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ABSTRACT

HUMAN-HUMAN MULTI-THREADED SPOKEN

DIALOGSIN THE PRESENCE OF DRIVING

by

OLEKSANDR SHYROKOV

University of New Hampshire, May, 2010

The problem addressed in this research is thanheags looking for interface
designs do not have enough data about the interabitween multi-threaded dialogs
and manual-visual tasks. Our goal was to invedighis interaction. We proposed to
analyze how humans handle multi-threaded dialoggevdngaged in a manual-visual
task. More specifically, we looked at the interantbetween performance on two spoken
tasks and driving. The novelty of this dissertatisnin its focus on the intersection
between a manual-visual task and a multi-threagegch communication between two

humans.
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We proposed an experiment setup that is suitahieinfgestigating multi-
threaded spoken dialogs while subjects are invoiwed manual-visual task. In our
experiments one participant drove a simulated Vehwhile talking with another
participant located in a different room. The paptmits communicated using headphones
and microphones. Both participants performed aromgptask, which was interrupted by
an interrupting task. Both tasks, the ongoing tas# the interrupting task, were done
using speech. We collected corpora of annotateal fdamn our experiments and analyzed
the data to verify the suitability of the proposedperiment setup. We found that, as
expected, driving and our spoken tasks influenasth eother. We also found that the
timing of interruption influenced the spoken tasksiexpectedly, the data indicate that
the ongoing task was more influenced by drivinghttige interrupting task. On the other
hand, the interrupting task influenced driving mtran the ongoing task. This suggests
that the multiple resource model [1] does not capthe complexity of the interactions
between the manual-visual and spoken tasks. Weopeabthat the perceived urgency or

the perceived task difficulty plays a role in hdve tasks influence each other.

Xviii



CHAPTER 1

INTRODUCTION

Driving has a significant social importance. TheSUCensus Bureau reports
that Americans spend more than 100 hours a ye#neoroad [2]. At the same time, the
number of in-vehicle devices is increasing. As tmnputational capabilities of in-
vehicle devices continue to increase, more and rsengces and functionalities will be
available to drivers. For example, location-basathmologies, such as GPS navigation,
are gaining widespread popularity with consumersnghough the interaction with these
devices may interfere with driving performance [3-%or example, setting the
destination on the navigational device using a hoscreen while driving takes the
driver's eyes away from the road and hands fromsteering wheel [6]. Dialing a cell
phone also takes the driver’s attention away frberbad [3]. An increasing concern for
safety resulted in the acceptance of laws concgrtiie usage of cell phones while

driving [7]. For instance, some states prohibihgsa cell phone while driving.

As an attempt to find a better way to control im-davices while driving, the
interaction with the devices is shifting to speegteractions [8]. Progress of spoken
language research has already been applied witmeoonl success to enable hands-free

interaction with devices in cars [9]. As a resttr instance, newer models of GPS



navigation systems come equipped with speech iapdtspeech output. Examples of
such devices are Garmin Nuvi 855, TomTom GO 920, Rimneer AVIC-F500BT to
name a few. Unfortunately, it is well known thabkpn tasks can interfere with driving.
Green [3] showed that interactions with cell phonmesease the risk of a crash for
drivers. Medenica and Kun [10] showed that inteoactwith police mobile radio
negatively influences driving performance. McCarjéyfound that drivers engaged in a
conversation do not scan the scene for potentiad@&ls as much as drivers who are not
engaged in a conversation. In general, the quesfitrow these new technologies affect
drivers, as well as the question of how to integjtaese technologies so as to reduce the

threat of accidents has not been adequately addiess

The presence of multiple voice controlled deviaesaivehicle gives rise to
multi-threaded dialogs. We define a dialog threadha exchange of information on one
particular topic between two parties, either a hairmwad a device, or two humans. If more
than one topic or more than two parties are invbivethe exchange of information, then
multiple dialog threads are present, forming a rihheaded dialog. Multi-threaded
dialogs are natural for humans: we have all beecomversations in which we had to
bring up a new topic before finishing the currenepand then go back to the original
topic, or in a conversation in which we were int@ted by another person before we

could return to discussing the original topic of oanversation.

People are capable of being involved in such dmladpile performing a
manual-visual task. Car drivers can talk to passengr on a cell phone, but engaging in
a spoken task could influence the manual-visuak tpsrformance. For instance,

conversing on a cell phone while driving might ease the risk of a crash [3]. This



interaction between manual-visual tasks and miitgdded dialogs is a two way
interaction. On one hand, the manual-visual tasksldc influence the dialog. For
example, in our previous work [11], we found thabple driving a vehicle answered
guestions slower as compared to people not engegadmanual-visual task. On the
other hand, different parts of the spoken dialogld¢danfluence the manual-visual task
performance. For example, conversations might @ser¢he visual scanning range of a
driver [4], which, in turn, may lead to an accideA better understanding of the
processes involved in the interaction between hgnaawl computers in eyes-hands-busy
environments is required. This knowledge can heiididevices which can efficiently

accommodate users engaged in a manual-visual task.

1.1 Problem

The problem that motivates our work is that engisegesigning human-
computer interfaces do not have enough data abwitirteraction between multi-
threaded dialogs and manual-visual tasks. In orddsuild a human-computer speech
interface that supports multi-threaded dialogsdahereds to be a set of conventions for
the interface to follow. Human-human conversatioas provide us with such a set of
conventions. Nass and Brave [12] showed that oftexst people utilize similar behaviors
when interacting with a person and a computer. dindors also showed that human-
human interactions may not be the best model fardmicomputer interactions, because
of the differences between human cognition andectircomputer organization. For
example, modern computers can preserve and retiiggemation exactly as it was
received, but most humans have difficulty remenmigeaxact information, such as long

numeric values. Nevertheless, human-human intersctis a model for human-computer



interactions have the advantage of being naturpétple. This is a very important factor

when the technology must be utilized by a broadeasf consumers.

Figure 1.1 illustrates a multi-threaded dialog kestw two people who are
discussing driving directions to a restaurant @drd) while driving to that restaurant
(manual-visual task). One person is the driver, duedother person is the passenger. At
some point in time (point A) they start talking abahe food choices in the restaurant
(thread 2). Before finishing the discussion abbetfood choices they switch back to the
driving directions (point B), due to a complex mstection ahead. After the intersection is
cleared the participants discuss the directionsnagra order to make sure that they are
still on the right path. This leads them to disciighey have enough gas to reach the
destination (thread 3, point C). They return tocdssing directions (point D), because
now they need to stop by the gas station. Wherp#issenger attempts to resume the
discussion of the food choices (thread 2, pointthg, driver asks a few more questions
about the directions (thread 1), and thus, the'metuthread 2 is not successful. Once the

driver is sure about the driving directions, the@dodiscussion continues (thread 2,

point F).
|
thread1 ‘ B dialogue body
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Figure 1.1: Switching between threads.
Participants in the above dialog are changing spgitence, they must manage

switching topics and resuming previously discustgiics. Switching and resumptions



play a major role in achieving a successful and efficient multi-threaded
communication. Switching and resumptions facilitataintaining the common ground,
which enables the conversation to proceed. Commoung is the knowledge shared
between the participants of a dialog. Clark andnBam [13] show that all collective
actions are built on common ground and its accunamaSwitching is the process of
signaling a thread change and establishing a nemmmm ground. Resumption is the
process of restoring the common ground from a previdialog thread. There is a
substantial body of research on how people signattshifts in monologs and dialogs
[14,15], such as using prosodic cues and discaunes&ers [16]. Grosz and Sidner [17]
explored the switches in single threaded dialogxeRtly, some research has been done
on exploring task switching in multi-tasking diatod 8]. The novelty of this dissertation
is in the focus on the intersection between a mavisaal task and a multi-threaded

speech communication as shown as a black aregume-i.2.

Area
of
interest

Driving
task

Figure 1.2 Area of interest for this dissertation.




1.2 Goal

Our first goal is to investigate the interactiorivibeen multi-threaded dialogs
and manual-visual tasks. More specifically, we loatk the interaction between the
performance on two spoken tasks and driving. Oaprsg goal is to investigate how
people manage multi-threaded dialogs when onecpaatit is driving a vehicle. The first
goal focuses on the performance on the spoken amdiahvisual tasks, while the second

goal focuses on the behavioral strategies emplbyddimans.

Driving is our choice of a manual-visual task foe reason that driving has an
important role in our society [2]. It is also commifor people to be engaged in a spoken
task while driving. There are tools for measurig tdriving performance during
controlled experiments, such as driving simulatoegle by DriveSafety [19]. In addition,
there is a range of driving tasks, which allow as<ontrol the difficulty of the manual-
visual task. For example, it is known that drivimig a straight highway with no traffic is
easier than driving through complex intersectionsai city during rush hours [20].

Finally, it is relatively easy to find competenbgects for the experiments.

We focus on a multi-threaded dialog consisting io¢ @ngoing task and one
interrupting task. To achieve our goals we choskep tasks which allow us to measure
task performance and switching behavior. The orgytésk is organized in the form of
guestion/answer or statement/confirmation pairehSiliscourse structure is common in
command and control applications [21,22]. We usénii@®n of an adjacency pair
proposed by Schegloff and Sacks [23]. The authcefineld question/answer or
statement/confirmation as an adjacency pair. Omefiieof using question/answer pairs

is that there is little ambiguity with the annoteti and classification of the dialog



utterances. A single adjacency pair consists afestion or statement by one participant,
and an answer or confirmation from the other pignaict. Multiple adjacency pairs aimed
to achieve a particular goal form a dialog threHoe purpose of the interrupting task is
to take attention away from the ongoing task. Tdllews us to observe the behavior

subjects exhibit when they switch from the ongdamgk to the interrupting task and back.

1.3 Hypotheses

To achieve our first goal we focus on effects a¥idg on the spoken tasks,
effects of the spoken tasks on driving performarase how the timing of a switch
between the tasks affects the spoken tasks. Tewaelour second goal we focus on
methods people utilize to switch between the spaéisks and how urgency affects these
methods. The following sub-sections describe hygs#h we aim to test in this
dissertation. The first three hypotheses addreséirstigoal, and the last two hypotheses

address our second goal.

1.3.1 Spoken task performance while driving (hypothesis 1)

We predict that spoken task performance degradéseipresence of driving.
Models that are used to estimate response timesramaory recalls for single or dual
task setups show that task performance degradésdeitrease in attention [24]. We
expect similar results to be present when attensi@aptured by driving. It is plausible to
see longer response times for drivers than noredsivOur hypothesis states that in
relation to performance measures in the multi-ttheeladialog, the person driving a

vehicle will be worse than the person not engageimanual-visual task.



We also predict that more demanding driving coodgi will negatively
influence spoken tasks. More attention must berthdeto the driving in a difficult
situation, and, therefore, less attention will baikable for the spoken tasks. This might

result in a degraded performance on the spokes.task

1.3.2 Spoken tasks affect driving performance

(hypothesis 2)

We hypothesize that spoken tasks will affect dgvoerformance. Driving and
managing a multi-threaded dialog could be too engjfing for the driver, which, in turn,
could result in degraded driving performance. Thypothesis states that there is a
difference in driving performance when comparing triving performance while the
driver is engaged in the primary spoken task wité driving performance while the
driver is engaged in the interrupting spoken tdsle driver knows that the primary task
must be resumed and thus not only an interruptisg thust be completed, but the state
of the primary task must be remembered. This irs@@acognitive demand might be

noticeable in the driving performance.

1.3.3 Timing of a switch influences spoken tasks

(hypothesis 3)

We predict that there is an interaction betweentithe when a second dialog
thread interrupts the first dialog thread and teefggmance associated with the dialog
threads (such as number of utterances, length wégsa etc.). Yang and Heeman [25]
identified two types of context restoration teclugg employed by participants in their

experiment: utterance restatement and informageirew. Utterance restatement resumes



the interrupted conversation from the point wheéreas interrupted by repetition of the
last utterance. Information review, on the othendhgorovides the critical information
that the other speaker might have forgotten. Givet a dialog involves building up a
context, we surmise that it will take longer foe tharticipants to restore the context when
the switch happens later in the dialog. For examftlie dialog shown in Table 1.1

illustrates the build-up of a context.

Code | Speaker Utterance Details
Ul Person A| | would like to order an appetizer. tHac

U2 Person B| Okay.

U3 Person A| | do not want a salad, though. Fact 2
U4 Person B| No salad then.

uUS Person A| Fish for an entrée would be nice. Bact

U6 Person B| | see.

U7 Person A| And | am not sure about the dessett, ye Fact 4

us Person B| Sounds good.

Table 1.1 Building up the dialog context.

Table 1.1 shows a dialog of two people discussindirmer. Person A
contributes multiple facts during this dialog intanances U1, U3, U5, and U7. If this
dialog was interrupted after the very first uttem@nthe participants would only have to
remember one fact to continue their conversationhis case they might utilize utterance
restatement. If the dialog was interrupted afterldst utterance, then participants would

have to remember four facts and the informatiomerg\could be more appropriate.

We expect to see the change in performance meagorespoken tasks
depending on the timing of an interruption. Fortamee, interruptions introduced later

during the ongoing task could decrease performareasures for both tasks.



1.3.4 Switching behavior (hypothesis 4)

Before switching to a different task the particitsamust agree to switch from
the current task to the other task and then reghmseother task if it has been already
started [25]. How people engage in these behawmght be influenced by the presence
of a manual-visual task. We predict that peoplel willize a number of switching
behaviors. For example, people might mark the $witem one task to another [18]. The
marking can be done using special cue words oropgo$l8]. This has a potential to
simplify the communication for the participantse®ence of a manual-visual task might
cause people to utilize different behavior as cambéo people not engaged in a manual-
visual task. For instance, we might see that peofile are not driving use cue words,
while drivers do not, because added workload migguse drivers to simplify their
switching behaviors. When switching back to theang task drivers might not provide
a summary of the task because they have to dehldmving. On the other hand, the
person who is not engaged in a manual-visual taigktnthoose to help the driver by

keeping track of the task status for the driver.

1.3.5 Urgency of the interrupting task (hypothesis 5)

We hypothesize that more urgent interrupting taskkbe dealt with more
quickly. This implies that subjects might choosBedent methods when introducing the
interrupting task into the ongoing task dependinghow quickly the interrupting task
must be resolved. For example, if the interruptask is urgent, subjects might choose to

interrupt immediately, independently of who is emtty speaking. On the other hand, if
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the interrupting task is not urgent, and someoriigently speaking, subjects might wait

until the person stopped speaking before introdutiie interruption.

1.4 Approach

In order to achieve our goals we created multipipeeiments to test our
hypotheses (two experiments are described in tbcument). We experimented with
different spoken tasks in order to find ones thalved suitable for our purposes. We
chose to use a driving simulator, because it altbu®to have a controlled environment
for the experiment. The driving simulator provideeéasures for the driving performance
that are representative of real-life performandg].[After that we ran the experiments
and collected data. Finally we analyzed the datal presented the results in this

document.

1.5 Dissertation organization

Chapter 2 describes the previous research reletearthe stated problem.
Chapter 3 describes our first experiment setup thighanalysis of the data obtained from
this experiment. Chapter 4 describes our final arpent setup. Chapter 5 discusses the
results of our final experiment. The conclusion agks are given in Chapter 6, and

Chapter 7 describes the direction for further resea
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CHAPTER 2

BACKGROUND

Exploring multi-threaded dialogs during manual-aktasks presents a new
research problem. Psychology, computer sciencehanthn factors researchers address
areas related to manual-visual or multi-threadedods. However, most of the research
setups in these areas cannot be directly adapteds® in experiments that combine
multi-threaded dialogs and a manual-visual taskvebeless, the previous research

provided us with guidelines to follow.

2.1 Multi-threaded dialogs

Research on multi-threaded dialogs suggests tlogigpé&eep track of multiple
threads. Rosé et al. [27] showed that incorporatioimformation about multiple threads
of the conversation into the discourse structummase beneficial as opposed to a stack
structure of the discourse. The authors proposeapproach which allows having a stack
with multiple top elements, corresponding to défer dialog threads. In a multi-lingual
speech-to-speech computer system, the discoursmegsar that used this extension
performed slightly better than the simple stackcaligse processor when analyzing

negotiation dialogs. The authors used dialog tlwahdt related to the same topic of
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conversation, for example, in discussing which daiys better for a meeting, discussion
about Monday is considered one thread, while dsounsabout Tuesday is another

thread. In this dissertation the threads rela@ifferent tasks.

Some work was also done in the area of conversdtionlti-threading in
dialog management by Lemon et al. [28]. The autheesl tree-like structures to describe
dialog moves and activities, where different braschorrespond to different threads. In
their later work Lemon et al. [29], extended th@cept to improve the robustness of
their interfaces. They used thread information dontext-sensitive speech recognition
and interpretation of corrective fragments. Theailtsssuggest that multi-threaded dialogs
should not be treated the same way as single thdedidlogs. This serves as a motivation

for this research.

Heeman and Fan [30] experimented with an ongoirgl i@ which two
participants had to work together to form a pokanch Participants communicated via
headsets with microphones using speech to shaoemafion about their cards (the
participants could not see each other, which mduae dommunication unimodal).
Periodically, one of the participants was prompteddetermine whether the other
conversant has a certain picture displayed on¢heen (interrupting task). The urgency
of the interrupting task was an experimental vdeisdnd varied between 10, 25, or 40
seconds given to complete the interrupting tasle dithors found that this setup elicited
both rich collaboration for the card game [25] amderesting task management.
Unfortunately, the card playing task cannot be us®dn ongoing task for our research,
because it requires subjects to see their cardkfana person involved in a manual-

visual task it would create interference with thizidg (section 4.1, pg. 49).
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2.2 Conversations during meetings

Research on “meetings” mostly focuses on facibtatior retrieving and
processing data collected during meetings. Théngetif such research is very different
from ours, due to the multimodal nature of intei@ats between participants. In real life if
given an option, people use multiple modalitiefatolitate multi-threaded dialogs. Given
that we would like the driver to keep his eyes ba toad, we decided that having a
passenger in a car might give subjects an oppayttmuse modalities other than speech.
The following research indicates that, indeed wedn® control what modalities subjects

utilize for communication.

Oh et al. [31] showed that gaze direction can leelis determine the intended
recipient for an utterance. With their Wizard-of-@zperiment (subjects were thinking
that they interact with a computer system, butasvanother person who controlled the
responses of the computer system) they showedltinkt-to-talk” is a natural alternative
to speech indication of the target listener. McCowtal. [32] presented a framework for
computer observation and understanding of intergcgieople in the meeting context.
The authors used a multi-sensor meeting room tieadhe data. The processing of the
collected data allowed the authors to locate, trackl identify participants, as well as
recognize participants’ individual actions, such a®nologues, discussions, and
presentations, to name a few. The research suggdéisée we need to control the
modalities of interactions between participantsudtwe decided to place subjects in
different rooms and allow them to communicate udwegdphones and microphones.

This guarantees that speech is the only modalitgtefaction.
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2.3 Switching between non-verbal tasks

According to the dual coding theory [33] humanscess visual information
and spoken information differently. Therefore, wanigot easily transfer conclusions
from experiments with visual tasks into the domafnspeech interactions. Still it is
possible to utilize techniques, methods, and perémce measures from these

experiments.

Arroyo et al. [34] used modalities such as heatglgnsound, vibration and
light to signal interruptions. The authors concluldat individual differences control the
effect of interrupting stimuli. They argue thatist possible to build an interface that
would dynamically select the proper modality for amerruption, based on its
effectiveness for a particular person. This redeardicates that we might expect to find

individual differences between the subjects.

Gillie and Broadbent [35] studied what makes arerimiption the most
disruptive in the domain of visual tasks. The atghoonclude that the time when
interruption happened and the length of interruptiare less important than the
complexity and similarity of the tasks. Hence, inr aesearch we controlled the

complexity and similarity of the tasks.

Miyata and Norman [36] gave an overview of psychalal theory of human
behavior when involved in multiple activities arelated it to the design of windows in
graphic user interfaces. The authors discussed-di@sn and interruption-driven
processing. People utilize the interruption-driy@ocessing when they are engaged in

one task while expecting to be interrupted at amgt Their behavior in this condition is
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different from behavior when there is no expectaid an interruption. In our research

we focus on interruption-driven behavior.

Bailey et al. [37] proposed and evaluated a teaknigr notifying users about
new information while they are browsing the Worldd&/Web. The authors showed that
their technique of notification, called “Adjustingyindows” provided the best (of tested
techniques) balance of information awareness wittiusion in comparison with
background window and a dialog window. Their methas preferred by many of the
users over other methods of notification. In subsetwork Adamczyk and Bailey [38]
performed experiments to measure the effects efrimpting users at different moments
(beginning, middle, end) of task execution. Theksasvere document editing and
summary writing after watching a video clip. Thethaus showed that different
interruption moments have different impacts on @seotional state. This is an indication
that timing of interruptions might affect perforntehmeasures of the subjects. This
serves as a motivation for our hypothesis 3, wiiclises on the timing of interruptions

and performance on spoken tasks.

McFarlane [39] discussed the major dimensions tefriaption taxonomy. The
taxonomy identified the four ways of coordinatingetinterruption: immediate,
negotiated, mediated, and scheduled. In our domammn.example of an immediate
interruption is a blown up tire. The driver musspend immediately to this event. An
example of a negotiated interruption is when agagsr asks a driver: “Can | ask you a
guestion?” The driver has an option of choosingtime when and how to answer. An
example of a mediated interruption is when a pagsgefiom a back seat asks the front

seat passenger to ask the driver something, wrssems that the driver can respond. An
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example of a scheduled interruption is a schedplexhe call, so the driver knows that at
1:00pm there will be a phone call for him. Thisdagmy can be used to classify how

people engaged in manual-visual task chose to owieltheir interruptions.

2.4 Coqgnitive load

Cognitive load or mental workload is defined as tékationship between the
cognitive demands placed on a user by a task amadbnitive resources of that user
[1,40]. Higher cognitive load implies that the users a higher chance of making an
error. There are three commonly used ways of efiigna&ognitive load: physiological
(pupil dilation [41,42], heart-rate variability [fi3galvanic skin response [44], etc.),
subjective (NASA-TLX guestionnaire [45,40]), andfoemance measures. Physiological
measures depend on other factors, for examplera@maental conditions (temperature,
noise), the user’s cognitive state (stress [46]0, the user’s physical activity. Subjective
measures show subjective assessment of the ambuagwitive load experienced by a
user. These measures, however, cannot asseschapiges in cognitive load that might
be the result of changes in experimental conditi¢texformance measures show how
well the user performs a given task. For drivings tcan include measures such as
variance in lane position and amount of visualrait® to the outside world. On the other
hand, performance measures might not linearly spomed to the cognitive load, but
might only signal when the cognitive load is togthifor the user to successfully
complete the task. We decided to use performanasumes to capture cognitive load,
because subjective measures cannot capture chamgegerimental conditions over the
course of the experiment. We also collect someiplogical data, such as pupil dilation,

however, the analysis of such data is left for feiterork.
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For the tasks of driving, a number of specializégigiological measures have
been used. Recarte and Nunes [47] investigatedteffdf verbal and spatial-imagery
tasks on eye fixations while driving. They foundatttduring a verbal task the visual
inspection window shrinks, which means that theatrdoes not pay as much attention to
the road. Spatial-imagery task shrinks that windeven more. Horrey et al. [48]
examined the impact of in-vehicle task on driverfgrenance and visual scanning. Their
experiments accounted for 95% of the variance amising using a computational model
of visual attention, which indicates increased dtgm load on the driver. This could be

used for an indirect measure of the cognitive logdrivers.

Wickens [49] used multiple resource theory to shibat it is possible for one
task performance to be negatively influenced byeottasks done in parallel. The 4-
dimensional multiple resource model described bgkéts [1] gives guidelines for the
design of the spoken interaction tasks. The fouaredisions of the model are: sensory
modalities, codes, channels of visual informatamg stages. We would like to separate
the manual-visual task from the multi-threaded ajahs much as possible along these
dimensions, to localize the interference to paldicdimensions. This allows us to better
understand the relationship between the manuabVisisk and multi-threaded dialogs.
This model provided us with the starting point development of our driving and spoken

tasks as described in section 4.1 (pg. 49).

