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Abstract Distraction effects of three alternative touch screen

scrolling methods for searching music tracks on a mobile

device were studied in a driving simulation experiment with 24

participants. Page-by-page scrolling methods with Buttons or

Swipe that better facilitate resumption of visual search fol-

lowing interruptions were expected to lead to more consistent

in-vehicle glance durations and thus on less severe distraction

effects than Kinetic scrolling. As predicted, Kinetic scrolling

induced decreased visual sampling efficiency and increased

visual load compared with Swipe, increased experienced

workload compared with both Buttons and Swipe, as well as

decreased lane-keeping accuracy compared with baseline.

However, Buttons did not significantly excel Kinetic with any

metric but on subjective ratings. Based on the results, we do not

recommend the use of kinetic scrolling with in-vehicle touch

screen displays in the manner used in the experiment. Instead,

page-by-page swiping seems to suit significantly better for in-

vehicle displays due to its systematic nature and low levels of

pointing accuracy required for scrolling the pages.

Keywords Driver distraction � In-vehicle information

system � Information search � Touch screen � Scrolling

method � Visual sampling � Visual load � Driving

performance

1 Introduction

Possible safety effects of in-vehicle information system

(IVIS) use while driving is a topic gaining more and more

attention these days because of the fast development of

ubiquitous mobile technology, services, and media (e.g.,

[2]). In this line of research, driver distraction is the key

concept defined broadly by Lee et al. [11] as a diversion of

attention away from activities critical for safe driving

toward a competing activity. The 100-car field study in the

United States indicated that visual distraction, in particular,

seems to play a key role in crash and near-crash involve-

ment [8]. This is a concern because the trend seems to be

that drivers are searching for more and more information

while driving, and often the most efficient method for

presenting the desired information is visual displays. The

near future seems to bring the information highway more

and more inside our vehicles via smart phones, raising

challenges to legislators, automotive industry as well as the

designers of dedicated in-vehicle information systems uti-

lizing smart phone connectivity for streaming content to in-

car displays.

For industrial purposes, fast but sensitive and reliable

methods for revealing differences in the distraction

potentials of visual IVIS displays are required. Sensitivity

means that the experimental designs and distraction metrics

have enough statistical power already with small sample

sizes and thus enables cost-efficient studies. The experi-

mental designs should also provide us with information

about driver behavior on multiple levels of driver distrac-

tion and from multiple perspectives [10]. Analyses should

not focus merely on the operational level of vehicle control

in artificial task settings, which could kill the external

validity of the conclusions.

The study presented in this paper relates to a real

problem in the design of in-car music player software for a

touch screen-based mobile device. The problem is which

touch screen menu scrolling method should be used in the

search mode of the software in the driving context:
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traditional buttons, page swipe or kinetic scrolling (see

Fig. 1)? Could this decision have some potential effects on

driver distraction?

The Swipe and Kinetic scrolling methods were selected

under study based on their popularity in current touch

screen smart phones. It can be expected that these kind of

gestural interaction techniques will be introduced in the

near future also for touch screen-based in-car infotainment

systems such as Cadillac CUE [5]. The novel interaction

techniques for in-car use should be carefully tested for

distraction effects before making them available for con-

sumers. The Buttons was included in the study in order to

see how the newer methods relate to this more traditional

scrolling method for touch screens.

Intuitively, one could argue that the Kinetic style menu

enables faster search than the page-by-page scrolling with

Buttons or Swipe because several pages can be skipped by a

single gesture. If you know where your target item resides

in the menu, this aspect could support faster and thus

perhaps safer search for music tracks while driving.

On the other hand; prolonged visual search on in-vehicle

displays requires visual sampling by brief in-vehicle

glances [17]. Touch screen scrolling page-by-page could

support more systematic interrupted visual scanning with

clearer subtask boundaries [14] and thus a higher level of

task resumability than Kinetic scrolling (see also [9]). In

particular, if the menu is accelerated with a kinetic force,

the items can still keep moving after the driver’s gaze has

already shifted to the driving environment. This can lead to

incorrect expectations of the spatial configuration of the

display items when the gaze is returned at the display (see

[13]), leading to increased search resumption times. The

upcoming points of resumption should be more easily

reconstructed with the methods supporting page-by-page

scrolling (Swipe and Buttons). These considerations are of

concern in particular when searching a target within

unfamiliar menu content, such as previously unseen local

point-of-interest listings. However, in bench-tests without

interruptions by driving, interaction with any scrolling

method does not seem to be significantly more complex

than the other.

