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ABSTRACT

THE EFFECTS OF AUDITORY AND VISUO-SPATIAL SECONDARY TASKS
ON LANE MAINTENANCE IN PREDICTABLE AND UNPREDICTABLE
DRIVING CONDITIONS

Ozbozdagli, Seda
M.S., Department of Psychology
Supervisor: Assoc. Prof. Dr. Mine Misirlisoy

Co-Supervisor: Assoc. Prof. Dr. Tiirker Ozkan

September 2015, 98 pages

The present study investigated the effects of auditory and visuo-spatial secondary
tasks on variability in lane position in predictable and unpredictable driving
conditions. The study also aimed to explore the impacts of perceived driving skills
and safety skills on driving performance. Sixty-six participants filled out the Driver
Skill Inventory and drove a simulated vehicle. Predictability was manipulated by
adding wind gusts and secondary task load was manipulated by an auditory delayed
digit recall n-back task or a visuo-spatial n back task. Results demonstrated that in
the predictable driving condition, load decreased lane position variability in the
auditory condition, however in the visuo-spatial condition; there was no significant
difference in lane positioning between the no-load and the load conditions. In the
unpredictable driving condition, there was no significant difference in lane

positioning between the no-load and the load conditions in the auditory condition

iv



while, in the visuo-spatial condition, load increased lane position variability. Drivers
from both auditory and visuo-spatial groups with low perceived driving skills
showed the highest variability in lane position in all conditions. Results were
discussed on the basis of distracted driving literature, Hierarchical Control Theory,

and Working Memory Model.

Keywords: lane maintenance, hierarchic control, visuo-spatial task, auditory task,

perceived skills.



0z

TAHMIN EDILEBILIR VE TAHMIN EDILEMEZ SURUS SARTLARINDA
ISITSEL VE GORSEL-MEKANSAL IKINCiL GOREVLERIN SERIDI KORUMA
UZERINDEKI ETKILER{

Ozbozdagl, Seda
Yiiksek Lisans, Psikoloji Boliimii
Tez Yoneticisi: Dog. Dr. Mine Misirlisoy

Yardime1 Tez Yoneticisi: Dog. Dr. Tiirker Ozkan

Eyliil 2015, 98 sayfa

Bu caligma, isitsel ve gorsel-mekansal (uzamsal) ikincil gérevlerin, tahmin edilebilir
ve tahmin edilemez siirlis kosullarinda, serit pozisyonundaki degiskenliklere olan
etkilerini arastirmaktadir. Caligmanin bir amaci da algilanan siirlis becerileri ve
giivenlik becerilerinin ara¢ kullanma performansina olan etkilerini kesfetmektir.
Altmis altt katilimer Siiriicii Beceri Anketini doldurmus ve simiilatérde arag
kullanmistir. Tahmin edilebilirlik riizgar eklenmesiyle ve ikincil gorev yiiki, isitsel
n-geri goreviyle ya da gorsel-mekéansal n-geri goreviyle manipiile edilmistir.
Sonuglara gore, tahmin edilebilir siiriis kosulunda, isitsel yiik serit pozisyonundaki
degiskenligi azaltmistir fakat gorsel-mekansal yiik serit tutmada Onemli bir
degisiklige yol agmamistir. Tahmin edilemez siiriis kosulunda, isitsel yiik serit
tutmada Onemli bir degisiklife yol agmamisken, gorsel-mekansal yiik serit
pozisyonundaki degiskenligi arttirmistir. Hem isitsel hem de gorsel-mekénsal

grubundaki, algilanan siiriis becerileri diisiik siiriicliler tiim kosullarda serit
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pozisyonunda en yiiksek degiskenligi gostermislerdir. Sonuglar, hiyerarsik kontrol

teorisi ve caligma belligi modeli taban alinarak tartigilmistir.

Anahtar Kelimeler: serit koruma, hiyerarsik kontrol, gorsel-mekansal gorev, isitsel

gorev, algilanan beceriler.
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CHAPTER 1

INTRODUCTION

Driver distraction is one of the major causes of road accidents. There are various
types of distractions that can occur behind the wheel. The current study focuses on
two of these distractions, namely, auditory and visuo-spatial. Talking to someone on
the mobile phone, listening to the radio, or conversing with a passenger can be
gathered under a single roof and called auditory distractors while tracking navigation
devices or other in-vehicle systems can be termed as visuo-spatial distractors. Visuo-
spatial distractors require glances away from the road while auditory distractors take
the mind off of the main task, driving. Additionally, visuo-spatial distractors such as
navigation devices mostly require manual operation. This also affects driving

unfavorably due to taking the hands off the steering wheel.

In the United States, 69% of citizens with a driver’s license aged between 18 and 64
reported that they had cell phone conservation whilst driving within the previous
month. In Europe, cell phone usage while driving ranges from 21% (UK) to 59%
(Portugal) (Distracted Driving - Motor Vehicle Safety, n.d.). Again, in the US,
approximately 660,000 car drivers use their cell phones or other electronic devices
while on the road (Pickrell & Ye, 2013). Crashes due to driver distraction also seem
to be on the rise. Accident statistics of the US show that in the year of 2012, 3,328
people lost their lives and 421,000 people got injured because of a distracted driver.
Accident fatalities due to distraction were 3,360 in 2011 (Distracted Driving in the
United States and Europe, n.d.).



Accident reports in Turkey do not involve sufficient information about the number of
accidents caused by distracted drivers. In the report of Turkish Statistical Institute
(2014), only 25 accidents are reported to be triggered by “Driving inconsiderately,
pouring or throwing something from the vehicle, using phone while driving”
(“Saygisizca ara¢ kullanmak, aragtan bir sey atmak dokmek, seyir halinde telefon
kullanmak™). In 2013, there were 1,207,354 reported road accidents; therefore, the
number given for distraction caused crashes seems highly unrealistic. Due to lack of

proper data collection methods, the real picture cannot be seen for Turkey.

1.1.Cell Phone Usage Behind The Wheel

A large amount of literature supports the fact that talking on a cell phone while
driving affects driving performance negatively. Different aspects of a driving task
can be affected by the distractive impact of cell phones. Based upon a 3-month long
naturalistic driving data, Metz, Landau, and Hargutt (2015) demonstrated that car
drivers talked over a hands-free phone around 11% of the riding time. While
speaking to someone on a hands-free phone, drivers adapted their drive by
decreasing their travelling speed and increasing the safety margin. This shows that
drivers are aware of the fact that doing an additional task at the wheel jeopardizes
road safety. Sanbonmatsu, Strayer, Medeiros-Ward, and Watson (2013) concluded
that individuals who were the most incompetents in multitasking reported that they
converse on their cell phones while driving. Drivers are aware of the risk posed by
cell-phone usage but they are confident in their ability to multitask so they keep on

using their cell phone while driving.

Strayer, Drews, and Crouch (2006) studied the similarity between talking on a cell
phone and driving under the influence of alcohol by using a driving simulator. Both
manipulations negatively affected safe driving. Profiles of two groups were different
but unfavorable effects of the factors were parallel. Both hands-free and regular cell
phones deteriorated driving performance by slowing reactions, increasing the time
needed to recover speed after braking, and leading to more accidents. Intoxicated

drivers had no accidents but they drove more aggressively. Strayer et al. (2006)



concluded that talking on a cell phone whilst driving impairs the performance as

much as driving under the influence.

McCarley et al. (2004) investigated the effects of having a cell phone conversation
and listening to a recorded conversation on detecting the changes in a traffic scene.
While the attentive listening task did not give rise to any negative effects, talking on
a hands-free cell phone made drivers detect fewer changes and make more mistakes
in their responses. Being part of the conversation induces higher cognitive load that
affects the main task, driving, more than just listening. Lethonen, Lappi, and
Summala (2012) suggested that cognitive workload affect the anticipation of
roadway curvature adversely by making drivers look less at the occlusion point on
the road. In another study, drivers counted backwards by seven from the number that
appeared on the screen in the cognitive load condition. Memory of the traffic
environment was investigated. Drivers had a weaker memory of the moving objects
in the road environment not the stationary ones when they were given cognitive load

(Blalock et al., 2014).

Haque and Washington (2014) found that young drivers responded 40% slower to
the pedestrians coming from sidewalks to go across the road in consequence of
talking on the phone. Talking with the passenger in the car and making a cell phone
conversation also differs in their impact on driving. Driving errors were found to be
the highest when drivers talked on their cell phones. On the other hand, when the
demand coming from the traffic increased, drivers adapted their conversation with
the passenger by decreasing the complexity of the speech or postponing the
conversation. Moreover, talking with a passenger increased the situation awareness
(SA) by referring to road events and creating a team SA (Drews, Pasupathi, &
Strayer, 2008). Strayer and Drews (2004) also supported the negative impacts of
talking on the cell phone whilst driving. In their study, both younger and older
drivers showed slower reactions than drive-only condition. Moreover, they took
longer to recover lost speed after braking and rear-collision risk increased due to the

cell-phone usage.



Hands-free cell phones pose a similar amount of risk compared to the hand-held cell
phones in traffic. Violation rates of the car drivers and attentional lapses increased
with the cell phone conversations (Beede & Kass, 2006). Hands-free cell phones
caused an increment in the inattentional blindness rates during a conversation
(Strayer & Drews, 2007). Lastly, practicing did not wipe out the disruptive impacts
of cell-phone talk on driving performance (Cooper & Strayer, 2008).

The other side of the coin shows the complexity of human behavior. While talking on
the cell phone deteriorates driving in many aspects, lane maintenance seems to be
affected differently. Lane position variability decreased when drivers talked on their
hands-free cell phones (Beede & Kass, 2006). Medeiros-Ward, Cooper, and Strayer
(2014) also found improvement in lane keeping performance in the presence of a

secondary task.

Collet, Guillot, and Petit (2010) reviewed literature about the effects of cell-phone
use behind the wheel. Lane keeping performance was measured in several studies
mentioned in the review. There were mixed findings. Brookhuis, de Vries, and de
Waard (1991) found that hands-free phones lead to less deviation from the center
lane compared to hand-held ones (as cited in Collet et al., 2010, p.595) Study also
showed that practice improved lane maintenance when the traffic volume was low. In
complex road conditions, no facilitation was seen. Jennes et al. (2002) stated that
voice dialing did not affect the lane position but entering numbers manually did.
They argued that cognitive load had no real impact on lane keeping performance as
the drivers under mental load kept on looking at the roadway (as cited in Collet et al.,
2010, p.595). Reed and Green (1999) further stated that the effects of manipulations
on lane positioning could only be properly observed in actual driving, as opposed to

simulated driving.

1.2.Navigation Systems

Navigation systems are designed with the intent to facilitate drivers’ performance
and lately they win their seats in a growing number of vehicles due to their

affordable prices and ease of access.



Navigation devices, guide the drivers turn by turn about which way to go visually or
by voice guiding. They are designed to lighten the drivers’ workload. Nonetheless,
benefits of the navigation systems usually depend on their type. Rizzardo, Colle,
McGregor, and Wylie (2013) stated that guiding maps displayed in navigation
devices led to the best learning when the spatial and verbal advisories were used
together. Li, Zhu, Zhang, Wu, and Zhang (2014) investigated the effectiveness of
different Global Positioning System (GPS) display scales (single and dual scale). The
single scale GPS resembles regular GPS and shows a map of the highlighted path but
the dual-scale GPS displays both detailed and contextual information. It was found
that the dual-scale GPS was better than the single-scale in finding the destination

point, via creating spatial awareness and a cognitive map.

Even though GPS is helpful in many aspects, it is also a source of distraction for the
drivers. Manual data entry, such as, destination spot or checking the device at certain
intervals can direct drivers’ attention away from the road. Metz, Schoch, Just, and
Kuhn (2014) recorded naturalistic driving data for 3 months. Drivers used both an
integrated navigation device and a nomadic device within the first two months and
during the last mouth no navigation support was used. Drivers adapted their driving
while engaging in these systems by lowering their speeds, leaving larger safety
margins, and choosing safe situations to interact with the navigation device. In the
end, the number of risky driving situations did not increase due to navigation system
use. This shows that drivers sensed an increment in accident risk and drove safer to
compensate (Metz et al., 2014). Schomig, Metz, and Kriiger (2011) further tested the
drivers in engaging in secondary tasks in a situation-aware way. Drivers adapted
their primary and secondary task performance based on the safety evaluation of the
road environment. They rejected or postponed the secondary task in highly

demanding traffic conditions (Schomig et al., 2011).

Navigation systems interfere with driving because both tasks demand visual

attention. Therefore, studies utilizing other visually demanding tasks may provide

valuable information on the negative effects of navigation systems. Lee, Lee, and

Boyle (2007) conducted a study to investigate the effects of mental workload on
5



visual attention while driving. They found that under cognitive workload, drivers
performed much worse in the change detection task due to periodic blanking and
looking at outside of the road. A large number of visual distractors manifest
themselves during driving, such as warning signals or roadside advertisements.
Drivers can also distract themselves voluntarily, by making a phone call, sending or
reading a text-message, switching on the radio, or entering data in to the navigation
system (Schomig & Metz, 2013). Drivers who hold the belief that they are skilled
drivers may choose to engage in secondary tasks whilst driving, due to

overestimation of abilities and underestimation of possible risks.

Text messaging during the ride deteriorates driving more than talking on the phone.
Drews, Yazdani, Godfrey, Cooper, and Strayer (2009) found that drivers reacted to
the onset of braking lights of the vehicle ahead slower, had worse the lateral control,
and engaged in more accidents when they were reading or sending text-messages.
He, Chaparro, Wu, Crandall, & Ellis (2015) further demonstrated that typing phone

messages increased the standard deviation of lane position.

Tractinsky, Ram, and Shinar (2013) showed that drivers were more likely to answer
incoming phone calls rather than initiating a call by dialing. This can be an indication
of the perceived risk of looking at somewhere other than the road as accepting an
incoming call only requires one button push while making the call can be more
complicated. Lane positioning deteriorated in both manual and vocal entry of a text
message to a phone (He, Choi, McCarley, Chaparro, & Wang, 2015). Knapper,
Hagenzieker, and Brookhuis (2015) demonstrated that lane maintenance was affected
negatively by visual-manual secondary tasks such as texting and entering the
destination point into the GPS. Thapa, Codjoe, Ishak, and McCarter (2015)
investigated driving performance both during and after taking on a cell phone and
texting. Having conversation on a cell phone did not have a significant effect on
lateral and longitudinal control for neither during and nor after the task. However,

sending a text message had a significant negative effect on driving during the task.



Besides sending messages, in-vehicle systems can also break drivers’ concentration.
When drivers direct their attention to inside of the vehicle by the visual secondary
task, they could not readjust their visual scanning and performed worse in detecting
potential threats in the road scene even when they look back at outside of the vehicle
(Borowsky et al., 2015). It was found that visual workload significantly affects the
speed preferences and standard deviation of lane position. Drivers deviated from the
central lane more when they were doing the visual secondary task (Kircher &
Ahlstrom, 2012). Grane and Bengtson (2013) observed that engaging in a visual task
while driving through the simulated traffic environment caused mistakenly crossed
lanes. Roadway scanning techniques also differed when drivers did an additional
visual task, in that, they took longer glances at the roadway and scanned a larger
zone (Metz, Schomig, & Kriiger, 2011). Caird, Johnston, Willness, Asbridge, and
Steel (2014) review 28 studies investigating the effects of reading and writing text
messages on driving performance. Authors concluded that reading messages does not
affect different aspects of driving including lane keeping as much as the writing and

the reading-writing conditions.

Kaber, Liang, Zhang, Rogers, and Gangakhedkar (2012) investigated the effects of
visual, cognitive, and visual-cognitive secondary tasks on different levels of vehicle
controlling that are operational and tactical. Michon (1985) argued that driving task
consisted of 3 control levels as operational, tactical, and strategic. In the operational
level, drivers react to the traffic situations without conscious processing such as
sudden braking, reactive control of the steering wheel. In the tactical control level,
drivers operate their vehicle in reference to the elements of the road like adjusting
speed based on the leading vehicle. Strategic control level includes more time
demanding processes like making route plans. First two levels are more critical as
they determine the safeness of the drive. Wickens (2002) established multiple
resource theory that explains the distractive effects of secondary tasks on driving if
they are competing for the same cognitive sources. Attending to ocular data coming
from the traffic environment is an important factor in driving. Further, central

processing is also necessary to understand the roadway, anticipate the forthcoming



road conditions, and taking decisions. Visual and auditory secondary tasks can affect
the drivers’ performance in different ways. While the visual task diverts attention
away from the road, auditory task clashes with driving for central processing
resources. Kaber et al. (2012) explored that visual secondary task have an impact on
operational level due to taking glances away from the roadway but the auditory task
interferes with the tactical level by handicapping the comprehension of the traffic

conditions.

