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Participants. Nineteen students (8 

females, aged 21–29 years, mean: 

25.5). Participants were pre-screened 

by achieving an adequate performance 

level on the helicopter’s steering task. 

 

 

 

  

        

         

 

 

Results 

• Under high visual cognitive load, reaction to an alerting task happening at the same time is 

modulated by the alerting cue’s modality. Specifically, responses to directional alerting cues, 

highly relevant to the survivability of the ongoing steering task, improved when tactile modality 

cues were present (i.e., first and second hypotheses).  

• Our third hypothesis, proposing improvement in the steering task, was not confirmed. A decline 

in target recognition rate in the steering task was observed when tactile modality was used for 

directional alerting. One possible explanation may lay in the participants’ strategy, under the 

condition of visual directional alerting cues, to prefer task 1 over task 2. Further understanding 

of strategies taken under different modality conditions are crucial for future design.  

• Successfully demonstrated, since it was vital to establish, the modality of the alerting cue, 

whether it was visual or tactile, did not hamper performance of steering the helicopter towards 

the target, more then the one other modality.  

Introduction 

References 

 In the cockpit, performance is prone to break down. 

 Conveying crucial information through the tactile modality, has been previously examined as 

means to improve performance and safety (Eriksson et al., 2006; van Erp & van Veen, 2004; Ho, Tan, & Spence, 2005).  

 Previously, we demonstrated the ability of the on-thigh vibrotactile alerts to convey directional 

cues in the vertical plane (Salzer, Oron-Gilad & Ronen, 2010; Salzer, Oron-Gilad, Ronen, & Parmet, 2011). However these 

studies did not challenge the performance of the operator under demanding terms. As such, no 

clear benefit was observed with the tactile addition.  

 It was postulated that when demand exceeds capacity, performance will break down (Navon & 

Gopher, 1979; Wickens & Hollands, 2000). We therefore hypothesized that the benefit of the tactile 

directional alerting cue, designated to avoid aircraft (i.e., helicopter) collisions, would emerge 

when the display is used in a visually loaded environment, better resembling the cockpit. 

 Here, each participant was to perform two tasks, at the same time. First, to steer the helicopter 

towards two targets, and identify them. Second, react according to the directional alerting cues 

by steering the helicopter as fast and accurate as possible to avoid the potential hazard or 

collision.  

Addition of tactile directional alerting cues would improve operator’s performance with respect to: 

1. Response time to the alerting cue, avoiding hazard or collision will be shorter. 

2. Accuracy of spatial reaction will improve. 

3. Higher flight quality (path navigation, target identification, altitude maintainance, no. of crashes)  

Apparatus (Figures 1a-1c) 

1.  Dome projection screen: a 180̊ field of view 

2.  17” : Navigation map including marked targets 

3.  15” : Directional visual cues and Instructions (when needed) 

4.  Joystick: Steering and response to alerting cues 

5.  On-thigh vibrotactile belt: Eight tactors generating 

eight possible tactile-directional cues (Salzer, et al. 2011) 

6.  Helicopter pilot chair and gear 

 

Modalities of directional cues  

•Visual: black arrow () on a compass 

rose (Figure 1c) 

•Tactile: 800ms at 250Hz by a single 

vibro-tactor (Figure 1d) 

•Combined Tactile & Visual 

Method & Procedure 

Directional alerting cues (Figure 1d) 

Oriented toward one of eight ways: up, up-right, right, 

down-right, down, down-left, left, up-left.  

Figure 2 – Task 1: 

Accuracy of target 

recognition. Task 2: 

Mean response time and 

accuracy of reaction to 

directional alerting cue.  
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Figure 1  - a) apparatus, b) larger view of 5 and 6. c) 

Black arrow as visual directional cue is displayed on the 

15” monitor(Figure 1a  ). d) Schematic view of 

directional cues in the vertical plane 
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