In a driving simulation experiment, we studied the

effects of the three alternative touch screen scrolling

methods on driver distraction while driving and searching

for tracks with music player software. Based on earlier

research [9], we expected that search for targets by means

of Kinetic scrolling while driving leads to greater distraction

effects than with the page-by-page scrolling (Buttons or

Swipe), because it does not facilitate resumption of visual

search following interruptions to the same extent. This should

become visible with the measures of visual sampling effi-

ciency and possibly with the measures of driving perfor-

mance, visual load, search task performance, and experienced

workload. In particular, we expected larger variances in

glance duration distributions, larger maximum glance dura-

tions, and greater amounts of very long glances toward the

display equipped with Kinetic scrolling (see also [7]).

2 Method

2.1 Design

The experimental design was a within-subject design with

3 9 1 variables (scrolling methods: Buttons, Kinetic, and

Swipe) for the analyses of eye movements, search task

performance, and subjective experience. For the analyses

of driving performance, the design was a within-subject

design with 4 9 1 variables. In this case, the scrolling

methods and baseline performance were the classes of the

independent variable.

2.2 Participants

24 participants, 12 women and 12 men, were randomly

selected from the volunteers recruited through public

Fig. 1 The three alternative touch screen scrolling methods in the

experiment: Buttons, Swipe, and Kinetic. Swipe refers to scrolling the

menu stepwise page-by-page with a single swiping gesture where as

Kinetic refers to scrolling the menu freely following the kinetic force

applied by the finger movement
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university e-mail lists. The 2 foreign and 22 Finnish stu-

dents’ age ranged from 19 to 34 years (M: 25, SD: 3.6), and

they reported annual driving experience from 1,000 to

60,000 km (M: 8,705, SD: 12,410). The goal was that the

participants should have at least 2 years of active driving or

at least 20,000 km of lifetime driving experience. Novice

drivers with a very low level of experience as well as aged

drivers were excluded in order to mitigate the known

effects of low level of driving experience [19] and aging

[20] on visual sampling efficiency and driving perfor-

mance. All the participants had normal or corrected-to-

normal vision. The instructions were given in Finnish for

fluent Finnish speakers and in English for the foreign stu-

dents. However, all the participants received the ques-

tionnaires in English and the search targets in a similar

fashion. 12 most accurate drivers were rewarded with a

movie ticket in order to stress the importance and priority

of the driving tasks.

2.3 Apparatus

The experiment was conducted in the fixed-base medium-

fidelity driving simulator of the Agora User Psychology

Laboratory (Fig. 2). The simulator is built from the parts of

an actual passenger car cockpit and has a large front view

projected into the windscreen (1280 9 1024) as well as

two smaller displays (2200, 1280 9 1024) in the side win-

dows in order to provide a better sense of movement and

immersion. A study by Wang et al. [16] indicated that

medium-fidelity simulation could provide safe and

effective means to evaluate drivers’ visual behaviors and

task performance with in-vehicle tasks when compared to

on-road studies.

The driving simulation software is a freeware car sim-

ulation of which motion formulae is based on actual

engineering documents from the Society of Automobile

Engineers (http://www.racer.nl). The software has a capa-

bility to write extensive telemetric data into a log file. A

simulated looped racetrack was used for practice. The

experiment was driven with a simulated Ford Focus with

automatic shifting on a road-like environment simulating

the Polish countryside. The driving scene was projected

onto the windscreen of the vehicle cockpit and included a

speedometer and a tachometer.

Besides the simulator, the central equipment included

questionnaire forms, iPhone 3G S mobile device with 3.500

touch screen display (480 9 320) in a dashboard holder,

SMI iView X HED helmet-mounted eye-tracking system,

HD video camera for recording the driving scene and for

capturing participants’ eye movements from the display of

the HED system, as well as laptop for capturing the video

material. The distance between participants’ eyes and the

windscreen projected driving scene was fixed at ca 100 cm,

but the distance of the pedals and the steering wheel with

the device holder from the participant were adjustable.