2.5 Task interference

Understanding of how different task interfere wiach other will allow

engineers to design human-computer interfaces imag that would minimize this
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interference. Modeling how tasks affect cognitiead is a step in this direction. This
dissertation aims to provide more information whtdm be used to improve existing

models.

Horrey and Wickens [50] used a computational versad the multiple-
resource model to quantify how much demand differercar tasks have for different
resources and how different tasks interfere whengusommon resources. In their
validation study subjects drove a simulator on orland rural routes of varying
complexity while engaging in secondary phone nummead-back tasks presented by
displays positioned in different locations in thebm. The secondary task was presented
on screens or auditorily. The study showed thantbeel was able to predict 85% of the
variance in performance decrements in secondakyldaéency and 98% of the variance in
response times to critical road hazards. Stillrtgleonings of the computational model
are that expertise is required to establish canflalues and demand vectors, and the
model provides only a relative assessment of tasérference between various task
combinations. Our research can be used to proadke fdr establishing conflict values

and demand vectors, which are explained in sedtibnpg. 49.

Strayer et al. [51] showed that listening to radioadcast or a book on tape
did not affect the driving performance as much a®m@versation on a cell phone did.
They argue that cell phone conversations disrugbpaance by diverting attention to an
engaging cognitive context other than the one @stsatwith driving. In their later work,
Strayer and Johnston [52] showed that performaheensanual visual task was affected
by a task that required word generation. The asthsuggested that disrupted

performance on manual visual task is due to theerthd attention to an engaging
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cognitive context other than the one immediatelsoamted with driving, which is not
consistent with the multiple-resource model [1].r@esearch provides more data about
this issue. We also utilize the interrupting tagledl by Strayer and Johnston in their

experiments [52].

2.6 Driving performance

To test our hypotheses 1 and 2, which focus onirttezaction between the
spoken tasks and driving, we need to track theirdyiperformance. Many researchers
have worked on evaluating the visual and cognitosd of driving as well as that of
participating in other in-car activities concuridgnsuch as talking on a cell phone. There
is a strong evidence for the interaction betwedvirdy task and in-car activities. Driving

performance measures can also be used to estiogiéice load (section 2.4, pg. 17).

In order to help the development of crash countasuees, Neale et al. [53]
collected data about the driving habits, perforneamand other factors of 100 drivers over
a period of one year. Their study provides usefthan the causes of crashes and near-
crashes. For example, the most common cause diegasas a lead vehicle braking.
Green [54] analyzed a large number of studiesa@lad brake reaction times. He pointed
out that it was difficult to reconcile results fromrious sources, since individual studies

used different setups, but Green's work has a tigbroesearch overview of the field.

Jamson and Merat [55] used processed steering alagée to measure the
driver’s fatigue. Their work was based on the rededone by MacDonald and Hoffman
[56] who investigated a relationship between stepnvheel angle and driving task

demand. The authors argue that whether the resdtipns positive or negative depends
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on the level of task difficulty relative to the der's capacity to cope with it. In short, the
driver's capacity must be accounted for in ordeuse steering wheel angle data. For
example, the driver’s experience influences therstg wheel angle measurement. This
means that standalone steering wheel angle measagsot be directly translated into
the driving performance measures. Therefore, wézeitithe steering wheel angle
measurements along with other driving performanceasurements (lane position,

distance to leading vehicle, etc.).

Tsimhoni and Green [57] used the visual occlusicegthod to estimate the
visual demand of different road types. They foulndttvisual demand increases
significantly with the increase of curve radius.isThesearch suggests that driving on
curvy roads should be more difficult than driving straight roads. We use this

information to create two road types with different/ing difficulty.

2.6.1 In-car devices

Driving is the choice of manual-visual task for @xperiments. Research on
in-car devices is tightly coupled with the reseantllriving performance. The following
research confirms that, indeed, multi-tasking iwehicle can lead to a crash, if multi-

tasking is not organized properly.

Green [58] reviewed research concerning effects-afar devices on driving
performance or visual attention. He found that rexteng with visual navigational
devices causes more frequent lane departures, which potential for a hazardous
situation. Strayer et al. [59] examined the effefthands-free cell phone conversations

on simulated driving. The authors found that cosaBons using hands-free cell phone

21



impaired driver's reaction time to vehicles brakingfront of them. This supports our

hypothesis 2, which focuses on the effects of spaéigks on driving performance

Baron and Green [8] summarized the human facttesature on the use of
speech interfaces for different in-car tasks, sagmusic selection, email processing, etc.
They conclude that generally driving performanceswzsetter when using speech
interfaces in comparison with manual interfaceg, Uming speech interface was often
worse than just driving. In a driving simulator exipnent, Chisholm et al. [60] looked at
manual-visual interactions with mp3 players whitesitcig. They found that complicated
interactions with the mp3 player increased reactiore to road hazards. Using an eye
gaze tracker, the study also concluded that theptioated interactions redirected driver

attention from the road to the mp3 player, incneg$he chance of crashes.

Lamble et al. [61] concluded that ability to detette approach of a
decelerating car ahead diminishes as the eccéntdtithe visually demanding in car
task increases. The eccentricity was defined asitigée subtended at the drivers eye by
the arc between the task indicator and the linsigtit of the driver straight ahead. The
authors found a strong inverse relationship betwi#ar-to-collision and the distance
from the normal line of sight to the location obecondary task stimulus. Experiments
done by Tsimhoni et al. [62] showed that messafjesvis on head up display in the
locations within five degrees of straight aheadegthe best performance results on the
reading task. The latter research tells us thabyaer to minimize influence on driving,
any visual information presented to the driver nhesas close to the center of the screen

as possible without obstructing the view of thedroa
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2.6.2 Simulator

As shown below, high fidelity simulators offer gotrdnsfer of training from
simulated environments to the real world environtee8lick et al. [26] tested multiple
training scenarios on a DS-600c driving simulafbine data indicate that there is no
significant difference between training using thewdator and real car for high-risk
scenarios. High-risk scenarios used in the experisne@ere right turn at a stop sign, left
turn at a stop sign, right turn at a traffic ligiith a lane change just prior to the turn, and
left turn at a traffic light. These experimentsicade that simulator can be used as a
substitute for on-road experiments. Therefore, e@ded to utilize the driving simulator

in our experiments.

Lew et al. [63] explored how well simulator perfante can predict driving
performance among participants recovering fromnvatic brain injury. In their study,
they used driving performance measures from theulsiior, such as lane position
variance and steering wheel angle variance, inutmijon with human observation data,
to predict driving performance at a future date whparticipants have hopefully
recovered some of their abilities lost due to thaury). They found that driving
performance measures were good predictors of fytereormance, thus justifying the

use of driving simulator studies to predict perfanoe in the real-world.

Kemeny and Panerai [64] evaluated perception invirdgi simulation
experiments and concluded that driving simulatoas dead to a more thorough
understanding of human perception and control dfnsetion, especially when speeds
and accelerations are higher than in natural locmmoMourant and Thattacherry [65]

examined whether the severity and type of simulaickness differs due to the type of
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driving environment and driver's gender. They iatkcthat vehicle velocity might be a
factor in driving simulator sickness. Hence, it htipe desirable to limit the experiment
scenarios to those which do not require high spéedsimulated vehicle. Together, these
studies indicate that it is possible to extend ttenclusions obtained from the

experiments involving a simulator to real life sagas.

2.7 Dialog management in vehicles

Vollrath [66] investigated the influence of spokelasks on driving
performance by examining a number of different EsidHe used the multiple resource
model [1] (explained in section 4.1, pg. 49) asftaemework to process the data from the
studies. He concluded that in order to minimizee@l of verbal tasks on driving, the
verbal tasks must be simple and short; the qualitthe speech and recognition rates
must be high; non-verbal aspects of the speech, asispeech volume and rate should be
chosen to produce positive evaluation by the dsiveiVe followed these

recommendations during the design of our experisent

Villing at el. [67] performed human-human multi-¢aded dialog experiments
in a real car on city roads. The driver and a pagsewere given a navigation task and a
memory task. The subjects were not restricted ow hbese tasks had to be
accomplished. Video recording of the subjects &eddvad was taken. The authors found
specific Swedish cue phrases that were used fokingatopic shifts, similar to “oops”,
“alright”, “let's see”. Drivers used these cue pea only in 17% of the marked topic

shifts, while passengers used them only in 12%@htarked topic shifts.
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In further research Lindstorm et al. [68] lookedspéech disfluency rates as a
function of cognitive load. The authors found thaader high cognitive load for the
driver, the passenger’s disfluency rate decreddas.indicates that the passenger makes
an attempt to be extra clear and concise when teeipes that the driver is in a difficult
situation. The research, by design, utilized mldtipnodalities for driver-passenger
communication, and was focused on natural langtesgares. In contrast, our research is
focused on a single modality of interaction betweba participants and has more

structured tasks.
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CHAPTER 3

NAVIGATION EXPERIMENT

This chapter describes our first experiment [1littlused driving in a
simulated vehicle as a manual visual task. Thigarpent setup was inspired by the Map
Task experiments [69]. We investigated in whichlafjastate participants choose to
initiate a switch to the interruption dialog threaihis was done to test hypothesis 4,
which stated that we expect to see different swigghehavior in different situations. We
also analyzed how the urgency of the interruptiagktaffects how subjects initiate
interruptions. This was done to test hypothesiswhjch stated that more urgent

interruptions should elicit a quicker response.

In this experiment, one conversant was a driver apdrated a simulated
vehicle, while the other conversant was a dispatahd helped the driver navigate city
streets in order to reach a sequence of destingamts. The subjects communicated
using headsets with microphones and could not sed ether, which made the
communication unimodal. The dispatcher knew theiireq destination points and had a
map of the streets. However, the dispatcher didknotwv that some of the city streets
were blocked by construction barrels and, therefibwe driver could not use those streets.

This forced the subjects to collaborate and finda#tarnative route. Periodically, the
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driver had to prompt the dispatcher about a messhgen on the screen (interrupting
task). The prompt for the interrupting task inclddeformation about the urgency of this

task.

3.1 Preliminary experiments

In experiments we conducted prior to the navigatexperiment, subjects
interacted with an actual spoken dialog system {@03omplete simple tasks. The tasks
included addition problems, circular rotation ofnmaer sequences, discovery of short
letter sequences, and category-matching word detecthese tasks, however, were not
engaging and the resulting dialogs did not exhsbimplexity of behaviors. Motivating
subjects by telling them they were playing a game their goal was to solve as many
tasks as possible did not help to create an engdgghavior. The navigation experiment

used a more engaging and realistic task.

3.2 Hardware setup

This section describes hardware used in the expeatinsuch as driving

simulator, eye-tracker, and audio equipment.

3.2.1 Driving simulator

The experiment involved driving a high fidelity DeSafety DS-600c

simulator [19] shown in Figure 3.1.
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Figure 3.1 Driving simulator DriveSafety DS-600c.

The key features of the simulator are:

Wide field of view (180°);

Realistic vehicle dynamics (motion, vibration, audind);
Simulation system with support of ambient traffic;
Audio/visual channel computers;

Scenario creation tools.
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Figure 3.2 DriveSafety DS-600c system overview.[19]

The simulation system has three aspheric mirrofeptors that produce the
180° field of view. Figure 3.2 shows that the pobges cast the simulation onto three
screens. The Ford Focus cabin has a fully functidashboard with a speedometer and a
tachometer. Gas and brake pedals provide haptdb&sk. The steering wheel has an
electric motor which provides force feedback. A imotplatform, sound effects from the
simulated environment, and vibrations add to tfaisen of the simulation. The motion
platform simulates pitching movement of the camuFgpeakers, located in the front part
of the cabin, and two transducers, one under theerts seat and one in the steering
column, simulate car engine vibrations. The same $peakers produce environmental

sounds.
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The scenario tools allow the design and programroindriving environment
scenarios. The scenarios support residential, ,rurdlan, sub-urban, commercial and
industrial environments. Vehicles can be addedeta Ipart of the ambient traffic or they
can be programmed to traverse a specific path.pfagramming language enables

developers to add more control to their scenarios.

The DS-600c driving simulator produces standardvimgi performance

measures at 60 Hz frequency. These measures include

* Lane position, which constitutes the position oé tbenter of the

simulated car (measured in meters);
» Steering wheel angle (measured in degrees);
* Vehicle’s velocity (measured in meters/second).

These measures will be explained in more detaéntion 3.8 (pg.39).

3.2.2 Audio communication and recording

Two people participated in each experiment. FigiBeshows a driver in the
driving simulator with headphones and microphoneduso communicate with a
dispatcher. Figure 3.4 shows the dispatcher wedrgagdphones. The drivers and the
dispatchers were located in separate rooms anddcounly communicate using
headphones and microphones. All communication weorded synchronously at
44100Hz as mono signals in two separate channets ¢bannel for the dispatcher and

another channel for the driver).

30



Figure 3.3 Driver in the simulator cabin.

Figure 3.4 Dispatcher in the dispatcher’s room.
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3.3 Ongoing task

All dispatchers had a map (shown in Figure 3.5hvidur marked locations

that the drivers had to visit (shown by arrows iguife 3.6). All drivers started at point 1
and the dispatchers were instructed (Appendix Cipoblow the fixed order of points:
from 1 to 2, from 2 to 3, from 3 to 4, and fromadd. In order to ensure that the drivers
and the dispatchers engaged in a dialog with etoér,osome city streets were blocked
with construction barrels, as shown in Figure 3The barrel locations changed
dynamically depending on the driver's location. Thevers had to explain to the
dispatchers if a street was closed, so the dispedicbould make corrections to their
instructions. The dispatchers had names of poihisterest located in the city on their
map, for example, gas station and fire stations Bfiowed the dispatchers to understand
where the drivers were on their map. The subjeasewnstructed to communicate

naturally and there was no restriction on how th@munication should proceed.

-l 1 L ] oo L I.
| L]
Gas
station
Stadium
] ]
] ]
[ ] ]
| |
Fire station
Industrial
DMV buildings
] [ ]
4.I 1 L ] o0 L fl

B - Barrels
1 is a starting point. Navigate the driver from 1 to 2, from 2 to 3,
from 3 to 4, and from 4 to 1.

Figure 3.5 Map given to the dispatcher during tkperiment.
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Figure 3.6 Intended travel directions for the drive

Destination
Current

point

Figure 3.7 Blocked streets and possible path.

3.4 Interrupting task

Periodically the drivers were presented with aaistimulus. The drivers then
had to tell the dispatchers about the visual stiswVisual stimuli consisted of a text

message with a progress bar, shown in Figure 3i8aure 3.9. We used two different
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text messages for the interrupting task: “checkireeigand “check link”. Each message
required a different response from a dispatchea.dfiver told the dispatcher that “check
engine” is shown, then the dispatcher had to askitatihe speed of the vehicle. When
“check link” was shown, the dispatcher had to astwuh the distance between the car and
the next intersection. Having two different messagaesured that the participants shift
their attention from the ongoing task. The drivieasl to notice an interruption, shift their
attention to the visual stimulus to read what thessage states, and then chose the
appropriate response. In contrast, if only one lohd message would be used, then the
drivers only had to notice the visual stimulus ndiate the interruption. Time between
presentations of visual stimuli was randomly getegtand varied from 5 seconds to 40

seconds. The randomly generated sequence wasntleefeaall experiments.

Figure 3.8 Interruption shown to the driver (viesarh the cabin).
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Figure 3.9 Interruption shown to the driver (viesarh the side).

A progress bar was used to inform the drivers alibat urgency of the
stimulus. Visual stimuli had one of two urgencydbev The drivers had to respond to
urgentvisual stimuli (47% of all visual stimuli in alkperiments) within 10 seconds. For
non-urgentvisual stimuli drivers had 20 seconds to respdina.driver failed to inform a
dispatcher about a visual stimulus within theseetlimits, the car would stop moving for
10 seconds. These car break-downs were controifethd experimenter. Participants
were told to complete the ongoing task as fastoasiple, and car break-downs provided
an additional incentive to inform the dispatcheowtbvisual stimuli quickly. Car break-
downs slowed down the drivers, which was annoyind most importantly interfered

with the instructions to complete the tasks quickly

3.5 Driving

The driving task was to follow the dispatcher’stinstions and drive to four

destinations. The simulator presented a city soemeith two-lane roads (a single lane
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3.6m wide for each direction). The city consistédigteen intersections organized in a
four-by-four grid, as shown in Figure 3.7. The lismof the area were marked with
construction barrels. The drivers were instructetta drive past the barrels. Participants
were not allowed to travel faster than 30mph (thewould not go faster than 30mph),
and they were required to stop at every stop digrrder to lower the possibility of
motion sickness [65]. Every intersection had foaywstop signs. The streets had
medium traffic conditions (controlled automaticalby the simulation software) and
pedestrians walking on the sidewalks and sometigressing streets. Traffic and

pedestrians were introduced to create a realistic@ment for the drivers.

3.6 Independent variables

The ongoing task did not have any independent bi@saand stayed the same
for all subjects. All subjects had to navigate lte same points in the same order. The
interrupting task had one independent variable utlgency of the task, with two levels:
urgent or non-urgent. The urgency of the interngtiask was presented in a fixed order
for all subjects. The time between presentationgsafal stimuli was randomly generated
and varied from 5 seconds to 40 seconds. The ralgydgemerated sequence was the
same for all the experiments. Due to the differeimcdriving habits of the drivers and
different directions from the dispatchers, thenntptions happened on different streets at
different speeds for every driver. This is the o@aswhy we decided not to

counterbalance the possible ordering effects.
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3.7 Dependent variables for spoken tasks

Figure 3.10 shows a model of the local dialog stétéhe ongoing task, based
on sequences of adjacency pairs [23]. In the pest of an adjacency pair, either the
dispatcher or the driver speaks (e.g. poses aiqoestWe denote the first part with “a”
when the dispatcher speaks and with “e” when tineedspeaks. After a pause (denoted
with “b” after the dispatcher speaks and “f” aftee driver speaks), the dialog continues
with the second part of the adjacency pair. Theseégart is denoted with “c” when the
driver speaks and with “g” when the dispatcher kpe&inally, when the second part

ends, and before the next first part begins, weetepause in the dialog, denoted with

l‘d.11
a b C d
Interruption¢ L L L
| Dispatcherasks | | Driver answers |
Time | Driver asks | | Dispatcher answers |
Interruption T T T
€ f g

Figure 3.10. Interruption timing.

We coded each presentation of a visual stimululs Vait through “g” based on
where it happened with respect to the model infeigu10. Each presentation resulted in
the eventual initiation of an interruption (swittththe interrupting task). We also coded
the interruption initiated by the drivers basedvamere it happened with respect to the

model in Figure 3.10.
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Figure 3.11 shows an example of how timing is as=igto a segment of
speech. Before the dispatcher gives an instructloere is no communication and it is
part “d” of the adjacency pair. When the dispatajiges the instruction “Take right at
the next intersection” it is part “a” of the adjacg pair. Pause before the driver provides
response is marked as “b”, and the driver’s respatsslf is “c”. Now the first adjacency
pair is done and in between the adjacency pairdhawe pause “d’. When the driver
makes a statement “I just passed subway on tHatleftpart “e”. Part “e” is followed by
the pause “f” before the dispatcher provides tlspoase “Ok”, which is part “g”, which

ends the second adjacency pair.

d > < a b __c < d > < e f < d
Take right at Ok
Dispatcher the next intersection -
Driver | just passed i
Ok subway on the left Time

Figure 3.11 Example of codes assigned to adjacpauyg.

It is possible for an adjacency pair to be incortgléor example, if the driver
makes statement after statement without any respioos the dispatcher the adjacency
pairs are marked as shown in Figure 3.12. The fiest of an adjacency pair “I am
approaching an intersection” does not have a respfrom the dispatcher. When after a
pause the driver starts the next statement “I amgeding to take that right” it is again
the first part of the adjacency pair. If statememése separated by 750 milliseconds they
were considered different utterances belongingfterdnt adjacency pairs. This duration

was used by Nakajima and Allen [71] in their reshan discourse structure.
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Dispatcher Ok

Driver | am approaching | am proceeding

: . ; Tim
an intersection to take that right €

Figure 3.12 Example of incomplete adjacency pairs.

The codes for dialog states allowed us to see Wwhhavior subjects utilize
when switching between tasks, which is the sulgéblypothesis 4 (switching behavior).
We used the response time to see the effects ehaygon the ongoing task, which is the
subject of hypothesis 5 (effects of urgency of ithterrupting task). The time between
visual stimulus presentation and introduction oé timterruption by the driver is
considered the response time to the interruptionustis. Figure 3.13 shows how the

response time to the visual stimulus was calculated

_ _ Interruption
Visual stimulus presentation

q

<
L Response time

Driver I have check engine

Time

Figure 3.13 Response time to visual stimulus.

3.8 Dependent variables for driving

The DriveSafety DS-600c driving simulator allows trecording of standard
driving measures, such as lane position, vehiclecitg, and steering wheel angle. All
the values within a 10 meter radius from the ceafan intersection were assigned to a

difficult road condition, while the other valuestrégght segments between the
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intersections) were assigned to easy conditiorterdactions and straight roads formed
separate road segments. We calculated variancesatir measure for every segment.
The variances were averaged for each segment tonoatsingle value per segment.

These values were averaged for each subject ttmabtangle value per subject.

Lane position is the position of the center of smnulated vehicle and is
measured in meters. Higher variance characteribes griving performance, since it
indicates that the participant weaved in the |lanel, perhaps even departed from the lane,

which has potential to cause an accident if theeeagar in the adjacent lane.

The vehicle’s velocity is measured in meters pesosd. Higher velocity
variance does not necessarily mean poor drivinfppaance. Nevertheless, drivers tend
to reduce the speed [56] when they are concernedt dbeir safety, for instance, when
driving on a narrow road, or when they are disgdctor example, when talking to a
passenger. This implies that a slower velocityafqortion of the road could indicate that

the driver was concerned about safety or otherdisteacted.

Steering wheel angle is measured in degrees. Higtemring wheel angle
variance does not necessarily show poor drivinfppmance, for instance, when driving
on a curvy road the variance is higher becauseviilig a curvy road requires varying
the steering wheel angle constantly. In spite a$,tlscomparing the performance of
multiple participants on the same road can be w@se@ relative measure of driving
performance. A higher variance could be an indicatf increased effort of a driver to

remain in his lane.
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3.9 Experiment procedure

The following steps were taken during the experitnen
1. Subject preparation: consent forms, questionnaamas introductions;
2. Training for the ongoing task;
3. Training for the interrupting task;
4. Training for the ongoing task with interruptions;
5. Experiment;
6. Subject release: questionnaires, debriefing, awdnek

All participants were given an overview of the slatar, and were trained to
perform the ongoing task, interrupting task, andntlboth tasks at the same time.
Training took about 10 minutes during which thepdishers were given a map shown in
Figure 3.14. Participants then performed the acéxaleriment which lasted about 40
minutes. At the end, the participants completedstioenaires and were debriefed. The
subjects were presented with printed questionnarhesh are shown in Appendix B. The

text of the game instructions as given to the pigints can be found in Appendix C.
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Figure 3.14 Map given to the dispatcher during titzéning.

The recruitment was performed using flyers and dsnwa university mailing
lists. The fliers were posted on bulletin boardthatDurham campus of the University of
New Hampshire. The electronic version of the flyers sent out to the student mailing

list of the Electrical and Computer Engineering Bment and to the Graduate School

3.10 Subjects

of the University of New Hampshire.

The experiment was completed by ten participame fairs) between 20 and

43 years of age. The average age of the partigpaas about 30 years and 30% were

female. Subjects received compensation in the fdfr$10 gift cards.
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3.11 Corpus and tools

We recorded the speech of all participants, as agethe car position. Vehicle
data were collected at 10 Hz, resulting in aboy0@0 vehicle data points for 2.5 hours
of driving. We also recorded the time the visuahsti appeared and synchronized these
times with the audio recording of the participantbe five pairs of participants were
presented with a total of 286 visual stimuli. Sge&tewer from CSLU toolkit 2.0 was
used for audio data annotation. Speech recording® wranscribed by hand. Every
interruption had an assigned code for the timingisfial stimulus presentation and the
timing of interruption initiation by the driver. & Statistics 17.0 (now called PASW
Statistics) was used to perform statistical analgéithe data. We used ANOVA repeated
measures to compare measures related to the sdjeetsisuch as response time for

different urgency levels.