In another study with experienced taxi drivers, it was found that in case of an
unexpected event, compared to the only-driving condition, in the driving-navigation
searching condition variability in lateral positioning increased. Moreover, brake time
also took longer when drivers interacted with the GPS (Kim, Min, Lim, & Chung,
2013). Rodrick, Bhise, and Jothi,(2013) studied drivers from different age groups and
found that secondary tasks demanding visual attention and manual operation led to
poorer driving performance compared to memory and auditory tasks. Moreover,
older drivers (>55 years) performed the worst among all the other age groups. Lastly,
visual tasks were found to be deteriorating driving performance more than cognitive
tasks in terms of hazard detection and lateral control of the vehicle (Liang & Lee,

2010).

In short, there is an effect of auditory and visuo-spatial secondary tasks on driving
performance but the direction of the relationship between driving and workload task
can depend on the experience level in the main task and environmental conditions.
Medeiros-Ward et al. (2014) found improvement in lane keeping performance under
predictable road conditions when the driver were mentally loaded. Since driving is a
complex task, control processes behind it can determine the impact of engaging in

secondary task on driving.

1.3.Hierarchical Control Theory

Gaining enough experience on a task changes the control processes behind the
performance. During the learning phase, a higher level of cognitive control that runs
by explicit knowledge is required to perform a complex behavior. After becoming

8



skillful at the task, a lower level of control shoulders the work of the higher level and
at lower levels, there is an operation of implicit knowledge (Shaffer, 1976). Pianists
employ the processing of two levels of cognitive control. Lower level monitors the
finger movements and higher levels focuses on the melody and notes being played
(Shaffer, 1976).To give an example in the context of driving, novice drivers focus
more on how to drive and dynamics of the car. However, expertise makes the driving
more automatized. Experienced car drivers can reach their destination without having
a proper memory about the journey. Fisk and Schneider (1984) found support for the
idea that well-learned skills becomes automatized and need for attending every
aspect of the task diminishes. This leads to a blurred memory of the performance.
Experts’ performance becomes encapsulated and no conscious or higher level of
involvement is needed. For experts, driving is generally more goal-directed like

arriving the target location.

While the performance of experts are based on procedural knowledge, beginners of a
task rely more on declarative knowledge. In the sample of golf players, it was shown
that while doing two tasks simultaneously, expert players’ performances were similar
to their single-task performance and better than the performances of the beginner
golfers. Furthermore, experts had a good recognition about the elements of the
secondary task whereas their memory about the primary task was poor. When the
mechanics of their skill were disrupted, they remembered better details of the
primary task while performed worse in the dual-task condition and also had weaker

recognition memory of the secondary task (Beilock, Wierenga, & Carr, 2002).

Hierarchical control of complex skilled behavior is explained by the usage of
different metaphors. Logan and Crump (2009) used the term of control loops with
reference to higher and lower levels of processing. The outer loop is under
attentional control and is a more active process. On the other side, the inner loop is
more automatic and outside of the conscious processing, and it includes procedural
knowledge structures (Beilock, Carr, MacMahon, & Starkes, 2002). The inner loop
and the outer loop are influenced from different factors generally, as their goals are
different. While the inner loop deals with immediate goals, the outer loop makes sure

9



that broader aims are reached (Logan & Crump, 2011). The outer loop does not keep
track of the things processed by the inner loop until that becomes necessary. To
accomplish a successful task performance, the outer loop necessitates attention but
the inner loop suffers when the performer attends to its processing. Studies showed
that focusing on a task deteriorates the performance of the experts. Experienced
typists performed worse when they were asked to focus on individual key strokes
(Logan & Crump, 2009; Tapp and Logan, 2011). When the outer loop needs to
control the outputs of the inner loop, it decelerates the cycle time of the inner loop.
This slowing can be due to the fragmentization of the expertized skill caused by
directing attention to it. After this, each small unit processes separately like in the
early phases of learning and this gives a cause for slowdown of the performance
(Masters, 1992). Both control loops also use different feedbacks to check on their
processing. For instance, in the case of skilled typewriting, the inner loop requires
the sensation of the keyboard to place the fingers correctly on the keystrokes while
the outer loop demands to see what has been written on the computer screen to be

positive about they were typed accurately (Logan & Crump, 2011).

Skilled tasks like driving can be done under the control of the inner loop. The outer
loop only monitors processing of the inner loop under normal conditions but when
the performer becomes conscious about the task, more errors are done and operation
slows down (Logan & Crump, 2009). In a predictable environment, while paying
attention to the behavior, complex skills might be interrupted. On the other hand,
deterioration in the performance can also be triggered by unpredictable conditions.
Experts need an unchanging, foreseeable environment to perform the automatized
task with the processing of the inner loop. When the environmental conditions
transform into unpredictable, the outer loop is required to accomplish successful

performance.

In the driving context, unpredictable traffic environment can force the inner loop
delegate its job to the outer loop (Cooper et al., 2013). He, McCarley, & Kramer,
(2014) found that under cognitive workload, drivers displayed of better lane
maintenance. Notion behind this outcome is that demands of the secondary task
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makes the processing of inner loop undisturbed as no extra attention allocated to the
primary task. Medeiros-Ward et al. (2014) supported the Hierarchical Control
Theory (HCT) further by manipulating the predictability of the traffic environment
by wind gusts and cognitive workload of the drivers. In predictable road conditions,
presence of additional task improved the lane keeping performance. In contrary,
unpredictability caused worse lane maintenance while engaging in a secondary task.
When the environmental conditions evolve into unpredictable and inconsistent, outer
loop takes over the job that inner loop can handle automatically before so the

variability in lane position increased when the unpredictability sprang up.

The task to create mental workload used by Medeiros-Ward et al. (2014) was a
delayed recall digit n-back task developed by Mehler, Deimer, & Dusek (2011).
Since the n-back task includes both auditory input and output it can be considered as
a surrogate for hands-free cell phones that are used often by drivers when the car is

on the move.

1.4.Competing Resources

In the present study, two types of secondary tasks were used which are auditory and
visuo spatial n-back tasks. These tasks are carried out simultaneously while driving
the simulated vehicle. It was found that increased cognitive workload that coming
from an auditory task (n-back) can enhance lane maintenance performance in the
predictable road environment (Medeiros-Ward et al, 2014). However, it is also
known that when two tasks that tap under independent slave systems of the working
memory model, are performed simultaneously, it can be as productive as performing
them individually. If dual task requires the use of the same subsystem, then the

performance deteriorates compared to do them separately (Baddeley, 1992).

The research question underlying the current study arises from this theoretical
knowledge. Drivers must be able to take the necessary actions in the context of
dynamic road environment that they pass through. Driving task requires scanning of
the visual environment and same demand comes from a visuo-spatial secondary task
such as interacting with navigation system. Taking a glance at a navigation device
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while the car is in motion can deteriorate driver’s performance as two tasks work
under the visuospatial sketchpad. Auditory tasks like talking on a phone require the
processing of phonological loop. During a phone conversation, drivers can still keep
their eyes on the roadway so auditory task may not interfere the driving as much as

the visual task.

Treisman and Davis also supported the notion that if two tasks are visual,
performance gets worse compared to having a set of tasks consisting of one visual
and one auditory task (as cited in Wickens, 2002). In the context of driving, Parkes
and Coleman found that drivers performed more successfully when they were
listening the instructions than when only reading the same instructions (as cited in
Wickens, 2002). The multiple resource theory established by Wickens, offers four
categorical dimensions, which are processing stages, perceptual modalities, visual
channels, and processing codes and all dimensions are dichotomous. When every
other aspect of the two tasks is kept equal, the determining factor for a successful
performance depends on the sources that the two tasks demand. If two tasks require

the same dimension, the interference between them increases (Wickens, 2002).

Auditory and visuo-spatial n-back tasks demands the processing of working memory.
However, while auditory n-back includes auditory perceptual modality for the input,
and verbal processing code for the output, the visuo-spatial n-back task comprises of
visual perceptual input modality that is also required by driving, verbal processing
codes for the output. In both tasks, participants respond vocally thus the outputs are
similar. Separation point of the n-back tasks is the input modality. Visuo-spatial n-
back task and driving demands from the same sources more than the auditory n-back
task. Hence, driving will impair the visuo-spatial n-back performance or be impaired

by the visuo-spatial n-back task.

Direction of the relationship between workload and lane keeping performance may
be determined by the instruments used in previous studies. In the presence of a
visuo-spatial secondary tasks lane maintenance can get worse in both predictable and

unpredictable road conditions.
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1.5.Perceived Skills

Drivers’ beliefs about their driving abilities can reflect on their driving performance.
If they look upon themselves as skilled drivers, they can engage in a secondary task
while driving by thinking that they can handle it or minimizing the risk posed by that
task. Self-evaluations about driving performance include both perceptual-motor skills

and safety skills such as obeying traffic rules and avoiding risks.

Lajunen, Corry, Summala, and Hartley (1998) found that perceptual motor abilities
predicted number of traffic penalties, while safety skills predicted speeding, number
of road accidents and penalties. Siimer and Ozkan (2002) demonstrated that scoring
low on safety skills shows an inclination for dangerous driving. Drivers who reported
to be low in safety skills make more violations. Safety skills can also be a buffer
between high perceptual motor skills and unsafe driving. Drivers who see themselves
as skilled but scored low on safety skills pose the highest risk for the traffic safety
(Siimer, Ozkan, & Lajunen, 2006). Warner, Ozkan, Lajunen, and Tzamaloukas
(2013) further showed that safety skills have a negative correlation with traffic

accidents.

Sanbonmatsu et al. (2013) showed that drivers who were the most incompetents in
multitasking reported that they converse on their phones while driving. Previous
studies showed that drivers adapted their drive while talking on a phone or engaging
in a navigation device (Metz et al., 2014; Metz et al., 2015). Knowing their limits can
make the drivers compensate the negative effects of engaging in a secondary task by

adapting their ride.

Metacognition of the driving abilities is just important as driving itself. Since driving
is a self-paced task, drivers having high perceptual motor skills may believe that they
can do two tasks equally good and this can project itself into the experiment by not
sacrificing the secondary task performance for the primary task. Drivers with high
safety skills score may choose not to distract themselves with a secondary task whilst
driving and they can give priority to driving rather than n-back task during the
experiment.
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1.6.Purpose of the Study

The present study addresses the issue of distracted driving and aims to investigate the
effects of auditory and visuo-spatial secondary tasks on lane positioning in
predictable and unpredictable road conditions. While doing a workload task at the
wheel deteriorates major aspects of driving, some performance measures such as
variability in lane keeping can show different outcomes based on the environmental
conditions. Apart from the environmental predictability, type of the task creating
cognitive workload can also account for ups and downs of lane maintenance
performance. In this study, auditory secondary task will simulate hands-free phone
and visuo-spatial secondary task will be the surrogate of in-vehicle navigation device
since the drivers generally spend their time in the traffic by engaging in one of these
tasks. It is important to see to what extent hands-free phones and navigation devices
are innocent. Outcomes of the study may be guiding in imposing necessary sanctions
to improve road safety. The present study also takes drivers’ perceived driving and
safety skills into account with the purpose of explore their effects on lane keeping

performance under different conditions.

1.7.Significance of the Study

The general structure of the study is built on the Hierarchical Control Theory (HCT)
(Medeiros-Ward et al, 2014). The study will contribute to the literature in testing the
HCT with different types of secondary task to take the understanding of the theory a
step further. Conceptual knowledge gained by the current study may be applied in
practice. Further, by asking drivers self-evaluations about their driving ability, the
present study will also show the relationship between perceived skills and actual

driving performance.

Human and machine interaction can be different from expectations. What is thought
to be distractive may improve the human performance while what is thought to be
facilitating may be distractive and damaging. Traffic safety cannot be gambled on by
taking things for granted. Due to the complexity of human behavior, after effects of

the technological systems should be studied to take proper actions in the latter stages
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such as establishment of traffic rules, enforcement of these rules, or raising public
awareness. The current study intends to investigate small part of the human-machine

interaction.
1.8.Hypothesis

For the auditory secondary task condition;

1. In the predictable road environment, the load condition will lead to less
variability in lane position compared to the no-load condition.

2. In the unpredictable road environment, the load condition will lead to

more variability in lane position compared to the no-load condition.

For the visuo-spatial secondary task condition;

3. In the predictable road environment, the load condition will lead to more
variability in lane position compared to the no-load condition.
4. In the unpredictable road environment, the load condition will lead to

more variability in lane position compared to the no-load condition.
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CHAPTER 11

METHOD

2.1. Participants

Drivers were informed of the study via Department of Psychology METU Research
Sign-Up System and social networking websites. Participants were drivers who meet
the criteria of holding a driver’s license for at least 3 years and having driven at least

3000 km the previous year.

In total, 66 (52 males, 14 females) drivers participated in the experiment. Their ages
were between 19 and 32 years old (M = 22.74 years, SD = 2.28). Only 15
participants reported that they had a problem in their vision but corrected to normal
vision by either using glasses or contact lenses. Participants did not report any
hearing problems. They also reported getting enough amount of sleep the night
before the experiment (M = 6.96, SD = 1.52). All participants had a valid driving
license (M = 4.07 years, SD = 2.17) and stated their total mileage and mileage of the
previous year (M = 32477.47, SD = 54897.03; Mysyear = 10,007.20, SD =
12932.48). Participants who were taken a course from the Psychology Department
gained an extra credit in return for their participation, but the participation of the
drivers gathered via social networking website announcements were purely based on
voluntariness. Number of the participants in auditory group and visuo-spatial group
were equal (For the Auditory Group, Myg, = 22.36, SD = 1.98, Nyate = 25, Nfemate =
8; For the Visuo-spatial Group Mg, = 23.12, SD = 2.53, Nyate = 27, Nfemate = 6).
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2.2. Materials

2.2.1 Demographic Information

This section includes questions and items that were related to drivers’ demographic
information and variables that possibly could have an effect on the data. Besides
routine questions like age and gender, the form included items that were about
subjects’ sleep time the night before the experiment and whether they had any
trouble in sight or hearing. Rest of the list centered upon driving such as since when
they had a drivers’ license, total mileage they have travelled up to now, mileage of
the last year, and what kind of vehicle they most frequently drive. In view of the fact
that memories of accidents and traffic tickets fade away after some time, subjects
were asked to report all the road accidents they had and the traffic tickets they were
issued in the last three years. Lastly, their speed preferences and overtaking

frequencies were asked to learn more about their driving styles.

2.2.2 Driver Skill Inventory (DSI)

The Driver Skill Inventory (DSI) is a self-reported scale that aims to measure
drivers’ perceptual motor abilities and safety skills (Lajunen & Summala, 1995). In
the study, the Turkish Adaptation of DSI was used (Lajunen & Ozkan, 2004). The
inventory consists of 20 items and drivers rate their skills with 5-point scales (very
weak = 0 to very strong = 5). The scale consists of two subscales that are the
perceptual motor skills subscale and the safety skills subscale. In the Turkish sample,
perceptual motor skills factor includes 13 items and the safety skills includes 8 (there
was a cross loading for one item which was “adjusting travelling speed based on
conditions”) items and both have good internal consistency scores, Cronbach’s alpha

values of .88 and .76 respectively.

2.2.3. STISIM Drive

Driving simulator used in the study was Stisim Drive M100W (STISIM Drive®
Model 100 Wide Field-of-View Complete System) with the software of STISIM

DRIVE-M100W-ASPT. The computer model the simulation program had been
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loaded was DELL Optiplex 980 and the driving scenario was displayed via 22’ LCD

monitor.