Thus, the mobile device’s distance from the participant’s

eyes varied from 55 to 70 cm depending on the length of

the participant’s arms.

The mobile device was equipped with surrogate music

player software that did not play music but enabled search

for music tracks in a menu consisting of 3 9 4 tracks per

page in a grid-format (Fig. 1). In total the menu held 8

pages with 96 tracks. The tracks were labeled with the

names or abbreviations of popular artists. Software had

three versions differing only regarding the three alternative

scrolling methods (Buttons, Kinetic, Swipe). There were

three different task sets of 5 tasks which included all the

same tracks, but which orders’ were different for all the

tasks. All the software versions included the same task sets

but the orders of the task sets per scrolling method per

participant were varied and balanced. The target items

were located on the pages 4–8 in all the tasks.

2.4 Procedure

The experiment started with general instructions and

adjustments of the pedals and the steering wheel. Driving

practice on a looped track was provided for as long as the

participant felt familiar with the controls and the behavior

of the car. The practice lasted at least for 5 min.

For the experiment, the driving task instructions were to

keep the speed of the vehicle between 40 and 60 km/h, as

well as to keep the vehicle in the right lane as accurately as

Fig. 2 The driving simulation setup (without the helmet-mounted

eye-tracker). The mobile device was positioned on the right-hand side

of the steering wheel. Head-Up-Display (HUD) meters for speed and

rpm indicated the position of the vehicle on the lane
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possible. A speed limit sign of 50 km/h in the beginning of

the road reminded the participant about the speed zone.

The two Head-Up-Display (HUD) meters indicated that the

vehicle was on the lane when positioned between the white

lane markings. This peripheral lane-keeping aid was used

in order to enable the participant to focus on the tangent

point on the road ahead instead of focusing on the outer

edges of the bonnet of the vehicle. In addition, the partic-

ipant was instructed that there is a possibility for unex-

pected events in order to make the participant observe the

environment in a more natural way rather than merely

observing the lane markings and the meters.

Before the dual-task drives, the participant got to prac-

tice the search task once without the driving task. For the

dual-task drive on the rural road, the participant was

instructed to keep their priority on driving and that the

search tasks were self-paced. Driving task priority in the

dual-task driving was further emphasized by a promise of

an additional movie ticket to the 12 most accurate drivers.

Driving task accuracy was assessed by the total time the

HUD meters were positioned out of the lane and the speed

was above or below the instructed speed zone. The par-

ticipant drove until the search tasks were completed and the

participant had driven beyond the middle point of the road.

The dual-task driving lasted from 3 to 7 min depending on

the participant’s individual performance in the search task.

In addition to the dual-task drives, the participant com-

pleted a baseline driving task of approximately 6 min on

the rural road to enable baseline-dual-task comparisons on

driving performance.

The orders of the dual-task and baseline trials were

varied and balanced. In addition, every other trial was

driven on the same road as the rest, but in the opposite

direction (2?2: 4 trials in total). This kept the driving task

demands (i.e., road curvature and slopes) at the same level

across the trials but helped to prevent unwanted learning

effects.

The participant completed five search tasks per scrolling

method. Two of these were baseline search tasks, first for

practice and the last to adjust for learning effects. Three

search tasks were given during driving. The experimenter

gave the search tasks verbally by saying the artist’s name,

allowing for a very short pause of a few seconds between

tasks after a successful task. Task instructions could be

repeated by saying ‘repeat’, if the participant forgot or did

not hear the task. The first task was initiated when the

participant reached 40 km/h for the first time. Search tasks

started at random points on the road depending on the

participant’s performance. If the participant made a wrong

selection, the software initiated the next task.

After each dual-task trial, the participant filled a reduced

NASA-Task Load indeX questionnaire (NASA-TLX, no

weighting [6]). Before the participant was released, a final

questionnaire was handed, asking for background infor-

mation and to rate the scrolling methods for general ease-

of-use, distraction, and preference for use while driving.