3.12 Results and discussion

We analyzed three aspects of the data. First weetbat the average response
time of the driver to urgent and non-urgent visstahuli. This was a test for hypothesis
5, which stated that urgent interruptions resukt iiaster response. Figure 3.15 shows the
average response times for all subject pairs. Wiedmo significant difference in the
average response time depending on the urgency ¢ interruption
(F(1,4)=0.01,p=0.937), possibly because particpadid not realize that some

interruptions were more urgent than others.
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Figure 3.15 Average response times of the drivers.

The response times are slower (average arounce2dhds for all cases) than
reported by Tsimhoni et al. [62] (average 1.3 sdspnwho investigated reading
messages on a heads-up display while driving. Baable explanation for this is that in
our experiment the driver was engaged in verbalmsanication with the dispatcher and
did not pay as close attention to the messagdsegsatticipants in the study of Tsimhoni
et al. Even more likely, the drivers were complywgh established conventions in
human-human dialog, and so waited for a suitabletpo the interaction. This waiting

for an opportunity to speak slowed down their resgo

We next analyzed what dialog states allow peoplaiteate a dialog thread
switch (hypothesis 4 — switching behavior). Notattthe driver could have ignored the
visual stimulus, but this happened only 5 out 06 28nes, hence we did not further

consider these cases. This left us with 7 x 7 pdsible types of interruption (7 parts of
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adjacency pairs for visual stimuli presentation amdrruptions presentation, section 3.7,
pg. 37). We decided to focus on interruptions inchlthe stimulus occurred during the
first part of an adjacency pair (“a” or “e”) as ghis the point in the local discourse

structure that has the longest duration.

When a stimulus is presented during the driverst fpart (*e”) 11% of the
time the driver interrupts his own first part (“¢€see Figure 3.16). In 27% of the cases
he/she completes the first part and then introdtleesnterruption (“ef”). In about 2% of
the cases the driver introduces the interruptiamduhe dispatcher’s second part (“eg”).
Most often, in 47% of the cases, the driver waitsilafter the adjacency pair is over
(“ed”). In about 10% of the cases the driver introels the interruption during the first
part of the next adjacency pair when the dispatchepeaking (“ea”). Finally, in 3% of
the cases he/she interrupts after the dispatcliesispart in the next adjacency pair

(“eb”).

W Dispatcher (a) O Driver (e)
50%

45%

40%

35%

30%

25%

20%
15%

Percentage of interruptions

10%

5%
0% ||

a b c d e f g

Adjacency pair part

Figure 3.16 Interruption initiation timings.
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When the stimulus is presented while the dispatchspeaking the first part
(“a”), the driver interrupts immediately in abol8% of the cases (“aa”) and after the first
part in about 30% of the cases (“ab”) (see Figul&)3 Again, most often, 39% of the
time, the interruption came after the adjacency wais over (“ad”). In about 3% of the
cases each, the interruption came in the next exdgcpair during the driver’s first part

(“ae”).

The above data show that the driver often waitethittate the interrupting
task until after the adjacency pair was done. Trhight account for the difference
between the average response times in this studiyh@none reported by Tsimhoni et al.
[62]. We also looked at the average response tifrarivers during difficult and easy
driving conditions. We defined difficult driving asiving within a radius of 10 meters of
the center of an intersection. The drivers spery about 8% of their time driving
through the intersections and thus, on averagadbidted in only 5 visual stimuli out of
57 being presented in difficult driving condition$herefore, we were not able to

compare performance measures for difficult and éaisyng conditions.

3.13 Conclusion

In this experiment, we tried to determine someheftonventions that humans
follow in initiating a switch to a new dialog thickaWe found that when the stimulus to
signal the interruption was in the first part of adjacency pair, participants either
immediately interrupted the first part, or waitedtiithe conclusion of the adjacency

pair. This might indicate that participants wengrtg to avoid having the first part of an
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adjacency pair pending during a thread switchhabthere is a simpler discourse context

to resume.

The lack of the context build-up in the ongoingktasd not allow us to
investigate how subjects recover from the interam® This happened because the
verbal component of the navigation task could leateed as a series of separate steps
which do not depend on each other. On the othed,hdwe interrupting task was very
simple and did not allow us to control the diffigubf the interrupting task. Therefore,
we decided to modify both the ongoing and inteingptasks. We wanted to create tasks
that are more structured (have better defined ad@c pairs) and allow for a better
control over the difficulty of the tasks. Duringetmavigation experiments subjects
exhibited a range of behaviors, for example, sounigest pairs had a driver that took the
initiative and was talking most of the time, whdéher pairs had a dispatcher that was
asking a lot of yes/no questions. Such situatioeated imbalance in the amount of time
the drivers and the dispatchers were talking dutiegexperiments. We intended for the

new tasks to be designed in a way that would notvaduch a situation to happen.

We also needed to balance the easy and difficiuindr segments in order to
better understand the impact of driving difficulbiyn the spoken tasks. Using a city
scenario with the traffic and pedestrians creatétge variation in the driving data due
to the stop signs, traffic, and pedestrians. Altledse factors confounded our ability to
compare effects of the driving difficulty on theogen tasks. This meant that the city
scenario had to be simplified and transition betwie road difficulties had to be clearly

marked. In the next chapter we describe the newespand driving tasks.
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CHAPTER 4

TWENTY QUESTIONS EXPERIMENT

The navigation experiment design suffered from anlmer of flaws. For
instance, the subjects did not build up discoursdext as they performed the ongoing
task. At the same time, the interrupting task dutl adlow us to control the difficulty of
the task. In addition, the previous experiment wassdesigned to investigate all of our
hypotheses. Our new experiment design aimed teecbthe flaws and test our other
hypotheses. Namely, the new tasks allow us tohest spoken tasks performance is
affected by driving (hypothesis 1) and how driviigy affected by the spoken tasks
(hypothesis 2). We also designed tasks that allewtoutest how timing of a switch
between the tasks affects spoken tasks (hypotB¢siSinally, the new tasks offered a

different way to look at the switching behaviortioé subjects (hypothesis 4).

In the new experiment one participant was drivingiraulated vehicle while
conversing with another person situated in a dfferroom. Speech was the only
modality of communication available for the paggnts. This experiment setup is
inspired by a real life example: a police officar patrol. Officers must communicate
with a dispatch center using radio, which is a speamly (unimodal) communication

channel. Officers also perform a manual-visual tagkiving a vehicle. Dispatchers, on
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the other hand, are not driving a vehicle, everugihothey are using a computer. We

selected the spoken tasks based on the constitzattae will describe below.

4.1 Constraints

The following paragraphs describe constraints wekaa with when creating
the experiment design. These constraints were stegjdy the research done elsewhere
(described in Chapter 2) and our previous expeeierid@l,70]. The purpose of these

constraints was to be able to select tasks thdtl @adress our hypotheses.

To compare performance measures on spoken tasksflorparticipants, the
spoken tasks must require both partners to spaalggHence, we avoided tasks which
could be accomplished with one of the participapsaking little or not at all. In going
through training and then completing the verbakgsaduring experiments, participants
could easily spend 60 minutes on these tasks. Tthestasks had to be complicated
enough for the subjects not to run out of thingsag, and they had to be engaging
enough for participants to be willing to keep tatki In other words, the tasks have to be
realistic, because in our previous research weddhbat tasks that are not realistic lead to

poor participant buy-in [70].

Spoken tasks must be designed to have little erenice with driving. The
4-dimensional multiple resource model described\bgkens [1] gives guidelines for the
design of the tasks done in parallel. The four disnens of the model are: sensory
modalities, codes, channels of visual informatiand stages. Figure 4.1 shows three
dimensions of the model. The fourth dimension iste@ only in visual resources and is

not shown to simplify the figure. We decided toagpe the manual-visual task from the
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multi-threaded dialog as much as possible alongetttBmensions, in order to remove
possible interference between the driving and spaésks. It is known that the multiple

resource model cannot explain all of the interfeesnbetween the tasks [1,52], but using
this model as a guideline allows us to better ustdaed the relationship between the

manual-visual task (driving) and multi-threadedatia (spoken tasks).

Sensory

Spatial

Cognition/
Responding

Stages

Perception

= Codes

Categorical

Auditory

Figure 4.1 Multiple resource model representatitop(object represents driving task;
the other object represents spoken tasks).

Sensory modalities are divided into visual and tugi modalities (smell,
tactile, and temperature modalities [34] are netdésed in this dissertation). Driving is
an activity that utilizes visual attention, whileet spoken interaction utilizes auditory
modality. Given that we focus on command and comyqme of spoken interaction, there
is a need to provide some input to initiate thekepodialog. In previous experiments

with multi-threaded dialogs this input was providegually [30], or using multiple
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modalities [29]. This was possible because paditip were not involved in a manual-
visual task. Completely removing visual informatifsaom the tasks limits the types of
possible tasks and makes most of the tasks verifengang for the subjects. For
example, most people can play chess while haviagotiard with the pieces in front of
them, but it is almost impossible for most peopledd the same if they cannot see the
chess board with pieces. We experimented with mdiffe task combinations in our
previous work, and we found that often times theksaare too easy or too difficult as
shown in Figure 4.2. Figure 4.2 shows how diffiguf the tasks changes as a function
of some task parameter. From our experience it setat the general form of the
function is exponential. This means that it is hardhoose the proper task difficulty. For
instance, rotating a sequence of three letterseaayg, but doing the same operation with
four letters was much harder. The restrictions ensery modalities decreased the
number of possible tasks that can be used durim@xperiments to test our hypotheses.

We were limited to the tasks that have very low dedfor visual resources.

Too hard

Adequate
difficulty

Difficulty

N /
~"
Too easy
Task parameter

Figure 4.2 Task difficulty vs variation in task paneter.
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The code dimension of the multiple resource modteréntiates between
spatial and categorical (usually linguistic or \adjlprocesses. Tracking and steering are
spatial tasks, while speaking is a categorical.tBislvigation can be accomplished using
spoken directions, but it might utilize spatialaesces. We did not account for such a
possibility in our previous experiment setup (Cleai®). We also decided not to use tasks
which would require hand movements. This allowesl dhiver to keep his hands on the

steering wheel at all times.

Visual modality of processing is subdivided intadb and peripheral vision.
There is evidence that some driving tasks utiliféei@nt types of vision [72]. For
example, lane keeping and speed control mightzatdéimbient vision, but focal vision is
utilized for detection and identification of roadazards. This introduces another
restriction on the tasks used in the experimentsvea should not assume that tasks that

use peripheral vision do not influence driving pemriance.

The stage dimension is divided into a perceptuagnitive, and response
stages. For example, tasks that require percegtmuld interfere less with tasks that
require a response, as opposed to tasks that eegognitive effort. Both driving and
spoken tasks will require perception, cognitiong aesponse. It is important to notice
that perception for visual and audio channels #ferdnt. The cognition stage contains
different resources for spatial and categoricatl{ap tasks, and driving utilizes manual

response resources, while spoken tasks use spEsimse resources [1].

Figure 4.1 shows a grey object (top object) reprixsg driving and a yellow
spheroid (the other object) that represents sptéshs [66]. The location of the objects

serves to illustrate what resources are requirethitasks. It is less informative on how
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much of these resources are required. Table 4 Wsstwe dependence of different tasks
on a given resource, as described above. We asthaina value of 0 indicates that the
task does not involve a particular resource. Greatleies indicate greater involvement of
a resource in the task. For example, the task epikg a vehicle in its respective lane
might involve resource at the perceptual (locatizithe lane markers), cognitive

(determining the relative position of the vehiclehm the lane), and response (turning
the steering wheel) levels. Hence, the demand vect@ss these dimensions is [1,1,1].
Driving at night on the same road might yield ideamand vector [2,1,1], meaning that it
is harder to drive at night than during the daynifirly to Figure 4.1 these numbers only
serve to illustrate a relation between differersk&a The demand scalar is an additive

combination of the demand vector. The demand sdalatrates the overall demand of

the task.
Demand vector Demand
Task Per ception Cognition Response calar
Vi Va | As | Av | Cs Cv Rs Rv
Easy driving 1 1 0 0 1 0 1 0 4
Difficult driving 1 2 0 0 1 0 2 0 6
Spoken task 1 0 0 0 1 0 1 0 1 3
Spoken task 2 0 0 0 1 0 2 0 1 4

Table 4.1 Demand vectors for the driving and spdksks (V = Visual, A = Auditory,
C = Cognitive, R = Response, f = Focal, a = Ambjent Spatial, v = Verbal [1]).
The driving task also had constraints associatéd ivi For instance, the task
of going from point A to point B along a predefin@ath might require use of a
navigation device, which has its own implicatio®$. [For example, we would have to
present the information from the navigation dewizehe driver during the experiment,
which would create an interruption by itself. Wecided to avoid driving tasks that

would require additional devices.
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4.2 Hardware setup

This section describes hardware used in the expeatinsuch as driving

simulator, eye-tracker, audio, and video equipment.

4.2.1 Driving simulator

The experiment involved driving a high fidelity DeSafety DS-600c

simulator described in detalil in section 3.2.1 @g).

4.2.2 Eye tracker

We used the SeeingMachines faceLab 4.6 eye-trasy&iem, which was
installed in the simulator to track the gaze dimeciof the driver (Figure 4.3). The eye-
tracker cameras were positioned on the dashboardeathe steering wheel. The eye-
tracker provided data at 60 Hz. We collected midtgata channels from the eye tracker
(gaze direction, head direction, blinking infornoati intersection of the gaze with the
screen). These data channels are available forefufwestigation, because we used a

limited subset of the data in this research.
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Figure 4.3 Eye-tracker cameras installed insideéhef simulator cab.

4.2.3 Audio communication and recording

Two people participated in each experiment. Theynroonicated using
headphones and microphones. Their communicatiorsuaervised and recorded. Figure
4.4 shows a driver in the driving simulator withadlphones and microphone used to
communicate with a dispatcher. Figure 4.5 showsdibpatcher wearing headphones.
The driver and dispatcher were located in sepamims and could only communicate
using headphones and microphones. All communicatias recorded synchronously at
44100 Hz as mono signals in two separate chanoeks ¢hannel for the dispatcher and

another channel for the driver).
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Figure 4.4 Driver in the simulator room.

Figure 4.5 Dispatcher in the dispatcher room.
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4.2.4 Video recording

The experiment was recorded for presentation ama dification purpose
with four video cameras:

* Sony HDF-HC3 HDV 1080i for the eye tracker video;
e Panasonic P-GS65 for the over-shoulder video;
* Sony DCF-HC28 for the head and hands video;

* Sony DCF-HC52 for the dispatcher video.
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Eye tracker video

Figure 4.6 Camera setup for drivers [6].
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Figure 4.6 shows the positioning of the video cameand view from these
cameras. In situations when the eye-tracker didancgcord participant's gazes, e.g. if
participant’s hand was covering the IR pod, theewidecordings could be used to

estimate gaze information by visual inspectionhef subject’s eyes.

We also recorded head video of the dispatcher awrslin Figure 4.7. This
recording could be used to confirm the dispatchactsons in case audio recording fails

by listening to the video recording.

Figure 4.7 Camera setup for dispatchers.

4.3 Ongoing task

The ongoing speech task was based on a game Galedty Questions. The
goal of the game was to discover an object by gskonmore than twenty questions. The

game is based on the fact that the information nf@asured by Shannon's entropy

58



statistic) required for identification of an arlity object is about 20 bits. If each question
is structured to remove half of the objects, 20stjoas will allow one to differentiate
between 1,048,576 objects®}R Therefore, the most efficient strategy for theetty
guestions game is to ask questions that will gpét field of remaining possibilities in
half. This process is analogous to a binary sealgbrithm in computer science, which
involves creating a tree structure and then travgrghis structure until a solution is

found [73].

The game allows the players to build a context tvimast be restored during
resumptions. This means that at the time of thenm@sion the participants already
exchanged some information and they need to maies that both of them remember
what that information is after the interruptionoser. The solution space of the task can
be limited by restricting the number of objectowaled in the game. Hence, participants
have a finite number of objects to memorize, whattbws us to control the training time
for the experiments. Changing the number of objectle solution space also allows us
to control the difficulty of the task. We chosehtave 18 objects, as explained below. In

addition, the game has clearly differentiated ashay.

We defined a list of 18 objects that could be desd as electric appliances
for home use: microwave, stove top, blender, mixrjgerator, can opener, TV, radio,
fan, heater, vacuum cleaner, main, light, electhaver, powered toothbrush, hair dryer,
washing machine, dryer, and hair trimmer (a fewent20 questions is required to
complete our variation of the game, but for simplieve still refer to the game by its
original name: twenty questions game). We splittiad objects as belonging to three

different rooms (6 objects in every room): livingpm, kitchen, and bathroom. Figure 4.8
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shows an example of objects used in the game frenbathroom (see Appendix C for
other images). These are common objects, whichldt@ufamiliar to the subjects. These
objects were presented in their common settings¢chwhhould ease the memaorization
process. For example, a toothbrush was in the datir and a TV was in the living

room. Subjects were instructed that only the dbsdriobjects were allowed in the game.
This was done to make it clear what to expect dutive game. We presented all the
items involved in the game in pictures such as féigu8 to create a visual connection
between words and real objects. Paivio [33] fourat it is easier for people to memorize
and retrieve words associated with concrete noesecially when they have pictorial

representations. Hence, we used concrete nounsavpiittorial representation to ease the

memorization process.
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Powered Electric
Toothbrush

Hair Trimmer
-,

e,

Figure 4.8 Bathroom objects available for the game.

The subjects were given a training tree that theghtmwant to use, which
shows all available objects (Figure 4.9). During @ilot studies we found that it is
difficult for people to come up with their own teequickly. By providing an example of
a possible way to split objects, we made it edsiepeople to understand how to play the
game. Games were very quick (less than 30 secavite) people could see this tree in

front of them, but during the experiment they haduse their memory, which slowed

down the speed with which subjects asked theirtqpressand on average stretched the

games to 1 minute and 30 seconds. Allowing drit@tsok at the training tree during the

experiment would also distract them from the dgvtask. At the same time we wanted
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to compare how driving interfere with this task,igfhcan be done by comparing how the
drivers and the dispatchers perform. Thereforeneeded to make sure that the task of
driving was the only factor that changed betweendhvers and the dispatchers. Hence,

both subjects were not allowed to look at the tragjriree during the experiment.

Has door Mlicrow ave
Heating
%, Mo door Stove top

Has sharp edges Blender

Kitch Food processing _
== { Mo sharp edoges Mlixer

Hasdoaor Refrigerator
Utility
Mo door Canopener

Sound and picture T

Entertainment i
Sound anly Fadio

Has moving parts Fan

Living room Comfort _
. . Mo moving parts Heater

Has moving parts “acuum cleaner

Utility —
“ Mo moving parts hain light

Facial Electric shaver

Fersonal
% Mot facial Fowered toothbrush

Meeds water Washing machine

Bath Lititlity
aroem % Mo Water Cryer

Uses heat Hair dryar
Hair T
% Mo heat Hair trirrmer

Figure 4.9 Training tree for classification of thgpliances.

A single twenty questions game forces one persaskoquestions, while the
other person only says “yes” or “no”. This creaaesmbalance in the amount of time the
participants are involved in the conversation. ideo to resolve this we asked the drivers
and the dispatchers to play twenty questions gamegarallel by alternating their
guestions. The driver and the dispatcher were gthenwords for the other person to

discover when the game starts. For the driverwthieel was present on the screen below
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the horizon level, but above the hboard. The word location allow a quick data
access, while minimizir interference with the driving and not occluc the leading
vehicle (based on theesearch done by Tsimhoni [62]). Figurel@ shows word
Microwave that is presented to the driver and sll be discovered by the dispatcher (
text was shown in red, white outlines are used &ikanthe word visible in graysce.

Figure 4.11shows word TV that is presented to the dispatchdrshould be discovere

by the driver.
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Figure 4.10Twenty questions game information shown to thesd
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Figure 4.11Twenty questions game information shown to theattisyer

4.3.1 Ongoing task structure

For the ongoing task we call a single adjacency pagame turn. In thi
context the terngameis related to the ongoing task and can be replagdtdthe phras:
twenty questions gamé&here should be no confusion with conversatigaahes whict
are tiedinto the discourse structure of a dialog and aeglus analysis of task orient
dialogs [74,75] The termturn is defined in relation to the games, as opposea
speaker. For example, Dunc[76] studied how people signal to each other whoseitt
is to speak. In our context, one turn is a questiprone person and an answer by
other person. Figure ¥2 shows how questions were alternated within a gdméhis
sense, the subjects are taking turns when playwogwenty questions games in paral
We identify whose turn it is by the person whosg&iag a question. When a driver ask

question it is the driver's turn. When a dispatchsks a question it is the dispatche
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turn. This is further illustrated in Table 4.2 tilshiows an example of playing two twenty
guestion games in parallel. Dispatchers were intttlalways to start asking questions
first when a new game was started in order to nsake that participants do not spend

their time negotiating who should start first.

Dispatcher's Driver's Dispatcher's Driver's

< Turn 1 < Turn 1 Turn 2 Turn 2
w77 ) wm | v ) -
Answer % % % % Time

Figure 4.12 Order of turns in twenty questions game

Code | Speaker Utterance Details

Ul Dispatcher Is it in the kitchen? Dispatcher’s turn 1
U2 Driver Yes.

U3 Driver Is it in the bathroom? Driver’s turn 1

U4 Dispatcher No.

U5 Dispatcher Is it used for heating? Dispatcher’s turn
U6 Driver No.

u7 Driver Is it in the living room? Driver’s turn 2

us Dispatcher Yes.
U9 Dispatcher Is it used for food processing?  Dispatcher’s turn| 3
U10 | Driver Yes.

Ull | Driver Is it a utility item? Driver’s turn 3

Ul2 | Dispatcher Yes.

U13 | Dispatcher Does it have a door? Dispatcher’s turn 4
Ul4 | Driver Yes.

Ul5 | Driver Does it have moving parts? Driver’s tdrn

Ul6 | Dispatcher Yes.

U17 | Dispatcher Is it a refrigerator? Dispatcher’s turn 5
Uil8 | Driver Yes

U19 | Driver Is it a vacuum cleaner? Driver’s turn 5

U20 | Dispatcher Yes
Table 4.2 Example of parallel twenty questions game

The subjects were asked to start playing twentystijue games as soon as the
words appear on the screen. When the words wereviehirom the screen the subjects

were instructed to stop speaking with each otlig¢hel subjects finished the ongoing task,
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but words were still on the screen, then they heldadice of chatting with each other until

the words disappear.

There were twelve parallel twenty questions gamesd each experiment for

the reasons described in the following sections.

4.4 Interrupting task

For an interrupting task (to simulate a multi-tited dialog) we use a
variation of a last letter word game (a similaiktagas used as an interruption in a dual
task condition in the research by Strayer and ohrn$2]). A person names a word that
starts with the last consonant or vowel of the woeined by the other person. For
example, Table 4.3 shows an interrupting task diaben a driver sees an interruption

and asks the dispatcher to name a word startirfgtiv letter A.

Code | Speaker Utterance

Ul Driver Name a word starting with A.
U2 Dispatcher Apple

U3 Driver Exit

U4 Dispatcher Tomb

U5 Driver Beak

U6 Dispatcher Kite

U7 Driver Enter

Table 4.3 Example of an interrupting task.

The time duration of this task can be controlledimyreasing the number of
words to be named or/and by limiting what type ajrés can be used. During our
preliminary studies we found that naming three 8 tetter words provided us with 10 to
20 seconds of game duration. Words with less than @hore than 5 letters resulted in
longer time spent on the game. No limitation of wad length often resulted in a very

short completion time (less than 10 seconds). We mistructed subjects not to use the
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words that were already used. This ensured thadubgects try to come up with the new
words instead of reusing the same words. We asstiméthe chosen game duration was
long enough to create interference with the ongdask to simulate a multi-threaded

dialog.