During the study, gas and brake pedals were disused to eliminate any differences
caused by speed fluctuations. Thus, drivers controlled their vehicle’s position by
Logitech G27 Racing Wheel. Driving scenario is the summation of 12 trials. Each
trial took 100 seconds and total scenario took 20 minutes to complete. In
configuration, the frame rate was calibrated to 60 Hz and screen resolution was
selected as 1280 by 1024. A one-lane road with no dashed lines in the middle was the
path to drive. The road was straight with no traffic flow. The width of the lane was
10 feet and width of the vehicle was 5 feet. The roadway and ground were black, sky
was blue, and two white dashed lines marked off the road. Figure 1 demonstrates a
snapshot of the driving scenario. There were no visual stimuli except lines that were
indicatives of the road to be able to only see the pure effect of the experimental
variables on lane maintenance. A single monitor was used to display the roadway as
side screens were showing only black surrounding of the road. Participants had
control over steering only and all crashes were ignored. Speed of the vehicle was set
at 50 feet/second. Sound effects were deactivated not to interfere with the N-back

task.

Figure 1. Driving Scenario
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Low and high entropy conditions were written in separate wind gust files. In the low
entropy condition, there was one sine wave with 10 peaks that lasted for 100 seconds
and its amplitude was 10. In the high entropy condition, final wave that also proceed
for 100 seconds was the sum of 5 separate sine waves. Each of the sine waves had
the amplitude of 10 but their periods differed to create unpredictability. Sine waves
had 2, 5, 10, 25, and 50 peaks respectively. The scenario had 4 main parts and each
of these parts consisted of 3 trials. At the beginning of each trial, the vehicle stopped
for 5 seconds for the participants to realize a new trial was about to begin. At the end
of 3 trials, the vehicle stopped again but this time the restarting process was under
the control of the experimenter. Within that period of time the experimenter informed
the driver about the progression of the experiment and whether they would do the N-
back task or drive only. At the beginning of each trial, the vehicle positioned in the
middle of the road automatically. Participants were required to maintain their
position, despite the wind, in the center of the road by taking 2 sidetracks as

reference.

Within-subjects were randomized via Latin square design. Four scenarios changing

in the order of entropy and timing of the secondary task were prepared.

2.2.4. Auditory N-Back Task

The task to create mental workload was the delayed recall digit n-back task
developed by Mehler, Deimer, & Dusek (2011). The task was specifically designed
for simulated driving experiments and on-road driving studies. Training instructions
was translated into Turkish and extra lists consisting of 10 random single digits were
added to make sure that participants gave the correct response at least 80% for each
list until they fulfilled this condition for two consecutive lists. Only the 2-back
condition, in which participants are required to repeat out loud the number that was

read two numbers before, was used in this study.

The N-back experiments were performed via a small laptop, Acer Aspire One ZG5

with the screen size of 8.9 inch. The Auditory 2-back task was prepared in E-Prime

2.0. This task included 6 trials and each trial took 90 seconds, excluding the
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instructions and preparatory sounds. The experiment initiated with an instruction
scene, and next, synchronously with a new driving trial, the experimenter started the
2-back task. A sound, phone ringing (3000 ms), was played at the beginning of each
trail and at the end of the each list a busy tone (4000 ms) was played. At each trial,
30 stimuli randomly selected by the program were presented. In the course of this,
the small laptop computer was placed 10 centimeters right side of the simulator’s
screen showed a black screen with the intent of eliminating any possible distraction.
Digits (0-9) were played from a female voice. Sound files of each digit lasted for one
second. Stimulus duration and response time was 3000 ms. After hearing the last
digit, participants were required to repeat the digit read two digits before within 2
seconds. Participants heard the numbers through the experiment by Gigaware USB
stereo headset and their responses were recorded to be coded afterwards by the

microphone attached to the headset.
2.2.5 Visuo-Spatial N-Back Task:

One method to measure visuo-spatial working memory is the 2-back task in which
continuous updating and manipulation of ongoing information within memory.
Visuo-spatial N-back paradigm has been used mostly in neuroscience studies up till
now and based on the research design, the structure of the n-back task can differ
from one study to another. For instance, Carlson et al. (1998) used visuospatial n-
back task in their study to work on brain activation. In this study, 0-back, 1-back, and
2-back paradigms were used. A white square appeared on one of the 8 locations on
the monitor screen, and in the middle of the screen there was a fixation sign (X). In
the 2-back condition, participants were supposed to click on the left button of the
mouse if the white square was in the same spot that appeared two trials before and
click on the right button if it was not. As they used functional magnetic resonance
imagining technique to track activated areas in the brain, they kept the inter-stimulus
interval (ISI) relatively long (3125 ms) and stimulus duration was 100 ms. Casey et
al. (1998) also used a spatial n-back task which was similar in logic but differed in
details. In this study, a dot was displayed in one of the four boxes placed side by side

on the screen, stayed there for 500 ms, and lost for 1500 ms (ISI). Here, subjects
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were told to press the corresponding button to show the location of the dot two-back.
The target object, the duration of stimuli, and the numbers of locations displayed on
the screen varied across different studies (Hautzetl et al., 2002; Jaeggi, Buschkuehl,
Jonides, & Shah, 2011; Kawagoe & Sekiyama, 2014; Lejbak, Crossley; & Vrbancic,
2011; Martinkauppi, Rama, Aronen, Korvenoja, & Carolson, 2000; Nagel, Herting,
Maxwell, Bruno, & Fair, 2013; Nystrom et al., 2000; Owen et al., 1999; Smith,
Jonides, & Koeppe, 1996). Therefore, in the current experiment, the task was adapted

again to ensure a better match for the research question.

The difference of the present study was using the visuo-spatial n-back task as a
secondary task. Other studies cited above used the n-back as the primary task, and
what is more, in those studies participants responded via button pressing. In the
current study, to observe the pure effects of workload and environmental
predictability on the lane keeping performance, participants did not respond by a
keyboard and kept their hands on the wheel and they verbally responded by simply
saying yes or no. Lastly, unlike the previous studies, a fixation point was not
included in the experiments as drivers had to keep their eye on the roadway at every

possible opportunity.

The computer that displayed the visuo-spatial 2-back task was Acer Aspire One ZGS5
with 8.9 inch sized screen. This experiment was also designed with E-Prime 2.0. The
visuo-spatial 2-back task consisted of 6 trials and each trial included 30 images. A
square divided into four small squares was presented. At every trial, one of the four
small squares went black from grey randomly and between each stimulus the empty
grid was displayed. Stimulus duration was 2000 ms and inter-stimulus interval was
1000 ms. In the same way as the auditory 2-back task, each trial started with a phone
ringing sound (3000 ms) and ended with a busy tone (4000 ms) (see Fig. 2). Subjects
were asked to say yes when the last location went black was the same as the one that
went black 2 trials before and say no when it was different. Their responses were

recorded by the microphone attached to Gigaware USB stereo headset.
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Figure 2. lllustration of four trials in the visuo-spatial 2-back task.

2.3. Design

The design of the experiment was 2 x 2 x 2 mixed design. The independent variables
were cognitive load (No-load vs. Load), entropy (Low Entropy vs. High Entropy)
and type of the secondary task (Auditory vs. Visuo-spatial). Type of the secondary
task was the between measure. The dependent variable was the variability in lane

position measured by the root mean square.

2.4. Procedure

Experiments were conducted at the Human Factor Lab at Middle East Technical
University. Participants were greeted by the experimenter at the lab door and asked
to sit down at the table where they filled in the required forms, and were given
instructions about the tasks they were about to perform. Before starting the
experiment, participants read and signed the informed consent and put their name
and signature on the sign-in sheet. Subsequently, demographic information form and
DSI were filled up. After this phase, the group that participants were assigned

determined the rest of the experiment. Figure 3 shows the experimental setting.
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Figure 3. Experimental setting

Participants in the auditory n-back condition were given an instruction paper for the
auditory 2-back task. In this paper, there were clear directions for the task, and
practice lists and correct responses of those lists. The same directive was also in front
of the experimenter to keep up with the participant and to give extra information
when needed. Next, the experimenter read new lists consisting of 10 random single
digits that the other party could not see to evaluate whether the participant was able
to fulfill the criterion of giving correct responses at least 80% for two consecutive
lists. Next step was to practice the auditory 2-back task in the computer to accustom
participants to real experiment. 30 digits were listened and responses were recorded

by the microphone.

Participants in the visuo-spatial n-back condition received an instruction about the
visuo-spatial 2-back task. The operation of the task was explained in detail with
verbal instructions and visual examples. When participants were clear about how to
do the task, they practiced the computerized version of the task. Here, the

experimenter had the checklist to note every answer the respondent gave. If the
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participants responded correctly, at least 80 percent of time in two consecutive lists
they went forward with the experiment. After, participants practiced another visuo-
spatial 2-back task in which 30 images were presented and the experimenter did not

interrupt the participants.

Both groups completed a warm up scenario that took 100 seconds in the driving
simulator to get used to the scenario and the calibration of the steering wheel. After
this step, they drove the warm-up scenario and did the secondary task simultaneously
to be fully prepared for the main experiment. The driving scenario lasted 100
seconds and first half showed high entropy and second half showed low entropy.
Depending upon their group participants were assigned to either the auditory 2-back

or the visuo-spatial 2-back, as the secondary task.

The experiment took 20 minutes, excluding the practice. Four groups experienced
this duration differently. Order of the within variables in 4 groups that randomized

via Latin square design was showed in the Table 1.
Table 1

Ordering of the within variables in 4 groups

Trials

Group 1

Group 2

Group 3

Group 4

1-2-3 lowent-noload

4-5-6  highent-noload

7-8-9 lowent-load

10-11-12 highent-load

lowent-load
highent-load

lowent-noload

highent-noload

highent-noload
lowent-noload

highent-load

lowent-load

highent-load
lowent-load

highent-noload

lowent-noload
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In the no load condition, participants only drove the simulated vehicle while in the
load condition, they did the secondary task and drove simultaneously. Driving
environment was predictable in the low entropy condition and unpredictable in the
high entropy condition. At the end of the experiment, participants were received an

information form about the study and thanked warmly for their contributions.
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CHAPTER III

RESULTS

3.1. Auditory and Visuo-Spatial Groups

Prior to the analysis, lane position data was split up into 12 groups, as there were 12
trials in the driving scenario. Variability in lane position was measured by the root
mean square as in the data set, drivers’ lateral position with respect to the road
dividing line were given in both negative (left side of the line) and positive (right

side of the line) numbers.

Root mean squares for all the trials were calculated by taking the square root of the
average of the squares of the sample and later, means for the four experimental
conditions (low entropy-no load, low entropy-load, high entropy-no load, high

entropy-load) were derived from these calculations.

Mixed-design 2 x 2 x 2 ANOVA was conducted for lane position variability, with
type of the secondary task (auditory vs. visuo-spatial) as a between-subjects factor,
and entropy (low entropy vs. high entropy) and load (no-load vs. load) as within-

subject factors.

The alpha level was set at .05 and effect size was indicated by partial eta square.

There was a significant main effect of entropy, F(1, 64) = 85.08, MSE = .20, p <.001,

ni =.57. On the other hand, neither the main effect of load, F(1, 64) = 1.36, MSE =
_ 2 _ . .
125, p = .24, 11, = .02, nor the two-way interaction between entropy and type of the

secondary task, F(1, 64) =2.89, p = .09, 77[2, = .04, were statistically significant. The
26



two-way interaction between mental workload and type of the secondary task was

significant, F(1, 64) = 8.79, p = .004, 77[2, = .12. There was also a significant

interaction between entropy and load, F(1, 64) = 33.15, MSE = .03, p < .001, 77[27 =
.34. The three-way interaction between entropy, load, and type of the secondary task
was not significant, F(1, 64) = .19, p = .66, 77127 =.003. Critically, the effect of type of
the secondary task on lane position variability was not significant, F(1, 64) = 2.67,

MSE=1.12, p=.10, 17, = .04

Post hoc comparisons using t-test with Bonferroni correction indicated that in the
low entropy condition, when there was no load, the difference in lane position
variability between auditory and visuo-spatial conditions was not significant, #(64) =
2.43, p = .018. When there was no load, variability in lane position was significantly
higher in the auditory condition than the visuo-spatial condition in the high entropy
condition, #(64) = 2.86, p = .006. However, when there was a load, both in the low
entropy condition, #(64) = .005, p = .99, and in the high entropy condition, , #(64) =
.83, p = .40, the differences in lane position variability between auditory and visuo-

spatial conditions were not significant.

In the low entropy condition, variability in lane position was significantly higher in
the no-load than the load condition, #65) = 3.88, p < .001. On the other hand, in the
high entropy condition, the difference in lane position variability between no-load
and load conditions was not significant, #(65) = -1.62, p = .10. In the no-load
condition, lane position variability was higher in the high entropy condition
compared to the low entropy condition, #65) = -6.48, p < .001. Lastly, in the load
condition, lane position variability was higher in the high entropy condition

compared to the low entropy condition, #(65) =-9.67, p <.001.

3.2. Auditory Group

The means and standard errors for the root mean square of lane position are
represented in Figure 4. A 2 x 2 repeated-measures analysis of variance (ANOVA)

was conducted for the variability in lane position, with both entropy (low entropy vs.
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high entropy), and load (no-load vs. load) as within-subject factors. The alpha level

was set at .05 and effect size was indicated by partial eta square. There was a
significant main effect of entropy, F(1, 32) =47.92, MSE = .25, p < .001, 77[27 =.60.

Lane position variability was higher in the high entropy condition (M = 2.19)

compared to low-entropy condition (M = 1.58). There was a significant main effect
of load, F(1, 32) =8.09, MSE = .13, p = .008, ni =.20. Lane position variability was

less in the load condition (M = 1.79) compared to no-load condition (M = 1.97).

Additionally, the interaction between load and entropy was also significant, (1, 32)

= 14.32, MSE = .03, p = .001, 17, = .30.

Bonferroni corrected new alpha level was set at .0125. In the low entropy condition,
variability in lane position was significantly higher in the no-load than the load
condition, #32) = 4.06, p < .001. On the other hand, in the high entropy condition,
the difference in lane position variability between no-load and load conditions was
not significant, #32) = .75, p = .45. In the no-load condition, lane position variability
was higher in the high entropy condition compared to the low entropy condition,
#(32) = -5.25, p < .001. Lastly, in the load condition, lane position variability was
higher in the high entropy condition compared to the low entropy condition, #32) = -
7.58, p <.01.

Auditory Group

2,50

2,00 ; --------- ﬁ
1,50 \

i LOW Entropy

Root Mean Square (Lane Position)

1,00
= {ll = High Entropy
0,50
0,00 .
No Load Load
Cognitive Workload

Figure 4. Interaction between entropy and load on lane position variability for the

auditory condition. Error bars represent standard errors. *p <.001.
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3.3. Visuo-Spatial Group

The means and standard errors for the root mean square of lane position are
represented in Figure 5. A 2 x 2 repeated-measures analysis of variance (ANOVA)
was conducted for the variability in lane position, with entropy (low entropy vs. high
entropy), and load (no-load vs. load) as within-subject factors. The alpha level was

set at .05 and effect size was indicated by partial eta square. Main effect of entropy
was significant, F(1, 32) = 37.50, MSE = .15, p < .001, 77[27 = .54. Lane position

variability was higher in the high entropy condition (M = 1.88) compared to the low
entropy condition (M = 1.46). The main effect of load was not statistically

significant, F(1, 32) = 1,71, MSE = .11, p = .20, 7712, = .05. However, there was a
significant interaction between entropy and load, F(1, 32) = 18,96, MSE = .03, p <
001, 17, = .37.

Bonferroni corrected post hoc comparison did not reveal significant difference
between the no-load and the load conditions in terms of lane position variability, in
the low entropy condition, #32) = 1.29, p = .20. However, in the high entropy
condition, lane position variability was less in the no-load condition compared to the
load condition, #32) = -2.85, p = .007. In the no-load condition, lane position
variability was less in the low entropy compared to the high entropy condition, #32)
=-4.81, p <.001. Finally, in the load condition, lane position variability was less in

the low entropy condition compared to the high entropy, #32) =-6.12, p <.001.
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Figure 5. Interaction between entropy and load on lane position variability for the

visuo-spatial condition. Error bars represent standard errors.* p <.01.