2.5 Variables and analysis

The independent variable was the scrolling method. The

dependent variables measured:

• efficiency of visual sampling,

• visual demands of the search tasks,

• driving performance (compared with baseline driving),

• search task performance, and

• subjective experiences on task demands and preference.

Visual sampling efficiency was measured by the maxi-

mum in-vehicle glance durations and by the frequency of

over 1.6-second and over 2.0-second in-vehicle glances.

The upper limit of 1.6 s was chosen because it has been

observed that drivers generally prefer to keep in-vehicle

glance durations below this threshold in most circum-

stances [17] (see also [16]). Over 2.0-second glances have

been associated with higher crash risks and the frequency

of near crash situations in real traffic [8]. Even a single

overlong in-vehicle glance can be risky when combined

with other risk factors. Variance of the glance duration

distributions was analyzed by the measure of skewness,

that is, the asymmetry of the probability distribution of a

real-valued random variable. The variance of in-vehicle

glance duration distributions can be associated with the

efficiency of in-vehicle task resumption after interruptions

by the driving task (see [9]). Total number of in-vehicle

glances and average duration as well as total duration of in-

vehicle glances (total in-vehicle glance time) served as

metrics of visual demands.

Lane-keeping accuracy was measured as the total

number and duration of lane excursions. Driving perfor-

mance was further assessed by average speed and the

number and duration of speed maintenance errors. Search

task performance was measured as the frequency of fail-

ures defined as a selection of a wrong item and by task

completion times. Subjective experiences were analyzed

with the reduced NASA-TLX questionnaire and with the

questionnaire asking to rank the scrolling methods

according to ease-of-use, distraction, and preference.

A single research assistant scored the eye movements

manually frame-by-frame (25 frames per second) with the

Noldus Observer XT video analysis software. Following

the SAE J2396 definition [15], the glances at the in-vehicle

display were scored from the video images provided by the

eye-tracking system, indicating participants’ eye move-

ments in the eye-video and head movements in the scene-

video. The scoring method meant a lot of work and made it

unfeasible to analyze accurate fixation data. On the other
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hand, this assured that there were no data loss due to

possible technical faults.

The number and durations of lane excursions and speed

maintenance errors as well as average speeds were calcu-

lated with a script from the simulation log file, excluding

the first acceleration and last deceleration phases. The

music player software automatically stored completion

times for the search tasks. For the analyses, averages of the

successful 2 baseline search tasks and the 3 dual-task

searches per scrolling method were calculated. Failures

(wrong selections) in the search tasks were noted real time

by the experimenter.

One-way repeated measures analyses of variance with

Bonferroni correction with the significance level of .05

were utilized for the within-subject comparisons on visual

sampling efficiency, visual demands, search task perfor-

mance, and subjective experience (3 9 1). A one-way

repeated measures ANOVA with Bonferroni correction

was used also for the analyses of driving performance

(4 9 1). Effect sizes are reported as mean differences

where applicable.

3 Results and discussion

One female participant had to be excluded from the anal-

yses due to significantly differing behaviors compared with

group average. She did not follow the instructions of pri-

oritizing driving, and for example, drove long stretches

with speeds below 40 km/h during which she made over

10 s glances at the in-vehicle display.

3.1 Visual sampling efficiency

Scrolling method had a significant main effect on maxi-

mum glance durations, F(2,44) = 4.87, p = .012 (Fig. 3).

Post hoc tests revealed that the maximum glance durations

with Kinetic scrolling were significantly greater than with

Swipe, mean difference Kinetic-Swipe: .42 s, p = .007.

Scrolling method had a significant effect also on the

number of over 1.6-second glances, F(2,44) = 3.61,

p = .035. The significant mean difference for Kinetic-

Swipe was 7.78, p = .039.

There was relatively large number of over 1.6-second

but also over 2.0-second glances at the display: Buttons (M:

9.61, SEM: 1.61), Kinetic (M: 10.13, SEM: 1.53), and

Swipe (M: 7.61, SEM: 1.61), when compared to similar

search tasks with a list-style menu in the study of Kujala

and Saariluoma [9]. The skewness values indicating the

variance of log-normally distributed glance duration dis-

tributions were as follows: Buttons (M: .53, SEM: .09),

Kinetic (M: .65, SEM: .09), and Swipe (M: .47, SEM: .08).

