NachsteFolge 7 6 0 2 1 3 5 9
Nachste Folge O

a N

o~
o

IS

Nachste Folge 3

Auditiv_Set_1 schwer

NachsteFolgpe 6 5 2 3 8 1 4
Nachste Folge 5 7
NachsteFolgpe 9 6 0 2 3 5 8

o

Auditiv_Set_2_schwer
Nachste Folge 6 O

o w
(6
(o]
~
=

Nachste Folge 4 2
NachsteFolge 8 5 6 7 9 2 3 4

Auditiv_Set_3_schwer

Nachste Folge 4 7 O
Nachste Folge 9 O
NachsteFolgpe 9 5 1 7 8 3 4

[EEN
\l
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9.1.3. n-back task — PowerPoint presentations
Please see the attached CD for the n-back taskrPow presentations.

Visuell_Set_1_leicht

NachsteFolge 9 2 0 8 7 5 3 1 6 4 Ende
Ende
Ende

(93]
w

Nachste Folge O

N
(o0)
N
H
o
©

Nachste Folge 5

Visuell_Set_2_leicht
NachsteFolge 2 4 8 3 5 6 9 7 1 0 Ende

Nachste Folge 0 9 4 5 Ende
Néachste Folge 2 4 1 8 6 5 3 Ende
Visuell _Set 3 leicht

Néachste Folge 7 2 8 5 Ende
Néachste Folge 4 9 7 2 Ende
Néachste Folge 3 O 2 1 Ende

Visuell_Set 1 schwer

NachsteFolge 6 9 7 8 3 2 4 1 0 5 Ende
Néachste Folge 2 5 Ende
NachsteFolge O 6 7 4 2 1 3 9 8 5 Ende

(o]
=
N

Visuell _Set 2 schwer

NachsteFolge 5 7 0 4 2 1 3 9 8 6 Ende
Néachste Folge 0 3 Ende
NachsteFolge 1 2 3 5 8 0 6 4 9 7 Ende

N
=

Visuell _Set 3 schwer

NachsteFolge 3 8 4 5 1 7 0 2 9 6 Ende
Nachste Folge 0 5 Ende
NachsteFolge 2 9 8 4 0 3 7 5 6 1 Ende

\l
IN
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9.2. Statistical Analysis

9.2.1. Extract from data sheet

Geschlecht |Alter |Handigkeit|Taster Vibrator |Reaktionszeit PDT Varianten |PDRT_V_L 1 RT|PDRT_V_L 2 RT|PDRT_V L 3RT| PDRTVL gesamt
m 33 rechts rechts links 62 561,6666667 4456,6666667 504,1666667| 5567777773
W 25 rechts rechts links 476,6666667 484 425’ 454,5| 461,88385889
23 rechts rechts links 602 566 613.3333333’ 589,6666667| 593,7777773|
W 26 rechts rechts links 755 798,3333333 733.3333333’ 765,8333333] 762,2222222
m 33 rechts rechts links 452 551,6666667 428,3233333[ 490 477,3333333
m 32 links links rechts 468,3333333 438,3333333 522’ 480,1666667| 476,2222222
m 27 rechts rechts links 408 423,3333333 484’ 453,6666667| 438,4444444
29 rechts rechts links 431,6666667 493,3333333 404 448,6666667| 443
23 rechts rechts links 512 542 230 486 494,6666667
31 rechts rechts links 546,6666667 566,6666667 556,6666667' 561,6666667| 556,6666667|
26 rechts rechts links 646 611,6666667 741,6666667' 676,6666667| 666,4444444]
m 26 rechts rechts links 754 460 asaf 457 556
m 32 rechts rechts links 738 418,3333333 483,3333333' 450,8333333] 546,5555556|
m 28 rechts rechts links 458,3333333 468,3333333 33[]' 399,1666667| 418,8585889
26 links links rechts 548 470 382 426 466,6666667
26 rechts rechts links 478,3333333 398 616,6666667' 507,3333333 497,6666667
m 32 rechts rechts links 358 321,6666667 355’ 338,3333333 344,8335889
32 rechts rechts links 601,6666667 610 590 600 600,5555556)
42 rechts rechts links 440 435 448 I 441,5| 441
W 25 rechts rechts links 372 346,6666667 311.6666667’ 329,1666667| 3432,4444444
m 36 links rechts links 713,3333333 708 525.3333333’ 768,1666667| 749,8838839
m 21 rechts rechts links 426,6666667 496,6666667 saaf 520 439,111111]
m 24 rechts rechts links 366,6666667 330 355’ 342,5| 350,5555556
m 38 rechts rechts links 332 555 498’ 526,5| 461,6666667
9.2.2. Description of the sample
Table 5. Age distribution.
N Minimum Maximum Mean Std. Deviation
Alter 24 21 42 29,00 5,167
Valid N (listwise) 24
Table 6. Gender distribution.
Cumulative
Frequency Percent Valid Percent Percent
Valid ~m 12 50,0 50,0 50,0
w 12 50,0 50,0 100,0
Total 24 100,0 100,0
Table 7. Handedness distribution.
Cumulative
Frequency Percent Valid Percent Percent
Valid  links 3 12,5 12,5 12,5
rechts 21 87,5 87,5 100,0
Total 24 100,0 100,0
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9.2.3. Reaction Time — visual presentation mode

