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Abstract. This study evaluated the impact of multi-sensory information cues 
from on-bicycle rider information assistance devices (OBRAD) on hazard per-
ception performance. Experiments tested the impact of distraction from differ-
ent combinations of visual, auditory and tactile sensory aids on the subject’s 
ability to maintain peddling frequency while conducting eight different tasks. 
The results indicate that the integrated use of different sensory cues (e.g., text, 
audible alerts and vibration) can decrease cognitive loading, with each sensory 
combination, particularly those involving tactile stimulation, having different 
levels of effect. Tactile sensory aids helped reduce the degree of rider distrac-
tion, thus helping maintain a high sensitivity to danger (hit rate mean: 0.34). 
Cycling performance was further improved through combining tactile stimuli 
with auditory cues for assistance in the secondary task. The implications of 
these findings and the need to integrate and manage complex OBRAD informa-
tion systems are discussed. 

Keywords: cycling performance, multi-sensory, hazard perception, cognitive 
loading. 

1 Introduction 

Increased popularity of recreational bicycling has driven sales of On-Bicycle Rider 
Assistance Devices (OBRADs), which offer an increasingly broad range of informa-
tion, including location and route information (including altitude and slope gradient), 
and physiological monitoring data including heart rate and cadence.Use of OBRADs 
can impact the rider’s speed control, reaction time, ease of learning and level of psy-
chological stress in emergency situations. Rockwell (1988) recommended a “two-
second rule” for OBRAD use, suggesting that any device which requires drivers to 
look away from the road for more than two seconds has a significantly negative  
impact on safety. In consideration of the rider’s posture and the design of bicycle 
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frames, OBRADs are usually placed on the handlebars to optimize access and visibili-
ty to the rider. However, the rider’s pedalling action has a constantly shifting impact 
on his/her line of sight, level, and observational capacity. 

The impact of multitasking on driver performance and safety has been widely studied 
(Salvucci, 2002), but little attention has been focused on  the use of OBRADs by cycl-
ists, thus this study begins by reviewing the relevant literature for automotive OBRAD 
use. Cycling and driving are similar in that they are both multitasking activities primari-
ly concerned with the safe transport of the rider/driver, and both require training to suc-
cessfully accomplish subtasks including observing road conditions and maintaining 
constant speed. Lansdown et al. (2004) suggested that driving task demands are varia-
ble, and at times the driver may be left with considerable spare capacity which can be 
used to undertake secondary or dual tasks. Use of OBRADs and similar devices signifi-
cantly increases the amount of visual information riders must process, thus increasing 
the potential for distraction and accidents. For example, reading route guidance systems 
is likely to considerably increase rider’s cognitive loading and cause distraction. Given 
that cyclists today can reach speeds of 40-60 kph, potential harm due to distraction is no 
less serious for cyclists than for car drivers and entails a risk of serious injury or death. 
Previous research has shown that cyclists are highly prone to single-driver accidents, 
often resulting from behavior including excessive speed, lack of attention, breach of 
traffic regulations or poor co-ordination (Eilert-Petersson & Schelp, 1997). In addition, 
“looked, but didn’t see” is a puzzling but common type of error, potentially caused by 
negligence and poor judgment (Stanton & Salmon, 2009). 

Receiving and processing riding information occupies physiological resources, in-
cluding visual, operational, cognitive and auditory. Previous studies have  shown that 
engagement in non-essential activities degrades driver performance, with contributing 
factors including attentional allocation (Matanzo & Rockwell, 1967), driving expe-
rience (Summala et al., 1998), age (Brouwer et al., 1991; Korteling, 1994) and mental 
workload (Hancock & Verwey, 1997). Dingus (2006) suggested that drivers cannot 
drive safely while dividing their attention between multiple visual stimuli, and Droll 
(2011) found that alternating one’s gaze between the road and the radio leaves drives 
vulnerable to collisions. Gopher (1990) suggested that increasing the difficulty of the 
primary task increases the impact of multi-tasking on overall performance, potentially 
resulting in fatally delayed response times. However cognitive loading is difficult to 
measure directly, and is thus typically assessed through the use of subjective ratings 
or measurements of physiological responses. Studies of drivers’ visual attention indi-
cate that night time and rainy driving conditions increase cognitive demand, which 
thus may reduce the useful field of view (Konstantopoulos et al., 2010). Others have 
shown that mental workload affects driving performance (Lee et al., 2007; Recarte & 
Nunes, 2003) resulting in increased response times (Plainis & Murray, 2002). 