3.4. Secondary Task Performance

Proportion of correct responses in the 2-back tasks were calculated for the low
entropy and the high entropy conditions for every participant. The means and

standard errors for the accuracy in secondary tasks are represented in Figure 6.

One-way ANOVAs were conducted for the auditory group and the visuo-spatial
group separately, to compare the effect of entropy (low entropy vs. high entropy) on
the accuracy in the 2-back task. The alpha level was set at .05 and effect size was

indicated by partial eta square. Neither in the auditory condition, F(1, 32) = .44, MSE

=.004, p = .51, 77[2, = .01, nor in the visuo-spatial condition, F(1, 32) = 1.26, MSE =

.001, p = .26, 77127 = .03, were the effect of entropy on accuracy in the 2-back tasks

significant.
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Figure 6. Mean accuracies in 2-back tasks. Error bars represent standard errors.

3.5. Perceptual Motor Skills and Safety Skills

Exploratory analyses were done for the subscales of the DSI. In terms of the
perceptual motor skills, participants were subdivided into two as having low scores
or high scores on the basis of a median split (3.88). Safety skills scores of the
participants also categorized into two group as low and high by using a median split

(3.63).

For the auditory group, a mixed-design 2 x 2 x 2 x 2 ANOVA was conducted for
lane position variability, with perceptual motor skills (low vs. high) and safety skills
(low vs. high) as between-subjects factors, and entropy (low entropy vs. high

entropy) and load (no-load vs. load) as within-subject factors.

The means for the root mean square of lane position is represented in Figure 7. The
alpha level was set at .05 and effect size was indicated by partial eta square. There
was a significant main effect of entropy, F(1, 29) = 45.20, MSE = .24, p <.001, ni =
.60. The two-way interaction between entropy and perceptual motor skills was not
significant, F(1, 29) = 3.55, MSE = .24, p =.06, 77[2, = .10. The two-way interaction
between entropy and safety skills was also not statistically significant, F(1, 29) =
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.001, MSE = 24, p =97, 7712, = .00. Additionally, three-way interaction between
entropy, perceptual motor skills, and safety skills was not significant, F(1, 29) = .07,

MSE = .24, p =78, 77; =.003. There was a significant main effect of load, F(1, 29) =
5.70, MSE = .13, p = 02, 77!2, = .16. However, neither the interaction between load
and perceptual motor skills, F(1, 29) = .24, MSE = .13, p = .62, 7712, = .008, nor the

interaction between load and safety skills, F(1, 29) = 1.05, MSE = .13, p = .31, 7712, =

.03, were statistically significant. The three-way interaction between load, perceptual

motor skills, and safety skills was not significant, F(1, 29) = .62, MSE = .13, p = .43,

77[2, =.02. There was an interaction between entropy and load, F(1, 29) = 10.72, MSE
2 . . .
=.04, p =.003, i1, = .27. Neither the three-way interaction between entropy, load,

and perceptual motor skills, F(1, 29) = .75, MSE = .04, p = .39, 7712, = .02, nor the
three-way interaction between entropy, load, and safety skills, F(1, 29) = .05, MSE =
.04, p = .81, 77[27 = .002, were statistically significant. The four-way interaction

between entropy, load, perceptual motor skills, and safety skills was not significant

also, F(1, 29) = .39, MSE = .04, p = .53, 77; = .01. Critically, the main effect of

perceptual motor skills was significant, F(1, 29) = 4.35, MSE = 1.26, p = .04, ni =
.13. However, the main effect of safety skills, F(1, 29) = .05, MSE = 1.26, p = .81,

77[27 =.002, and interaction between perceptual motor skills and safety skills, F(1, 29)

=.01, MSE =1.26, p = .90, 7712, =.001 were not significant.
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Figure 7. (Above) Interaction between entropy, load, and perceptual motor skills on
lane position variability for the auditory condition. (Below) Interaction between

entropy, load, and safety skills on lane position variability for the auditory condition.

For the visuo-spatial group, a mixed-design 2 x 2 x 2 x 2 ANOVA was conducted for
lane position variability, with perceptual motor skills (low vs. high) and safety skills
(low vs. high) as between-subjects factors, and entropy (low entropy vs. high
entropy) and load (no-load vs. load) as within-subject factors. The means for the root
mean square of lane position is represented in Figure 8. The alpha level was set at .05

and effect size was indicated by partial eta square.

There was a significant main effect of entropy, F(1, 29) =42.48, MSE = .13, p <.001,

7712, =.59. While the two-way interaction between entropy and perceptual motor skills
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was significant, F(1, 29) = 4.55, MSE = .13, p =.04, 7712, = .13, the two-way
interaction between entropy and safety skills was not statistically significant, F(1, 29)
= .05, MSE = .13, p =.82, 77[2, =.002. Additionally, three-way interaction between
entropy, perceptual motor skills, and safety skills was not significant, F(1, 29) =
1.24, MSE = 13, p =27, ni = .04. The main effect of load was not significant, F(1,

29)=2.42, MSE = .10, p =13, ni =.07. However, there was a significant interaction

between load and perceptual motor skills, F(1, 29) = 6.00, MSE = .10, p = 02, 7712, =
.17. Neither the two-way interaction between load, and safety skills, F(1, 29) = 1.46,
MSE = .10, p = .23, 77[2, = .04, nor the three-way interaction between load, perceptual
motor skills and safety skills, F(1, 29) = .32, MSE = .10, p = .57, ni = .01, were
statistically significant. The interaction between entropy and load was significant,

F(1, 29) = 16.54, MSE = .04, p < .001, ni = .36. The three-way interaction between

entropy, load, and perceptual motor skills, F(1, 29) = .64, MSE = .04, p = 42, 77; =

.02, the three-way interaction between entropy, load, and safety skills, F(1, 29)

1.28, MSE = .04, p = .26, 77[27 = .04, and the four-way interaction between entropy,

load, perceptual motor skills, and safety skills, (1, 29) = .06, MSE = .04, p = .80, 7712,
=.002 were not significant. Importantly, the main effect of perceptual motor skills,

F(1,29)=11.80, MSE = .59, p = .002, 77!2, = .28, and the main effect of safety skills,

F(1, 29) = 442, MSE = 59, p = .04, 77[2, = .13 were significant. However, the
interaction between perceptual motor skills and safety skills was not significant, F(1,

29)=.32, MSE = .59, p =57, 1, = .01.
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Figure 8. (Above) Interaction between entropy, load, and perceptual motor skills on
lane position variability for the visuo-spatial condition. (Below) Interaction between
entropy, load, and safety skills on lane position variability for the visuo-spatial

condition.
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CHAPTER IV

DISCUSSION

The present study investigated the effects of auditory and visuo-spatial secondary
tasks on lane maintenance in predictable and unpredictable driving conditions.
Manipulating the predictability of driving was done for the purpose of testing the
HCT. Skilled behaviors such as driving are performed under a hierarchical control
process. The theory suggests that to perform a task successfully, the outer loop
demands attention but the inner loop suffers when its processing is attended. Studies
showed that focusing on a task deteriorates the performance of the experts (Logan &
Crump, 2009; Tapp and Logan, 2011). In the driving context, this notion was tested
by Medeiros-Ward et al. (2014). They manipulated the road predictability by adding
wind gusts and the workload by an auditory delayed digit recall n-back task. In the
current study, both auditory and visuo-spatial n-back tasks were used to test the

HCT.

The present study showed that in the auditory condition, load decreased the
variability of lane position in predictable driving environment thereby supported one
part of the HCT, while in the visuo-spatial condition, there was no significant
difference in lane positioning between no-load and load conditions in predictable
driving environment. Furthermore, when the driving conditions turned into
unpredictable, in the auditory condition, there was no worthy of note difference in
lane positioning between no-load and load conditions contrary to expectation.
However, in the visuo-spatial condition, load increased the lane position variability
with the increment in entropy as hypothesized.
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It can be inferred from these results that engaging in a visuo-spatial secondary task
affects driving more than doing an auditory task. Workload caused by an auditory
task can improve lane positioning in predictable driving condition but visuo-spatial
task does not lead to any facilitation. This shows that driving performance does not
solely based on the processing of the inner and outer loops, but it also depends on the

sensory channel that the secondary task demands from.

When there was no load, both auditory and visuo-spatial groups deviated from the
road more with an increase in the entropy. This shows that profiles of both groups
were similar and it made more possible to see the clean effects of auditory and visuo-
spatial 2-back tasks. Furthermore, in both auditory and visuo-spatial load conditions,

lane position variability increased as the entropy increased.

When there was a load, both in the low entropy condition and in the high entropy
condition, auditory and visuo-spatial groups did not significantly differed from each
other in lane position variability. This may show that difficulty levels of both tasks
were similar. Moreover, with regard to the performance in n-back tasks, in the
auditory and visuo-spatial conditions, entropy did not have a significant effect on
accuracy in the 2-back tasks. Participants did not compromise on secondary task
performance to drive better when the road conditions changed into unpredictable.
This enabled us to observe the sole effect of entropy on lane maintenance under

workload not the effect of entropy on n-back performance.

A large amount the literature supported that engaging in a secondary task while
driving damages the primary task’s performance. Strayer et al. (2006) showed that
both hands-free and regular cell phones deteriorated driving by slowing reactions,
increasing the time needed to recover speed after braking, and leading to more traffic
accidents. Lethonen et al. (2012) concluded that cognitive workload affected the
anticipation of roadway curvature adversely by changing the roadway scanning.
Haque and Washington (2014) further showed that while talking on the phone,
drivers responded slower to the pedestrians coming from sidewalks to go across the
road. Both younger and older drivers showed slower reactions while on the phone

and it took longer to recover their speed after braking (Strayer & Drews, 2004).
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Conversing on a cell phone while driving also increased violation rates of the car
drivers, attentional lapses, and rate of inattentional blindness (Beede & Kass, 2006;
Strayer & Drews, 2007). In the present study, the auditory n-back task aimed to
simulate the hand-free cell phones. However, lane maintenance is affected differently
while engaging in a cognitively auditory secondary task. Beede and Kass (2006)
showed that talking on a cell phone, which is an auditory task, decreased the lane
position variability. McCarley and Kramer (2014) also found that under cognitive

load, drivers displayed of better lane maintenance.

Cognitive load triggered by the auditory 2-back task decreased the variability of lane
position in the predictable driving environment. This result supports the HCT by
showing that inner loop is enough to perform the primary task under predictable
conditions and diverting attention away from the primary task by doing an additional
task can improve the performance. However, in an unpredictable condition,
processing of outer loop is needed to take over the job that inner loop can handle
automatically before. In inconsistent road environment, attending to a secondary task
deteriorates the performance. Medeiros-ward et al. (2014) found that in high entropy,
there were less variability in lane position in the no-load condition compared to the
load condition and supported the HCT. In present study, no significant difference
was found between the no-load and the auditory load conditions for the unpredictable
driving conditions. This can be explained by the dissimilar participant profiles of two
studies. While the participants had their driver’s licenses for 7 years in the study of
Medeiros-ward et al. (2014), participants of the present study had their license for an
average of 4 years. Being more expert in the driving task can polarize the differences
in lane keeping between predictable and unpredictable conditions but expert drivers

can also react more quickly to the abrupt changes in the traffic.

For the visuo-spatial group, it was expected to see deterioration of lane positioning in
both no-load and load conditions with an increase in entropy. A number of studies
showed that visually demanding tasks are more damaging than auditory tasks while
driving. Drews et al. (2009) found that drivers reacted slower to the onset of braking
lights of the vehicle ahead, had worsened the lane positioning, and engaged in more
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accidents when they were reading text-messages. Further, the damaging effect of
texting was found to be more than talking on a phone whilst driving. Knapper et al.
(2015) demonstrated that lane maintenance was affected negatively from visual-
manual secondary tasks such as GPS. He et al. (2015) also showed that typing phone
messages increased the standard deviation of lane position due to both manual
operation and visual distraction. In case of an unexpected event, expert drivers
showed more variability in lane position while using navigation systems than only
driving (Kim et al., 2013). Results of the visuo-spatial condition of the current study
bear a resemblance to these results. Unlike auditory workload, visuo-spatial
workload did not facilitate the lane keeping in predictable condition and, as foreseen,
affected lane keeping negatively in unpredictable condition. In the predictable
driving environment, it was expected to see more variability in lane position in the
load condition than the no-load condition. This hypothesis was not supported by the
results. However, contrary to the HCT, lane-keeping performance did not improve
either. This shows that positive effects of workload in lane maintenance depend on

type of the secondary task.

It was found that directing attention to inside of the vehicle by the visual secondary
task make drivers have difficulty in readjusting their visual scanning so they
performed worse in detecting potential threats in the road scene even when they look
back at the road (Borowsky et al., 2015). Visuo-spatial 2-back task did not improve
the lane maintenance in predictable driving conditions, and deteriorated the
performance in unpredictable driving conditions. Taking a glance at the visuo-spatial
secondary task and not being able to adapt quickly to the roadway between two
stimuli can lead to less improvement in a convenient situation and more deterioration

in a complex situation.

Driving needs constant attention and scanning of the roadway. Since visual tasks
demands the processing of visuo-spatial sketchpad, it collides with driving. Baddeley
(1992) argued that when two tasks require the use of the same subsystem,
performance deteriorates compared to do them separately. However, if two tasks that

tap under independent slave systems of the working memory are performed
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simultaneously, performance can be as productive as doing them individually.
Results showed that visuo-spatial secondary task does not improve lane maintenance
unlike auditory task in a predictable driving condition. As the auditory n-back task
activates phonological loop, it may not interfere with driving. 2-back tasks can also
be explained in the scope of focus of attention, as limited amount of items were hold
while processing new information simultaneously (McElree, 2001). If the
information is in focal attention, it can be accessed more easily and quickly than less
recent working memory representations so this may explain the high accuracy rates
in the auditory and visuo-spatial 2-back tasks. Previous studies showed that while
auditory tasks such as talking over the phone had no significant effect on lateral and
longitudinal control, visual tasks had a significant negative effect (Kircher &
Ahlstrom, 2012; Thapa et al., 2015). Treisman and Davis also demonstrated that if
two tasks are visual, performance grows worse compared to doing one visual and one
auditory task simultaneously (as cited in Wickens, 2002). Parkes and Coleman
supported this notion in the driving context. Drivers showed a better performance
when they were listening the instructions than when reading the instructions (as cited
in Wickens, 2002). Liang and Lee (2010) further showed that visual tasks damaged
driving performance more than cognitive tasks in lateral control of the vehicle. If
both tasks require the processing of same dimension, interference between them

arises (Wickens, 2002).

Drivers did not compromise on 2-back performances to drive better when the driving
conditions changed into unpredictable. Drews et al. (2008) found that when the
demand coming from the traffic increased, drivers adapted their conversation with
the passenger by decreasing the complexity of the talk or postponing the
conversation. Schomig e al. (2011) also showed that drivers adapted their primary
and secondary task performance based on the safety evaluation of the traffic
environment by rejecting or putting off the secondary task in highly demanding
conditions (Schomig et al., 2011). In the current study, both auditory and visuo-
spatial groups responded to the 2-back task with high accuracy and similarly in

predictable and unpredictable driving conditions. For the visuo-spatial 2-back task,
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increment in entropy did not made the drivers focus less on the secondary task. In
real traffic environment, drivers adapted their driving while engaging in a visual task
by lowering the travelling speed, leaving larger safety margins and choosing safe
situations to interact with the navigation device (Metz et al., 2014). It is possible that
in the simulated driving, drivers may not sense a risk to take precaution by

sacrificing secondary task performance.