However, the differences were not statistically significant

with these sample sizes.

3.2 Visual demands

Considering the visual demands of the search tasks, the

scrolling method had a significant main effect on total in-

vehicle glance times, F(2,44) = 4.22, p = .021 (Fig. 4).

The significant mean difference on total glance times for

Kinetic-Swipe was 28.23 s, p = .045. The scrolling method

had also a significant main effect on average in-vehicle

Fig. 3 Maximum glance

durations and over 1.6 s

glances. Bars describe SE of

means (SEMs)

Fig. 4 Total in-vehicle glance

time and average glance

duration, SEMs
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glance durations, F(2,44) = 6.88, p = .003. Post hoc

analyses revealed that there were significant mean differ-

ences not only for Kinetic-Swipe: .10 s, p = .021, but also

for Buttons-Swipe: .10 s, p = .005.

Average glance durations stayed on a level below 1.6 s

as predicted by Wierwille’s visual sampling model [17].

The average glance durations stayed also relatively close

each other and the effect sizes were small. For the differ-

ence between total in-vehicle glance times, one can spec-

ulate what is the significance of the 28 s when total task

times are around 80–110 s. However, total glance times

can increase due to long glances (in addition to other fac-

tors) and thus be indicative for unsafe visual sampling

behaviors and increased crash risk [18]. Number of glances

did not indicate any significant effects of scrolling method:

Buttons (M: 67.3, SEM: 4.2), Kinetic (M: 81.0, SEM: 7.8),

and Swipe (M: 64.1, SEM: 4.8).

3.3 Driving performance

3.3.1 Speed maintenance

There were no effects of scrolling method on speed

maintenance but a significant difference between the dual-

task and the baseline conditions, F(3,66) = 21.49,

p \ .001 (Fig. 5). The significant mean differences were:

Baseline-Buttons: 4.2 km/h, p \ .001, Baseline-Kinetic:

4.7 km/h, p \ .001, and Baseline-Swipe: 4.2 km/h,

p \ .001.

This finding suggests that the participants tended to

strategically decrease speed in the dual-task conditions in

order to cope with the increased workload. This is a typical

finding in experiments where the participants are given the

chance for speed control (e.g., [3]). Speed violations were

rare: Baseline (M: 1.78, SEM: .43), Buttons (M: .78, SEM:

.26), Kinetic (M: 1.09, SEM: .34), and Swipe (M: .91, SEM:

.38) and did not indicate significant differences.

3.3.2 Lane-keeping accuracy

The number of lane excursions was very low for the

baseline condition and remained relatively low for the

dual-task conditions (Fig. 6). In the statistical analyses,

Mauchly’s test of sphericity indicated that the assumption

of sphericity had been violated (v2 = 15.61, p \ .05).

Therefore, degrees of freedom were corrected using

Greenhouse–Geisser estimates of sphericity (e = .66).

There was a significant main effect of the dual-task con-

dition on the number of lane excursions, F(1.98,43.47) =

4.96, p = .012. Closer analysis revealed significant dif-

ference Buttons-Baseline: mean difference .74, p = .048.

Differences between Kinetic and Baseline (mean differ-

ence: 1.22, p = .067) as well as between Swipe and

Baseline (mean difference: .65, p = .093) approached

significance.

The dual-task condition had also a significant main

effect on the total duration of lane excursions,

F(3,66) = 3.99, p = .011. However, post hoc tests

revealed that only the lane excursion durations with Kinetic

scrolling were significantly greater than with Baseline,

mean difference Kinetic-Baseline: 1.39 s, p = .021.

3.4 Search task performance

A failure in the search task meant that the participant

selected accidentally a wrong item instead of the target

item. Failures while driving (3 tasks in total) were rare:

Buttons (M: .17, SEM: .08), Kinetic (M: .57, SEM: .18),

and Swipe (M: .30, SEM: .12). Failures did not indicate

significant effects of scrolling method.