We instructed subjects to attempt to finish ladtefeword games in 30
seconds. A progress bar showing how much timeftisdeplay the game was shown on
the screen to the person who starts the last letbed game. This was done to motivate
subjects to switch to the interrupting task beftire ongoing task is complete. At the
same time, subjects did not have to interrupt imatety, which allowed them to pick
the timing of the interruption presentation. Figutd3 shows the letter “A” with a
progress bar presented to the driver for the &ttrl game, while Figure 4.14 shows the

letter “B” with a progress bar presented to thedisher.
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Figure 4.13 Interrupting task shown to the driver.

Figure 4.14 Interrupting shown to the dispatcher.
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When subjects saw an interruption they had to ptaimp partner to name a
word that starts with the given letter. This wagrdhwas no cognitive load on the subject
who received the interruption to come up with therdvbefore the introduction of the
interruption. This ensures that any pause betweerptesentation of the interruption to
the subject and the subject mentioning it is ndeciéd by the difficulty of the
interrupting task itself. In other words, repeatangrompt does not require as much time

as thinking of a word and then saying it [24].

Subjects needed at least four questions to compléteenty questions game
(as described in the section 4.3, pg. 58). We ptedean interruption after the first,
second, or third questions (different interruptimnings). We also present an interruption
to the driver or to the dispatcher. Each of the Nwewenty questions games was
interrupted. One half of the twelve interruptionsrev presented to the driver and the
other half to the dispatcher. Therefore, the driwes presented with six interruptions,
and the dispatcher was presented with six inteonpt We decided to have two
occurrences of each interruption timing for eachjestt. This gave us four interruptions
(two for the driver, and two for the dispatcheratthvere initiated after the first pair of
guestions; four interruptions that were initiatdteiathe second pair of questions; and
four interruptions that were initiated after thedhpair of questions. This added up to 12

interruptions per experiment.

Each interruption was presented after a certainbmurof turns as explained
above. The experimenter kept track of the numbetunis in every twenty questions
game. Once the required number of turns in a tweogstion game was done by the

driver the experimenter pressed a button and aruption was shown after a delay
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randomly chosen from 0 to 10 seconds. This ensthatl the experimenter did not
introduce a bias into the procedure. From our @itatlies we found that it takes about 10
seconds to complete a game turn. Thus, the randgay dntroduces the interruption
during the next turn of the twenty questions gambich is what we would like to

happen.

For the interrupting task we considered namingngleiword to be a game
turn. Similar to the definitions in section 4.3dg. 64, the terngameis related to the
interrupting task and the tertarn is defined in relation to the last letter word g&m
(similar to explanations in section 4.3.1, pg. 64)turn starts when the other person
requests to name a word or when the other persoesa word. The turn ends when the
person finishes saying a word. When the driver maste a word it is the driver’s turn,
and when the dispatcher must name a word it igliggatcher’s turn. Given the rules of

the game each subject must take three turns bafoirgerrupting task is complete.

4.5 Multi-threaded dialog

Figure 4.15 shows an ongoing task interrupted bynsarrupting task . Once
the interrupting task is complete subjects resungedngoing task. Completion of the
ongoing task finishes the game. The first parthaf twenty questions game is called
before interruption and the second part of the twenty questions gmncalled after
interruption Notice that it is possible for the subjects to nut of time and the ongoing
task will not be resumed. In this case there igesumption activity present for such a

game. We minimized such situations by providing wugho time for participants to
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complete both tasks. We found how much time shbealénough based on the data from

our pilot studies.

During
Before interruption interruption After interruption

v v v

Interrupting

Driver % % % @ % % Time

One twenty questions game

L 7 x A J i

Figure 4.15 Ongoing and interrupting tasks.

We limit the time a person drives during trainilegliD-15 minutes and during
the experiment to 30-40 minutes. We concluded ttinatduration is satisfactory for our
experiments based on the previous research dormuriniaboratory [11,77,10]. This
allows for proper training and does not fatiguevelrs to the extent that the fatigue starts
affecting the results of the experiment. Using deden pilot experiments we calculated
that two minutes is enough time for participantsctonplete parallel twenty questions
games. With a short break between the games (3thdgcr and added time for the
interrupting task (30 seconds), the participanéygdl 12 parallel twenty questions games
during a 30 to 40 minute long experiment. This namf the twenty questions games

matches the number of interruptions that we decidddve during experiments.

4.6 Driving

All drivers were instructed to follow a lead velichich traveled at 89km/h
(55mph). The task of following a vehicle forced tbevers to maintain the speed

required for the experiment. The leading vehicles asitioned 20 meters ahead of the



subject’s vehicle at the beginning of the experitn@he drivers were instructed not to
lose sight of the leading vehicle, but there wavdanstructions as to what distance must
be maintained from the leading vehicle. There wastleer vehicle positioned 20 meters
behind the subject’s car at the beginning of theeeinent. The rear vehicle encouraged
the drivers to check the rear and side view mirewgrivers would in real life driving.

The rear vehicle also traveled with the same spsethe leading vehicle, but it slowed
down to keep a safe distance from the subject’swb@n necessary. No other traffic was

present on the road to avoid additional variabititgriving difficulty.

Figure 4.16 Road with trees and houses along it.
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The drivers drove on a two-lane road (one lane 3i8de in each direction)
representing a rural highway in daylight, as showifrigure 4.10. The separating road
marker line between the lanes was full during ialles. There were buildings and trees

along the road as shown in Figure 4.16.

—2

LS

Figure 4.17 Overview of the road.

Each driver traveled along the road that had siaigitt and six curvy road
segments. Figure 4.17 shows a sequence of altegnsttiaight and curvy road segments
traversed by a driver in an experiment. Straiglynmsents were 3.4km long and curvy
segments were 3.75km long. The difference in degamas due to constrains of the
software for the road design. At the beginning tredend of the road we introduced two
short regions during which the subjects did not mamicate with each other, in order to
allow the drivers to transition from one road diffity to another. We also allowed the
drivers to drive for 1.5km when the simulation sdrto make sure that the drivers adjust

their speed to the speed of the leading vehicleral the road was 47km long.

Each curvy road segment had an equal number ofileftright turns. Each
turn introduced a 90 degree change in heading 82@rmeters of travel (radius of 230
meters). After the change of the direction was detephere were 160 meters of straight
road before the start of the next turn. The stitasgigment before the next turn made sure
that two consequent right turns are not differeot a left turn followed by a right turn.

The previous experiments [10,77] showed that tbedrgeometry at 89km/h does not
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cause motion sickness for the majority of the sttbjeTsimhoni and Green [57] found
that the driving difficulty increases with the roadrvature. According to their model
visual demand for curvy roads with the radius d®r23hould be 30% larger than for the
straight roads. We assumed that this differencgsimal demands should provide us with
an increased driving difficulty for curvy road segmbs as compared to the driving on

straight road segments.

Curvy
6
3 4 5
Transition Straight Transition
1 s
Straight Baseline

Figure 4.18 Sample of road segments.

Figure 4.18 shows the sequence of a few road sdgnteefore the point 1 the
driver communicates with the dispatcher while argvbn a straight road segment. From
point 1 to point 2 we have 1km of the baselineisactwhich included straight and curvy
regions. To point 1 and from 4 to 5 there are glftaroad segments. From point 2 to
point 3 there are curvy road segments. 3 to 4 atod@are transitional segments, during
which subjects were not supposed to talk. Fromtgdion there is a curvy road segment.
The participants are presented with the twenty tipues game words when the driver
passes points 2, 4, and 6. The words are hidden wigedriver reaches the points 1, 3,
and 5. Interruptions are presented somewhere b&fdrebetween points 2 and 3, 4 and
5, and after point 6. Subjects were instructed l&y phe twenty questions games only
when they saw words on the screen and they hadofp talking when the words

disappeared from the screen. This means that $algeald play the twenty questions
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game only during 3km length inside of each segn@mwn in red in Figure 4.17), and

the subjects were requested to be silent durimgitians from one segment to another.

It is important to notice that the interruptingkdmad an explicit time limit with
a progress bar shown to the subjects (section,48281). The ongoing task had a
“distance” limit, meaning that the participantsygd twenty questions games only while
the drivers drove inside of a 3km range within ermdd segment (as explained above).
Given that the drivers on average had to maintacorestant speed (set by the leading
vehicle), the “distance” limit was mostly constamtime (about two minutes). This limit
for the twenty questions game was not visually gmésd to the subjects. The participants
were not explicitly informed about this “distandethit, but they knew from training that
they have to stop playing twenty questions gamesmwthe words disappear from their

screens.

4.7 Independent variables

We focused on three independent variables in tludys subject role, road
type, and timing of interruptions. We had five farst for the ongoing and interrupting
tasks that could have introduced ordering artifatt®ing of interruptions, twenty
guestions game words, interruption letter, subject interruption presentation, and
starting road segment. It would take too many erpants to counterbalance all of these
factors. Hence, we chose to counterbalance thefaators we assumed could have the
most confounding effect on the experiments. The&t fiactor is the type of the starting
road segment during which the driver is engagethénongoing task for the first time.

The second factor is the twenty questions game svdride other factors such as the order
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of the interruption timing, interruption letter,dsubject for the interruption presentation
were coupled with the twenty questions game wosddescribed below. Every ongoing
task had the objects to be discovered by the sigh{ene for the driver, and one for the
dispatcher), an interruption timing (after whichrtuhe interruption was presented), an
interruption letter (what letter should be usedstart the interrupting task), and the
subject role for the interruption presentation (wda®s the interruption letter: driver or
dispatcher). For example, during game 1 the dmvest discover Fan while dispatcher is
discovering Can opener; the interruption is presgmtfter the third turn of the game; the
interruption has letter B and is presented to theed The next game has different
words, different interruption timing, letter, anchavis presented with the interruption.
We created two sequences of these combinationghvere shown in the Table 4.4 and
Table 4.5. Both sequences of word pairs for tweptgstions games utilized all possible

objects. Each sequence for interruptions was dedigrsing the three rules described

below.
Sequence 1
Ongoing tasks Interrupting task
# Driver Dispatcher Timing | Letter Per son
1 Can opener Fan 3 B Driver
2 Stove Powered toothbrush] 2 A Dispatcher
3 TV Refrigerator 2 C Driver
4 Dryer Radio 1 D Driver
5 Heater Washing machine 1 B Dispatcher
6 Blender Main light 3 D Dispatcher
7 Hair trimmer Mixer 1 C Driver
8 Microwave Electric shaver 3 A Driver
9 Fan Hair dryer 2 C Dispatcher
10 Vacuum cleaner Refrigerator 2 B Driver
11 Dryer Radio 3 A Dispatcher
12 TV Can opener 1 D Dispatcher

Table 4.4 Combination of game parameters for thegment sequence 1.
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Sequence 2
Ongoing tasks I nterrupting task
# Driver Dispatcher Timing L etter Per son
1 Radio Hair dryer 1 D Dispatcher
2 | Powered toothbrusH Microwave 3 A Dispatcher
3 Fan Washing machine 2 B Driver
4 Hair trimmer Mixer 2 C Dispatcher
5 Heater Blender 3 A Driver
6 Vacuum cleaner Hair dryer 1 C Driver
7 Main light Electric shaver 3 D Dispatcher
8 Dryer Stove 1 B Dispatcher
9 v Can opener 1 D Driver
10 Microwave Washing machine 2 C Driver
11 Refrigerator Powered toothbrush 2 A Dispatcher
12 Radio Hair dryer 3 B Driver

Table 4.5 Combination of game parameters for thEeement sequence 2.

Rule 1 stated that the change of the person to wihenmterruption is present
must not happen more than three times in a ronei@tlke subjects might anticipate the
next interruption. For example, if the interruptiorould be presented to a different
participant every single time, the subjects coelarh it and, as a result, anticipate who

will be interrupted next.

Rule 2 stated that all interruption timings mustpbesented before they can be
repeated, to make sure that most of the interrogimings are separated from each other
as much as possible. For instance, there are mberraiptions that happen after the third
turn of the twenty questions game, and we wantedan&ke sure that all of these

interruptions do not happen at the very beginninthe end of the experiment.

Rule 3 stated that the interruptions after the sdand third turns must be as
far away (time wise) from each other as possibles allows us to capture how subjects
react to the different interruption timings at theginning and at the end of the
experiment. We expected that more game turns peowvidre context and consequently

more interesting behavior for resumptions and infgions. Thus, we made the
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interruptions after the second and third turn tddveaway from each other in time. This

should account for possible learning, and/or faigtfects.

During the experiment each interruption requestechdme a word starting
with one of the letters: A, B, C, and D. Each letteas used by three interruptions
presented to the each subject during the experinddinof the letters were used before
they could be repeated. This ensured that we camesening effects if any, because the
same letters were used at the beginning, middletl@m@nd of the experiment. We used
the reverse order of the sequence to counterbafantiee ordering effect and satisfy the

rules described above at the same time (as showahle 4.4 and Table 4.5).

Experiment | |1 ll Il Il .'] ll

: L B A B IR B A A
Straight first .3 a2 a3 Al A3 A2

Sequence 1 B2 Bl B3 B2 B3 Bl

Experiment 2 [1 [] f] f] [] [l

tHt vt
e A3

Straight first A2 A3 Al al
Sequence 2 Bl B3 B2 B3 Bl B2

Experiment 3 Il ]l ]] ll i‘l ll

L A R B B B A B AR

Curvy first 5 45 Al A3 a2
Sequence 1 B2 Bl B3 B2 B3 Bl

Experiment4 | l f l [ l [ ] [ l [ l

L0 B N N R B B R
A2

: +
Curvy first A3 AL Al B2 A3
Sequence 2 B1 B3 B2 B3 Bl B2

Interruption presented to driver (A), dispatcher (B)
with the number of turns before interruption.
Example: B2 - interruption presented to the dispatcher
after the second turn.

)’]_f Curvy road segment —— Straight road segment

Figure 4.19 Four different experiment sequencesh{e@as done by four subject pairs).
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Two types of the starting road segments (curvysiraight) with two different
sequences for spoken tasks gave us four differgmerement setups that are shown in
Figure 4.19. In the experiments 1 and 2 drivergtedawith driving on a straight road
segment, and in the experiments 3 and 4 driversedtavith driving on a curvy road
segment. Interruption timing for the experimens the same as for the experiment 3, and
interruption timings for the experiment 2 is thengaas for the experiment 4. Notice that
the order of interruption timings for sequence thisreverse of sequence 1, as explained
before. Experiment 1 and 3 used one sequence aperirent 2 and 4 used the other
sequence of words. This means that all pairs ofisarere tested against different road
conditions. For example, twenty questions gamek ®&n opener and Fan was played
while driver drove on a curvy road in one experitremd while driver drove on a straight
road during another experiment. Each subject pais assigned a single experiment
sequence, so that each of these four experimenesegs were done by four different

subject pairs.

4.8 Dependent variables for the spoken tasks

The following sections describe dependent variafieshe spoken tasks. The
dependent variables for the ongoing and the inpéirg task allow us to test hypotheses
1 and 3, which focus on, respectively, how the spotask performance changes while
driving, and how timing of a switch influences thpoken tasks. Modeling switching

between the tasks allows us to test hypothesiqhafocuses on switching behaviors.
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4.8.1 Ongoing task

A twenty guestions game (ongoing task) can have ainthree outcomes:
correct object is named (win), incorrect objeaba@ned (fail), and the subject runs out of
time (timeout). When the word is properly guessed gonsider the game to be
successfully completed. The ongoing task had tHeviong dependent variables: game
outcome, number of turns in a game, pause lendtréasking a question, length of the
utterance containing a question, pause length égfooviding an answer, length of the

utterance containing an answer, and speaking oatbé question and the answer.

Figure 4.20 shows measurements for every turnebtigoing task. Speaking
rate was calculated as number of syllables pemgefar every word in an utterance and
then it was averaged to get a single value forctimaplete utterance for the question and
answer in the turn. Measurements for every varidbteevery turn in a game were
averaged to obtain a single variable value fordhme. For example, question pause
measurements were averaged over every turn in @tyvegiestions game to obtain the
guestion pause measurement for this game. Gamemeimumber of turns in a game,
and the averaged turn variables were averaged tionol single measurement for the
subject. For example, number of turns in a game avasaged over the twelve twenty

guestions games to obtain a single measuremetitd@ubject.

< Turn duration >

Question  Question Answer  Answer
< Pause > <Utterance> ‘Pause’ <Utterance>

Question

>

Answer Time

Figure 4.20 Twenty questions game turn related deéeet variables.
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We considered a turn everything from the end of gnevious turn or
beginning of the first utterance for the very fitatn of the game, until the end of the
answer for this turn or beginning of interruptidrthe turn was interrupted. We consider
the last complete sentence that formed a quesBoa @uestion utterance, and the last
complete sentence that formed an answer as an andtezance. Time from the
beginning of the turn until the beginning of theeqtion is considered the question pause.
Time from the end of the question utterance toltbginning of the answer utterance is
considered the answer pause. Figure 4.21 showsa®defined the turn measurements

in a speech sequence.

< Turn duration >
Question Question Answer Answer
< Pause > Utterance » Pause P Utterance >
um, is it Is it in the kitchen? uh No
um,isit uh | >
Time

Figure 4.21 Example of twenty questions game twasurement assignment.

4.8.2 Interrupting task

The interrupting task (last letter word game) hhd following dependent
variables: pause to provide a word, length of ttterance containing a word, number of
turns (words named), and speaking rate. We consigetast word named during the
current turn as the utterance. Speaking rate wigsilated as number of syllables per
second for every utterance. Time from the beginmhthe turn to the beginning of the

utterance is considered a pause.
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Figure 4.22 shows variables for the interruptirgktior every turn, and Figure
4.23 shows how we defined these measurements irpegcls sequence. These
measurements along with the speaking rate wereagedramong the turns of a single
game to obtain a single measurement for a partigdeme. For example, pauses for all
turns of an interrupting task were averaged toinkdasingle measurement for this game.
The number of turns in a game and the averagedn@asurements were averaged to
obtain a single measurement for a subject. For pl@mumber of turns in a game was

averaged over the twelve interruptions to obtasmgle measurement.

< Turn duration >

< Pause > 4Utterance>

>

Time

Figure 4.22 Last letter game turn related dependemiables.

Previous turn >4 Turn duration >

< Pause > <Utterance>

Apple Exit
pp -

Time

Figure 4.23 Example of last letter word game tumasurement assignment.

4.8.3 Switching between the tasks

Based on our pilot studies we modeled switchingvbeh two spoken tasks
using the following scheme. First the ongoing t#s&t is the twenty questions game

(TQG) is interrupted by initiating a switch to tlzest letter word game (LLG). Once both
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parties agree that the LLG is complete the switthfQG is performed and TQG is

continued. This model is shown in Figure 4.24.

Time >
TQG Switch to LLG LLG Finish LLG| Switch to TQG| TQG
Cue-word ‘ Explicit ‘ ‘ Summary ‘
‘ Implicit ‘ ‘ Question ‘
‘ Wrong ‘ ‘ Reminder ‘
‘ Discussion ‘ ‘ Nothing ‘
‘ Nothing ‘ ‘ Other ‘

Figure 4.24 Interruption/resumption of a twenty gtiens game.

As shown in Figure 4.24, when TQG is interruptedswatch to LLG, the
interrupting person can take one of the followitgjans: use a cue-word to indicate the
interruption (Okay, Wait, Sorry, etc.) or start thmerruption without a cue-word
(Nothing). Which cue word is used characterizeswitch from the ongoing to the

interrupting task. This parameter is associated wlite person who is initiating the

interrupting task.

Once the interrupting task is completed, both pgdints must agree that it is
indeed complete. This can be done by a combinatibrihe following: explicitly
acknowledging the end of the interrupting task,ifstance “We are done” or “That’s my
three”; implicitly acknowledging the end of the entupting task, for instance “Okay”;
wrongly acknowledging the end of the interruptiaght, for instance “We are done, oh, |
have another word”; discussing if the interruptiagk is complete, by posing a question,
for example “Are we done?”; or no acknowledgmeiatt tine interrupting task is done by

simply resuming the ongoing task. These parametges associated with both
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participants. Each participant could choose howsignal the completion of the
interrupting task, for example, the driver mighy $&/e are done” (explicit confirmation)

and the dispatcher might say “Okay” (implicit confation).

When the interrupting task is complete the contéxhe ongoing task could be
restored. This can be done by: providing a summémne’s own state, for instance “I
was in the living room”; asking a question, for eyde “Was | in the living room?”;
reminding what the state of the other participaaswor instance “Yours have a door”;
or no context restoration. These parameters a@ciassd with both participants. Each
participant could choose how to restore the contiextexample, the driver might say
nothing (no context restoration) and the dispatechight say “I am in the living room,

you are in the kitchen” (summary and reminder).

4.8.4 Interruption initiation

Following our prior work [11] described in Chapt8y the ongoing task is
modeled as a sequence of adjacency pairs [23].i08e8t7 (pg. 37) has detailed

explanation of our modeling for adjacency pairgufe 4.25 shows the summary of the

model.
a b C d
Interruption¢ i ¢ L
| Dispatcherasks | |  Driveranswers |
Time | Driver asks | | Dispatcher answers |
Interruption T T T
e f g

Figure 4.25 Interruption timing.
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d >4 a b .c < d > < e f < d
Dispatcher Is it in the kitchen? No -
Driver Yes Is it in the bathroom? Time

Figure 4.26 Example of codes assigned to adjacpacy.

Figure 4.26 shows an example of how timings arégasd to a segment of
speech. Before the dispatcher asks a questiore theto communication and it is “d”
part of the adjacency pair. When the dispatches asfuestion “Is it in the kitchen?” it is
“a” part of the adjacency pair. Pause before theedprovides response is marked as
“b”, and the driver’s response itself is “c”. NoWwet first adjacency pair is done and in
between the adjacency pairs we have pause “d”. Whendriver asks “Is it in the
bathroom?” it is “e” part. This part is followed lige pause “f” before the dispatcher

provides the answer “No”, which is “g” part. Thssthe end of the second adjacency pair.

4.9 Dependent variables for driving

The DriveSafety DS-600c driving simulator allows tgs record standard
driving measures, such as lane position, vehiclecity, steering wheel angle, and
distance to the leading vehicle at 60 Hz. We caleal variances for each measure. The
detailed description of lane position, vehicle wityy and steering wheel angle variables

is given in section 3.8 (pg. 39).

Distance to the leading vehicle is the distanceveen the center of the leading
vehicle and the center of the simulated vehicle @&ndaneasured in meters. Higher
variance characterizes poor driving performanceesit indicates that the participant did

not keep a constant distance from the leading {ehic
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All variables were assigned to corresponding roagitents and tasks that
were performed during these segments. After that aherage was found for these
variables. For example, all curvy and straight sohdve their averaged values, which
allow us to compare driving performance on curvg atraight roads. At the same time,
as shown in Figure 4.15 (pg. 71), every curvy anaight segment contained a duration
of time when the subjects played the twenty quastigame before an interruption, when
the subjects played the last letter word game, vainein the subjects played the twenty
guestions game after an interruption. Variablesevetso averaged for these three distinct
regions for every road segment to obtain averagesbtfore, during, and after

interruption task segments.

4.10 Experiment procedure

The Experiment Wizard application [78] was useds&s up and run the

experiment. The following steps were taken durlmgeéxperiment:

[ —

. Subject preparation: consent forms, questionnaamas introductions;

2. Training for the twenty questions game (not paraemes): 4 games

each;
3. Training for the last letter game: 4 games;

4. Training for playing the twenty questions gameganallel interrupted

by last letter word game: 2 games, 4 interruptions;
5. Training for driving and playing the games: 3 gandemterruptions;

6. Experiment: 12 games, 12 interruptions;
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7. Subject release: questionnaires, debriefing, awdnek

Subjects were presented with computerized quesiogs1 using the
LimeSurvey software [79] before and after the ekpent. The text of the questionnaires
can be found in Appendix B. The text of the gansrurctions as given to the participants

can be found in Appendix C.

Training included nine twenty questions games, Wwheasured that subjects
played using all the allowed objects. This was dimnleelp the subjects learn the objects.
During training the first four twenty questions gzssmwere done sequentially, meaning
that only one person would ask questions and ther etould only answer. After a game
was done the roles were reversed. The last fiveitigagames were done in parallel as

they would be done during the experiment.