Table 8. Descriptive Statistics of the Reaction Ties of the different DRT variants in the visual presntation

mode.
Descriptive Statistics

N Minimum [ Maximum Mean Std. Deviation
PDRT VL 24 [329,16667 |[768,16667 | 500,7431 |115,68476009
PDRTV S 24 [386,16667 | 1611,250 | 618,2341 |240,35891534
TDRT VL 24 [397,00000 | 1155,500 | 607,8264 |181,26546897
TDRTV S 24 (421,83333 | 1224,000 | 754,1701 |207,77962429
ADRT V L 24 (488,83333 | 1157,500 | 741,3413 |156,70578933
ADRTV S 24 [503,16667 | 1343,250 | 839,9365 |215,97204856
Valid N (listwise) 24

Table 9. General Linear Model — Reaction Time.

Tests der Innersubjekteffekte

Mak:MASE_1
Quadratsum Mittel der
Quelle e warm Ty 1l df Quadrate F Sig.
AMDRT Spharizitit angenommen 1283458,036 2 641728018 41,945 000
Greenhouse-Geisser 1283458036 1,771 F24802 606 41,945 ,00o
Huynh-Feldt 1283458036 1,908 BY2786,783 41,945 ,00o
Untergrenze 1283458,036 1,000 | 1283458,036 41,945 ,000
FehlerfAnDRT) Sphérizitdt angenommen TO3FTE0,217 46 15299135
Greenhouse-Geisser TO3TE021T 40,728 17279650
Huynh-Feldt F0376E0 217 43877 16039 568
Untergrenze FO3TED 27 23000 30598,270
Schwierigkeitgrad Spharizitt angenommen 25422192 1 26422192 32,674 ,ooo
Greenhouse-Geizser 5254221492 1,000 525422192 32675 ,00o
Huynh-Feldt 5754232192 1,000 5254322,192 32,675 ,000
Untergrenze 575423192 1,000 5254322,192 32,675 ,000
Fehler(Schwietigkeitgrad)  Sphérizitdt angenommen 3E98450,391 23 16080,452
Greenhouse-Geisser 3693450,391 23,000 16080,452
Huynh-Feldt 3698450, 391 23,000 16080452
Untergrenze 369850,391 23,000 16080,452
ADRT * Spharizitit angenammen 13877800 2 B938,800 624 540
Schwierigkeitgrad .
Greenhouse-Geisser 13877800 1,836 759532 624 527
Huynh-Feldt 13877800 1,987 £953,306 624 539
Untergrenze 13877800 1,000 13877800 624 438
Fehleriit Spharizitdt angenommen A113820992 46 11117022
DRT"Sehwilengkeltarat) & oenhouss-Geisser 511382992 | 42223 12111,355
Huynh-Feldt 511382992 45 707 11188166
Untergrenze 511382 992 23,000 22234043
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Table 10. T-Test Reaction Time of all DRT variantainder the visual presentation mode.

