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Abstract: Due to the advancement of technology and the increase of leisure activities during driving, various types of
infotainment systems and controls attached on vehicles, especially motorcycles, are being introduced. However, we do not
know much about the efficiency of these infotainment systems and controls, let alone how much they might distract the drivers.
The purpose of this study was to evaluate the efficiency of motorcycles’ infotainment systems with the embedded interface
controls. In addition, to simulate the real-road riding environment, this study aimed to examine the extent to which the
combination of systems and interface controls tasks distracted users when simultaneously interacting with an additional visual
distraction task. Using a moderate fidelity simulator, three types of infotainment systems (i.e. Standard, Advanced, and
Premium) that can have different interface control options (i.e. handlebar controls, soft controls [head unit keys], and touch
screen controls) were investigated. A visual distraction task was administered during the operation of each infotainment system.
By recording users’ completion time on the given tasks, the results showed that the time for all system/control combinations
was significantly slowed by the visual distraction task. It was also found that the handlebar controls of the Advanced system
had the slowest average response time among all the systems, while the soft controls of the Standard system yielded the fastest
response time with and without visual distraction. The results indicate that the Standard system and other similar systems with
built-in soft controls are more efficient and safer to use in both stationary and mobile situations.
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1. Introduction
1.1 Distractibility of motorcycles’ infotainment systems & evaluating usability
Motorcycles are increasingly used for transportation worldwide as compared to other modes of transportation for
several reasons, such as low cost, low fuel consumption, flexibility of riding in congested traffic, and their use for entertainment
(Mossey et al., 2013). According to the United States Department of Transportation (2015), the number of registered
motorcycles in the United States increased from 3,871,599 in 1996 to 8,417,718 in 2014 (+117%). As a result, motorcycle
companies are continuously launching and developing built-in technologies such as navigation systems, cellphones, and
infotainment systems (i.e. radios, voice commands, and touchscreen) in order to make riding more enjoyable.
Even though these technologies contribute significantly to making driving more enjoyable, many of these technologies
can also distract drivers. The activities that keep attention away from the primary task, driving, such as talking, eating, and
interacting with infotainment systems, can increase the chances of collision (Regan et al., 2008). According to the statistics
revealed by the National Highway and Traffic Safety Administration (NHTSA) (2012), driver distraction contributed to 17%
of all fatal crashes in 2010. These accidents associated with driver distraction resulted in 5,870 deaths (Ascone et al., 2009).
Unfortunately, no statistics are available regarding distraction and its role on motorcycle riding performance. However, with
the nature of motorcycle riding, the increased availability of in-vehicle infotainment systems, and the different built-in controls,
distraction due to these factors has a great possibility of leading to crashes (Mossey et al., 2013).
As the infotainment systems with the motorcycles’ embedded controls may impact riding performance, a close
evaluation of these systems and controls should be performed to determine the issues and challenges users may face. One
important attribute for evaluating users’ performance on the combination of systems and controls is efficiency. Efficiency refers
to what extent a user accurately completes a certain task with the assistance of expended resources in order to achieve a
designated goal (Frekjmr et al., 2000). Similarly, ISO 92411-11 (1998) referred to efficiency as how quickly a user performs a
certain task.
This attribute is widely used in literature as it reflects the level of a user’s accuracy when interacting with an interface.
Specifically, Nielsen (1993) stated that efficiency comes at the top of the most useful attributes for design evaluation, which
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