Each experiment lasted about 1.5 hours, includapgepwork, subject training,
data collection, and debriefing. Data were recordadaverage for about 35 minutes,

during which the driver traveled for about 47km.

4.11 Subjects

The recruitment was performed using flyers and dsnoa university mailing
lists. The fliers were handed out in personal aoistand posted on bulletin boards at the
Durham campus of the University of New Hampshirge Electronic version of the flyer
was sent out to the student mailing list of thecEleal and Computer Engineering

Department and to the Graduate School of the Usityeof New Hampshire.

The experiment was completed by 32 participantspdiés) between 18 and

38 years of age. Each pair was formed by two pewmble have never met each other
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before. The average age of the participants wageads and 28% were female. Subjects
were promised a $15 compensation for participaitnthe experiment. They were also
told that if they perform well (attempt to finishl ahe games and interrupting tasks
according to the rules) they would be given a booiu$5. By providing a monetary
incentive we tried to motivate subjects to perfowell during the experiment. All
subjects were given the bonus regardless of tlegfopnance. The reward was given as

gift card certificates.
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CHAPTER 5

RESULTS AND DISCUSSION FOR THE TWENTY

QUESTIONS EXPERIMENTS

This chapter describes the data, data analysisatgttand results, as well as
the discussion of the results obtained during teEnty questions experiments described
in the previous chapter. This experiment was desigo answer the following questions
(hypotheses described in section 1.3, pg. 7): Ribeeng influence performance of the
spoken tasks? Does timing of switching between gpeken tasks affect the spoken
tasks? Do the spoken tasks affect driving perfome@nwhat switching behaviors are
exhibited by the drivers and the dispatchers? Howsuabjects resume the interrupted
ongoing task? The following sections show the dat used and the methods we

employed to answer these questions.

5.1 Corpus and tools

The experiment was completed by 32 participantspdiés) between 18 and
38 years of age. Each pair was formed by two pewmble have never met each other

before. The average age of the participants wage24s and 28% were female. During
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the experiments we collected 9.3 hours of speedbraations with synchronized
simulator and eye tracker data. The driving and-tegeker data were collected over

800km traveled.

We choose to use 16 subject pairs, because weobadlifferent experiment
setups (section 4.7, pg. 75) and we decided tledt egperiment setup had to be done by
multiple subject pairs. In general, a sample siteless than 16 experiments was

commonly used in previous research involving dgvammulators [10,48,62].

We collected data from 384 games (12 games fowuBjests) for the ongoing
task. Half of these games (192) were played bydiiners and the other half by the
dispatchers. The same statistic applies to therugeng task with 384 games. During the
experiments 25% of the time the subjects were gas@mething to each other. The audio
files were annotated in order to extract the valieesdependent variables (section 4.8,
pg. 79). Data annotation was done by the authoadthtion, two undergraduate students
participated in the annotation of the switching debr. The disagreements in the
transcription of the switching behavior were regsdl\by consensus. The corpus contains

5752 utterances (about 360 utterances per experenenl80 utterances per subject).

Speech Viewer from CSLU toolkit 2.0 was used fodiaudata annotation.
Speech recordings were transcribed by hand. Eviéeyance in the ongoing task was
assigned a game number (1 to 12) and a turn nu(bter 10, as explained in sections
4.3.1 and 4.4. Every game was marked with the ouc(win, timeout, fail). Every turn
was marked as: being normal (question/answer pairgpontaining a switching activity,
such as resumption, reminder, etc. (as explaineskation 4.8.3, pg. 82), or interrupted

(an interrupting task was initiated during thisurUnless the turn was interrupted, it had
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four parts as shown in Figure 4.20: pause befagegtiestion, question utterance, pause
before an answer, and answer utterance. In addgmaking rate was calculated for the
guestion and answer utterances. Section 4.8.18@gexplains how we define these

measures. Every question in the ongoing task wsigresd a level one to four based on

the explanations in section 5.1.1 (pg. 94).

Every interruption game was classified with the bemof the last complete
turn before the interruption, and the level of theestion in the last complete turn before
the interruption. In addition, every interruptioachtwo codes attached to it: when the
interruption was visually presented (shown to gextly and when the interruption was
initiated (the subject initiated the interruptionjhese codes indicated when the
interruption occurred in relation to the closesjaadncy pair. Section 4.8.3 (pg. 82)

provides more explanations of these codes alongexamples.

For every switch from the ongoing task to the intpting task we marked the
switch as containing or not containing a cue warad ¢ther methods of switching were
observed). For every switch from the interruptiagktto the ongoing task we marked the
switch as containing summaries, reminders, question activity, or something different

from all the previous activities.

Speaking rate was calculated with help of Tcl gsriprovided by Peter
Heeman. These scripts used CSLU toolkit to findfleables and their durations in the
annotated data. The scripts were used previouslyYbpg et al. [18]. Driving
performance measures were extracted using SEATicapph developed by Oskar

Palinko for internal use in Project54.
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SPSS Statistics 17.0 (now called PASW Statisticas wsed to perform
statistical analysis of the data. The drivers d&ddispatchers worked together during the
experiments, and, consequently, their performan@asores cannot be considered
independent. Because measures for the drivershendigpatchers depend on each other,
we obtained dependent samples, therefore, we dktadeonduct a paired (dependent) t-
test for comparing measures for the drivers andlibgatchers [80-82] (also see section
5.8, pg. 149). We also used ANOVA repeated meadoresmpare measures related to
the same subjects, for example, when comparingedsiyerformance on curvy and
straight roads. The post hoc analysis was adjultedmultiple comparisons using

Fisher's protected LSD test.
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Code | Speaker Utterance Details Task
Ul Dispatcher Is it in the kitchen? Dispatcher’s turn| TQG
U2 Driver No. TQG
U3 Driver Does it have sharp edges? Driver's turn 1| TQG
U4 Dispatcher No. TQG
us Dispatcher Is it in the bathroom? Dispatcher’s turn ZQG
U6 Driver No. TQG
U7 Driver Does it produce heat? Driver’s turn 2 TQG
us Dispatcher No. TQG
U9 Dispatcher Is it on the ceiling? Dispatcher’s turn| 3QG
U1l0 | Driver No. TQG
Ull | Dispatcher Letter, word beginning with B Interrupting task LLG
Ul2 | Driver Ball. Driver’s turn 1 LLG
U13 | Dispatcher Like. Dispatcher’'s turn 1 LLG
Ul4 | Driver Kite. Driver’s turn 2 LLG
U15 | Dispatcher Time. Dispatcher’s turn 2LLG
U16 | Driver Move. Driver’s turn 3 LLG
Ul7 | Dispatcher Voice. Dispatcher’s turn 3LLG
Ul8 | Driver Okay. Implicit signal Switch
U19 | Dispatcher Your turn to ask. Reminder Switgh
U20 | Driver Does it have a door? Driver’'s turn 3 TQG
U21 | Dispatcher Yes. TQG
U22 | Dispatcher Does it produce sound? Dispatcher’s turnG
U23 | Driver Yes. TQG
U24 | Driver Does it preserve food? Driversturn 4 | QG
U25 | Dispatcher Yes. TQG
U26 | Dispatcher Does it produce picture? Dispatcher’s turn BQG
u27 | Driver Yes TQG
U28 | Driver Is it the refrigerator? Driversturn5 | TQG
U29 | Dispatcher Yes TQG
U30 | Dispatcher Is it the TV? Dispatcher’s turn BTQG
U31 | Driver Yes. TQG

Table 5.1 The ongoing task with the interruptingktéor game 3, subject pair 11.

Table 5.1 shows an example of one game (game 3ecsupair 11). The

interruption is presented to the dispatcher. Thiangle was chosen to illustrate that

sometimes subjects negotiated (3 out of 16 sulpics) that the dispatcher will always

ask the first question about the room where his ohbject is. This way the driver did not

have to ask a question about a room. The negatiappened during the training period.
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5.1.1 Assigning interruption levels

The design of the twenty questions game is sudt, bt all game questions
progress a subject through the game equally. Fample, it is possible to find out what
room an object is after the first question or aftee third question. This means that
amount of information that must be retained duting interrupting task about twenty
guestions game could be the same if the persamasrupted after the first question or
after the third question. We assume that the amotumiformation that must be retained
increases the cognitive load, which in turn, migfiect the performance measures for the
spoken tasks or driving. Thus, we decided to keagktof where in the game a person is
using levels assigned to every question as desciieéow. We structured the twenty
guestions game so that the subjects had to disteeepom with the object first (we call
this level 1 question), then the general functidnttee object (we call this level 2
guestion), then the particular feature of an obfe& call this level 3 question), and the
final question is to guess the object (we call thigel 4 question). Four questions is the
minimum number of questions required to discoverofject if the twenty questions
game is played by our rules. Levels must not beped and therefore all four levels
should be represented with at least a single cureskior example, if a “microwave” is
the object to discover, then the shortest set ektjons/answers could be (following the

training tree in Figure 4.9, pg. 62) such as showhable 5.2.
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Code | Speaker Utterance Details
Ul Person A| Isitin the kitchen? Level 1L
uz2 Person B| Yes.

U3 Person A| Is it used for heating? Level|2
u4 Person B| Yes.

us Person A| Does it have a door? Level 3
U6 Person B| Yes.

u7 Person A| Is it a microwave? Level #
us Person B| Yes.

Table 5.2 The shortest set of question/answerdweaty questions game.

Within each level there can be three or two poedifulestions (as given by the

training tree in Figure 4.9). The participant mgsiess what question to ask first for

every level. Thus, the longest set of questionbaut repeated questions would be nine

guestions. For example, if the object is a “haminer” and the participant follows the

training tree from top to bottom, then the sequesfcguestions/answers shown in Table

5.3 would occur.

Code | Speaker Utterance Details
Ul Person A| Isitin the kitchen? Level [L
U2 Person B| No.

U3 Person A| s itin the living room? Level 1
u4 Person B| No.

us Person A| Isitin the bathroom? Level |1
U6 Person B| Yes.

u7 Person A| s it for personal use? Level 2
us Person B| No.

U9 Person A| Is it a utility? Level 2
Ul0 | Person B| No.

Ull | Person A| Isitused on hair? Level|2
Ul2 | Person B| Yes.

Ul1l3 | Person A| Does it use heat? Level 3
Ul4 | Person B| No.

Ul5 | Person A| The object does not use heat? Level 3
Ul6 | Person B| Yes.

Ul7 | Person A| Isita hair trimmer? Level 4
Ul8 | Person B| Yes.
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Participants can deduce that if they asked questtwout two out of the three
rooms and they received “No” as answers, then hived room is the only choice and
there is no need to explicitly ask if that is tllem. Such an approach would reduce the

longest sequence of questions from nine to six.
In general, we used the following rules to detesrarlevel of the question:
1) Level 1 questions are related to rooms. For gt@ils it in the kitchen?”

2) Level 2 questions differentiate between two gsoaf objects. For instance,
“Does it have a door?” There is a group of obj¢lctd has a door and another group that

does not;

3) Level 3 questions differentiate between two otseFor example, “Does it

use sound and picture?” This question differergisietween TV and Radio;
4) Level 4 questions are about a particular objéat.instance, “Is it a mixer?”

We used the level of the question from the last mlete turn to assign the
level to an interruption. For example, if the lastplete turn had question “Does it have

a door?”, then the interruption was assigned apdrapg at level 2.

5.2 Design verification

During the data processing we first set out to ieonthat the ongoing and
interrupting tasks were performed by the participaas we intended them to be
performed. Specifically, we wanted to confirm tlia¢ number of turns in the ongoing
task was around six according to the game desapti¢h 4.3, pg. 58). Figure 5.1 shows

the distribution of the number of turns in the oimgotask. This plot shows that out of
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384 games only 2.6% (10) of the games had lessfthanturns and only 4.4% (17) of
the games had more than nine turns. This is cemsistith the twenty questions game

design as explained in section 4.3 (pg. 58).
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Figure 5.1 Distribution of number of turns in a twg questions game.

Similarly, we wanted to confirm if the interruptirigsk was played according
to the rules of the last letter word game. Thermifging task required participants to
have three turns each. Figure 5.2 shows the nuoflderns in the interrupting task. We
can see that the majority (87%) of the games were chiccording to the rules (section

4.4, pg. 66).
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Figure 5.2 Number of turns in a last letter wordhga
On average the drivers and the dispatchers finigheging their TQG in 62
seconds and LLG in 28 seconds. These values irdilsat two minute time allocated for
the games was sufficient for most of the subjeliss is consistent with the experiment
design as described in section 4.5 (pg. 70). Taldldists mean values with their standard

deviations for some dependent variables.

Variable Name (unit) Drivers Dispatchers
Mean STD Mean STD
TQG pause before asking a question (s) 1.87 +0.8847 1 +0.88
TQG question utterance duration (s) 1.53 +0.82 1.45t0.36
TQG pause before answering a question (s) 0.74 8+0.20.78 +0.18
TQG answer utterance duration (S) 0.55 +0.13  0.58 0.14
LLG pause before naming a word (s) 5.49 +1.78 5.23t1.51
LLG utterance duration (s) 0.68 +0.283 0.71 +0.32
TQG number of turns 6.07 +0.9% 6.36 +0.8p
LLG number of turns 3.02 +0.13 3.03 +0.09
TQG question speaking rate (syllables/s) 8.07 +1/3B.45 +1.30
TQG answer speaking rate (syllables/s) 2.60 +1/00.792 +0.93
LLG speaking rate (syllables/s) 2.80 +0.70 2.87 630.
Delay from interruption presentation o
interruption initiation (s) 2.59 +0.14 2.35 +0.16

Table 5.4 Average values and standard deviationsdme dependent variables.
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We did not have precise control over the timingtloé interruptions with
respect to the progress of TQGs, because diffesabjects progressed through the
ongoing task with different speeds (see section ggd 66 for detailed explanation).
Figure 5.3 shows how interruption timings were riisited for the dispatchers and the
drivers. The differences in the distributions ave do the fact that the dispatcher always
started the game first (all dispatchers were iostd to do so). Hence, it was very
unlikely for them to be interrupted right after thest turn. Overall, the distribution does
cover the points of interest for us, which arernniptions after turns two, three, and four

as explained below.
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Figure 5.3 Distributions of number of turns befareinterruption.
We hypothesized that the subjects build up theecamwith the progression of
the ongoing task. As a result, the interruptionshef ongoing task with different amount
of context might be treated by the subjects difidye We labeled interruptions that

happen between turns two and threeeady, interruptions that happen between turns
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three and four asiddle and interruption that happen between turn four fare aslate.

To clarify, the same interruption may be markedraddle for the dispatcher and early
for the driver, depending on when it happened duthe twenty questions game. For
example, if both the dispatcher and the driver deted their second turn and an
interruption happened, then both of the participahtve a game with the early
interruption. On the other hand, if the dispatct@mpleted the third turn, but the driver
did not, then the interruption is marked as middiethe dispatcher and as early for the

driver.

Games with the interruptions before turn two (3.6f4he data) or after turn
five (8.8% of the data) were discarded during timalysis that involved timing of
interruptions. Removal of these interruptions efiates possible bias. For example, the
drivers had more interruptions right after thetfingrn than the dispatchers did. As a
result, uneven number of data points does not allswo balance effects of subject
variability in the data. At the same time, thisves 87% (336) of the games for
comparison. Figure 5.4 shows the distribution a# thming of interruptions for the

drivers and the dispatchers (subset of data frayarEi5.3).
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Figure 5.5 shows the ongoing task outcomes foB&dl games. A total of 296
games (77%) resulted in a successful completioms $hows that the difficulty of the
ongoing task was selected in a way that did nosedhe subjects to be frustrated about

their performance, but at the same time the subjlecew that it was possible to lose

games.
350 0%
£
300 7% g,
g 5
£ 250 . 64% o
© [}
= €

[r

5 200 C51% 5
o c
& E
£ 150 399 £
> -
= 5
§ 100 - 2% g
- o]
| 120/ €
50 13% £
o
0 - Co% &

Wrong guess Timeout Correct guess

Game outcome

Figure 5.5 Outcomes of the ongoing tasks.
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Figure 5.6 shows the average duration of a pauk®eba question over the

game duration (averaged over 384 games). Error ibatkis figure and others show

standard error unless otherwise noted. We coul@axip see the subjects slow down

with time if the subjects became tired. Insteadoliserve that both the drivers and the

dispatchers provided responses faster with timdeasonstrated by the slope of the fitted

line (driver: R=0.19, 11 d.f., p=0.158; dispatche=R.66, 11 d.f., p=0.001), which may

be due to learning effects.
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Figure 5.6 Average pause duration before a questiar the duration of the experiment

with a linear fit.

Figure 5.7 shows the average pause before an af@rer: R=0.53, 11 d.f.,

p=0.007; dispatcher: *R0.37, 11 d.f., p=0.036), which also demonstraktes learning

trend. We do not have an explanation for the spikdbe average pause before asking a

guestion, as shown in Figure 5.6. For instance,egéoar, on average, has the pause

duration before asking a question that is signifigadifferent between the drivers and
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dispatchers (t(15)=2.6,p=0.02), while we failed dbserve any difference between
characteristics of game four and other games. Dguwsreverse argument, it is not clear
why some games have the same pause duration keefkieg a question for both the

drivers and the dispatchers. For instance, gang @im average, have virtually the same

pause duration before asking a question (t(15)=p=1596).
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Figure 5.7 Average pause duration before an answer the duration of the experiment
with a linear fit.

In contrast to the learning effects for the ongadiagk, Figure 5.8 shows that
the averaged pause before naming a word duringtarruption (LLG) becomes longer
over the duration of the experiment (driver’=R.63, 11 d.f., p=0.002; dispatcher:
R?=0.54, 11 d.f., p=0.007). This can be explainedHgyfact that the participants had to
come up with the words that they did not use befarel, therefore, had to think more.

This is consistent with the experiment design.
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Figure 5.8 Average pause before naming a word (duthe interrupting task) over the
duration of the experiment with a linear fit.

We also looked at the percent dwell time [6,83]tted road ahead for the
drivers using the eye tracker data. We found tl6&b @f the time the drivers look at the
road ahead of them. The other 4% included timeswthe eye tracker did not track the
data, as well as glances at the rear view mirrord speedometer. There were no
additional traffic on the road or other distractiegents along the road, and that is why
we expected the drivers to look at the road ahdathem most of the time. The eye

tracker data confirmed our expectations.

5.3 Performance on the ongoing spoken task

We compared performances of the drivers to the opmdnces of the
dispatchers on the ongoing spoken task. This gegdriven by hypothesis 1, which
focuses on the interaction between the spoken t@sétdriving. We hypothesized that

there would be differences in the performances wu¢he fact that the drivers are
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engaged in the manual-visual task. The first measwe looked at was the number of
successfully completed games for the drivers arel dlspatchers. There are three
possible outcomes for a twenty questions gameecbguess, wrong guess, or timeout.
Figure 5.9 shows the game outcomes for the driemi the dispatchers. Statistical
analysis showed that the differences between therdrand the dispatchers are not

significant (t(15)<1.373,p>0.19).
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Figure 5.9 Game outcomes for driver and dispatcher.

Figure 5.10 shows how games with wrong guesses distrébuted over the 16
subject pairs. It is interesting to notice thatal® of 16 drivers had at least one game that
ended in a wrong guess, while only 7 out of 16 aligipers had at least one game that
ended in a wrong guess. However, statistical arsablisl not show that the drivers and
the dispatchers have a significant difference m tiamber of games that ended with a
wrong guess. The number of games that end with gviimial guesses is very small (8%
or 30 games), and, thus, we focused on games mvidouts and correct guess only (354

games).
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Figure 5.10 Wrong guesses over the experimentdrieer and dispatcher.

We were expecting the dispatchers to perform béten the drivers, because
we hypothesized that the additional task of drivshguld not allow the driver to perform
the ongoing task as well as the dispatcher coulguré 5.10 shows that, overall, the
drivers won less of their games than the dispasctiet. The trend toward this conclusion
is visible in the data, but it is not significa@ne possible explanation is that the ongoing
task was easy enough for the drivers to performlentriving at the given level of
difficulty. Increasing the difficulty of the ongajnor the driving task could emphasize the
observed trend. On the other hand, Tsimhoni ef%l.also found that the driving
workload did not influence the spoken task perfaroga In their experiments, the
subjects were listening to the different types @ssages (news, email) while driving a
simulated vehicle on roads with two difficulty lése(straight segments and constant
radius curve segments). After listening to a mesdhg comprehension of the message
was assessed by asking subjects a series of questibe time to answer a question was

used as one of the performance measures. The autltbnot specify the radius of the
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curves they used in their experiments to contreldhving difficulty. The spoken tasks
in our experiment are different from those used bynhoni et al., but it could be that we

are finding similar results.

Similarly, we found that there is no significantffeience for the pause
duration before asking a question between the rivand the dispatchers
(t(15)=1.83,p=0.87). The duration before answeanguestion was also not significantly
different between the drivers and the dispatchgiH)=-0.4,p=0.63). The interrupting
task measures did not show significant differenelser, for example, pause before
naming a word did not have significant differenéesthe drivers and the dispatchers
(t(15)=-1.5,p=0.3). Given the lack of differencestvibeen performances on the spoken
tasks for the drivers and the dispatchers wher8&dl games were treated equally, we

decided to see how the timing of interruptions @fe¢he performance measures.

5.3.1 Timing of interruptions by turn number

We decided to split the twenty question games awegrto the interruption
timing to test the hypothesis 3, which states tihattiming of interruptions affects spoken
tasks. Figure 5.11 shows the percentage of gamadavaifferent interruption timings
(number of games for different interruption timings shown in Figure 5.4). The
statistical analysis showed that the dispatchers wmre of their games when an
interruption happengarly as compared to the games with early interruptitvag the
drivers won (t(15)=2.13,p=0.049). But there is mgngicant difference for theniddle
and late interruptions for the dispatchers and the drivig¢$5)<1.985,p>0.069). It is

important to notice that the p values for theseeolsions are very close to 0.05,
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meaning that it is possible to have false posiftorethe games witlearly interruptions

and false negative for the games witiddle andlate interruptions. The next step was to
understand why the drivers lose more of their gathes the dispatchers when the
interruption happened early. This analysis shoelkal if the observed difference is

indeed present and is not false positive.
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Figure 5.11 Percentage of wins by timing of int@tran.

Figure 5.12 shows the average duration of a paafwdéa question for the
drivers and the dispatchers for games when inteongp happened at different times. The
difference between the drivers and the dispatcleessgnificant for games witlearly
interruptions (t(15)=3.1,p=0.007) and is not sig@ht for games withmiddle
(t(15)=0.5,p=0.637) andate (t(13)=1.3,p=0.215) interruptions. The high sigrahce
level of the comparison for the games wahrly interruptions indicate that there is
indeed a difference between the drivers and theatikers and it is not likely to be a
false positive. It is interesting to notice thattistical analysis shows that the drivers have

different pauses before asking a question (F(24.8;p=0.027) when the pauses are
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compared between different interruption timingsri¢eas middle p=0.006, early vs late
p=0.071, middle vs late p=0.439). In contrast, dispatchers have the same duration of
the pause for all interruption timings (F(2,13)=2(8-0.137). This indicates that the

timing of the interruption had a larger impact be trivers than on the dispatchers.

3.0

B Driver O Dispatcher

2.5 A

2.0 -

1.5 4

1.0 -

Pause before question in seconds

0.5 -

0.0 -
Early Middle Late

Timing of interruption
Figure 5.12 Pause before question by timing ofrmfaion.

The number of turns for the ongoing task (t(15)g1>0.289) and the
interrupting task (t(15)<1.7,p>0.108) are not digantly different for the drivers and the
dispatchers. Hence, the drivers lose becausedstidiem longer to ask a question and the
drivers run out of time before they can finish th©G. To test this conclusion we
compared the average pause before asking a quéstiareen the games that were lost

by timeouts and the games that were successful.