Faired Samples Test

Fairad Differances

Q5% Confidence
Interval of the
Std. Errar Differance
hlean Std. Dewiation Mean Lo r Upper t df Sig. (2-tailed)
Fair1 FORTWL-FORTWEH -117.4991 |8287147870 | 3732848 | 194711 -0, 2712 -3 A49F 23 Ruluts]
Fair2 TDRTYL-TDRTWV Y 146,344 |51,86627316 | 20,99957 | -210,471 22,2162 -4 721 23 pujan}
Fair? ADRTWVL-ADRTWY { 025052 |41,85724163 | 28,05661 | -152,497 | -32,6030 -2,405 23 ooz

visual presentation mode

—&— PDRT

700
/ 3 —=— TDRT
-~ / L ADRT

500 b 4

RT [ms]

[o]

o

o

He-
var —

400
easy difficult

Figure 11. Compared Reaction Times of the differenDRT variants under the visual presentation mode.
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9.2.4. Reaction Time — auditory presentation mode

Table 11. Descriptive Statistics of the Reaction Ties of the different DRT variants in the auditory

presentation mode.

Descriptive Statistics

N Minimum [ Maximum Mean Std. Deviation
PDRT AL 24 |313,66667 |697,00000 | 485,5938 |114,24828171
PDRTAS 24 |343,00000 [938,00000 | 599,8889 |170,72674064
TDRTAL 24 |381,00000 |774,25000 | 549,0799 |106,52062432
TDRTAS 24 |437,00000 | 1060,000 | 711,9306 |163,99425705
ADRT AL 24 |497,00000 | 1163,000 | 710,8889 |165,74637890
ADRTAS 24 |589,00000 | 1235,000 | 870,3576 |182,50006862
Valid N (listwise) 24

Table 12. General Linear Model — Reaction Time.

Tests der Innersubjekteffekte

Malk:mASS_1
Quadratsum Mittel der
Quelle me varm Typ Il df Quadrate F Sig.
ADRT Sphéarizitit angenammen 1516572,005 2 F58286,002 42692 ,00o
Greenhouse-Geisser 1516572,004 1,958 Y4387 350 92,692 ,000
Huynh-Feldt 1516572,004 2,000 ¥58286,002 92 692 ,000
Untergrenze 1516572,005 1,000 1516572,005 42692 ,00o
FehleriAtDRT) Spharizitat angenommen 3TE3I14.331 46 8180,746
Greenhouse-Geisser 376314331 45044 8354 455
Huynh-Feldt 3763143 45,000 8180746
Untergrenze 3763143 23,000 16361,493
Schwierigkeitgrad Spharizitdt angenommen FE2529178 1 TE2529178 129,445 000
Greenhouse-Geizser FE2529 178 1,000 FE2528178 | 129445 ,00o
Huynh-Feldt FE2529178 1,000 FE2H28178 | 129445 ,000
Untergrenze FE2529178 1,000 FE2528178 | 129445 ,000
Fehler(Schwietigkeitgrad)  Sphérizitdt angenommen 135487 4590 23 890,760
Greenhouse-Geisser 135487 450 23,000 890,760
Huynh-Feldt 135487 4490 23,000 58490,760
Untergrenze 135487 4490 23,000 58490,760
ADRT * Spharizitat angenommen 17638,9349 2 8819,469 2,149 128
Schwierigkeitgrad .
Greenhouse-Geisser 17638,8349 1,774 9941 066 21448 135
Huynh-Feldt 17638939 1912 4225164 2,144 |
Untergrenze 17638,9349 1,000 17638,9349 2,144 156
FehlerfArt Spharizitat angenommen 188746578 46 4103186
DRT"Schwierigkeltrad) & cenhouss-Geisser 188746578 | 40810 4625,000
Huynh-Feldt 188746 578 43977 4291 8933
Untergrenze 188746 578 23,000 8206,373
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Table 13. T-Test Reaction Time of all DRT variantainder the auditory presentation mode.