Neither did task times indicate significant effects of

scrolling method (Fig. 7). Instead, there was a significantFig. 5 Average speed in km/h, SEMs

Fig. 6 Number and duration of

lane excursions, SEMs

820 Pers Ubiquit Comput (2013) 17:815–823

123



effect of the dual-task condition, F(2.44,46.37) = 16.40,

p \ .001 (Greenhouse–Geisser correction). There were

significant differences between all the baseline tasks and

the dual-tasks, which is not surprising given that the par-

ticipant had to time-share attention between the driving and

search tasks in the dual-task condition.

3.5 Subjective experience

3.5.1 NASA-TLX

In the reduced NASA-TLX questionnaire, the maximum

workload level was 100. The scrolling method had a sig-

nificant main effect on the NASA-TLX, F(2,44) = 20.43,

p \ .001 (Fig. 8). Post hoc analyses indicated that the

Kinetic scrolling was rated significantly more demanding

than the other methods (Kinetic-Buttons: mean difference

13.6, p \ .001, Kinetic-Swipe: mean difference 12.0,

p \ .001). Analysis of the individual scores revealed that

Kinetic was rated significantly worse with all the scales

than the other methods except for physical and temporal

demand.

3.5.2 Ease-of-use, distraction, and preference

The Kinetic scrolling was rated the most difficult to use,

most distracting, as well as least preferred most often from

the three alternative methods, which is in line with the

objective data (Table 1). However, all the participants did

not seem to be fully aware of the advantages of the Swipe-

method for in-vehicle use. The participants rated most

often Buttons as their preferred selection for in-car use and

as least distracting of the methods.

4 General discussion

In this experiment, we studied the relative effects of in-

vehicle touch screen device’s scrolling methods on driver

distraction. Kinetic scrolling led to decreased visual sam-

pling efficiency and increased visual load compared with

Swipe, increased experienced workload compared with

both Buttons and Swipe, as well as decreased lane-keeping

accuracy compared with baseline driving. As we expected,

Kinetic scrolling did not seem to facilitate the development

of systematic search strategies to the same extent than

scrolling the unordered menu page-by-page with Swipe or

Buttons. The Kinetic scrolling by fingertip induces more

variation and instability in the ways the menu brings up

Fig. 7 Task completion times for the successful tasks, SEMs.

Averages for the 2 baseline tasks and for the 3 search tasks while

driving

Fig. 8 NASA-TLX,

experienced total workload

(unweighted) and individual

scales, SEMs. Maximum

workload levels were 100

Table 1 Subjective ratings on ease-of-use (general), distraction, and

preference for use while driving

Method Votes Method Votes

Ease-of-use (general)

Buttons 11 Kinetic 17

Swipe 7 Buttons 2

Kinetic 2 Swipe 1

Most Least

Distraction

Buttons 11 Kinetic 18

Swipe 9 Buttons 1

Kinetic 0 Swipe 1

Least Most

Preference

Buttons 12 Kinetic 18

Swipe 7 Swipe 1

Kinetic 1 Buttons 1

Most Least
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more items. Page-by-page scrolling is possible also with

Kinetic but this strategy requires a great deal of accuracy

and cautiousness of finger movements.

Somewhat surprisingly, Buttons did not excel Kinetic

significantly with any metric but on subjective ratings.

Furthermore, Buttons led to increased number of lane excur-

sions compared with baseline and had greater average glance

durations at the display compared with Swipe, although these

effects were small. Presumably, hitting the relatively small

arrow buttons in our design required greater accuracy of finger

placement compared with Swipe. These effects could vanish

with larger in-car head units enabling larger buttons than the

mobile device used in our experiment [4].

Considering the results’ implications for traffic safety,

one can ask what the relationship of the data and the

methods’ potential for driver distraction is. This depends

on how we define the critical activities by [11] from which

driver’s attention is diverted toward a competing activity

while distracted. First of all, the deficiencies of the Kinetic

scrolling mean increased risk of overlong glances at the in-

vehicle display, which may lead to reduced reaction times

to unexpected events but may also affect lane-keeping

accuracy. If we take the Wierwille’s [17] model of drivers’

general visual sampling behavior as our guideline for the

critical visual activities, we can argue that drivers do not

feel comfortable if in-vehicle glances exceed 1.6 s in any

circumstances. Our data of average glance durations, all

below 1.6 s, seem to support Wierwille’s [17] model.