Figure 5.13 shows the average pause before askjugstion and the average
pause before answering a question for the driverseérly games only. Statistical

analysis showed that there is a significant difieee (F(2,29)=20.49,p<0.001) in the
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pause before asking a question during games tloatvegh a timeout and games that end
with a correct guess. The difference in the pawferb answering a question for these
games is also significant (F(2,29)=4.74,p=0.01%)s limportant to notice that for the
drivers, as Figure 5.9 shows, there were more gahmsended with correct guesses
(75% or 143 games) than games ended with timedit% (or 32 games). Fararly
interruptions only, there are 36 (68% of 53) ganmed end with a correct guess and 16
(30% of 53) games that end with a timeout. The taat there are two times as many
games with the correct guesses than with the titsaoight bias the results, because the
smaller data set may not capture the possible rahgalividual variations between the

subjects. Nevertheless, the trend is clearly \asibl
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Figure 5.13 Pause before driver's questionsand amsvior games interrupted early.
Similar analysis was performed for the dispatch&igure 5.14 shows the
average pause before asking a question and thexgevgrause before answering a

guestion for the dispatchers during the games wathy interruptions only. Statistical
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analysis showed that there is a significant difieee(F(2,22)=5.37,p=0.009) in the pause
before asking a question during games that endéd timeouts and games that ended
with correct guesses. The difference in the pawdereé answering a question for these
games is not significant (F(2,22)=2.6,p=0.095). iAg# is important to notice that for
the dispatchers, as Figure 5.9 shows, there are g@mes that ended with a correct
guess (80% or 153 games) than games ended by autirfiel% or 26 games). Fearly,
interruptions there were 45 (87% of 52) games émated with correct guesses and only
two (4% of 52) games that ended with timeouts. $tmall number of games that end
with a timeout does not capture the range of imllial variations between the subjects,

and, and for this reason cannot be used to drasfimite conclusion.
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Figure 5.14 Pause before dispatcher’s questionsarsivers for games that were
interrupted early.
Figure 5.15 shows the pause before naming a wotbddannterrupting game

depending on the timing of the interruption. Theadsuggests that for thearly
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interruptions it could take longer for the drivéosname a word for the interrupting task,

but this difference is not significant (t(14)<1.2(»286).
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Figure 5.15 Effect of interrupting timing on thedrrupting task.

We expected the interruption timing to affect btdsks. However, the data
shows that the interruption timing affects the dngdask, but not the interrupting task.
This can be due to the differences in the tasksluerto the priorities that participants
assign to the tasks. The interrupting task hadrgency associated with it, because it had
to be done in a limited amount of time. It is alateresting to notice that onlkyarly
interruptions had an effect on the ongoing taske Tdason for this could be thedrly
interruptions did not create as much time presasréhemiddle and late interruptions.
We also confirmed that the duration of questionspaaking rate during question was the
same for all conditions. Therefore, the pause leefgking a question was the reason why
the drivers lost more games duriegrly interruptions. Another observation is that the
interruption timing affects the drivers but not ttispatchers, which indicates that the

driving might affect the spoken tasks. In ordeiirnteestigate this issue from a different
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angle we proceeded to explore if the interruptimnirtg associated with the question

levels would provide us with more insight.

5.3.2 Timing of interruptions by level

As discussed in section 5.1.1 (pg. 94) the desfgheotwenty questions game
is such that not all game turns progress a subijectigh the game equally. This means
that amount of information that must be retainedrauthe interrupting task about the
twenty questions game does not directly dependhernurn number. It is possible that the
amount of information retained during the interraptmight affect the cognitive load of
the subjects. Using the levels we can classifyrinfions based on when they happen in
relation to the progression within the game, asospd the interruption timing based on
turns that is described in the previous sections T a different way of testing how

interruption timing influences the spoken taskgpfthesis 3).

There can be no interruptions before level 1 andnifinterruption happens
after level 4 we cannot treat it as an interruptioecause the ongoing task is complete.
We define interruptions at level 1 aarly, at level 2 asniddle and at level 3 akte.
Figure 5.16 shows the distribution of the games Have interruptions after different
levels of questions. Interruptions after level gn#y the twenty questions games that
were completed before an interruption could hapgdémre is no significant difference

between the distribution for the drivers and thepdichers (t(15)<-1.23,p>0.24).
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level does not significantly influence any performo@a measure of the ongoing task for
the drivers and the dispatchers. On the other hiwedtiming of interruptions according
to the level does influence the last letter wordngafor the drivers, but not the
dispatchers. Figure 5.17 shows the average durafiarpause before naming a word for
the drivers and the dispatchers. Statistical arsabfsowed that the timing of interruptions
has a significant effect on the pause durationngdutine interrupting task for the drivers
(F(1,13)=5.56,p=0.035). Post hoc comparisons cmfir that the drivers were thinking

longer (had longer pauses before naming a wordngluhe interrupting task if the
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@ Dispatcher

-

2

3

Level of question before an interruption

interruption happened early (p=0.048).
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Figure 5.16 Timing of interruption using level afasgtions.

52.0%
46.8%
41.6%
36.4%
31.2%
26.0%
20.8%
15.6%
10.4%
5.2%

0.0%

Percentage of toal number of games

Statistical analysis showed that the timing of rintptions according to the



7.0

M Driver [ Dispatcher
6.0

—

4.0 -

3.0 4

2.0 A

1.0 A

Pause before naming a word in seconds

Early Middle Late
Timing of interruption
Figure 5.17 Last letter word game pauses (interingptask).

We assumed that the subjects experience changesgmtive load as the
twenty questions game progress. Given that thendyimcreases overall cognitive load,
we can observe the effects of different interruptionings on the drivers, but not on the
dispatchers. On the other hand, a different expilmaould be that the drivers knew that
the ongoing task just started and there is no needish with the interrupting task.
Hence, they took the time to think about the inteting task. In other words, drivers did
not experience as much time pressure dwesmy interruptions as they did durimgiddle
and late interruptions. If this explanation is correct, th& is not clear why the
dispatchers did not exhibit the same behavior.dditeon, this trend was not found for
the turn based interruption timings for the intptmg task described in the previous

section.

Similar to the conclusion in the previous sectioa see that the drivers are

affected by the interruption timing more than tlspdtchers. We conclude that both how
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long ago a game started and where in the game jacsub could be factors that
contribute to the decision of how to perform theksm tasks. It is not clear to us how
these two factors interact with each other. Butdat confirm that there is an interaction

between the timing of a switch and the spoken tpsk®rmance.

5.4 Driving

In order to test hypothesis 2 (which focuses on Hwvspoken tasks affect the
driving performance), we compare the driver's pemfance on the ongoing and
interrupting tasks. Figure 5.18 shows the lanetmosivariance on different road types
during different tasks. Statistical analysis reedahat there is a significant difference in
the lane position variance when comparing measurtmbefore, during and after
interruptions (F(2,30)=10.0,p<0.001) for curvy readnd (F(2,30)=6.3,p=0.005) for

straight roads.
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Figure 5.18 Lane position variance on differentddsgpes.
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Post hoc comparison showed that on curvy roaddathe position variance
during the interruption is larger than before intetions (p=0.002), and the lane position
variance is larger before than after interrupti(pys0.007), but the difference between the
lane position variance during and after interrupdics not significant (p=0.175). Post hoc
comparison showed that on straight roads the lasetipn variance has significant
increase when comparing the lane position varidme®re and during interruptions
(p=0.002), and when comparing before and afternmpgions (p=0.005), but the lane
position variance during interruptions is not sfgraintly different from the lane position

variance after interruptions (p=0.225).

It seems that the lane position variance on cumg atraight roads was
affected similarly by the presence of the intena (in both cases driving performance
decreased during the interruption). We attributes tthfference in the lane position
variances before and during interruptions to therdased attention demands caused by
the interrupting task. The drivers focus on theintpting task and, consequently, neglect
the driving. It is not clear if this affect is assted with a choice, meaning that drivers
choose to neglect the driving because the intarrggask is urgent, or the interrupting
task is so difficult that the drivers cannot maimtdriving performance. We do know that
a similar task was used as an interruption in d thsk condition in the research by
Strayer and Johnston [52]. The authors showedithigted this task interfered with a
simulated driving task. The current experiment getioes not allow us to make a
distinction between driving performance decremeiuts to the task urgency or the task
difficulty, because we do not change how instruwiare given to the subjects and we do

not change the difficulty of the interrupting tagkhanging how we give instructions to
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the subjects can change how they perceive theruptgng task. For instance, explicitly
telling the drivers that the driving must have th#mate priority might force the drivers

to focus more on the driving and think of the ini@ting task as not urgent.

Figure 5.19 shows the velocity variance on curwy sinaight roads. Statistical
analysis showed that there was no significant cffee in the velocity variance on curvy
and straight roads (F(1,15)=0.416,p=0.528). Onby \tklocity variance on curvy roads
after interruptions is significantly different (p8@7) from the velocity variance before
and during interruptions. Figure 5.20 shows theraye velocity on curvy and straight
roads. Statistical analysis showed that there weresignificant differences for the

average velocity on different road types and féedent tasks (F(1,15)<1.65,p>0.227).
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Figure 5.19 Velocity variance on different roadegp
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Figure 5.20 Average velocity on different road type

Vollrath [66] found that the velocity with which jects drove a vehicle
decreased as the complexity of the spoken tasleased. Interestingly, Figure 5.20
indicates that on straight roads subjects decrdhs@ average velocity during
interruptions as compared to their velocity befiterruptions, while such a change did
not happen on curvy roads. It could be that thecmt was affected differently by curvy
and straight roads. Alternatively, the high dataataon is the likely source of the pattern
shown on Figure 5.19 and Figure 5.20. The perfoo@aneasures for the spoken tasks
(shown in sections below) do not indicate that gureads created a significantly
different road difficulty as compared to straightads which supports the later
conclusion. The data also show that the averageciglincreased after the interruption
for both road types. We suggest that the driveesl io get closer to the leading vehicle
and, therefore, chose to increase their speed. iShato the reason why the velocity
variance increased on curvy roads after the inpgion. This conclusion is supported by

the variance of the distance to the leading velaslshown later in this section.
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Figure 5.21 Steering variance on curvy roads.

Figure 5.21 shows the steering angle variance omyctoads for before,
during, and after interruptions. Statistical anelyghows that the steering angle variance
significantly changes on curvy roads when compattiggsteering angle variance before,
during, and after interruptions (F(2,30)=25.0,p€0Q)0 Post hoc comparisons revealed
that all differences are significant (before veemiiption p=0.006; interruption vs after
p=0.004, before vs after p<0.001). It could be tihat time when the task is done is a
more significant factor than the task itself, ifehe interrupting task was present first, it
would have the smallest steering variance. Thiddcbe caused by the fact that people
become more and more tired. On the other handjatewere extracted from games that
happen throughout the experiment from the beginnimgthe end, which should

counterbalance the effects of being tired.

Another possible explanation is that interruptiortsoduced urgency, because
they had to be completed on time. For this reamndrivers allocated less attention to

driving. Once an interruption was over, the paptcits knew that they could run out of
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time to finish the twenty questions game (the pgezkurgency by subjects), and that is
why the driving performance did not return to theme level as it was before the
interruption. This is consistent with our explanatiof why the timing of interruptions
affected the ongoing task (section 5.3.1, pg. 10n)the other hand, as shown in Figure
5.20 the average velocity on curvy roads was irstngafor different tasks in a similar
way. Even though the difference in the average oiglobefore, during, and after
interruptions were not significant on curvy roatissiplausible to suggest that a higher
average velocity on curvy roads results in a higiteering angle variance. This would
mean that the changes in the driving performaneedae to the fact that the drivers

attempted to catch up with the leading vehicle.
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Figure 5.22 Steering angle variance on straightdsa
Figure 5.22 shows the steering angle variance aghkt roads for before,

during, and after interruptions. The steering angi@ance on straight roads exhibit

similar trend as on curvy roads (increase from teefo during and from during to after
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interruptions), but the difference in the steerangle variance before, during and after
interruptions is not significant (F(2,30)=0.14,p810). The difference in the steering
angle variance on curvy and straight roads coulddwesed by the fact that driving on
straight roads is much easier as compared to drigm curvy roads. This is consistent

with the previous research by Kun et al. [83].

An argument can be made that the steering angienca between straight and
curvy roads cannot be compared directly due toptlesence of turns on curvy roads.
Therefore, we filtered the low frequency maneuveosn the steering angle data. We
used 0.3Hz to 0.6Hz band to compare the data batag®y and straight roads. Jamson
and Merat [55] used similar values to focus on lingh frequency variation in the
steering angle. Their work was based on the resdardvicLean and Hoffman [84] who
found that normal steering activity to maintain theading of a vehicle is contained
below 0.3Hz. Filtering the signal above 0.6Hz reduthe noise. There is a significant
difference (1(15)>5.449,p<0.001) between filteréglesing angle variance on curvy and
straight roads as shown in Figure 5.23. We expetttiedfiltered data for curvy and
straight roads to be similar, but because it is th@ argument can be made that filtering
values are not chosen properly to remove steermgaton due to the turns. It is
interesting to notice that the filtered steeringjlanvariance for curvy roads does not
exhibit significant change (F(1,15)=0.1,p=0.923)ewhcomparing before, during, and
after interruptions. This means that the variabbserved in Figure 5.21 is due to the low

frequency steering control which is used to mamthe vehicle heading [55].
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The fact that the steering angle variance sigmfigachanges on curvy roads
but not on straight indicates that spoken tasks draater influence on driving with
increased driving difficulty. Hence, the decrememidriving performance due to the
interrupting task are more prominent during difficdriving conditions. This is

consistent with findings by Strayer and Johnst@).[5

Figure 5.24 shows the variance of the distanceh# leading vehicle on
different road types. The data follow the samegpatas for the velocity variance (Figure
5.19). Similarly, the differences in the distancariance are not significant
(F(1,15)<2.99,p>0.066). The exhibited trend doesaskhat the distance to the leading
vehicle on curvy roads is changing the most aftegrruptions. The largest variation of
the distance to the leading vehicle is during migtions on straight roads, which implies
that on straight roads the drivers allocated tlastl@mount of attention to the driving

during interruptions.
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Figure 5.25 Average distance to the leading velodelifferent road types.
Figure 5.25 shows the average distance to therigaaihicle on different road
types. Statistical analysis showed that there iglifference in average distance to the

leading vehicle for different road (F(1,15)=1.14)@0371) types or tasks
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(F(1,14)=2.19,p=0.238). This indicates that on agerthe drivers did maintain the same
distance to the leading vehicle during the expemiméut the amount of corrective

actions (indicated by the variance) was increadungng the interrupting task.

We also considered comparison of the driving perforce between short
periods of time. For example, we could compareidgi\performance when the drivers
ask questions with driving performance when thevets answer questions.
Unfortunately, for the driving performance measutiest we use in this dissertation
(section 4.9, pg. 85) such a comparison yields wmubiguous interpretation in our
experiment setup. This is due to the fact thatdheing performance measures at any
particular short period of time do not necessacibyrespond to the actions of a driver
during that period of time. For instance, if we @h® a change in a driving performance
measure when a driver asks a question, there cbeldmultiple contradicting
explanations. On one hand, the change could hgweehad because the driver focuses
less on driving and has larger errors. On the dthed, the change could have happened
because the driver focuses on driving more andnsecting errors introduced during the
previous action, such as answering a question.rGilrat both interpretations are valid
we cannot make the distinction between these twescdn addition, most of the research
done with the similar driving performance measuless not involve averaging over
short periods of time [66,55,57,77,83]. Alternalyyehere are other driving performance
measures, such as a reaction time to a brakingnipaehicle, that can be used to avoid
this ambiguity, because they require immediatetr@adrom the driver and, therefore,
can be assigned to a particular period of time §8b, We did not utilize these

performance measures in our experiment setup. Mecexperiment setup is modified to

125



include such performance measures or new methodsramessing for the existing
measures are available, then it will be possibleaimpare driving performance between

short time periods.

The driving performance measures can also be etecelwith cognitive load
estimations. For example, the cognitive load egechaising pupillometric measurements
[87]could show the interaction between the changekiving performance and changes

in cognitive load.

5.5 Driving difficulty

Hypothesis 1 predicted that more demanding drivoanditions should
negatively influence the spoken tasks. To study iiluence we compared the number
of games won by the drivers on curvy roads withrtheber of games won by the drivers
on straight roads. Figure 5.26 shows the outcorhéseogames for different road types.
Statistical analysis did not show that the roadialifty has a significant effect on the
outcomes [Wrong guess (F(1,15)=1.77,p=0.203); Tume@-(1,15)=0.517,p=0.483);

Correct guess (F(1,15)=1.31,p=0.723)].
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Figure 5.26 Game outcomes for different road types.

Following the same procedure that we used in sedi8 (pg. 104), we split
the games according to the interruption timing.ukég5.27 shows the percentage of
games won for different interruption timings. Sddtal analysis did not show a
significant difference in the percentage of the garwon during different interruption
timings according to a turn number for curvy anmaight roads (F(1,15)<0.216,p>0.649).
Figure 5.28 shows percentage of games won forrdiffeinterruption timings according
to turn levels for curvy and straight roads. Stet#s analysis did not show significant
differences between curvy and straight roads (Bj¥.4,p>0.535). The data show that
the difficulty of the road did not affect the numlzé games the drivers win for different
interruption timings. It could be that the diffecenin driving difficulty was not sufficient

to create visible changes in the ongoing task peoce.
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Figure 5.27 Percentage of games won for differetdrruption timings according to a
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Figure 5.28 Percentage of games won for differetdrruption timings according to a
turn level.
The drivers could have the same number of winsifiarent road types, but
they still could have played slower on curvy roadle. test if that was happening we

compared the pauses in the ongoing and the intergupasks. Figure 5.29 shows the
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average duration of pauses before asking a quedtiong the ongoing task for different
road types and different interruption timings aduog to a turn level. Statistical analysis
showed that there is no significant difference leetmvcurvy and straight roads for any
interruption timing (F(1,14)<3.6,p>0.080). Figur2% shows that the pauses are shorter
during thelate interruptions as compared tarly or middle interruptions. ANOVA
repeated measures model (with the timing of intgrom, the type of road, and the
interaction between these two variables) revediatl neither the timing of interruption
(F(2,6)=0.55,p=0.16), nor the type of road (F(18)5,p=0.239), nor their interaction
(F(2,6)=0,p=0.99) has significant effect on the qeulefore asking a question in the
ongoing task. This confirmed that the road diffigudid not influence the ongoing task in

our experiment.
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Figure 5.29 Pause before asking a question (ongtasg) for different interruption

timings according to a turn level.
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Figure 5.30 Pause before naming a word (interrugtiask) for different interruption
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Figure 5.30 shows the average duration of paudesdoeaming a word during
the interrupting task for different road types afiffierent interruption timings according
to a turn level. Statistical analysis showed thaté is no significant difference between
curvy and straight road types for any interrupttoning (F(1,6)<2.14,p>0.194). This,
again, confirmed that the driving difficulty did naffect the interrupting task in our

experiment.

Similarly, the statistical analysis of the datangsithe interruption timings
according to a turn number did not show any sigaiit effects of the road type on the
ongoing and the interrupting tasks. The data ptesem this section suggests that
driving difficulty did not influence the spoken k&s On the other hand, it could be that
the curvature of curvy roads did not increase fiffedlty of the driving as compared to

the straight roads to create visible effects. Teimtand Green [57] found that the driving
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difficulty increases with the road curvature. Weygest that our assumption about the
road difficulty was not correct and, therefore, dee not observe the effects of driving
difficulty on the spoken tasks. On the other ha®tayer and Johnston [52] showed that
both the driving difficulty and the spoken taskfidiflty affect the driving performance. It
could be that the spoken task difficulty was nobsdn properly to illustrate an

interaction between the road difficulty and thelspotasks.

5.6 Multiple task management

The following sections outline how the interrupgsowere initiated by the
subjects and how the subjects switched betweeronigeing task and the interrupting
task. Explanations of the models are given in eacs.7 (pg. 37) and 4.8.3 (pg. 82). The
purpose of the following analysis is aimed to ustheard different switching behaviors,

which is the focus of hypothesis 4.

5.6.1 Interruption initiation

We coded the interruption initiation based on wheteppened with respect
to the model in Figure 5.31 (copy of Figure 4.ZH)ere were 93 interruptions presented
to the driver (3 out of 96 interruptions were prasd after the ongoing task was
complete) and 84 interruptions presented to thpadither (12 out of 96 interruptions
were presented after the ongoing task was complEtw) the drivers, there were 45
interruptions presented on curvy roads (3 out oiM&ruptions were presented after the

ongoing task was complete) and 48 interruptionseameed on straight roads.
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Figure 5.32 Interruption presentation timing.
Figure 5.32 shows when interruptions were presetuetthe subjects on the
screens in relation to the most recent adjacency Plais figure shows that b, c, f, and g
had the smallest number of presentations. Thiséstd the fact that these are the shortest
periods in adjacency pairs. Answers marked as cgaatk “yes/no” answers and have
very short duration. This distribution is consistexith our previous research [11]

(section 3.12, pg. 43) and the task design (sedtidnpg. 58).
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Figure 5.33 Interruption initiation timing

Figure 5.33 shows when interruptions were initiabgdthe subjects on the
screens in relation to the most recent adjacenty Pplae plot demonstrates that both the
drivers and the dispatchers chose to interrupt wi@rone was speaking (during the
pause between adjacency pairs “d”), which is coestswith our previous research [11]
(section 3.12, pg. 43). Statistical analysis showeat the drivers and the dispatchers
were equally likely to interrupt each other or tlsetwes (initiate interruptions during
parts “a” or “e”). We attribute no differences inet behaviors to the fact that both the
drivers and the dispatchers treated the interrop® a priority. For this reason, driving
did not change how the drivers introduced inteion® Given that driving performance
decreased during the interrupting task (for examgdeshown in Figure 5.18, pg. 116) we
can suggest that the drivers behaved as if théndriask did not have a priority (thus the
same behavior as dispatchers for the interrupasg)t This implies that in order to see

how driving affects interruption introduction, tkhleivers must be instructed to maintain
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driving performance as the priority, or the drividifficulty should be harder not to allow

the subject to be distracted from the driving task.
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Figure 5.34 Interruption presentation timing on eyrand straight roads.

Figure 5.34 shows how the interruption presentatisrere distributed for
curvy and straight roads and Figure 5.35 showsdiks&ibution of the interruption
initiations for curvy and straight roads. Theseribstions demonstrate that the drivers
preferred to wait for the end of an adjacency paintroduce interruptions on both road
types. Statistical analysis did not show any sigaift effect of road difficulty on the
timing of interruption initiation (F(1,15)<4,p>0.R5Such results can be interpreted in

support of our conclusion that the interruptiond padority over driving for the drivers.
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Figure 5.35 Interruption initiation timing on cungnd straight roads.

We also looked at the distribution of the interraptinitiations for different
interruption timings (early, middle, and late). Tégarse number of data points and their
uneven distribution among these interruption tirsingild not allow us to draw a
conclusion about how different interruption timingected the interruption initiations.
The reason for that is that in our experiment setapdid not control the distribution of

the interruption initiation in relation to the imteption timings.

5.6.2 Task switching

The model of switching between the ongoing and ititerrupting tasks is
explained in the section 4.8.3 (pg. 82) and is dimeunderstanding different switching
behaviors, which is the focus of hypothesis 4. Fegb.36 (copy of Figure 4.24) shows

the summary of this model.
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Figure 5.36 Interruption/resumption of a twenty gtiens game.
We found that subjects used a cue word in only taurof 192 interruptions.
This could indicate that the tasks were very défgr and, therefore, did not require
additional cue words. In addition, there was o interrupting task, and this might be
the reason why subjects did not need to cue eawdr @tbout the switch. This model
ignores the fact that it is possible to have midtipwitches between TQG and LLG, for
example, when asked a question the person initztesterruption by requesting to name
a word, but then immediately answers the quesiibese cases were infrequent (3% or 6

interruptions) and were excluded from the analysis.

When the interrupting task was completed each qypaimt took one of the
actions shown in Table 5.5 (explained in sectio®3}.pg. 82). Table 5.6 shows an
example of the interrupting task followed by theigh of the interrupting task and the
switch to the ongoing task (game 6, subject pairld)this example, the dispatcher
explicitly signaled the end of the interruptingktas/hile the driver implicitly confirmed
it. This example contains no context restoratiaivag before the subjects continued the

ongoing task.
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Action Example

Explicit That's my three.