Paired Samples Tast

Faired Differences

95% Confidence
Internral of the
Std. Errar Differance
Mean Std. Deviation Mean Lawuer Upper t df Sig. (2-tailed)
Pair1 PDRT AL-PDRT A -114,205 |82220025871 | 16,79525 | 149,029 | -79.5513 -G,805 23 jlalulu]
Pair2 TDRTAL-TORTAH -162,851 |19 66660258 | 24426284 | -213,3841 | -112,320 -G G657 23 000
Fair3 ADRT AL-ADRT A Y -159,459 |84.28616074 | 1720424 | -195,060 | -123 878 -0 259 23 000
auditory presentation mode
1000
900 i
L
— 800
g T i —4&—PDRT
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Figure 12. Compared Reaction Times of the differenDRT variants under the auditory presentation mode.
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9.2.5. Reaction Time — cognitive presentation mode

Table 14. Descriptive Statistics of the Reaction Ties of the different DRT variants in the cognitive

presentation mode.

Descriptive Statistics

N Minimum [ Maximum Mean Std. Deviation
PDRTCL 24 |329,16667 |887,42857 | 508,0248 |143,43153685
PDRTCS 24 |326,78571 | 1024,286 | 589,4578 |174,26918703
TDRTCL 24 |1390,71429 | 1114,643 | 599,6910 |188,45116541
TDRTCS 24 |383,57143 | 1430,000 | 721,6741 |253,48018821
ADRT CL 24 |482,50000 | 1052,500 | 705,2227 |157,95568462
ADRTC S 24 |518,69048 | 1202,667 | 776,7349 |207,48997429
Valid N (listwise) 24

Table 15. General Linear Model — Reaction Time.

Tests der Innersubjekteffekte

Maik:mass_1
Giuadratsum Mittel der
Zuelle rre warm Ty 1l of Giadrate F Sig.
ARDRT Spharizitdt angenommen 894937 156 2 447468578 39,896 000
Greenhouse-Geizser 894937 156 1,838 486910,402 39,8496 ,00o
Huynh-Feldt 894937 156 1,980 449723595 39,8496 ,00o
Untergrenze 894937 156 1,000 894937 156 39,896 ,000
FehlerfArDRT) Sphérizitdt angenommen 5145931 898 46 11215911
Greenhouse-Geisser 5145931 898 42274 12204530
Huynh-Feldt 145931 898 45 769 11272,433
Untergrenze 515931 8498 23,000 22431 822
Schwierigkeitgrad Sphérizitdt angenommen 02342332 1 302342332 29146 Rajuln]
Greenhouse-Geisser 302342 332 1,000 302342332 29,146 000
Huynh-Feldt 302342 332 1,000 302342332 29,146 ,00o
Untergrenze 302342 332 1,000 302342332 29,146 ,00o
Fehler(Schwierigkeitgrad)  Spharizitat angenommen 238585310 23 10373274
Greenhouse-Geisser 238585310 23,000 10373,274
Huynh-Feldt 238585310 23,000 10373,274
Untergrenze 238585310 23,000 10373,274
ADRT * Spharizitit angenammen 17160218 2 8580108 812 450
Schwierigkeitgrad .
Greenhouse-Geisser 17160,218 1,609 10666719 812 428
Huynh-Feldt 17160,218 1,711 10026,640 812 434
Untergrenze 17160218 1,000 17160,218 812 37T
FehlerfArt Sphérizitdt angenommen 486161 4599 46 10568,728
DRT*Sthwiengkeitgrad) Greenhouse-Geisser 486161 459 3r.ooz2 13138,854
Huynh-Feldt 486161 499 39,364 12350523
Untergrenze 486161,4499 23,000 21137 456
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Table 16. T-Test Reaction Time of all DRT variantainder the cognitive presentation mode.