Sanbonmatsu et al. (2013) stated that the least competent drivers reported that they
talk on their cell phone whilst driving. Even though the drivers can be aware of the
risks of cell-phone usage behind the wheel, they are confident in their ability to
multitask so they keep on using their phones. In the present study, drivers from both
auditory and visuo-spatial groups with low perceived driving skills showed the
highest variability in lane position in all conditions. This result is in the different
direction with Sanbonmatsu et al. (2013). Participants made realistic evaluations
about their driving abilities. The controversy between two studies may root from
differences in safety skills of the participants. Drivers with low perceptual motor
skills can score high in safety skills to compensate their incompetence by following
rules and avoiding risks. For instance, using mobile phone while driving can be more
about to drivers’ safety motivations. Metz et al. (2015) showed that while speaking to
someone on a hands-free phone, drivers adapted their drive by decreasing their
travelling speed and increasing the safety margin. This shows that drivers are aware
of the fact that doing an additional task at the wheel jeopardizes traffic safety. Scores
on DSI’s safety skills subscale can reflect the tendency of adapting driving when
necessary. Stimer et al. (2006) demonstrated that drivers scored high on perceptual
motor skills but low on safety skills pose the highest risk for the traffic safety. Safety
skills can play the buffer between risks of engaging in secondary task and driving. In
experiment, high perceptually skilled drivers can have better lane maintenance but in
real traffic, due to having confidence in their skills and low safety motivation they

may engage in risky driving.

There are certain limitations of the present study that can be remedied in future

studies. To understand the HCT more comprehensively, drivers in different ages and
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different level of experience could be included. In the study, mean age was 22.74 and
majority of the participants had 4 years of experience. With this level of expertise,
the distinct difference between inner loop and outer loop processing may not be seen
properly. Additionally, the relationship between perceived driving skills and lane
keeping may depend on participants’ experience levels. In the current study, young
drivers with low perceptual motor skills showed the highest variability in lane
position. As the driving task become automatized through experience, the
relationship between perceptual motor skills and lane maintenance may be different
for expert drivers. More automatized performance may not be affected by self-
evaluations of the driving skills. Forthcoming studies should have a broader sample
including different levels of expertise. To see the effects of aging in the inner loop-
outer loop switching, drivers from different age groups might also be included. One
other limitation of the study is the background of the participants. As the sample
selection was done in the Middle East Technical University, it may not represent the
whole driver population. Lastly, ecological validity was also low in the current study.
In future studies, unpredictable driving environment can be manipulated with road
bends or pedestrians coming from nowhere. Unlike, strong wind gusts, these

manipulations can be closer to the real traffic environment.

The present study shows the complexity of human performance. HCT brings
explanation for the discrepancies in driving studies. While in many aspects diverting
attention away from driving cause a loss in the performance, lane keeping which is
an inner loop process can improve. However, the traffic is a dynamic environment
and road environment is often unpredictable. Cognitive load can improve lane
maintenance in predictable simulated driving scenarios but in real traffic, drivers
should keep their eyes and attention on the road. Further, the study showed that the
type of task triggering mind to think something else than driving is a key factor in
explaining the changes in lane position. HCT may not account for lane keeping under
visual workload. In designing process of in-vehicle systems, these results can be
implemented by making devices that do not demand from the same working memory

subsystem with driving.
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APPENDICIES

Appendix A: Driving Scenarios

Warm-Up Scenario

0,ROAD,10,3,0,0,0,0,0,.5,.5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
-1 1.trial
0, PAUS, 5

0, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY warmup.
PAR

0,CV, 50,1
2498, CV, 50,2
2499, PAUS, 5
-1 2.trial

2500, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY warmup.
PAR

2500, CV, 50, 1

0, BSAV, 1, .016, NWARMUP, 1, 2, 3,4,5,6,7, 8,10, 11, 12, 13, 18, 23, 24, 26,
27,28,29,30,31,32,39,41, 44, 47, 48, 50
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5000, ES

Experiment Scenario - Group 1

0,ROAD,10,3,0,0,0,0,0,.5,.5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
-1 1.trial
0, PAUS, 5

0, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

0,CV, 50,1
4998, CV, 50, 2
4999, PAUS, 5
-1 2.trial

5000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

5000, CV, 50, 1
9998, CV, 50, 2
9999, PAUS, 5

-1 3.trial

10000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

10000, CV, 50, 1
14997, CV, 50, 2
14998, PAUS, 0
-1 4. trial
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14999, PAUS, 5

15000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

15000, CV, 50, 1
19998, CV, 50, 2
19999, PAUS, 5
-1 5.trial

20000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

20000, CV, 50, 1
24998, CV, 50, 2
24999, PAUS, 5
-1 6.trial

25000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY .PAR

25000, CV, 50, 1
29997, CV, 50, 2
29998, PAUS, 0
-1 7.trial

29999, PAUS, 5

30000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY.PAR

30000, CV, 50, 1

34998, CV, 50, 2
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34999, PAUS, 5
-1 8.trial

35000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

35000, CV, 50, 1
39998, CV, 50, 2
39999, PAUS, 5
-1 9.trial

40000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

40000, CV, 50, 1
44997, CV, 50, 2
44998, PAUS, 0
-1 10.trial
44999, PAUS, 5

45000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

45000, CV, 50, 1
49998, CV, 50, 2
49999, PAUS, 5
-1 11.trial

50000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

50000, CV, 50, 1
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54998, CV, 50, 2
54999, PAUS, 5
-1 12. trial

55000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

55000, CV, 50, 1

0, BSAV, 1,.016,LOW, 1, 2,3,4,5,6,7,8, 10, 11, 12, 13, 18, 23, 24, 26, 27, 28,
29, 30, 31, 32, 39, 41, 44, 47, 48, 50

60000, ES

Experiment Scenario - Group 2

0,ROAD,10,3,0,0,0,0,0,.5,.5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
-1 1.trial
0, PAUS, 5

0, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY.PAR

0,CV, 50,1
4998, CV, 50, 2
4999, PAUS, 5
-1 2.trial

5000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY.PAR

5000, CV, 50, 1

9998, CV, 50, 2
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9999, PAUS, 5
-1 3.trial

10000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

10000, CV, 50, 1
14997, CV, 50, 2
14998, PAUS, 0

-1 4. trial

14999, PAUS, 5

15000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

15000, CV, 50, 1
19998, CV, 50, 2
19999, PAUS, 5
-1 5.trial

20000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

20000, CV, 50, 1
24998, CV, 50, 2
24999, PAUS, 5
-1 6.trial

25000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

25000, CV, 50, 1
56



29997, CV, 50, 2
29998, PAUS, 0

-1 7.trial

29999, PAUS, 5

30000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

30000, CV, 50, 1
34998, CV, 50, 2
34999, PAUS, 5
-1 8.trial

35000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

35000, CV, 50, 1
39998, CV, 50, 2
39999, PAUS, 5
-1 9.trial

40000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY.PAR

40000, CV, 50, 1
44997, CV, 50, 2
44998, PAUS, 0
-1 10.trial

44999, PAUS, 5
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45000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

45000, CV, 50, 1
49998, CV, 50, 2
49999, PAUS, 5

-1 11.trial

50000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

50000, CV, 50, 1
54998, CV, 50, 2
54999, PAUS, 5

-1 12. trial

55000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

55000, CV, 50, 1

0, BSAV, 1,.016,LOW, 1,2,3,4,5,6,7,8,10, 11, 12, 13, 18, 23, 24, 26, 27, 28,
29,30, 31, 32, 39,41, 44, 47, 48, 50

60000, ES

Experiment Scenario - Group 3
0,ROAD,10,3,0,0,0,0,0,.5,.5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
-1 1.trial

0, PAUS, 5

0, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR
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0,CV, 50,1
4998, CV, 50, 2
4999, PAUS, 5
-1 2.trial

5000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

5000, CV, 50, 1
9998, CV, 50, 2
9999, PAUS, 5
-1 3.trial

10000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

10000, CV, 50, 1
14997, CV, 50, 2
14998, PAUS, 0

-1 4. trial

14999, PAUS, 5

15000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

15000, CV, 50, 1
19998, CV, 50, 2
19999, PAUS, 5

-1 5.trial
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20000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

20000, CV, 50, 1
24998, CV, 50, 2
24999, PAUS, 5

-1 6.trial

25000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

25000, CV, 50, 1
29997, CV, 50, 2
29998, PAUS, 0

-1 7.trial

29999, PAUS, 5

30000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY .PAR

30000, CV, 50, 1
34998, CV, 50, 2
34999, PAUS, 5
-1 8.trial

35000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY .PAR

35000, CV, 50, 1
39998, CV, 50, 2

39999, PAUS, 5
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-1 9.trial

40000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

40000, CV, 50, 1
44997, CV, 50, 2
44998, PAUS, 0
-1 10.trial
44999, PAUS, 5

45000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

45000, CV, 50, 1
49998, CV, 50, 2
49999, PAUS, 5
-1 11.trial

50000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

50000, CV, 50, 1
54998, CV, 50, 2
54999, PAUS, 5
-1 12. trial

55000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY.PAR

55000, CV, 50, 1
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0, BSAV, 1,.016,LOW, 1, 2,3,4,5,6,7,8,10, 11, 12, 13, 18, 23, 24, 26, 27, 28,
29, 30, 31, 32, 39, 41, 44, 47, 48, 50

60000, ES

Experiment Scenario - Group 4

0,ROAD,10,3,0,0,0,0,0,.5,.5,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0
-1 1.trial
0, PAUS, 5

0, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

0,CV, 50,1
4998, CV, 50, 2
4999, PAUS, 5
-1 2.trial

5000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY .PAR

5000, CV, 50, 1
9998, CV, 50, 2
9999, PAUS, 5
-1 3.trial

10000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY .PAR

10000, CV, 50, 1

14997, CV, 50, 2

62



14998, PAUS, 0
-1 4. trial
14999, PAUS, 5

15000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

15000, CV, 50, 1
19998, CV, 50, 2
19999, PAUS, 5
-1 5.trial

20000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

20000, CV, 50, 1
24998, CV, 50, 2
24999, PAUS, 5
-1 6.trial

25000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

25000, CV, 50, 1
29997, CV, 50, 2
29998, PAUS, 0

-1 7.trial

29999, PAUS, 5

30000, WG, 1,0, 1,

C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY .PAR
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30000, CV, 50, 1
34998, CV, 50, 2
34999, PAUS, 5
-1 8.trial

35000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

35000, CV, 50, 1
39998, CV, 50, 2
39999, PAUS, 5
-1 9.trial

40000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTHIGHENTROPY.PAR

40000, CV, 50, 1
44997, CV, 50, 2
44998, PAUS, 0
-1 10.trial
44999, PAUS, 5

45000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

45000, CV, 50, 1
49998, CV, 50, 2
49999, PAUS, 5

-1 11.trial
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50000, WG, 1,0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

50000, CV, 50, 1
54998, CV, 50, 2
54999, PAUS, 5
-1 12. trial

55000, WG, 1, 0, 1,
C:\STISIM\Projects\SurucuDikkatCalismasi\WINDGUSTLOWENTROPY .PAR

55000, CV, 50, 1

0, BSAV, 1, .016,LOW, 1,2,3,4,5,6,7,8,10, 11, 12, 13, 18, 23, 24, 26, 27, 28,
29,30, 31, 32, 39, 41, 44, 47, 48, 50

60000, ES

Warm-Up Scenario: Low Entropy File

1

50

10,5

Warm-Up Scenario: High Entropy File

4
50
10,2
10,5
10,10

10,25
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Experiment Scenario: Low Entropy File

1
100

10,10

Experiment Scenario: High Entropy File

100
10,2
10,5
10,10
10,25

10,50
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Appendix B: Auditory 2-Back Instructions

Isitsel 2-Geri Egitimi

Simdi 2-geri calismasi yapacagiz. Buna gore, 10’ar rakamdan olusan her listeyi
okudugumda, iki rakam 6nce okunan rakami yiiksek sesle tekrarlamaniz gereklidir.
Ornegin, 3 dedigimde higbir sey sdylememeniz, 2 dedigimde higbir sey
sOylememeniz, 6’y1 duyduktan sonra 3; 7’yi duyduktan sonra 2 demeniz gereklidir.

Miimkiin oldugunca dogru rakami sdylemeye calisgin.

2
k.

Benim soyledigim: |3 (2|6
Sizin soyleyeceginiz: 3126
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Isitsel 2-Geri Egitimi

K
Simdi 2-geri ¢aligmast yapacagiz. Buna gore, 10’ar rakamdan olusan her listeyi

okudugumda, iki rakam Once okunan rakami yiiksek sesle tekrarlamaniz gereklidir.
Omegin, 3 dedigimde hicbir sey sdylememeniz, 2 dedigimde hicbir sey
sOylememeniz, 6’y1 duyduktan sonra 3; 7’yi duyduktan sonra 2 demeniz gereklidir.

Miimkiin oldugunca dogru rakami sdylemeye c¢aligin.

=)
|
[y

Benim soyledigim: |3 |2
Sizin soyleyeceginiz: 3(2]6
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Y
Simdi algtirma yapacagiz. Buna gore, onar rakamdan olusan her listeyi
okudugumda, iki rakam once okunan rakami yiiksek sesle tekrarlamaniz
gereklidir. Ornegin, 3 dedigimde hichir sey soylememeniz, 2 dedigimde hicbir sey
soylememeniz, sonra 6’yt duyduktan sonra 3; 7’yi duyduktan sonra 2 demeniz

gereklidir. Miimkiin oldugunca dogru rakami soylemeye calisin.

(2.25 saniye bekleyin)

Bashyoruz:

3 12 Je J7 v J4 2[5 [9 |8

Baska bir alistrma daha yapacagiz. Iki rakam énce okunan rakamu yiiksek sesle
tekrar edin. Ornegin, ben 1 dedigimde, siz hicbir sey sdylemeyin. Sonra 2
dedigimde, yine hicbir sey soylemeyin. 3’ii duyduktan sonra, siz 1 deyin ve 4’ii

duyduktan sonra 2 deyin. Miimkiin oldugunca dogru rakami soylemeye calisin.

(2.25 saniye bekleyin)

Bashyoruz:

b 12 3 |4 J7 |5 Je |8 [3 9
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Simdi algtirma yapacagiz. Buna gore, onar rakamdan olusan her listeyi
okudugumda, iki rakam once okunan rakami yiiksek sesle tekrarlamaniz
gereklidir. Ornegin, 3 dedigimde hichbir sey soylememeniz, 2 dedigimde hicbir sey
soylememeniz, sonra 6’yt duyduktan sonra 3; 7’yi duyduktan sonra 2 demeniz

gereklidir. Miimkiin oldugunca dogru rakami soylemeye ¢calisin.

Bashyoruz:

3 2 Je (7 v J4 J2 |5 ]9 |8

Bagska bir alistrma daha yapacagiz. Tki rakam énce okunan rakamu yiiksek sesle
tekrar edin. Ornegin, ben 1 dedigimde, siz hichir sey siylemeyin. Sonra 2
dedigimde, yine hicbir sey soylemeyin. 3’ii duyduktan sonra, siz 1 deyin ve 4’ii

duyduktan sonra 2 deyin. Miimkiin oldugunca dogru rakami soylemeye ¢calisin.

Bashyoruz:

2 3 J4 17 |5 Je [8 [3 ]9
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(Bu sayfa katihmciya verilmeyecek) (Katimcinin cevabi kutulara not edilecek.

Her bir ahistirmadan sonra katihmcinin cevaplar aciklanacak.)

“Simdi birka¢ alisirma daha yapacagiz. Her bir alistrmayr gecebilmek icin en
fazla 2 yanhs yapmalistmiz. Ust iiste 2 alistirmayr gegtikten sonra kulakliktan

dinleyeceginiz alistirmaya gegecegiz.”