Implicit Okay.

Wrong That's my three, oh no, | need one more.

Discussion Are we done?

Nothing

Table 5.5 Finishing LLG actions.

Code | Speaker Utterance Details Task
Ul Dispatcher Begins with D Interrupting task LLG
U2 Driver Dude. Driver’s turn 1 LLG
U3 Dispatcher Easy. Dispatcher’s turn 1LLG
U4 Driver Yarn. Driver’s turn 2 LLG
U5 Dispatcher Nate. Dispatcher’s turn 2LLG
U6 Driver Early. Driver’'s turn 3 LLG
u7 Dispatcher Yell. Dispatcher’s turn 3 LLG
us Dispatcher | think that’s three for us. Explicit signal Switg
U9 Driver Yep Implicit signal Switch
U10 | Dispatcher Is it in the living room? Ongoing task TQG

Table 5.6 Interrupting task for game 6, subject gai

h

Figure 5.37 shows the average percentage of gamnesa€h type of finishing

the interrupting task. The statistical analysisveéd that all of these actions were

employed by the drivers and the dispatchers equaftgn (t(15)>1.72,p>0.106).

Nevertheless, the data exhibit a trend that theedsichose to provide fewer confirmation

signals than the dispatchers. This can be expldgdtie increased workload induced by

the driving task. As a result, we suggest thataasing the driving difficulty will create

more differences in the switching behavior for ¢thwers and the dispatchers.
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Figure 5.37 Average percentage of games with diffetypes of finishing LLG.

To test this suggestion, we compared different gyplefinishing LLG for the
drivers and the dispatchers on curvy roads onlyurfei 5.38 is similar to Figure 5.37, but
only the data from the games done when the dri\a eriving on curvy roads is used.
Even though the plot suggests that the drivers Usesl explicit signaling, statistical
analysis showed that there is no significant déifee (t(1,15)<1.218,p>0.242). The
statistical analysis did not support our expectatiat the driving difficulty affects how a
person handles multi-threaded dialogs. We treat #s a support for our previous
observations that driving difficulty did not infloee the interrupting task (section 5.5, pg.

126).
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Figure 5.38 Average percentage of games with @iffetypes of finishing LLG using
data from curvy roads only.

To further investigate the situation we comparedv hithe drivers signal
finishing of LLG during curvy and straight roadsgéie 5.39 shows how the drivers
choose to finish LLG on curvy and straight roadsefe was no significant difference
between how the drivers handled finishing of LLGaumvy and straight roads [Explicit
(F(1,15)=0.19,p=0.19; Implicit (F(1,15)=0.319,p=8)5Wrong (F(1,15)=1.9,p=0.188);
Discussion (F(1,15)=3.151,p=0.096); Nothing (F(}s15p=0.33)]. We suggest that the
road difficulty was not chosen properly to showfeliénces between behaviors on curvy

and straight roads. This suggestion is also supg@day the data in section 5.5 (pg. 126).
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Figure 5.39 Average percentage of games with diffetypes of finishing LLG on
different road types.

Figure 5.38 hints that the drivers used less exmignaling on curvy roads
than the dispatchers. This could be explained byatiditional workload caused by the
driving task. If the driving task would be hardénen the difference could be more
pronounced. The fact that we did not find statatidifference between the signaling
behavior of the drivers and the dispatchers caratirébuted to the insufficient road

difficulty as explained earlier.

There are two other possible explanations to whey dhvers might change
their behavior. It could be that the drivers chésespeak less, so they can focus on
driving. This indirectly implies that the driverseaaware of the increased workload and
chose their priorities accordingly. It also could that the dispatchers chose to provide
more signaling to help the driver. We consider tase to be very unlikely because the

dispatchers did not have information about theidgwifficulty.
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To further look into different types of finishingLG we split the data
according to the interruption timing as we did ecton 5.3.1 (pg. 107). Figure 5.40
shows the average percentage of games with difféypes of finishing LLG for early,
middle, and late interruption timings for the disgeers. Figure 5.41 shows the same
information for the drivers. Because types labefédrong” and “Discussion” lack
sufficient data for analysis we focused on expliamplicit and no signaling types.
Statistical analysis showed that the interruptionirtg, the type of signaling, and the
interaction between these two factors do not hayefecant effects on the dispatchers

(F(4,11)<1.59,p>0.24) or the drivers (F(4,11)<2p>0.143).
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Figure 5.40 Average percentage of games with @iffetypes of finishing LLG for

different interruption timings for the dispatchers.
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Figure 5.41 Average percentage of games with d@iffetypes of finishing LLG for
different interruption timings for the drivers.

As expected, Figure 5.41 shows the same trendgase=5.37, which indicates
that the drivers chose to not signal finishing &G more often as compared to other
types of signaling or as compared to the dispasch¥e performed similar analysis using
timing of interruptions according to the level ofuan instead of the number of a turn as
explained in section 5.3.2 (pg. 113). The resulrewsimilar for both types of
interruption timings for the dispatchers and thiwets. This indicates that the timing of
interruptions did not influence how the driverstbe dispatchers chose to finish LLG.
We suggested (section 5.3.1, pg. 107) thatdle and late interruption timings had a
higher perceived urgency. Given that the subjedtndit change how they finish LLG in
those cases might indicate that types of finishings are not affected by the task
urgency. This can be explained by the fact thatsigealing itself does not take much
time (the signaling utterances are short), andetbez, the subjects did not have to

change their behavior.
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The switch back to the ongoing task might requiedgle to restore their
previous state. Table 5.7 shows possible statereggin techniques (section 4.8.3, pg.
82). Figure 5.42 shows the average percentage oégdhat utilized these techniques.
The plot demonstrates that the drivers and theatiibprs utilized each of these
techniques equally often. Statistical analysis gtbiwhat there is a statistical difference
between different types of state restoration [(E§)584,p<0.001) for the drivers and
(F(1,15)=96,p<0.001) for the dispatchers], but pbet analysis revealed that only
“Nothing” is different from all other types (p<0.00 but the other types do not differ
significantly between each other (p>0.06). The fHwat both the drivers and the
dispatchers did not use any context restoratiomame than 70% of the time indicates
that the interrupting task did not create enougdkrfarence with the ongoing task to
require context restoration. On the other hand, faoe that both the drivers and the
dispatchers used different techniques the samecaalg indicate that they matched each
other behavior. “Summary” has a significant cotiela (r(190)=0.205,p=0.004) and
“Nothing” has significant correlation (r(190)=0.3p50.001) for the drivers and the
dispatchers, while resumptions and reminders aréigbly correlated. It is important to
notice that the small number of data points forrfauary” can be responsible for the
obtained significance of the correlation. Similarlige large number of data points for

“Nothing” resulted in high significance of the celation.

Action Example
Summary Mine had sharp edges.
Question Was mine used for heating?
Reminder You were in the living room.
Nothing

Table 5.7 Types of state restoration techniques.
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Figure 5.42 Type of the state restoration for TQG.
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Figure 5.43 Effect of driving difficulty on statestoration for TQG for drivers.
Figure 5.43 shows how often different resumptionthods were used on
different road types. The plot demonstrates thafrdy difficulty did not affect how the
drivers resumed the ongoing task. It could be thatactions the drivers take to switch

back to the ongoing task are not influenced bydiinang difficulty. On the other hand, it
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could be that the difference in the road difficedtibetween curvy and straight roads was
not enough to show a difference in the drivers’awdr. Results shown in section 5.5

(pg. 126) also support this explanation.

The lack of data for different types of state resion (less than 10% for
individual types, see Figure 5.42) does not allosvto investigate how interruption
timing according to the turn number or the turneleshanges the behavior of the drivers

and the dispatchers.

5.6.3 Driving performance

In addition, we also investigated the interacti@ween driving performance
and the switching behavior of the subjects. Thiegtigation was not part of our initial
hypotheses, because we did not want to assuméhthdistribution of different types of
behaviors would allow us to investigate drivingfpanance. Our data show that such an
assumption would be wrong for different types dtetrestoration for TQG, because
there are not enough data points (Figure 5.43)th@nother hand, the number of data
points for different interruption initiations andfdrent types of finishing LLG allows us

to look at the interaction between driving perfonoa measures and switching behavior.

None of the driving performance measures showedjmfisant difference
between games with different interruption initisso Similarly, none of the driving
performance measures showed a significant differdmetween games with different
types of finishing LLG. This suggests that the tigiof an interruption initiation or the
type of finishing LLG did not influence overall gimng performance. This can be

explained by the fact that the initiation or finisth LLG happens in a short period of time
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as compared to the duration of the ongoing andruméng tasks (average time from

interruption presentation to interruption initiaties 2.5 seconds). Another confounding
factor is that driving performance data (sectiof, fag. 116) suggests that the drivers
neglected driving during the interrupting task. fdiere, any decrements in driving

performance due to the different types of interpinitiation were masked by general
driving performance degradation during the inteting task. The same explanation
holds true for the different types of finishing LLG addition, we hypothesize that the
driving performance after an interrupting task iiished is affected by the perceived
urgency of the ongoing task, because subjects qomlaut of time before finishing the

ongoing task (see section 5.4, pg. 116 for mordaggtions). This also might mask the

changes in driving performance due to the changé#sei switching behavior.

5.7 Self assessment

All subjects were administered a questionnaire raftke experiment
(Appendix B). They had to rate their agreement wgitren statements using Likert scale
from O to 4 (O - strongly disagree, 1 — disagree, undecided, 3 — agree, 4 — strongly
agree). There were two questions that show howestshjperceived difficulty of the
spoken tasks: “Twenty Questions game was diffic(iité ongoing task) and “Last letter
word game was difficult” (the interrupting task)gére 5.44 shows how the drivers rated
the tasks, while Figure 5.45 shows how the disgatchated the tasks. Figure 5.46

presents the same ratings as histograms.
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121 Ongoing task 121 Ongoing task 127 Interrupting task 121 Interrupting task
| Dispatche "B | Driver M=t Dispatche "= | Driver M
o Std. Dev. o d. Dev. o Std. Dev. o Std. Dev.
=1.025 =0.885 =1.124 =1.109
e N=16 e N=16 e N=16 e N=16
[ [ [ [
@ @ @ @
> & > & > & > &
2 2 2 2
g W 4= Ly Ly
k3 —| k3 k3 —
o= T T T T o= T T T T o= T T T T o= T T T T
o 1 2 ] 4 o 1 2 ] 4 o 1 2 ] 4 o 1 2 ] 4
Rating Rating Rating Rating

Figure 5.46 Task difficulty rating presented asdgsams.
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Figure 5.47 Median for difficulty ratings for thexgoing and the interrupting tasks for
the drivers and the dispatchers.

Statistical analysis showed that the drivers anel dispatchers rated the
interrupting task as significantly more difficult han the ongoing task
(F(1,15)=6.25,p=0.002). It is important to undemstéhat ANOVA analysis might not be
applicable to the data from Likert scales [88], th& same conclusion is supported by the
median values. Figure 5.47 shows the median diffictatings for the drivers and the
dispatchers. This demonstrates that the subjeciized that the tasks had different
difficulties, which is consistent with the perfornt@ measures. The same conclusion is
confirmed by inspecting the histograms of the ggimn Figure 5.46. This conclusion
implies that the subjects expected the interruptasty to be more difficult and, therefore,
could prepare themselves to pay extra attentiom. t6or the drivers this could be the
cause of the decreased driving performance dutegitterrupting task as shown in

section 5.4 (pg. 116).

148



5.8 Observations

The current experiment setup was not designed tkencanclusions about

some trends observed in the data. We still felt pelfad to share our observations,

because they could contribute to future researbichwve describe in Chapter 7.
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Figure 5.49 Pause before naming a word for différbject pairs.
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Figure 5.48 and Figure 5.49 show the average duratfi a pause before
asking a question or naming a word for all subpests. These plots suggest that subjects
adapted their speech to each other, which is demsisvith the findings of Oviatt et al.
[89]. Even though it is clear that different sultgebave different pause durations there is
a significant correlation between the subjectstiier ongoing task (r(16)=0.502,p=0.048)
and the interrupting task (r(16)=0.840,p<0.001yuir¢ 5.50 shows the speaking rate for
the drivers and the dispatchers for different sttiypairs during the ongoing task. Figure
5.51 shows the speaking rate during the interrgptask. The correlation between the
drivers and the dispatchers is not significant &€D.322,p=.224) during the ongoing
task, but it is significant (r(16)=0.821,p<0.00by the interrupting tasks. It seems that
the subjects are adapting to each other more dtiegnterrupting task then during the
ongoing task. For our research it means that thfogpeance measures for the spoken
tasks could be affected not just by driving, bwoaby the behavior of the dispatchers.
For example, a driver might slow down in verbalb@sse not because of the difficulty of

the driving task, but because he is adapting tsliwe pace of his dispatcher.
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Figure 5.6 and Figure 5.7 (section 5.2, pg. 96mstimat both subjects learn

during the duration of the experiment, but the pldd not exhibit a gradual adaptation.

Figure 5.52 shows speaking rate during differemhem (averaged for all experiments).
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This plot also does not exhibit a gradual adaptabetween the subjects. Overall, we
were not able to find that the subjects adapt theather more as the experiments

progressed, which could imply that the adaptatifoany, happens quickly.
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Figure 5.52 Speaking rate during the interruptiagk for different games.

Driving performance measures (section 5.4, pg. Elggest that the drivers
allocated more attention to driving during the ongdask. It could be that because more
attention was given to the interrupting task, thbjescts adapted better to each other
during the interrupting task. In order to test thigpothesis we would need to switch
drivers and dispatchers between different pairge ddta do not show who is adapting to
whom. It seems logical to assume that becauserther das to drive the dispatcher has
more resources to adapt. On the other hand, thetataa could be subconscious and
both the drivers and the dispatchers change tlediavior. We leave further elaboration

on the subject to future research.
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Figure 5.53 Pause before a question as a functfdheturn number.

Figure 5.53 shows that the pause before askingestign depends on the turn
number. To build this graph we removed all unsusftesggames and focused on the
games that had exactly 6 turns. For example, ifditiner finished the ongoing task in
five and less turns, or seven and more turns,edtlver failed the game, then we would
exclude this game from the analysis. In other wowds used the data only from the
games that had 6 complete turns for the twenty topress game, which is the largest
subset of games (27% or 103 games as shown ineFiglj. The shape of the curves in
Figure 5.53 is consistent with the predictions of-R models [24], which state that the
more items a person must recall the longer it take®call them. For the ongoing task
the very first question is simple, because theeeoauty three rooms to choose from. The
very last question is simple because by this tinedlear what the object is. On the other
hand, the measure for every turn might be biasedhbypresence of an interruption.
Figure 5.54 shows the pause before a questionafoieg that were not interrupted. These

games were completed before an interruption hagpeBGéven that we had only 15

153



games (4%) that were not interrupted we cannot naak&ong conclusion and, hence,

defer elaboration on the subject to future research
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Figure 5.54 Pause before a question as a functfdheturn number for uninterrupted

games.
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CHAPTER 6

CONCLUSION

The problem we are addressing in this work is #o& bf knowledge about the
interaction between multi-threaded dialogs and awumbvisual task. We designed
experiments that utilized driving as an exampla @hanual visual task, and two spoken
tasks as a basis for our multi-threaded dialog. gnals were to look at the interaction
between the performance measures in driving andsplo&en tasks, and how people
manage multi-threaded spoken dialogs while drivivje designed and ran the
experiments. We analyzed the collected data, amdiirconclusion we will go over our

findings and summarize our contributions.

6.1 Spoken task performance while driving

Hypothesis 1 stated that a spoken task performd@geades in the presence of
driving. We found indications that driving influezat the twenty questions game, because
drivers made more wrong guesses than the dispat¢kection 5.3, pg. 104), but this
difference was not significant. We hypothesize thatreasing the difficulty of the
ongoing task by increasing the number of partiongabbjects (as explained in section

4.3, pg. 58) will result in a larger impact of dnig on the ongoing task. We did not find
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indications that driving affected any performanceasure of the last letter word game.
We hypothesize that this difference between themaggtask and the interrupting task is
caused by the difference in perceived urgency foicdity of the tasks. This means if the
last letter word game would not be perceived asnttghen we would see degradation of
the task performance in the presence of drivings limportant to notice that for certain
interruption timings we did observe the impact oivihg on both spoken tasks, as

discussed below in section 6.3.

We also predicted that more demanding driving dions will negatively
influence the spoken tasks. The data (section fg5,126) did not show that driving
difficulty influenced our spoken tasks. This midig due to the fact that the difference
between driving difficulties for straight and curxyads were not big enough to produce
noticeable changes in the spoken tasks. In othedsyoour assumption about the
difficulty of the road curvature as compared to $iraight road was not correct (section

4.6, pg. 71).

6.2 Spoken tasks affect driving performance

Hypothesis 2 stated that the spoken tasks afféahdrperformance. Our data
testify that two different spoken tasks affectedvidg differently. The last letter word
game affected driving more than the twenty questigame. For example, the lane
position variance increases during the last letterd game as compared to the lane
position variance before the interruption (sectof, pg. 116). This finding is consistent
with the results found by Strayer and Johnston.[%2ickens acknowledges that the

multiple resource model cannot properly explains thiifference [1]. The multiple
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resource model states that if the tasks are sephnatall dimensions from each other,
there should be no performance decrements in etdsi, because no resources are
shared. In our experiment different spoken tasKectdd driving differently, which
cannot be explained using multiple resource motléé suggest that the urgency
associated with the last letter word game causeditiver to focus more on the last letter
word game, which resulted in the neglect of theidg task. It also could be that the

expected difficulty of the task changed how th& taas handled (section 5.7, pg. 146).

6.3 Timing of a switch influences spoken tasks

Hypothesis 3 stated that there is an interactiawdsen the time when a second
dialog thread interrupts the first dialog thread @he performance associated with the
spoken tasks. We found that the timing of an infgion affects the drivers and the
dispatchers differently. The drivers were affedigdhe timing of interruptions, while the
dispatchers were not. For example, for turn basegtruption timings the drivers had a
longer pause before asking a question during eatBrruptions as compared to the
dispatchers, or when comparing drivers’ pauses dmtwearly and middle interruptions
(section 5.3.1, pg. 107). Similarly, we found tlaatording to level based interruption
timings the drivers had longer pause before namaingord during early interruptions
when comparing to the pauses for middle and lagrmptions (section 5.3.2, pg. 113). It
seems that the additional load imposed by drivegylited in such an effect. This implies
that dialog management has increased importancdrieers, because a driver can be
affected by poor dialog management performance ri@e a person not engaged in a

manual-visual task.
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We did not find an interaction between driving @ity and timing of
interruptions which might be expected given thecbasion above. We hypothesize that
this might be due to our wrong assumption aboutimlyi difficulty as explained in

section 6.1.

6.4 Switching behavior

Hypothesis 4 stated that people utilize a numbeswatfching behaviors during
their interactions. We found indications that threvelrs and the dispatchers might use
different switching behavior, but the trend was sighificant. We suggest that the trend
was not significant because the levels of the rdidficulty were not properly chosen
(section 4.6, pg. 71). Still, the drivers seem de signaling for finishing the interrupting
task less often as compared to the dispatchersidises.6.2, pg. 135). This could be
explained by the additional workload caused by dhging task. Another possibility
could be that the drivers chose to speak lessdarao focus on the driving task. This
would mean that the drivers are aware of the irs@@avorkload and attempt to maintain
the driving performance. We also found that, imatieh to the adjacency pairs, the
drivers and the dispatchers introduce interruptisingilarly. This could imply that the
process of decision making of when to interrupt was affected by the driving task or

that the drivers did not allow the driving to afféiceir decision making process.

6.5 Urgency of the interrupting task

Hypothesis 5 stated that more urgent interruptasd will be dealt with more
quickly. The data from the navigation experimensatided in Chapter 3 did not show

that the urgency of the interrupting task changed hhe drivers reacted to the task
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(section 3.12, pg. 43). It could be that the susjeboose to react as quickly as possible,
because they were given instructions to completetdbks quickly. It also could be that
the difference in the levels of urgency was too lstaaencourage a changed behavior.
The data from our twenty questions experiment desdrin Chapter 4 suggested that the
urgency of the task might influence how the tasis @erformed if we compare a task

that have urgency associated with it and a tagkdibes not (section 5.4, pg. 116).

6.6 Goal 1

Our first goal was to investigate the interacti@veen multi-threaded dialogs
formed by two spoken tasks and driving. The dathecied from our experiments
(described in Chapter 3 and Chapter 4) showed ttiexe is, indeed, an interaction.
Moreover, the spoken tasks influence the drivindgsmance, and driving influences the
spoken tasks. We also found that this interactias different for our spoken tasks as

explained above.

It could be that the urgency associated with a tdlslkvs the shift of attention
from one task to another, resulting in a degradedopmance on the tasks that are
perceived less urgent. On the other hand, the pexctéifficulty of the tasks could create
the same situation. In either case, the fact tmatdtiving performance decreased during
the interrupting task suggests that even throughdtiving task and the interrupting tasks
must use different resources according to the plaltresource model [1], there is a
shared resource between them, which can be altbtatene task or another (Vergauwe
et al. [90] arrived to a similar conclusion usingtal from their own experiments). This

means that the perceived urgency or the perceiifBcutty of a task must be controlled
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or else the driving performance will suffer. Thgsan important consideration for the

design of the human-computer interactions.

We propose that resources shared by tasks areddbased on attention, which
can shift any given resource to any given task/emginoring the demands of the other
task. For example, in case of the interrupting ,tés& driver focused on the interrupting
task (allocated more attention to this task), andstthe driving performance suffered.
With the ongoing task, the driver focused more oivinly, and, as a result, the
performance of the ongoing task suffered. Thisrpreation is consistent with the
previous research [52,56]. MacDonald and Hoffm&s6] plso concluded that a driver’s

strategy of attention allocation would affect thieviehg performance measures.

6.7 Goal 2

Our second goal was to investigate how people neanagti-threaded dialogs
when one participant is driving a vehicle. Our expent setup did not produce a range
of different behaviors for the drivers and the dispers. We attribute this to the
experiment setup, which allowed subjects to comeplee tasks without using different
behaviors. This implies that in some cases (aisiresearch) manual-visual task does

not require a change in subject’s behavior in otdeomplete required spoken tasks.

On the other hand, the data provided an interegtgsight that, on average, the
drivers and the dispatchers used the same numbternsfin their games, but the drivers
were slower than the dispatchers. We hypothesiethie drivers sometime have slower
responses in the ongoing task due to the increasekload caused by the presence of

the driving task. Theoretically, the drivers colldve used a different strategy to cope
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with the increased workload: instead of thinkingder about a question, they could have
asked more questions while thinking less about epsstion (our data show that the
drivers did not use this strategy). It is possithlat we do not observe such a behavior
because the drivers are unable to ask questiomesr,faghich would indicate a limit
caused by the cognitive load. We do not know wiretie drivers chose to think longer
or had to think longer. In either case, the exbkibibehavior is an indicator that people
might prefer a slower but more precise response fitee computer rather than a faster
but less precise response. This is based on thdhacthe drivers had longer pauses

during the games with early interruptions.

Collecting data about how different types of spotasks interfere with driving
is an important step for understanding the conardietween the cognitive load imposed
by the different spoken and manual-visual taskds Thasearch provided data for an
improvement of our understanding of how drivers aaa speech to safely interact with

proliferating in-car electronic devices.

6.8 Contributions

The first contribution is finding a spoken taskdfsen 4.3, pg. 58) that satisfies
the constraints (section 4.1, pg. 49) imposed bypilesence of a manual visual task. We
showed how this task can be used with another sptask (section 4.4, pg. 66) to enable
subjects to participate in a multi-threaded spatliafog. We created an experiment setup
(Chapter 4) that can be used to investigate therantion between spoken tasks in a

multi-threaded dialog and manual-visual tasks. \Medudriving as a manual-visual task,
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but we envision the applicability of this experimesetup to research that uses other

manual-visual tasks.