Paired Samples Test

Pairad Differences

95% Confidence
Intenral of the
Std. Ermar Differance
Mean Std. Deviation hlean Lawner Upper t df Sig. (2-tailed)
Fair1 FDRT CL-FDRT C S| -51,4230 12277049322 (2506042 | -133,274 | -29,5216 -2,248 23 004
FPair2 TDRTCL-TORT C S| -421833 17374345535 [ 3546523 | -185348 | 49,6177 =340 23 ooz
Fairs ADRTCL-ADRT C S| -71.5122 133,27445136 [27.20453 | 127,789 | -15,2353 -2.629 23 015
cognitive presentation mode
1000
900
. 800 1
g . /é —4&—PDRT
= 700 a
i / —8—TDRT
500 hd
400
easy difficult

Figure 13. Compared Reaction Times of the differenDRT variants under the cognitive presentation mode
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9.2.6. Hit Rate — visual presentation mode

Table 17. Descriptive Statistics of the Hit Rate athe different DRT variants in the visual presentaton mode.

Descriptive Statistics

N Minimum | Maximum Mean Std. Deviation
PDRT V L 24 92 100 98,61 3,172
PDRTV S 24 37 100 91,98 14,470
TDRT VL 24 90 100 98,94 2,900
TDRTV S 24 42 100 90,58 15,832
ADRT V L 24 73 100 96,46 7,144
ADRTV S 24 55 100 89,01 13,333
Valid N (listwise) 24
Table 18. General Linear Model — Hit Rate.
Tests der Innersubjekteffekte
htalk:MASS_1
Giuadratsum Mittel der
Auelle e varm Typ Il of Gadrate F Sig.
ARDRT Spharizitdt angenommen 175,434 2 87,718 1,317 278
Greenhouse-Geisser 175,435 1,859 89,540 1,317 278
Huynh-Feldt 175,434 2,000 ar.7148 1,317 278
Untergrenze 175,435 1,000 175,435 1,317 \263
FehlerfArDRT) Sphérizitdt angenommen 3064 096 46 BE,611
Greenhouse-Geisser 3064 096 45 064 BT, 994
Huyrih-F eldt 3064,096 45,000 66,611
Untergrenze 3064 096 23,000 133,222
Schwierigkeitsgrad Sphérizitdt angenommen 2014 300 1 2014300 13,475 0o
Greenhouse-Geisser 2014 300 1,000 2014,300 13,475 0m
Huynh-Feldt 2014,300 1,000 2014,300 13,474 0
Untergrenze 2014,300 1,000 2014,300 13,474 0
Fehler Spharizitat angenommen 34381594 23 149 487
(Gehuierigkeilzgrad) Greenhause-Geisser 3438194 | 23,000 148,487
Huynh-Feldt 3438194 23,000 149,487
Untergrenze 34381594 23,000 149 487
ARDRT * Sphérizitdt angenommen 18,100 2 Q.050 JE1 8a2
Schwiarigkeitsgrad .
Greenhouse-Geisser 18,100 1,042 9,319 JE1 8dEB
Huynh-F eldt 18,100 2,000 3,050 JE1 8532
Untergrenze 18,100 1,000 18,100 JE1 JBa2
FehlerfArt Sphérizitdt angenommen 2593 691 46 56,385
DRT*Sthwiengkeitsgrad) Greenhouse-Geisser 2693 691 44 BT2 A8,060
Huynh-Feldt 2593 6491 45,000 56,384
Untergrenze 2593 691 23,000 112,769
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Table 19. T-Test Hit Rate of all DRT variants underthe visual presentation mode.