Bagliyoruz:

4 |9 v 5 |8 2 |4 Je [3 |7
(5 saniye bekleyin)

Swradaki rakamlar:

4 |5 7 Je |3 2 |8 J9 [5 |1
Siradaki rakamlar:

9 4 Je |2 [8 [2 7 |5 |9 1
Swradaki rakamlar:

3 19 s o 8 3 |1t ]9 Je |4
Stwradaki rakamlar:

it Je [8 [8 |8 [5 |5 J6 [3 |4
Stwradaki rakamlar:

{7 Jo 19 3 3 J2 J6 |9 1
Swradaki rakamlar:

o 7z v Jv 3 Jr |3 3 |9 |8
Stwradaki rakamlar:

it /s J7 Jr J2 J2 |5 5 [t s
Stwradaki rakamlar:

2 Je J2 7 |7 J9 Je [8 [3 |8
Swradaki rakamlar:

3 17 3 9 Jo Je |3 J2 [t |6
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Appendix C:Visuo-Spatial 2-Back Instructions

Uzamsal 2-Geri Egitimi

Simdi uzamsal 2-geri calismas: yapacagiz. Burada dort boliimden olusan bir kare
sekli gosterilecektir. Sekil icerisindeki 4 kiiciik kare rastgele siralarla siyah renge
donecektir. Sizden istenilen, siyah karenin 2 onceki gosterilen siyah kareyle ayni
yerde olup olmadigint soylemenizdir. Eger siyah kare 2 once gosterilen kareyle
ayni bolgedeyse EVET , eger siyah kare 2 once gosterilen kareyle ayni bolgede

degilse HAYIR demeniz gerekmektedir.

Ornegin;

| |EVET |HAYIR HAYIR |HAYIR |EVET |HAYIR |HAYIR |HAYIR |
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Uzamsal 2-Geri Egitimi

Simdi uzamsal 2-geri calismast yapacagz. Burada dort boliimden olugan bir kare
sekli gosterilecektir. Sekil icerisindeki 4 kiiciik kare rastgele siralarla siyah renge
donecektir. Sizden istenilen, siyah karenin 2 énceki gosterilen siyah kareyle ayni
yerde olup olmadigint séylemenizdir. Eger siyah kare 2 once gosterilen kareyle
ayni bolgedeyse EVET , eger siyah kare 2 once gosterilen kareyle ayni bolgede

degilse HAYIR demeniz gerekmektedir.

Ornegin;

| |EVET |HAYIR HAYIR | HAYIR | EVET |HAYIR |HAYIR |HAYIR |
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Simdi alhstirma yapacagiz. Burada dort boliimden olusan bir kare sekli
gosterilecektir. Sekil icerisindeki 4 kiiciik kare rastgele siwralarla siyah renge
donecektir. Sizden istenilen, siyah karenin 2 onceki gosterilen siyah kareyle ayni
yerde olup olmadigint soylemenizdir. Eger siyah kare 2 énce gosterilen kareyle
ayni bolgedeyse EVET , eger siyah kare 2 once gosterilen kareyle ayni bolgede

degilse HAYIR demeniz gerekmektedir.

N I " S A I S ™ I
1)

Baska bir alistirma daha yapacagiz. Goriinen kare iki once goriinen kareyle ayni
yerdeyse EVET, degilse HAYIR deyin.

N B A o B = O ™ A
1) )
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Simdi alhstirma yapacagiz. Burada dort boéliimden olusan bir kare sekli
gosterilecektir. Sekil icerisindeki 4 kiiciik kare rastgele siwralarla siyah renge
donecektir. Sizden istenilen, siyah karenin 2 onceki gosterilen siyah kareyle ayni
yerde olup olmadigint soylemenizdir. Eger siyah kare 2 once gosterilen kareyle
ayni bolgedeyse EVET , eger siyah kare 2 once gosterilen kareyle ayni bolgede

degilse HAY IR demeniz gerekmektedir.

" I " S A I S I
1)

Baska bir alistirma daha yapacagiz. Goriinen kare iki once goriinen kareyle ayni
yerdeyse EVET, degilse HAYIR deyin.

N B I o A = O ™ A O
1) )
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Katilimcilar bu boliimii bilgisayarda yapacaktir. Katilimct cevap verdikge dogru ve
yanlis cevaplarin ilgili trialdaki bos kutucuklara not edeceksiniz. Ust iiste 2 trialda
2’den fazla yanhs yapiimaz ise katilimci bu boliimii tamamlamuis sayilacak,
yvapildiysa katilimct ayni alistirmayt tekrar yapacak (session no 2)

1. Trial

1121 3 3 1 2 4 1 3

EVET | HAYIR | HAYIR | HAYIR | HAYIR | HAYIR | HAYIR | HAYIR

2. Trial

EVET | HAYIR | HAYIR | EVET | HAYIR | HAYIR | HAYIR | HAYIR

3. Trial

HAYIR | HAYIR | EVET | HAYIR | HAYIR | EVET | EVET | HAYIR

4. Trial

HAYIR | HAYIR | HAYIR | HAYIR | EVET | HAYIR | EVET | HAYIR

5. Trial

EVET | HAYIR | EVET | HAYIR | EVET | HAYIR | HAYIR | HAYIR
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Appendix D: Informed Consent Form

Gonilli Katilim Formu

Bu ¢alisma, Orta Dogu Teknik Universitesi Trafik ve Ulasim Psikolojisi
Yiiksek Lisans programi ogrencilerinden Seda Ozbozdagl tarafindan, Psikoloji
Boliimii 6gretim iiyelerinden Dog. Dr. Mine Misirlisoy ve Dog.Dr. Tiirker Ozkan
danmismanliginda yiiriitiilen bir tez ¢alismasidir. Calismanin gayesi, siirliciilerin serit
pozisyonlarini korumada ikincil gorevlerin etkisini incelemektir. Bu gorevler arag
kullanmada cep telefonu ile konusmanin ve navigasyon cihazi kullanmanin olumlu
ve olumsuz tesirlerini tespit etmek i¢in olusturulmustur. Deneyin tamamlanmasi
yaklagik olarak 1 saat siirecektir. Katilim tamamiyla goniilliilik esasina dayalidir.
Kimlik ya da ehliyet bilgileri alinmayacaktir. Sonuglariniz gizli tutulacak ve sadece
arastirmacilar  tarafindan  bilimsel = yaymlarda  kullanmilmak  amaciyla
degerlendirilecektir. Bu g¢alisma ile elde edilen bireysel sonuglar rapor
edilmeyecektir. Yalnizca gruplardan elde edilen toplu sonuglar rapor edilecektir.

Deney esnasinda herhangi bir sebepten dolay1 kendinizi rahatsiz hissedersiniz
yarida birakip ¢ikmakta serbestsiniz. Boyle bir durumda sizden bir agiklama
yapmaniz istenmeyecektir. Deney sonunda, c¢alismayla ilgili sorulariniz
cevaplanacaktir. Daha fazla bilgi almak igin yiiksek lisans dgrencisi Seda Ozbozdagl
(Oda: BZ08; Tel: 05069849605; E-posta: sedaozbozdagli@gmail.com), tez
danigsmanlart Do¢. Dr. Mine Misirlisoy (Oda: B127; Tel: 03122105107; E-posta:
mmine@metu.edu.tr) ve Dog. Dr. Tiirker Ozkan (Oda: B123; Tel: 03122105118; E-
posta: ozturker@metu.edu.tr) ile iletisim kurabilirsiniz.

Bu calismaya tamamen goniillii olarak katilyyorum ve istedigim zaman yarida
kesip cikabilecegimi biliyorum. Verdigim bilgilerin bilimsel amaclh yayinlarda
kullanilmasint  kabul ediyorum. (Formu doldurup imzaladiktan sonra deney
yiiriitiiciisiine veriniz).

[sim Soyad Tarih Imza Alinan
Ders
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Appendix E: Debriefing Form

Katilim Sonrasi Bilgi Formu

“Isitsel ve gorsel ikincil gorevlerin serit korumadaki etkisi: Bir simiilator ¢alismast”
baslikli bu tez ¢alismasi Orta Dogu Teknik Universitesi Trafik ve Ulasim Psikolojisi
Yiiksek Lisans programi ogrencilerinden Seda Ozbozdagl tarafindan, Psikoloji
Boliimii 6gretim iiyelerinden Dog. Dr. Mine Misirlisoy ve Dog.Dr. Tiirker Ozkan
danismanliginda yiiriitilmektedir.

Caligmanin amaci, stiriiciilerin serit pozisyonlarini korumada ikincil gorevlerin farkli
yol kosullarinda etkisini incelemektir. Bu gorevler ara¢ kullanmada cep telefonu ile
konusmanin ve navigasyon cihazi kullanmanin olumlu ve olumsuz tesirlerini tespit
etmek icin olusturulmustur.

Bu caligma ile elde edilen bireysel sonuglar rapor edilmeyecektir. Yalnizca
gruplardan elde edilen toplu sonuclar rapor edilecektir. Katildigimiz igin tesekkiir
ederiz. Sorulariniz i¢in asagidaki iletisim kanallarindan istediginiz zaman
arastirmacilarla temasa gegebilirsiniz.

Arastirmacilar:

Seda Ozbozdaglh

Oda: BZ08; Tel: 05069849605; E-posta: sedaozbozdagli@gmail.com
Dog. Dr. Mine Misirlisoy

Oda: B127; Tel: 03122105107; E-posta: mmine@metu.edu.tr

Doc. Dr. Tiirker Ozkan

Oda: B123; Tel: 03122105118; E-posta: ozturker@metu.edu.tr
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Appendix F: Demographic Information Form

Liitfen, asagidaki sorulari size gore dogru olan se¢enegi isaretleyerek veya
dogru cevabi yazarak cevaplayiniz. Secenekler arasinda seciminizi yaptiginiz
zaman, liitfen siyah kursun kalem kullanarak asagida gosterildigi sekilde
dairenin icerisini karalayiniz.

1. Yasimz: 2. Cinsiyetiniz O Kadin o
Erkek

3. Herhangi bir gérme ya da isitme bozuklugunuz var m1? O Evet O Hayir

Cevabiniz evetse liitfen aciklayiniz

4. Deneye gelmeden onceki gece kag saat uyudunuz?
5. Son 2-3 haftadir herhangi bir nedenle ilag aliyor musunuz?

6. Ne kadar siiredir ehliyet sahibisiniz? yil

7. Gegen yil ka¢ km arag¢ kullandiniz? Km

8. Ehliyetinizi aldigimzdan bu yana ka¢ km ara¢ kullandiniz?
Km

9. En sik kullandigimiz arag tiirii:

10. Son ii¢ y1l icerisinde siiriicii olarak basimizdan gecen kaza sayis1 (en ufak
carpigmalari dahi sayarak)

kactir ?

11. Son ii¢ y1l igerisinde, siiriicii olarak basinizdan gegen aktif kaza (sizin bir araca
yayaya veya nesneye carptiginiz kazalar) sayisi kagtir ?

12. Son ii¢ yil icerisinde, siiriicli olarak basinizdan gecen pasif kaza (bir baska arag
stirliciistiniin size ¢arptig1 kazalar) sayisi kagtir ?

13. Son ii¢ yil icerisinde, asagida verilen her bir trafik ceza tiirii ile kag kere
cezalandirildiniz?

a) Park cezasi b) Hatal1 sollama cezasi ¢) Asirt hiz
cezasl
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d) Kirmizi1 1s1kta gegme cezast e) Diger cezalar

14. Iyi kosullar altinda otobanda kag kilometre hizla gitmeyi tercih edersiniz?
Km/saat

15. Iyi kosullar altinda sehir igi yollarda kag kilometre hizla gitmeyi tercih edersiniz?
Km/saat

16. Normal bir seyahatinizde kendinizi diger stiriiciilerle kiyaslayimniz.
Sollandigimizdan daha fazla sollama yapiyor musunuz?

Sollandigimdan daha az sollama yaparim. (0]
Sollandigim kadar da sollama yaparim. (0

Sollandigimdan daha fazla sollama yaparim. O
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Appendix G: Driver Skill Inventory

Arac kullamirken giiclii ve zayif yonleriniz nelerdir?

Ozellikle ara¢ kullanmann farkli yonlerinde olmak iizere siiriiciiler arasinda pek ¢ok
farkliliklar vardir. Hepimizin giiglii ve zayif yonleri vardir. Liitfen, sizin giiclii ve
zayif yonlerinizi size gére dogru olan segenegi karalayarak belirtiniz. Her bir soru
i¢cin cevap segenekleri:

1= Kesinlikle zayif 2 =Zayif 3= Ne zayif ne de giiclii 4= Giiclii 5=

Kesinlikle giiclii

1 2 3 4 5
1 Seri ara¢ kullanma O O O O o
2 Trafikte tehlikeleri gérme O O O O O
3 Sabirsizlanmadan yavas bir aracin arkasindansirme O O O O O
4  Kaygan yolda ara¢ kullanma O O O O O
5 llerideki trafik durumlarini dnceden kestirme O O O O O
6 Belirli trafik ortamlarinda nasil hareket edilecegini O O O O O

bilme

7  Yogun trafikte siirekli serit degistirme O O O o o
8  Hizli karar alma O O O O O
9  Sinir bozucu durumlarda sakin davranma O O O O O
10 Araci kontrol etme O O O O O
11 Yeterli takip mesafesi birakma O O O O O
12 Kosullara gore hizi ayarlama O O O O o
13 Geriye kagirmadan araci yokusta kaldirma O O O o0 O
14 Sollama O O O O O
15 Gerektiginde kazadan kaginmak i¢in yol hakkindan O O O O O

vazgegme
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16
17
18
19
20

Hiz sinirlarina uyma

Gereksiz risklerden kaginma

Diger siiriiciilerin hatalarini telafi edebilme
Trafik 1s1iklarina dikkatle uyma

Dar bir yere geri geri park edebilme
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Appendix H: Etik izin Formu
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Appendix I: Turkish Summary

GIRIS

Direksiyon Basinda Cep Telefonu Kullanim

Direksiyon basinda cep telefonu ile konusmanin ara¢ kullanmayi olumsuz etkiledigi
pek cok calismada gosterilmistir. Siiriiciiler cep telefonu ile goériisme yaptiklarinda
hizlarmi diisiirmiis ve takip mesafelerini arttirmiglardir (Metz ve ark., 2015).
Siirtiglerini adapte etmeleri, siiriictilerin ikincil gorevin olusturdugu riskin farkinda
olduklarmi gostermektedir. Fakat becerilerine giivenin bazi siiriiciiler ayn1 anda
birka¢c gorevi yerine getirmede basarisiz bulunsalar da ara¢ kullanirken telefon

goriismesi yaptiklarini rapor etmistir ( Sanbonmatsu ve ark., 2013).

Seyahat sirasinda telefonla gorlismenin, kaydedilmis bir sohbeti dinlemekten daha
olumsuz etkileri oldugu da gosterilmistir. Dinlemenin aksine, aktif bir telefon
goriigmesinde  bulunmak siiriiclilerin  yolda meydana gelen degisiklikleri
kacirmalarina ve cevaplarinda daha c¢ok hata yapmalarina yol agmistir (McCarley ve
ark., 2004). Baska bir ¢aligmada, siiriiciilerin telefonda konusurken yoldan gecen
yayalara daha yavas tepki verdikleri goriilmistiir (Haque ve Washington, 2014).
Aractaki yolcu ile sohbet etmekle telefon goriigmesi yapmak siiriis performansini
aynt sekilde etkilememektedir. Siriiciiler, trafikten gelen yiikiin arttigim
diistindiiklerinde, yolcu ile olan konusmalarinin zorlugunu azaltmis ya da sohbete
baslamay1 ertelemistir. Ek olarak, yolcu, gereken durumlarda siiriiclinlin dikkatini
yola ¢ekebilmektedir. Bu sayede riskli durumlarda bir artis olmamistir. Ancak
telefonla goriismenin daha fazla siiriis hatasina yol actifi bulunmustur (Drews ve
ark., 2008). Telefonda konusurken ellerin serbest olmasi da riskleri azaltmamaktadir.

Kulaklik kullanarak ya da telefonu elde tutarak goriisme yapan siiriiciilerin kural
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ihlali sayis1 artmig ve dikkatleri kotii yonde etkilenmistir (Beede ve Kass, 2006).
Pratik yapmamin da ara¢ kullanirken cep telefonu kullanmanin yarattigi olumsuz

etkileri azaltmadig: goriilmiistiir (Cooper ve Strayer, 2008).

Bulunan olumsuz etkilere ragmen baz1 caligmalar da insan davraniginin
karmasikligin1 gostermektedir. Telefon kullanmak siiriisii pek cok yonden kotii
etkilese de serit tutma davranisinin bu durumdan farkli etkilendigi bulunmustur.
Siirtictiler kulaklik araciligi ile telefonda konustuklarinda serit pozisyonundaki

degiskenlik azalmistir (Beede ve Kassi 2006; Medeiros ve ark., 2014).
Seyir Sistemleri

Seyir sistemleri, siiriiciilerin yiiklerini hafifletmek ve gidecekleri noktaya daha kolay
ulagmalarin1 saglamak amaciyla tasarlanmistir. Olumlu etkilerinin yam sira, takip
gerektiren bu cihazlar siiriicliler icin dikkat dagitici bir unsur konumuna da

diisebilirler.