Human reactions to their surroundings can be broken down into three stages: sti-
muli recognition, reaction choice and reaction step. The process of reaction, from 
stimulus input through message processing and control operation to reaction output, is 
a holistic operation and the time required to execute this process is referred to as total 
reaction time (TRT). From an operational perspective, TRT can be split into reaction 
time (RT) and movement time (MT), such that TRT = RT+MT (Sagberg & 



380 C.-Y. Yang, Y.-T. Wu, and C.-T. Wu 

Bjørnskau, 2006). Gopher (1990) suggested that adding a secondary task to a difficult 
primary task can exceed the operator’s central processing capacity, thus significantly 
decreasing primary task performance. Empirical support was provided by Salvucci 
(2002) who demonstrated that driving involves continual multitasking of a number of 
sub-processes which show a clear (and significant) task effect, with reaction times 
increasing from 1.6 seconds to 2.2 seconds when a second task is added. 

One’s ability to foresee potential traffic accidents is referred to as “hazard percep-
tion”, and explains the difference between novice and experienced drivers in dealing 
with distractions without causing collisions (Sagberg & Bjørnskau, 2006). Some in-
vestigations of hazard perception have assessed traffic conditions prior to accidents. 
These studies used a variety of images (Tränkle et al., 1990), vocal descriptions (Gue-
rin, 1994), video (Renge, 1998) or actual traffic flows (Bragg & Finn, 1985) to assess 
hazard perception. Other studies have investigated driver reaction time as a way to 
assess the likelihood of collision. Some of these studies were based on physical mod-
els of traffic situations (CURRIB, 1969) while others used video (Congdon, 1999; 
McKenna & Crick, 1997). 

Hazard perception studies can be broadly divided into two types: the first primarily 
focuses on investigating the scene of the potential hazard, while the second is primari-
ly concerned with investigating driver reaction times. The present study is concerned 
with whether cyclists’ hazard perception and reactions undergo significant changes 
when using OBRADs; thus this study is primarily concerned with the second ap-
proach to hazard perception. The present study uses a virtual cycling environment 
combined with real bicycles to identify the key risk factors for concentration impair-
ment to provide a reference for the formulation of traffic safety standards. In addition 
to assessing the degree of distraction caused by the use of OBRADs, we also investi-
gate the use of different information reception modes to determine which mode best 
reduces riders’ psychological loading, thus reducing distraction and the risk of colli-
sion. This research also measures riders’ visual concentration during instances of head 
movement. Doshi and Trivedi (2008) showed that head movement enables drivers to 
receive correct information and thus improve the accuracy of their judgments vis-à-
vis potential hazards. 

Warning signals and stimulus signals can be conveyed as visual, auditory or tactile 
cues through lights, buzzers, vibration or text (Magill & Anderson, 2007). Auditory 
stimuli are characterized by short reaction time, judgment direction, distance percep-
tion and high conspicuousness. Jones and Furner (1989) noted that, “audition is inti-
mately connected with the arousal and activation systems of the nervous system,” 
indicating that sound can produce faster reaction times than visual stimuli (Welford, 
1980). Equally important is that auditory cues can be perceived without the use of 
either eyes or hands, making them an important means of communication in everyday 
life and a potentially superior form of alert for OBRADs. Using a driving simulator, 
Van Erp and Van Veen (2004) found that assistive information (such as alerts) com-
municated through vibration reduces visual loading. Qian et al. (2011) used the vi-
brating alert from cell phones to test the degree of information reception among test 
subjects without increasing visual loading. Burnett and Porter (2001) showed that 
tactile cues can be substituted for visual cues, and can supplement auditory cues as a 
channel for information transmission. 
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The present study uses auditory and tactile cues to replace visual cues for assistive 
information transmission in OBRADs to assess the impact on cyclist cognitive load-
ing and reaction times. This study uses SDT and Likert response instrument to meas-
ure cognitive loading in detecting hazards to explore risks to cyclists as follows: 

1. Assess the cognitive loading of cyclists using OBRADs; 
2. Explore the potential for reducing cycling risks through the use of single-sensory 

/multisensory information cues. 

2 Methods Used 

This study uses signal detection theory to investigate the effects of various OBRAD 
information transmission modes on bicyclist behavior through lab-based simulations 
of authentic riding conditions. 

2.1 Experimental Setup 

To ensure consistent environmental conditions (e.g., weather or traffic), and to prevent 
differences in individual riding skill from affecting the results, experiments were con-
ducted in a lab environment (see Fig. 1). The bicycle used in the experiment was a 48” 
steel frame road bike, which had been previously identified by Rodgers (1998) as being 
a type of bicycle highly prone to collisions. The bicycle was fitted to a Tacx™ Fortius-
Multiplayer T1930 virtual reality trainer using the Tacx 2.0 (T1990.02) software. An 
Epson EB410 short focus projector was positioned 230cm from a 4:3 aspect ratio 
screen, which was 170cm in front of the test subject’s eyes. A Garmin® Edge705 trip 
computer was fitted to the bicycle with text size set to 36pt, 40cm from the test subject’s 
eyes. The entire process was recorded on video to collect the following data: 

1. Conditions presented on the screen 
2. Average rotations per minute (RPM) 
3. Head movement 
4. Reaction to perceived hazard 

 

Fig. 1. Experimental setup 
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