Pzaired Samples Test

Faired Differences

95% Confidance
Intenral of the

Std. Ermrar Difference
hean Std. Dewiation Mean Lowmer Uppar t df Sig. (2-tailed)
Fair1 FDRTWL-FORTW G527 14,034 2,565 7o 12,553 2,313 23 jacia]
FPairz TDRTWL-TORTWH 2,363 14,125 2,883 2,399 14,328 2,801 23 jaluts]
Pair? ADRTWL-ADRT WS 7450 11,315 2,310 2673 12,228 2226 23 004
visual presentation mode
100
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94 -
[
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Figure 14. Compared Hit Rates of the different DRTvariants under the visual presentation mode.
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9.2.7. Hit Rate — auditory presentation mode

Table 20. Descriptive Statistics of the Hit Ratesfdhe different DRT variants in the auditory presertation
mode.

Descriptive Statistics

N Minimum | Maximum Mean Std. Deviation
PDRT AL 24 90 100 98,89 3,016
PDRT A S 24 73 100 92,64 8,511
TDRT AL 24 90 100 99,24 2,600
TDRTAS 24 55 100 90,69 11,239
ADRT AL 24 83 100 96,74 4,975
ADRTA S 24 47 100 88,68 15,510
Valid N (listwise) 24
Table 21. General Linear Model — Hit Rate.
Tests der Innersubjekteffekte
htalk:MASS_1
Giuadratsum Mittel der
Zuelle rre warm Ty 1l of Giadrate F Sig.
ARDRT Spharizitdt angenomrmen 241,088 2 120,544 2,591 086
Greenhouse-Geisser 241,088 1,883 121,595 2,591 JBE
Huynh-Feldt 241,088 2,000 120,544 2,591 0as
Untergrenze 241,088 1,000 241,088 2,591 A7
FehlerfArDRT) Sphérizitdt angenommen 21403594 46 46,530
Greenhouse-Geisser 21403594 45 602 46,936
Huyrih-F eldt 2140,394 45,000 46,530
Untergrenze 21403594 23,000 93,061
Schwierigkeitsgrad Sphérizitdt angenommen 2087 982 1 2087 882 19,554 Rajuln]
Greenhouse-Geisser 2087 982 1,000 2087 982 19,554 000
Huynh-Feldt 2087 982 1,000 2087 982 19,554 Joaa
Untergrenze 2087 982 1,000 2087 982 19,554 Joaa
Fehler Spharizitat angenommen 2455 9599 23 106,783
(Gehuierigkeilzgrad) Greenhause-Geisser 2455999 | 23,000 106,783
Huynh-Feldt 2455 9499 23,000 106,783
Untergrenze 2455 9599 23,000 106,783
ARDRT * Sphérizitdt angenommen 34 892 2 17,496 a0z Fdi
Schwiarigkeitsgrad .
Greenhouse-Geisser 34 992 1,804 19,392 302 718
Huynh-F eldt 34,992 1,949 17,955 ,302 735
Untergrenze 34 892 1,000 34,892 a0z 5a8
FehlerfArt Sphérizitdt angenommen 2666860 46 a7.,a75
DRT*Sthwiengkeitsgrad) Greenhouse-Geisser 2666 860 41 503 64,257
Huynh-Feldt 2666 860 44 824 58,496
Untergrenze 2666860 23,000 115,850
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Table 22. T-Test Hit Rate of all DRT variants underthe auditory presentation mode.