Calismalar stiriiciilerin seyir cihazi kullandiklarinda siiriislerini adapte etiklerini
gostermistir. Siirtictiler hizlarini azaltmus, takip mesafesini arttirmis ve giivenli olarak
degerlendirdikleri durumlarda bu cihazlarla ugragsmislardir (Metz ve ark., 2014). Bu
davranig, siiriiclilerin seyir sistemlerini kullandiklarinda kaza riskinin arttigim
hissettiklerini ve bu riski siiriislerini degistirerek telafi etme ihtiyaci iginde
olduklarmi gostermektedir. Cilinkii bu sistemler hem gorsel takip hem de elle
miidahale gerektirmektedir. Gorsel ikincil gorevlerin kullanildig1 baska ¢alismalar da
seyir sistemlerinin siiriise olan etkilerini anlamada yardimeci olabilirler. Siiriis
performansi acisindan, telefon mesaji okumanin telefonla konusmaktan daha kotii
etkileri oldugu bulunmustur. Siiriiciiller mesaj okuduklarinda daha geg¢ tepkiler
vermis, serit korumalar1 kotiilesmis ve yaptiklart kazalar artmistir (Drews ve ark.,
2009). Baska bir ¢alisma, siiriiciilerin telefonda arama yapmaktansa gelen aramay1
kabul ettiklerini gostermistir (Tractinsky ve ark., 2013). Bu, bakisi baska yone
cevirmenin daha riskli olarak algilandiginin bir belirtisi olabilir. Siiriiciiler bakiglarini
bir kez yoldan ¢ektiklerinde, tekrar yola baksalar da gorsel taramanin hemen eski
haline donmedigi ve yoldaki tehditleri tespit etmelerinin koétiilestigi gorilmustiir (
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Borowsky ve ark., 2015). Gorsel ikincil gorev yapildiginda siiriiciilerin orta seritten
daha cok saptiklar1 tespit edilmistir (Kircher ve Ahlstrom, 2012). Baska bir
arastirmada, deneyimli taksi soforlerinin beklenmeyen bir durum oldugunda, seyir
cihazi takip etmelerinin seritten sapmayi arttirdigr izlenmistir (Kim ve ark., 2013).
Gorsel gorevlerin zihni mesgul eden diger gorevlerden siirlis agisindan daha zarar

verici olduklar1 da goriilmiistiir (Liang ve Lee, 2010).

Isitsel ve gorsel-mekansal (uzamsal) ikincil gorevlerin siiriisii etkiledikleri literatiirde
bilinmektedir. Fakat bu etkilerin yonii ikincil gorevin dogasina, ¢evresel kosullara ve
stiriiclinlin deneyime bagli olarak degisebilir. Tahmin edilebilir siiriis ortaminda, ayni
anda bagka bir gorevle mesgul olmanin serit tutmay1 olumlu etkiledigi bulunmustur
(Medeiros-Ward ve ark., 2014). Ara¢ kullanmak karmasik bir gorevdir ve ikincil
gorevlerin siirlis tizerindeki etkilerini belirleyen performansin arkasinda yatan

kontrol islemleri olabilir.
Hiyerarsik Kontrol Teorisi

Bir gorevde yeterli deneyim kazanmak, performansin arkasinda yatan kontrol
siireglerini degistirmektedir. Ogrenme asamasinda, iist seviye kontrol gerekmektedir.
Gorevde ustalastikea, alt seviye kontrol performansin gergeklestirilmesi i¢in yeterli
hale gelmektedir (Shaffer, 1976). Deneyim kazandik¢a, yapilan gorev otomatiklesir
ve asgari oranda dikkat performans i¢in yeterli hale gelir (Fisk ve Schneider, 1984).
Arag kullanmada da bu durum gecerlidir. Usta soforler yolculuklariyla ilgili detayl

bir aniya sahip olmadan hedefledikleri yere ulasabilirler.

Davranisin arkasinda yatan kontrol siireglerini aciklamada farkli metaforlar
kullanilmistir. Kontrol dongiileri de kullanilan terimler arasindadir (Logan ve Crump,
2009). Dis dongii, etkin bir siiregtir ve dikkat talep eder. Ote yandan, i¢c dongii
otomatiklesmistir ve bilingli siirecin disinda isler (Beilock ve ark., 2002). D1s dongii,
i¢ dongiliniin islemlerini takip etmez. Basarili bir performans i¢in, dis dongiiye
dayanan davranis dikkat gerektirirken, i¢ dongiiye dayanan davranis odaklanildiginda

zarar gorir. Odaklanmanin gorevi kotiilestirdigi  ¢aligmalar tarafindan da
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gosterilmistir. Usta daktilo kullanicilari tus vuruslarina dikkatlerini yonelttiklerinde

daha kotii performans sergilemistir (Logan ve Crump, 2009; Tapp ve Logan, 2011).

Uzun siiredir yapilan gorevler i¢ dongiiniin kontrolii altinda yerine getirilebilir.
Onemli olan nokta, cevresel kosullarin sabit olmasidir. Tahmin edilemez kosullar
altinda, dis dongii devreye girmektedir. Ara¢ kullanma agisindan, tahmin edilebilir
stirlis sartlarinda ek gorevle mesgul olmanin serit tutmayi iyilestirdigi bulunmustur.
Tahmin edilemez siiriis sartlarinda ise, ikincil bir gorev yapmak serit tutmayi kotii
yonde etkilemistir (Medeiros-Ward ve ark., 2014). Fakat bahsedilen arastirmada
kullanilan ikincil gorev isitsel bir gérevdir. Bu gorev ellerin serbest oldugu durumda

telefonla konusmayla bagdastirilabilir.
Rekabet Eden Kaynaklar

Bu calismada hem isitsel hem de gorsel-mekansal ikincil gorevler kullanilmaistir.
Onceki caligmalar, isitsel ikincil gdrevin serit tutmayr iyi yonde etkiledigini
gostermistir (Medeiros-Ward ve ark., 2014). Fakat ayn1 anda yapilan iki gorev, ayni
isler bellek alt sisteminin caligmasini gerektirdiginde performans kotii yonde
etkilenmektedir (Baddeley, 1992). Calismanin altinda yatan arastirma sorusu da bu
bilgilerden dogmaktadir. Ara¢ kullanan kisi gorsel cevreyi taramalidir. ikincil
gorevin de gorsel dikkat talep etmesi iki gorevi cakistirmaktadir. Siirlis esnasinda
isitsel bir gorev yapilsa dahi sofor gozlerini yolda tutabilmektedir ve bu yiizden
gorsel ikincil bir gérev kadar performansi kétii etkileyemeyebilir. Ozetle, bilissel yiik
ve serit tutma arasindaki iligki ikincil gorevin tiirtine bagli olabilir. Hiyerarsik kontrol
teorisinin Onerdiginin aksine gorsel-mekansal ikincil gorev serit tutmayi cevresel

tahmin edilebilirlikten bagimsiz olarak kotii etkileyebilir.
Algilanan Beceriler

Stirticiilerin, stiris  becerileri  hakkindaki degerlendirmeleri performanslarini
etkileyebilir. Siiriicii kendini becerikli bir siiriicii olarak goriirse, ara¢ kullanirken
ikincil bir gorevle mesgul olmakta bir sakinca gormeyebilir. Kendilerinin olusan

riskin altindan kalkacaklarin1 diistindiikleri icin siirlislerini adapte etmeye gerek
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duymayabilirler. Siiriis performansinin 6z degerlendirmesi hem algisal motor
becerileri hem de giivenlik becerilerini, kurallara uymak ve riskten kacinmak gibi,

kapsar.

Algisal motor beceriler trafik ceza sayisim1 yordarken, giivenlik becerileri hizi, kaza
sayisini ve ceza sayisini yordamaktadir (Lajunen ve ark., 1998). Giivenlik becerileri
alt 6lceginde diisiik puan alan siiriiciilerin tehlikeli ara¢ kullanma egilimleri oldugu
bulunmustur (Siimer ve Ozkan, 2002). Becerilerinin siirlarmi bilen siiriiciiler ayni
anda hem ara¢ kullanip hem de ikincil gorevle ugrastiklarinda iki gorevden birinden

odiin vererek riski belli bir seviye tutabilirler.
Calismanin Amaci

Bu ¢alismanin amaci tahmin edilebilir ve tahmin edilemez siiriis kosullarinda isitsel
ve gorsel-mekansal ikincil gorevlerin serit tutma {izerindeki etkilerini incelemektir.
Ikincil bir gorevle ugrasma, siiriisii pek ¢ok yonden kotii etkilese de gevresel
kosullara bagli olarak serit tutmay1 farkli etkiledigi goriilmektedir. Yalnizca siiriis
kosullariin degil biligsel yilik yaratan ikincil goérevin tiiriiniin de serit korumadaki
degisiklikleri aciklayacag: diisiiniilmektedir. Isitsel ikincil gérev kulaklikla telefon
goriigmesi yapmay1 simiile ederken, gorsel-mekansal ikincil gorev seyir sistemlerini
simiile etmektedir. Ek olarak, calisma algilanan becerilerin serit tutmay1 ne sekilde

etkiledigini de kesfetmeyi amacglamaktadir.
Calismanin Onemi

Calisma Hiyerarsik Kontrol Teorisini temel alarak olusturulmustur. Teoriyi farkh
ikincil gorevlerle test ederek literatiire katkida bulunacaktir. Siiriciilerin becerilerini

degerlendirmeleri ile siiriis performansinin iliskisini de gosterecektir.
Hipotezler
Isitsel ikincil gérev kosulunda,

1. Tahmin edilebilir yol kosulunda, yiik, yiiksiiz kosula nazaran, serit

pozisyonundaki degiskenlikleri azaltacaktir.
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2. Tahmin edilemez yol kosulunda, yiik, yiiksiiz kosula nazaran, serit

pozisyonundaki degiskenlikleri arttiracaktir.

Gorsel-mekansal ikincil gorev kosulunda,

3. Tahmin edilebilir yol kosulunda, yiik, vyiiksiiz kosula nazaran, serit
pozisyonundaki degiskenlikleri arttiracaktir.
4. Tahmin edilemez yol kosulunda, yiik, yiiksiiz kosula nazaran, serit

pozisyonundaki degiskenlikleri arttiracaktir.

YONTEM

Katilimcilar

Toplamda 66 siirlicii (52 erkek, 14 kadin) deneye katilmigtir. Katilimcilarin yas
aralig1 19 ve 32 olup, ortalama yas 22.74’tlir. Katilimcilar 2 deney grubuna (isitsel ve

gorsel-mekansal) esit olarak dagitilmistir.
Materyaller
Demografik Bilgi Formu

Bu formda yas, cinsiyet, deneyden onceki uyku siiresi, ila¢ kullanimi, duyma/isitme
problemi olup olmadigi gibi maddeler bulunmaktadir. Ek olarak, ehliyet
alinmasindan itibaren gegen siire, toplam kat edilen mesafe, kaza ve ceza sayis1 gibi

stirlisle dogrudan ilgili sorular yoneltilmistir.
Stirticii Beceri Anketi

Anket 20 maddeden olusmaktadir ve siiriiciilerin algisal motor becerileri ile glivenlik

becerilerini degerlendirmeleri istenmektedir.

Arag Simiilatorii (STISIM Drive)
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Siirlis  senaryosunun tamamlanmasi 20 dakika stirmektedir. Siiriiciiler yalnizca
direksiyonu kontrol edebilmektedirler. Tek seritli, iki tarafindan kesik ¢izgilerle
sinirlart ¢izilen bir yolda ilerlenmektedir. Tahmin edilemez siiriis kosulu riizgar

eklenmesiyle (diizensizlik) olusturulmustur.
Isitsel N-Geri Gorevi

Biligsel yiikii tetiklemek i¢in isitsel n-geri gorevi kullanilmistir (Mehler ve ark.,

2011). Katilimcilarin 2 6nce okunan rakami yiiksek sesle tekrarlamalari istenmistir.
Gorsel-Mekansal N-Geri Gorevi

Gorsel- mekansal 2-geri gorevi kosulunda, simiilatoriin yaninda bulunan ekranda 4
esit parcadan olusan bir kare sekli belirmektedir. Bu 4 pargadan biri her seferinde
siyaha donmektedir ve katilimcidan istenen son siyah kare ile 2 dnce goriilen siyah

kare ayn1 yerde ise evet diyerek, degilse hayir diyerek cevaplamalaridir.
Deneysel Desen

Deneydeki bagimli degiskenler, bilissel yiik (yiik-yiiksiiz), diizensizlik (diisiik
diizensizlik-yiliksek diizensizlik) ve ikincil gorevin (isitsel-gorsel mekansal) tiiriidiir.
Bagimli degisken ise serit pozisyonundaki degiskenliklerdir ve ortalama karekok ile

hesaplanmustir.
islem

Deneyler Orta Dogu Teknik Universitesi’nde bulunan insan Faktorii laboratuvarinda
gerceklestirilmistir. Katilimeilar sirasiyla goniillii katilim formunu, demografik bilgi
formunu ve striicii beceri anketini doldurmuslardir. Sonrasinda, katilimcilara
bulunduklar1 gruba gore (isitsel veya gorsel-mekénsal) deney yonergesi anlatilmistir.
Birincil ve ikincil gdrevlerin tam anlagilmasi i¢in ayr1 ayr1 ve birlikte alistirmalar
yapilmistir. Akabinde 20 dakikalik asil deney gerceklesmistir. Deney sonunda

katilimcilara arastirma bilgi formu verilmistir.
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BULGULAR

Isitsel ve Gorsel-Mekansal Gruplar

Serit pozisyonundaki degisiklik her deney kosulu icin ortalama karekok ile
hesaplanmistir. 2 x 2 x 2 karisik tasarim varyans analizi (ANOVA )kullanilarak yiik
(yiik-yliksiiz), diizensizlik(diisiik-yiiksek) ve ikincil gorev tlriiniin (isitsel-gorsel
mekansal) serit pozisyonundaki degiskenlik {iizerindeki etkilerine bakilmistir.
Diizensizligin ana etkisi anlamli bulunurken yiikiin anlaml1 bir etkisi bulunamamustir.
Diizensizlik ve ikincil gorevin tiiriiniin etkilesim etkisi anlamli bulunamamuistir.
Yikiin ve ikincil gorev tlirli arasinda ve diizensizlik ve yiikk arasinda anlamli
etkilesim etkileri bulunmustur. Diizensizlik, ylik ve ikincil gorev tiirii arasinda iic-
yonlii anlamli etkilesim etkisi bulunamamustir. Onemli olarak da, ikincil gdrev

tiirliniin serit pozisyonundaki degiskenlik iizerinde anlamli ana etkisi bulunmamuistir.