However, Kinetic significantly increased the frequency of

over 1.6 s glances compared with Swipe. Data on sub-

jective experiences indicate participants’ negative feelings

toward Kinetic and are in line with this finding.

The 100-car-study [8] indicated that over 2-second in-

vehicle glances, in particular, increase crash risk. All the

in-vehicle search tasks in our experiment seemed to be

quite demanding considering the great amount of over 1.6-

and over 2-second glances and the maximum glance

durations compared with the study of Kujala and Saarilu-

oma [9] in a similar experimental design. Major com-

plexity factors here can be argued to be the absence of

alphabetical ordering of the search items, small font size,

and the 3 9 4 grid layout of the menu items [9]. We

designed the search tasks demanding intentionally in order

to stress the importance of systematic visual sampling, and

all the designs are probably highly unsuitable for in-car use

as such. The complexity factors were kept constant across

the conditions. Even though we did not utilize alphabeti-

cally ordered menus in order to avoid unwanted learning

effects, the iPod study of Chisholm et al. [1] seems to

indicate that the search will be demanding even with this

feature enabled if there is enough search items in the menu.

Kinetic scrolling can be argued to be more suitable and

even excel Buttons and Swipe for search in alphabetically

ordered menus by allowing page skipping with a single

gesture. However, search with Kinetic can still require

more precision and visual attention than the studied alter-

natives. Furthermore, it can provide efficient means to fast

locate a target item in a well-familiar menu only if you

know what you are looking for. Browsing activities, such

as when you are not sure of the exact spelling of the target

item or when you just want to browse what’s available, for

example, as nearby points-of-interests, place similar

demands for sequential search as in our experiment.

Unfortunately, this kind of menu browsing is also difficult

to implement satisfactorily by fully auditory means and

thus places challenges for visual in-car user interface

designers.

An interesting finding was that the subjective opinions

for the least distracting and the most preferred scrolling

method (Buttons) was not fully in line with the objective

data on the least distracting method (Swipe). It seems the

participants were not fully aware of their level of perfor-

mance. On the other hand, most of them felt the Buttons as

the most familiar way of interacting with a mobile device,

which could explain the preference.

A major shortcoming in our experimental design was the

absence of object detection or reaction task measures.

However, the participants were instructed for the possi-

bility of unexpected events, and we can speculate that the

overlong glances would have led to increases in reaction

times in these types of tasks. However, these measures

should be added to the forthcoming experiments. Other-

wise, our experimental design and the metrics seem to

indicate sensitivity for even slight but significant effects of

in-vehicle display features. Importantly, the design and the

metrics seem to provide us information not merely on

drivers’ operational but also tactical and strategic behaviors

while multitasking at the steering wheel. However, for

practical industrial testing purposes, the eye-tracking

analyses should be developed more lightweight by auto-

mating the scoring of in-vehicle glance durations.

Further research should focus on finding more similar

novel in-vehicle display features that can lead to increased

potential of visual distraction, including kinetic scrolling of

alphabetically ordered menus and zooming map by spread

gestures. Haptic feedback on touch screens could affect

significantly the usefulness of the studied scrolling methods

for in-car use and should be explored (e.g., [12]). This

work could provide insights for the development of in-car

head units and special in-car modes of mobile software

currently offered by many mobile device operating system

providers. Furthermore, our tentative hypothesis of the

mechanisms behind these effects [9] should be tested with

more accurate eye-tracking data. Here, the explanatory

factor is assumed to be the Kinetic’s poor support for the

resumption of in-vehicle visual search after interruptions
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and thus for the development of systematic visual sampling

strategies on in-vehicle displays.

5 Conclusion

Based on the data, we do not recommend the use of kinetic

scrolling with in-vehicle touch screen displays in the

manner used in the experiment. Instead, page-by-page

swiping seemed to suit significantly better for in-vehicle

displays due to its systematic nature and low levels of

pointing accuracy and visual attention required for scroll-

ing the pages. However, we highly recommend the use of

in-car systems with a similar or higher levels of complexity

as described in our study only while the vehicle is

stationary.
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