Pzaired Samples Test

Faired Differences

95% Confidance
Intenral of the
Std. Ermrar Drifferance
hean Std. Dewiation Mean Lowmer Uppar t df Sig. (2-tailed)
Fair1 PDORT AL-FDRT A S 5,250 9,158 1,269 2,383 10,117 3,343 23 jululc
FPair2 TDRTAL-TDRT A S 8,542 10,136 2,089 4262 12,822 4,128 23 julalu}
Pairz ADRT AL-ADRT A S 9,056 16,089 3,284 1,262 14,8493 2,453 23 022

auditory presentation mode
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Figure 15. Compared Hit Rates of the different DRTvariants under the auditory presentation mode.



9.2.8. Hit Rate — cognitive presentation mode

Table 23. Descriptive Statistics of the Hit Ratesfdhe different DRT variants in the cognitive presatation
mode.

Descriptive Statistics

N Minimum | Maximum Mean Std. Deviation
PDRTCL 24 92 100 98,07 3,436
PDRTC S 24 83 100 95,58 6,097
TDRTCL 24 75 100 94,76 7,746
TDRTC S 24 48 100 85,17 16,070
ADRTCL 24 90 100 96,40 4,058
ADRTC S 24 67 100 89,47 10,340
Valid N (listwise) 24
Table 24. General Linear Model — Hit Rate.
Tests der Innersubjekteffekte
halk:MASS_1
Quadratsum Mittel der
Quelle rre warm Ty 1l of Giadrate F Sig.
ADRT Spharizitdt angenommen 1134238 2 A67. 4148 6,428 RIIK]
Greenhouse-Geisser 1134838 1,394 10,897 6,428 009
Huynh-Feldt 1134838 1,462 776,034 6,428 Jo0g
Untergrenze 1134 838 1,000 1134838 6,428 018
Fehler(AtDRT) Spharizitdt angenommen 4060471 46 88,271
Greenhouse-Geisser 4060471 32188 126,148
Huynh-Feldt 4060471 33634 120,725
Lnterarenze 4060,471 23,000 176,542
Schwierigkeitsgrad Spharizitat angenommen 1444 829 1 1444829 18,437 000
Greenhouse-Geisser 1444 829 1,000 1444829 18,437 Rajuln]
Huynh-Feldt 1444 829 1,000 1444 829 18,437 Joaa
Untergrenze 1444 2329 1,000 1444 829 18,437 Joaa
Fehler Spharizitdt angenommen 1802 455 23 78,368
(Behwierigkeltsgrad) Greenhause-Geisser 1802,455 | 23,000 76,368
Huynh-Feldt 1802 455 23,000 T8 368
Untergrenze 1802 455 23,000 78,368
AMDRT * Sphérizitdt angenommen 308,774 2 154,387 3,383 043
Schwierigkeitsgrad .
Greenhouse-Geisser 308,774 1,670 184,862 3,383 0az
Huynh-Feldt 308,774 1,786 172,91 3,383 044
Untergrenze 308,774 1,000 308,774 3,383 078
FehlerfArt Spharizitdt angenommen 2099 439 46 45,640
DRTSchwiengkellsarad) e onhouse-Geisser 099,439 | 38,417 54,649
Huyrih-F eldt 2099,4389 41,070 51,119
Untergrenze 20949 4359 23,000 91,280
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Table 25. T-Test Hit Rate of all DRT variants underthe cognitive presentation mode.

Pairad Samples Test

Fairad Differences

95% Confidence
Interral of the
Std. Errar Differance
hiean Std. Deviation hiean Lonuer Upper t df Sig. (2-tailad)
Pair1 PDRTCL-PDRTCS 2458 G,386 1,287 -, 196 5,172 1817 23 falsis]
FPair2z TDORTCL-TORTCS 0.537 13,600 2776 3,844 15,329 3.453 23 ooz
Paird ADRTCL-ADRTCS 6,931 10,674 2,179 2,424 11,439 3,181 23 004
cognitive presentation mode
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Figure 16. Compared Hit Rates of the different DRTvariants under the visual presentation mode.
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