Post hoc test sonuglarmma gore, diisiikk diizensizlik kosulunda, yiikk olmamasi
durumunda, isitsel ve gorsel-mekansal kosullari arasinda serit pozisyonundaki
degiskenlikler acisindan anlamli bir fark yoktur. Yiiksek diizensizlik kosulunda ise,
yik yok iken, serit pozisyonundaki degiskenlik gorsel-mekansal grubuna oranla
isitsel grupta daha yiiksek cikmistir. Yiikk oldugunda ise, diisiik diizensizlik
kosulunda ve yiiksek diizensizlik kosulunda iki grup arasinda serit pozisyonundaki
degiskenlikler agisindan anlamli bir fark bulunamamistir. Genel olarak yiik

kosulunda diizensizligin artmasi ile sapmada da artig goriilmiistiir.
Isitsel Grup

2 x 2 iligkili varyans analizi (ANOVA) kullanilarak diizensizligin (diistik-yiiksek) ve
yiikiin  (ylik-yliksliz) serit pozisyonundaki degiskenlikler iizerindeki etkileri
arastirllmistir. Diizensizligin ve yiikiin anlamli ana etkileri ve etkilesim etkisi
bulunmustur. Hipoteze uygun olarak diisiik diizensizlikte, isitsel yiik serit
pozisyonundaki degiskenligi azaltmistir. Fakat yiiksek diizensizlikte anlamli bir fark

bulunamamustir.
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Gorsel-Mekansal Grup

2 x 2 iligkili varyans analizi (ANOVA) kullanilarak diizensizligin (diistik-yiiksek) ve
yiikiin  (ylik-yliksliz) serit pozisyonundaki degiskenlikler iizerindeki etkileri
arastiritlmistir. Diizensizligin anlamli ana etkisi bulunmus ama yiikiin anlamli ana
etkisi bulunamamistir. Yiik ve diizensizlik arasinda ise etkilesim etkisi anlamli
bulunmustur. Hipotezin aksine diisiik diizensizlik kosulunda, gorsel-mekansal yiik ve
yiiksiiz kosullar1 arasinda serit pozisyonundaki degiskenlik agisindan anlamli bir fark
bulunamamistir. Fakat hipotez edildigi gibi, yiiksek diizensizlikte yiik serit

pozisyonundaki degiskenligi arttirmistir.
ikincil Gérev Performansi

Ikincil gorevlerdeki dogru cevap miktar1 hem diisiik diizensizlik hem de yiiksek
diizensizlik kosullar1 icin hesaplanmistir. Isitsel ve gorsel-mekansal gruplar icin iki
ayr1 tek yonli varyans analizi (ANOVA) kullanilarak diizensizligin (algak-yiiksek)
ikincil gorevdeki dogruluga etkisine bakilmugtir. iki grup icin de diizensizligin

anlamli ana etkileri bulunamamustir.
Algisal Motor Beceriler ve Giivenlik Becerileri

Siiriicii Beceri Anketi’nin alt dlcekleri icin kesfedici analizler yapilmustir. Iki dlgek
icin de katilimcilar medyan ayrim yontemiyle yliksek ve diisiik olarak ikiye
ayrilmistir. Karmagik tasarim varyans analizi (ANOVA) kullanilarak algisal motor
becerilerin ve gilivenlik becerilerinin serit pozisyonundaki degiskenlik {izerindeki
etkileri arastirilmustir. Isitsel ve gorsel-mekansal gruplarinda algisal motor becerileri
diisiik olan siiriiciiler biitiin kosullarda en ¢ok seritten sapmay1 gostermislerdir.
Yalnizca gorsel-mekansal grubunda olup yliksek giivenlik becerisine sahip olanlar en

fazla serit pozisyonundaki degiskenligi géstermistir.
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TARTISMA

Bu calisma, isitsel ve gorsel-mekansal ikincil gorevlerin tahmin edilebilir ve tahmin
edilemez siiriis kosullarinda serit koruma ftzerindeki etkilerini arastirmak igin
yapilmistir. Hiyerarsik Kontrol Teorisi’ni gorsel-mekansal bir gorevle calisarak
teorinin kapsamini gelistirmek amaglanmistir. Ara¢ kullanma baglaminda teori

onceki ¢aligmada isitsel ikincil gorevle test edilmistir (Medeiros-Ward ve ark., 2014).

Teorinin 6ngdrdiigii sekilde isitsel yiik, tahmin edilebilir durumda, seritten sapmay1
azaltmistir ve performansi gelistirmistir. Ote yandan, beklenenin aksine, tahmin
edilemez siiriis kosulunda, yiikk sapmayi arttirmamis ve anlamli bir farka yol
acmamustir. GoOrsel-mekansal goérevin yarattifi biligsel yiik ise tahmin edilemez
stiriisii kosulunda beklenildigi gibi sapmada artisa neden olmus, tahmin edilemez

kosulda ise anlamli bir farka yol agmamustir.

Siiriictiler, ikincil bir gérevle mesgul olmayip yalnizca ara¢ kullandiklarinda siiriis
kosullar1 beklenmedik hale geldikg¢e seritten daha ¢ok sapmislardir. Bu iki grubun
profillerinin benzer oldugunu gdstermis ve ikincil gérev tiiriiniin yalin etkisinin
goriilmesine olanak saglamistir. Buna ek olarak, ayn1 anda ara¢ kullanma ve ikincil
gorevle mesgul olma beklenmeyen yol kosullarinda sapmanin artmasina neden

olmustur.

2-geri gorevindeki performanslarin iki grupta benzer seviyede iyi olmasi, gorevlerin
zorluk derecesi agisindan denk oldugunu gosterebilir. Diizensizlik arttikca
katilimcilar ikincil gorevlerinden 6diin vermemislerdir. Bu sayede diizensizligin
ikincil goérev performansma etkisini gormek yerine diizensizligin serit koruma

tizerindeki etkisini gormek miimkiin olmustur.

Literatiir agirlikli olarak ikincil bir gorevle ugragsmanin ara¢ kullanmay1 kotii yonde
etkiledigini gosteren calismalardan olusmaktadir. Direksiyon basinda telefonla
konusmanm tepki hizin1 yavaslattigi, fren yaptiktan sonra hizin yeniden

kazanilmasin1 i¢in gecgen siireyi uzattigi, daha cok trafik kazasina yol agtig1
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bulunmustur (Haque ve Washington, 2014; Strayer ve Drews, 2004; Strayer ve ark.,
2006). Bu c¢alismada ise cep telefonu isitsel 2-geri goreviyle simiile edilmistir.
Onceden yapilan bazi ¢alismalarda isitsel ikincil gorevin ara¢ kullanirken seritten

sapmay1 azalttig1 goriilmiistiir (Beede ve Kass, 2006; McCarley ve Kramer, 2014).

Isitsel yiikiin tahmin edilebilir durumda sapmayi1 azaltmas1 Hiyerarsik Kontrol
Teorisi’ni desteklemektedir. Fakat tahmin edilemez durumda yiikiin sapmada anlamli
bir etkisinin olmamasi deney katilimcilarinin yeterince siiriis deneyimine sahip
olmamasindan kaynaklaniyor olabilir. Gorsel-mekansal grupta yiikiin hem tahmin
edilebilir hem de tahmin edilemez siirlis sartlarinda seritten sapmay1 arttiracagi
beklenmistir. Onceki arastirmalarda, gorsel ikincil bir gorevle ugrasmanimn siiriise
zarar verdigi bulunmustur. Mesaj okuyan siiriiciilerin tepkilerinin yavasladigi, daha
cok kaza yaptiklar1 ve seritten daha fazla saptiklari goriilmiistiir (Drews ve ark.,
2009). Baska caligmalarda da ikincil gorsel gorevin, seyir sistemleri gibi,
beklenmeyen durumlarda yalnizca ara¢ kullanma kosuluna nazaran daha ¢ok
sapmaya yol agtiklari izlenmistir (Kim ve ark., 2013). Mevcut ¢alismanin sonuglari
da bu dogrultudadir. Isitsel gorevin aksine, gorsel-mekansal yiik tahmin edilebilir
durumda performansta bir gelismeye yol agmadigi gibi beklenmeyen durumda ise
sapmay1 arttirmistir. Hiyerarsik Kontrol Teorisi’nin aksine tahmin edilebilir siiriis
kosulunda sapmada azalma olmamasi, yiikiin olumlu etkilerinin ikincil gérevin

tiirline bagl oldugunu gdstermektedir.

Dikkatin gorsel goreve yonetildigi durumlarda yola tekrar bakildiginda gorsel
taramanin yeniden ayarlanmasinda siiriiciilerin zorluk ¢ektigi ve bu nedenle de
yoldaki tehditleri fark etmede basarisiz olduklar1 6nceki bir ¢aligmada bulunmustur
(Borowsky ve ark., 2015). Ikincil gérsel-mekansal gorevin sapmay1 tahmin edilebilir
ortamda olumlu etkilemedigi ve tahmin edilemez ortamda kotiilestirdigi bu
calismanin bulgular arasindadir. Bu duruma ikincil gorev icin bakisin diger ekrana

yonelmesi ve bu yiizden yola tekrar adapte olmada zorlanilmasi neden olmus olabilir.

Arag kullanma daimi dikkat ve yolun taranmasini gerektirir. Gorsel ikincil gorevler

ara¢ kullanma ile ayni alt sistemin islemesini gerektirdigi i¢in performansa zarar
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verir (Baddeley, 1992). Eger iki gorev farkli alt sistemlerin ¢calismasini gerektiriyorsa
performans, gorevlerin ayri1 ayr1 yapilmasiyla ayni oranda verimli olabilir. Buradan
yola c¢ikarak, gorsel-mekansal gorevin sapmayr tahmin edilebilir kosulda
azaltmamasi ve tahmin edilemez kosulda arttirmasi aciklanabilir. Onceki arastirmalar
da ara¢ kullanirken isitsel ikincil gorevle ugrasilmasinin yanal kontrol {izerinde
anlaml bir etkisin olmadigini gosterirken, gorsel gorevin olumsuz etkisi oldugunu

gostermistir (Kircher ve Ahlstrom, 2012; Thapa ve ark., 2015).

Calismaya katilan siiriicliler diizensizlik arttiginda daha iyi siirebilmek i¢in 2-geri
gorev performanslarini diisiirmemislerdir. Normal trafik kosullarinda siiriiciilerin
yoldan gelen talep arttiginda ikincil gorevlerini geri plana attiklari bilinmektedir
(Drews ve ark., 2008). Riskli kosullarda stiriiciiler ikincil gorevi yapmayi reddetmis
ya da beklemeye almiglardir (Schomig ve ark., 2011). Bu ¢alismada da, hem isitsel
grubu hem de gorsel-mekansal grubu diizensizlik artsa da 2-geri gorevine yiiksek
oranda dogru cevap vermislerdir. Ger¢ek yol kosullarinda hissedilen riskin

simiilatorde hissedilmemesi bu durumu agiklayabilir.

Onceki bir arastirmada aym anda iki gorevi yerine getirmede yetersiz bulunan
stiriiclilerin araba siirerken cep telefonu kullandiklar belirtilmisti (Sanbonmatsu ve
ark., 2013). Siiriictiler direksiyon basindayken ek bir gorevle mesgul olmalarinin
yarattig1 riskin farkinda olsalar da becerilerine giivendikleri durumda kendileri igin
bu riskin gegerli olmadigini diisiinebilirler. Mevcut ¢alismada, hem isitsel hem de
gorsel-mekansal kosulunda yer alan motor becerilerini diisiik algilayan siiriiciilerin
seritten en ¢ok sapanlar olduklar1 gériilmiistiir. Bu 6nceki bulgularla ayn1 yonde
degildir (Sanbonmatsu ve ark., 2013). Katilimeilar stiriis becerileri ile ilgili ger¢ekei
bir degerlendirmede bulunmustur. ki ¢alisma arasinda farkin kaynagi katilimcilarin
giivenlik algilar1 olabilir. Algisal motor becerileri diisilk olan fakat gilivenlik
motivasyonlar1 yiiksek olan stirliciiler zayif becerilerini giivenli siirlis tarzlariyla
telafi edebilir. Siirticiilerin direksiyon baginda telefon konusmasi yapmalar1 daha ¢ok
algiladiklar1 giivenlik becerileri ile ilgili olabilir. Ara¢ kullanirken telefonda
konusanlarin hizlarim diistirdiikleri ve giivenlik mesafelerini arttirdiklar1 ge¢cmis bir
calismanin bulgusudur (Metz ve ark., 20015). Bu, siiriiciilerin ikincil bir gorevle
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mesgul olduklarinda trafik giivenliklerini tehlikeye attiklarinin farkinda olduklarini
gostermektedir. Glivenlik becerileri gerekli durumlarda siirlislin ya da ikincil gorevin
adapte edilmesini yansitabilir. Motor becerilerini yiliksek algilayan ama diisiik
giivenlik becerisine sahip stirliciiler trafik gilivenligi agisindan en yiiksek riski
olusturmaktadir (Stimer ve ark., 2006). Mevcut calismada, motor algis1 yiiksek
stirliciiler simiilator senaryosunda seritten daha az sapma gosterseler de, gercek yol
kosullarinda becerilerine olan gilivenleri diisiik giivenlik algisiyla desteklenirse

tehlikeli arag kullanabilirler.

Mevcut c¢alismayr kisitlayan bazi etkenler ileride yapilacak olan ¢aligmalarda
giderilebilir. Hiyerarsik Kontrol Teorisi’nin kapsamini genisletmek igin farkli yas
gruplarindan ve farkli deneyim seviyelerinden olan siiriicliler ile calisilabilir. Bu
calismada ortalama yas 22.74’tiir ve ehliyet alinmasindan bu yana gegen siire
ortalama 4 senedir. Bu derecedeki deneyim, i¢ dongii ve dis dongii isleyisindeki
farkliliklar1 net bir bigimde ortaya koymayabilir. Ek olarak, algilanan siiriis becerileri
ile serit koruma arasinda iliskinin katilimcilarin ara¢ kullanma tecriibelerine bagh
olmas1 miimkiindiir. Caligmada motor becerilerine giliveni az olan geng siiriicililer en
cok seritten sapmay1 gdsterenler olmustur. Deneyimle ara¢ kullanmanin otomatik
hale gelmesinden dolay: serit koruma ve algilanan beceriler arasindaki iligki tecriibeli
sirici ~ Ornekleminde  farkli  olabilir. ~ Otomatiklesen  performans  0z-
degerlendirmelerden etkilenmeyebilir. Gelecekte farkli deneyim seviyelerinde
stiriiclilerle ¢aligilmalidir. Yaslanmanin i¢-dis dongii iliskisi {izerindeki muhtemel
etkisini gormek icin farkli yastan striiciilerle de ¢alisiilmalidir. Calismanin bir diger
kisitlayicist ise katilmeilarm Orta Dogu Teknik Universitesi’nden secilmis
olmalaridir. Bu kitle genel siiriicii toplulugunu yansitmayabilir. Son olarak, ekolojik
gecerlilik ¢alismanin dogast geregi diisliktiir. Gelecek ¢alismalarda siirlis ortaminin
tahmin edilebilirligi virajlarla ya da yola firlayan yayalarla manipiile edilebilir. Giiglii

rlizgarlara nazaran bu tiir senaryolar ger¢ege daha yakin olabilir.

Calisma insan davranisinin  karmasiklhigint  gostermektedir. Hiyerarsik Kontrol
Teorisi literatiirdeki ¢elisen ¢alisma sonuglarina bir agiklama getirmektedir. Dikkatin
stiriisten alikoyulmas siiriise pek ¢cok acidan zarar verse de serit tutma performansi i¢
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dongiiye dayandigindan gelisebilir. Fakat trafik ortami dinamiktir ve genellikle
tahmin edilemezdir. Bilissel yiik serit korumayi iyilestirse de tahmin edilebilir ortam
sartlar1 ¢cogunlukla gercek trafikte degil de kontrollii deney ortaminda saglanabilir.
Calismanin bir katkist da biligsel yiik yaratan ikincil gorevin tiliriiniin serit korumada
kilit bir faktor oldugu gostermesidir. Teori gorsel yiik acisindan serit tutma
davranigini aciklayamayabilir. Uygulama acgisindan sonuglar ara¢ i¢i sistemlerin

tasarim agamasinda goz oniine alinabilir.
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Appendix J: Tez Fotokopisi 1zin Formu

ENSTITU

Fen Bilimleri Enstitiisi

Sosyal Bilimler Enstitiisii -
Uygulamali Matematik Enstitiisii
Enformatik Enstitiisii I:I
Deniz Bilimleri Enstitiisii

YAZARIN

Soyadi : Ozbozdagh

Adi  : Seda

Boliimii: Psikoloji/Trafik ve Ulagim Psikolojisi

TEZIN ADI: THE EFFECTS OF AUDITORY AND VISUO-SPATIAL
SECONDARY TASKS ON LANE MAINTENANCE IN PREDICTABLE
AND UNPREDICTABLE DRIVING CONDITIONS

TEZIN TURU: Yiiksek Lisans B Doktora

Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir. -
. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir. -

N —

3. Tezimden bir bir (1) yil siireyle fotokopi alinamaz.

TEZIN KUTUPHANEYE TESLIM TARIHI:
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