The second contribution of this dissertation is tlogpora that we collected
during our experiments (section 3.11, pg. 43 amti@e 5.1, pg. 89). The corpora allow
researches in different disciplines (human-factomnputer science, linguistics, etc.) to
select their assumptions for future research. kamgple, the data show how learning
affects the twenty questions game (section 5.296y. which might be a starting point
for research on how learning in the twenty questigame is effected by different driving
conditions. The corpora also contain data charthelswere not used for analysis in this
dissertation and these data channels are availabfeture investigations. For instance,
Palinko et al. [87] use our eye-tracker data tareste the cognitive load of the drivers

based on the recorded pupil size.

The third contribution is the data analysis. Wevst our findings about the
interaction between the spoken tasks and drivisgwell as, investigation of different
behavior exhibited by the drivers and the dispakhé&/e also showed observed trends in
the data, such as indications for accommodatiowdst the subjects. We found that
driving affects the spoken tasks and the spokeks @lect driving. The data collected in
this research suggests that this interaction betwleging and the spoken tasks cannot be
explained by the multiple resource model [1]. Theltiple resource model states that if
the tasks are separated in all dimensions from etidr, there should be no performance
decrements in either task, because no resourcehared. The data do show that driving
affects the spoken tasks, even though, accorditigetonultiple resource model, they are

not sharing the same resources. We suggest thgtctilallocate different resources to
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different tasks based on the perceived urgencyfiicudty of the tasks. This implies that
designers of systems that can handle multi-threaitddgs in a vehicle should consider

how the tasks urgency or difficulty is perceivedtbg users.

The following chapter outlines opportunities fotute research that can utilize
our contributions to further our understanding oferaction between multi-threaded

dialogs and manual-visual tasks.
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CHAPTER 7

FUTURE WORK

Our conclusions discussed in Chapter 6, as weleasrends visible in the data
provided us with the ideas for future research.this chapter we outline a few
suggestions for future work based on our conclssiamd results. Some of the
suggestions will be aimed to improve the curremegxnent setup, while others will

require completely new experiment setups.

7.1 Spoken task performance while driving

We found that driving influenced the ongoing taskefpty questions game),
but did not influence the interrupting task (lasttér word game). We hypothesize that
the perceived urgency of tasks, and not the tdskwselves, is the cause. In order to test
this hypothesis one can use the last letter wondegas the ongoing task, and the twenty
guestions game as the interrupting task. If the ea&periment setup shows the same
trends for the ongoing and the interrupting taskeahis research, then the difference in
how driving influenced the spoken tasks cannot tiebated to the tasks. It is also
important to ask the participants how they peragitvee urgency of the tasks. This could

help us to assess if, indeed, subjects perceivéashkeas more urgent than the other.
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The difference in driving difficulties between sglat and curvy roads did not
allow us to see the influence of the road diffigudn the spoken tasks. We suggest that
using turns with a smaller radius should createentiifficulty difference between straight
and curvy roads [20]. Introducing crosswinds aldimg road is another possibility [91]
that could increase the driving difficulty. Incredsdifference in driving difficulty would

allow us to see the nature of the interaction betweriving difficulty and the spoken

tasks.

7.2 Spoken tasks affect driving performance

We found that the ongoing task did not influence thiving as much as the
interrupting task did. Similarly to the suggestianssection 7.1, switching the ongoing
and the interrupting tasks might show the sourcthisfdifference. We hypothesize that
the perceived urgency is the source of this siwatiAlternatively, it is possible to
instruct the drivers to treat the driving task gwiarity, regardless of the current spoken
task. This approach could force the drivers to maanthe driving performance and as a
result one might see more degradation in the spdkek performance and less
degradation in driving performance. On the othemdhaf one knows that the drivers
make their best effort to focus on the driving,ntlmne can judge how much the spoken

tasks interfere with driving.

Increasing the driving difficulty, as suggestedsettion 7.1, can highlight the
effects that the spoken tasks have on driving pexdoce. Increasing the spoken tasks

difficulty also might create more interference withving. Our data suggest that there is
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a relationship between driving difficulty and thpoken tasks difficulty. Manipulating

these difficulties in an experiment would allow doenvestigate this relationship.

7.3 Timing of a switch influences spoken tasks

We only observed the effect of early interruptiomsthe spoken tasks. We did
not monitor the emotional state of the participanthich according to the previous
research [38] might be affected by the timing dérruptions. It could be beneficial to
use physiological measurements [43,44,46] to tthekemotional state of the subjects.
These measurements can also be used to estimatkeotognitive load for the
participants. The cognitive load estimation shalkb help with computational approach

for multiple resource model as described by Hoemeg Wickens [50].

Horrey and Wickens [50] developed a computationatieh for the multiple-
resource model. Current experiment design did nadyce large variability in
performance measures. If our experiment designodified to produce more variability
in task performance measures, then it will be fibsdio compare the measured values
with predictions of the computational model. Intwothg more variation into spoken

tasks or driving difficulty should produce more nbas in the performance measures.

Currently, Palinko et al. [87] use data from oupesments to estimate the
cognitive load of the drivers based on the recorpepll size. New information about
what cognitive load is experienced by the drivepsild allow one to investigate the

relationship between the spoken tasks and drivioig 2 new prospective.
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7.4 Switching behavior

The small number of the resumption activities im aest experiment setup
(section 5.6.2, pg. 135) calls for the increasdficdity of the interrupting task. This can
be accomplished by increasing the number of worgeeraon must name during the
interrupting task, or by providing additional restions on words that can be used. For
example, subjects could be restricted to name fodg items that have only four letters.
On the other hand, increasing the difficulty of tiaenty questions game by increasing
the number of participating objects might also legu an increase of the resumption

activities.

7.5 Urgency of the interrupting task

Data from the navigation experiment (section 3d®,43) did not show that
the subjects were affected by the urgency level. Wypothesize that the lack of
differentiation between two urgency levels was taeise. One can use a longer time
delay for non-urgent interruptions to make it clemthe subjects that the urgency levels

are different.

For the twenty questions experiment (Chapter #jlar to our suggestions in
section 7.2, explicitly specifying task prioritiés the tasks could allow us to see if the
perceived urgency effected the performance measntsmit is also possible to use the
same tasks, but remove the time limit for the mfating task. By comparing the new
data to the data from the current experiment (Ghapt one could find if the urgency

associated with the tasks had an effect on th@pednce measures.
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7.6 More suqggestions

Adding more events to the simulation scenario, saglsudden brakes of the
leading vehicle, could allow one to measure bradaction times of a driver [54,85].
These measures could provide more information attmutriver's attention to the road
on a small time scale. For instance, by timing shienulus for braking for particular
subtasks in the ongoing spoken task (asking a ignesinswering a question, etc.) it
would be possible to compare how the driver’s aitdenchanges during these subtasks.
This information would allow one to locate the gaof the spoken tasks that create the

most interference with the driving task.

The current experiment design did not test theceffef the interruptions on
the ongoing task. By having a baseline by allowtimg subjects to perform the ongoing
task without any interruptions, one can comparestiigect's performance on the ongoing
task before and after interruptions. This comparigath the baseline could show how

long the interruptions disrupt the ongoing task dnding.

The data from the current experiment suggest thatams exhibit adaptive
behavior, which is in agreement with the previoumknby Oviatt et al. [89]. There is
also research on convergence during conversatioatactions, which suggest that
people adapt their speech to match each othereXample, Pardo [92] found phonetic
convergence during spoken interaction in Map Taskuws [69]. We hypothesize that the
dispatchers are more likely to adapt to the drivkas vice versa. This can be tested by
pairing different drivers and dispatchers to se& Hwey adapt to each other. When doing
this, one must be careful to manage learning effetthe participants. In addition, it is

possible to correlate variables from different paaf subjects by randomly pairing
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dispatchers and drivers [93]. This also might tedtivers and dispatchers adapt to each

other.

The “Wizard of Oz” approach [10] can also be usednanipulate how the
system responds to the user, to see how subjejctst a0 these changes. In the “Wizard
of Oz” approach, the drivers will think that there laying the games with a computer,
while in fact, there is a person controlling thenputer. It will be possible to compare the
results between the new setup and this researskeaf drivers use the same methods

when performing tasks with another person or whanglthese tasks with a computer.
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B.1 For navigation experiment

Personal information questionnaire
Subject ID: Date: Time:

Gender:
Female Male

Age:

Are you a student?
No Undergraduate Graduate

If not a student, what is your highest educativel
High school College Graduate

Is English your native language?
Yes No ___ but I've been speaking English for years.

Are you left-handed or right-handed?
Left-handed Right-handed

If you have a valid driver’s license, what year yjmt it?
Exactly in Approximately in
| do not remember No driver’s license

Approximately how often do you drive?
Never ~ Afewtimesamonth A few times akvee Daily

Have you been in a driving simulator before? Credtthat apply.
Never _ Onceortwice _ Manytimes At UNH

How well do you know your partner for the experitien
We never met before We never talked
We talk occasionally We are friends

Approximately how often do you play video games?
Never _ Onceamonth __ Onceaweek Daily

Experiment questionnaire
Subject ID: Date: Time:

Please indicate the level of agreemeiith each of the 14 statements belo.

The instructions at the beginning of the experimentvere clear.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree
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| understood what | had to do in the navigatiok.tas
Strongly Agree _ / Agree ___ /Undecided ___ dapree __ / Strongly Disagree

| understood what | had to do when a warning messageared on the screen.
Strongly Agree _ / Agree ___ /Undecided ___ dapree __ / Strongly Disagree

Communication with the other person worked well.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

Training was sufficient.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

The experiment was interesting.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

The experiment was very short.
Strongly Agree _ / Agree ___ /Undecided __ dapree ___ / Strongly Disagree

The experiment was very long.
Strongly Agree _ / Agree ___ /Undecided __ dapree ___ / Strongly Disagree

The on-screen messages were frustrating.
Strongly Agree _ / Agree __ /Undecided __ dapree __ / Strongly Disagree

Car breakdowns were frustrating.
Strongly Agree _ / Agree ___ /Undecided ___ dapree __ / Strongly Disagree

| was satisfied with the team performance.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

Please use the space below to provide commentsuayyestions about the study.

Questions for Police Officer

| gave driving a higher priority than reacting to-screen messages.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

The simulated road was difficult to drive on.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

| was comfortable driving in the simulator.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

The dispatcher successfully guided me to my destimg@oints.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

| was waiting until the intersection to provideaniation about an interruption.
Strongly Agree _ / Agree __ /Undecided ___ dapree __ / Strongly Disagree
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| was waiting for a straight part of a road to pdavinformation about an interruption.
Strongly Agree _ / Agree ___ /Undecided ___ dapree __ / Strongly Disagree

| did not need to provide feedback to the dispatdhecause he knew where | was.
Strongly Agree _ / Agree ___ /Undecided __ dapree ___ / Strongly Disagree

| was lost and dispatcher did not know where | was.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

| learned the layout of the city and could navigatey myself.
Strongly Agree _ / Agree ___ /Undecided __ dapree __ / Strongly Disagree

| responded to interruptions as quickly as | could.
Strongly Agree _ / Agree ___ /Undecided ___ dapree __ / Strongly Disagree

Questions for dispatcher

The police officer provided me with enough feedback
Strongly Agree _ / Agree __ /Undecided __ gadree __ / Strongly Disagree

The police officer followed my directions well.
Strongly Agree _ / Agree ___ /Undecided __ gadree __ / Strongly Disagree

| knew where in the city the car was at all times.
Strongly Agree  / Agree __ /Undecided __ gadree __ / Strongly Disagree

| was frustrated with the map.
Strongly Agree  / Agree __ /Undecided __ gadree __ / Strongly Disagree
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B.2 Twenty questions experiment

All guestionnaires were presented using in a coeréd form [77] and are
presented here for completeness. All surveys wat@aatically marked with the proper

experiment code and subject role.

Before experiment questionnaire
What is your gender? Please choose *only one*@fdhowing: Female / Male

What is your age?

What is your level of education? Please choosey*onk* of the following:
Freshman / Sophomore / Junior / Senior / 1st yestugite / 2nd year graduate / 3rd year
graduate / More than 3 years of graduate school

Is English your native language? Please choose/mm* of the following:
Yes/ No

Only answer this question if you answered No topifeeious question

How many years are you using English for spokenmamnication? Please choose *only
one* of the following:

1/2/3/4/5/5to 10/ more than 10

For how many years have you been driving? Pleaseseh*only one* of the following:
1/2/3/4/5/5to 10/ more than 10

Indicate level of your agreement with the followistgtements:

| have a seasonal sickness (flue, cold, etc.).
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

| am in my usual state of fitness.
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

Did you participate in a driving simulator studyfére? Yes / No
Did you use UNH simulator before? Please choosé/*ame* of the following: Yes / No

How often do you play computer games (not countsagl and puzzle games)? Solitaire
and minesweeper do not count. Please choose *owefyaf the following:
Every day / A few times a week / Once a week /v fiemes a month / Rarely / Never

188



How well do you know the other person participatimghis experiment? Please choose
*only one* of the following:

We never met before

We talked once or twice before

We talk occasionally

We talk regularly

We know each other very well

After experiment questionnaire

Please indicate the level of agreement with eacheotatements below. Please choose
the appropriate response for each item:

The instructions at the beginning of the experinvesrte clear.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

| understood what | had to do for the twenty quesigame.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

Training was sufficient.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

It was difficult to remember the questions to alskid the objects.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

List of objects was too long.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

The tasks were very easy.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

The experiment was interesting.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

The experiment was very short.
Strongly disagree / Disagree / Undecided / Agrgégdngly agree

The experiment was very long.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

Communication with the other person worked well.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

| was satisfied with the team performance.
Strongly disagree / Disagree / Undecided / Agrégdngly agree

The other person responded very slowly.
Strongly disagree / Disagree / Undecided / Agrégdngly agree
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Please indicate the level of agreement with eatheostatements below
Strongly disagree / Disagree / Undecided / Agrégdngly agree

Last Letter game was difficult
Strongly disagree / Disagree / Undecided / Agrégdngly agree

It was difficult to come up with new words for Ldsttter game
Strongly disagree / Disagree / Undecided / Agrégdngly agree

Only answer the following questions if you are aveil understood what | had to do in
the driving task.
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

The simulated road was difficult to drive on.
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

| was comfortable driving in the simulator.
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

| responded to interruptions as quickly as | could.
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

The on-screen messages were interfering with divin
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

The on-screen messages were obstructing my view.
Strongly disagree / Disagree / Undecided / Agrg&dngly agree

Simulator Sickness Questionnaire

Are you talking this survey before the experimenafver? Please choose *only one* of
the following: Before the experiment / After thepeximent

Please, provide information about how the followsygnptoms are affecting you right
now. Please choose the appropriate response forteat:
General discomfort: None / Slight / Moderate / Seve

Fatigue: None / Slight / Moderate / Severe
Drowsiness: None / Slight / Moderate / Severe
Sweating: None / Slight / Moderate / Severe

Difficulty concentrating: None / Slight / Moderat&evere

Mental depression: None / Slight / Moderate / Sever

190



Visual flashbacks (visual illusion of movement alsk sensations of movement, when
NOT in a simulator, car, or aircraft):
None / Slight / Moderate / Severe

Faintness: None / Slight / Moderate / Severe / Andrbreathing: None / Slight /
Moderate / Severe

Confusion: None / Slight / Moderate / Severe

Eyestrain: None / Slight/ Moderate/ Severe

Difficulty focusing: None / Slight/ Moderate/ Seeer
Blurred vision: None / Slight/ Moderate/ Severe
Headache: None / Slight/ Moderate/ Severe

Fullness of the head: None / Slight/ Moderate/ &=ve
Dizziness with eyes open: None / Slight/ Moder&&vere
Dizziness with eyes closed: None / Slight/ Modér8evere

Vertigo (Vertigo is experienced as loss of origotaivith respect to vertical upright):
None / Slight/ Moderate/ Severe

Nausea: None / Slight/ Moderate/ Severe

Stomach awareness (Stomach awareness is usuallyaselicate a feeling of
discomfort which is just short of nausea): Nondigl®/ Moderate/ Severe

Loss of appetite: None / Slight/ Moderate/ Severe

Increased appetite: None / Slight/ Moderate/ Severe

Desire to move bowels: None / Slight/ Moderate/egev

Burping: No / One time/ 2 Times/ 3 Times/ Less tbaimes/ less than 10 times/ A lot
Vomiting: No / One time/ 2 Times/ 3 Times/ Lessrtlatimes/ less than 10 times/ A lot

Please specify what other symptoms you are expenigand what their severity is.
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APPENDIX C

GAME INFORMATION DOCUMENTS
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C.1 Navigation experiment

Procedure

Read and sign IRB consent form (5 minutes)
Read instructions (5 minutes)

Training session (20 minutes)

Experiment (35 minutes)

Fill out questionnaire (5 minutes)

arwnE

Police officer
You are taking the role of a police officer. Youreesent into an unfamiliar part
of your city. Your goal is to follow directions fno a dispatcher using radio
communication. The dispatcher has a map of the bity because of construction, some

parts of the map could be out of date. You shoutdige the dispatcher with landmarks,

such as description of buildings and billboardsur goal is to go through all destination

points as fast as possible, but it's not allowedjdoover 30 mpland you must stop at
every stop sign.

You must not go past the construction barrelsdahafplaced across some streets.

The car has a built in engine failure detectiortesys This system has the ability
to fix the engine if it has information about how do the fix. The dispatcher can send
this information to your car. When you see a mess@deck engine” on the screen, your
car is about to break down. You should inform trepatcher about this message, so he
can send required information to your car.

Your radio system also detects the loss of conmediirength of the data link
between the car and the dispatcher office. Whensgmia message “Check link”, you
also must inform the dispatcher. If you fail to stmthe car will stop until the data link is
established again.

You will see “estimated time to failure” progresar linder the warning messages.
The car will break or stop once the progress bat i00%.

Thank you very much for your participation.

Dispatcher
You are taking the role of a dispatcher in theqeoheadquarters. There is a police

officer who needs your assistance. Your goal ieawigate this officer from his current
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location to the points marked on your map. Theerethree points marked 1, 2, and 3
respectively. You should communicate with the @ffitco discover where he is on the
map and after that you provide directions to pain®nce the officer reached point 1 you
provide him with the directions to point 2. And fmopoint 2, the officer should go to
point 3.

There was recent construction in the city and sparés of the map could be out
of date: some roads could be closed, and some omadd be opened. You should work
with the officer to detect what parts of the map aut of date. There are red rectangles
on the map that denote construction barrels andfficer is not allowed to go past them.
Try all the streets leading to the destination bypene. Eventually one of them will be
free of construction.

If the officer informs you that there is a “Cheatgee” sign, you should ask what
the speed the vehicle is. This will provide enougformation for the system to fix the
car.

If the officer informs you that there is a “Cheakid’ sign, you should ask how far
the car is from the next road intersection (a blagkay, half a block away, third of a
block away). This will provide enough informatioor the system to fix the data link.

Thank you very much for your participation.
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C.2 Twenty guestions experiment

The following text was given to all the subjectsoprto the twenty question

experiment, described in Chapter 4.

Team scoring

You and your partner have a goal to finish as mgaayes ofTwenty Questions
(described below) as possible during the experimenile completing all théast Letter
games (described below). Games will happen in lghrdlhere will be a limited time for
each game. You will receive a point for each cotgolegame and naming task. A point
will be taken from you for every incomplete gamewmwrd naming task. If you finish
game after the time ran out you will receive hatfaent. Depending on your performance
you will receive a prize at the end of the expenmé&ou will receive $5 bonus if you

will perform well.

The game of Twenty Questions

You are going to a play a variation of a game dalleventy QuestionsTwo
people play this game. One person is the Answerertlae other is the Questioner. The
Answerer is given a word or a phrase, and the gb#ie Questioner is to discover that
word or phrase in the shortest period of time @hwllest number of questions). The
object that the word or phrase represents is alveay®me appliance. Figure bellow
shows all appliances that will be used in the ga®eavell as possible classification of
them.

The Questioner can only ask questions that camb&exed with yes or no. The
goal of the Answerer is to help the Questioner,thatAnswerer can only sayes, noor
cannot say(meaning that any answer would be ambiguous, simgly not known by the
Answerer). For your team to receive a point, thegdioner has to correctly identify the
word that the Answerer was given at the beginnindp® game. The Questioner has only
one chance to name the appliance, so make surasyoall the relevant questions. There
should be no guessing.

In this experiment both participants will be playinwo games in parallel,

performing a different role in each game. The perado is not driving starts asking
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guestions first when starting a new game. Herenisexample game of two parallel
Twenty Questions games between you and your partmeyame one (gl) you are the
Questioner (Q) and in game two (g2) you are then&mer (A). As the Answerer you are
given object “Main Light.” Your partner is given jest “Blender”:

You (Q gl):
Partner (A gl):

Partner (Q g2):

You (A g2):

You (Q gl):
Partner (A gl):

Partner (Q g2):

You (A g2):

You (Q gl):
Partner (A gl):

Partner (Q g2):

You (A g2):

You (Q gl):
Partner (A gl):

Partner (Q g2):

You (A g2):

You (Q gl):
Partner (A gl):

Partner (Q g2):

You (A g2):

Is it in the bathroom?

No

Is it in the kitchen?

Yes

Is it in the living room?

Yes

Is it used for heating?

No

Is it a utility item?

Yes

Is it used for food processing?
Yes
Does it have moving parts
No

Does it have sharp edges?
Yes
Is it a Main Light

Yes

Is it a blender?

Yes
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Has doar Tlicron awe

Heating
Mo door Stove top
Has sharp edges Blender
Kitchen Food processing
Mo sharp edges Mliver
Hasdaoaor Refrigeratar
Litility
Mo door Canopener

_ Sound and picture ™
Entertainment
Saund only Radio

Has moving parts Fan

Living raorm Camfort
Mo moving parts Heater

Uil Has maving parts Wacuum cleaner
tility
Mo moving parts tain light
Facial Electric shaver

Personal
Mot facial Powered toothbrush

N Meeds water Washing machine
Bathroam Uititlity
Mo Water Diryer

lses heat Hair dryer
Hair

Mo heat Hair trimrmer
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Electric
Shaver
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Examples of good questions

Is it usually found in a kitchen? Is it used for entertainment?

Is it usually found in a living room? Is it used for comfort?

Is it usually found in a bathroom? Does it show pictures?

Is it used for heating food? Does it play sounds?

Is it used for food processing? Does it have moving parts?
Does it have a door? Does it touch face when used?
Is it used directly on food? Does it require water to work?

Last Letter game

You will be given a task of naming a word that tstavith a given letter and is 4
or 5 letters long. For example, when you see a agesthat says “S” with a progress bar,
you need to interrupt the ongoing Twenty Questigase and initiate the Last Letter
game. You can do this by saying:

Name a 4 or 5 letter word that starts with S.

Your partner might saysoda Now you have to name a 4 or 5 letter word that
starts with the last letter of the word createdybur partner. In this example, you may
use a 4 or 5 letter word that starts with ach or apple for instance). Now it's your
partner's turn to name a word that starts withldseletter of your word. You repeat this
3 times. Overall, each of the participants nhamesetlivords. Once you have named three
words you can continue with the Twenty Questiomag@a

You have a time limit to complete a given Last eetjame. The message that
informs you about this task will have a progress mext to it. You must name three
words before the progress bar reaches 100%. Yoootaepeat words that you have
already used. If it takes you too long to name adwehich has a given number of letters
you can name a word with any number of lettersioli use longer/shorter word or did
not finish the game in time you will lose half aiqto If you do not finish the game at all

you will not get any points for it.

Playing games
You can play games when you see words shown odieen. If there are no
words shown, it means that you should stay si@nte you see that words disappeared

from the screen you should wrap up the current esation and wait in silence until
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words appear on the screen again. If words arélgisin the screen and you already
finished the game you may talk to each other or sitant.

You always want to finish Last Letter game, but ystop playing twenty
guestions game as soon as the words disappearylwamscreen, even if you did not
finish the game yet.

Driving (for driver only)

When driving, your goal is to follow the leadinghigle at a safe distance. You
can ignore all speed limit signs. The vehicle onfrof you will keep a constant speed of
55mph. You should make an attempt to stay withl¢laeling vehicle. Please do not go
past the leading vehicle, you should follow it. Whbke leading vehicle stops, you should
stop as well.

Good-luck.
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