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Introduction 
     Today’s age of multimedia devices combines haptic 
(touch) perception with other sensory stimuli such as 
ring tones, screen backlighting, intermittent keypad 
flashing, and video game environments, just to name a 
few, and yet the understanding of how such sensory 
combinations fundamentally integrate is at best still in 
its infancy. Thus the most important directive regarding 
the advent of such multi-sensory combinations is the 
need for a more fundamental empirical understanding 
of how these cross-sensory modality combinations 
actually influence one another—such insight could lead 
to maximizing their usefulness in future design 
applications.  
     This study however, is more concerned with the 
deeper aspect of underlying neurological mechanisms 
of visual spatial frequency, and how they might share 
common processing pathways with haptic neurological 
pathways. Hubel and Wiesel (1959; 1965) 
demonstrated the presence of special orientation-
selection neurons in the cortex of a cat’s brain—
neurons that respond best to specific features of a visual 
stimulus and, more specifically, to the orientation of 
bar-like stimuli. 
    The essence of the present study was to uncover the 
relationship between visual spatial frequency (colored 
‘stripes’) of sinusoidal-wave (Fig. 1a) and pulse-wave 
(Fig. 1b) color visual stimuli, and how differences in 
spatial frequency continuity would affect participant 
color-choice when feeling triangle wave driven 
vibrations (Fig. 2) from a force-feedback (FF) joystick 
(Fig.3). This study concludes that human responses to 
such bar-like stimuli, within a vertical orientation 
during a joystick vibration and color matching task, 
requires that the visual stimuli be low spatial frequency 
sinusoidal (Fig. 1a) rather than high spatial frequency 
pulse waves (Fig. 1b)—that is, the visual stimuli must 
have the (‘rainbow’) waveform characteristic of natural 
electromagnetic spectrum light. 
 

                                                                             
Method 
Participants 
     Ninety-seven graduate/undergraduate students in 
two experimental groups (sine-wave visual stimulus 
group = 43 female, 7 male; pulse-wave visual stimulus 
group = 38 female, 9 male) from Wichita State 
University participated and received partial course 
credit. 
 

Materials, Stimuli, Design 
     Software written in Visual Basic 6.0 consisted of 1) 
demographic information collection, 2) instructions to 
participants, 3) experimental stimulus trials, 4) 
completion screen, and 5) debriefing information. 
     Participants listened to continuous white noise 
during trials so as to neutralize joystick motor noise and 
any external distractions.  
     Joystick vibrations were 10k, 15k, 30k, 45k, and 90k 
cycle periods. Periodicity of FF vibrations is the 
completion time for one cycle; a ‘period’ refers to the 
duration of a cycle as measured in microseconds 
(Microsoft.com-MSDN, 2004). Hence a 90k period 
would be .09 seconds or 90/1000 of a second, thus the 
‘90k’ name; a 15k period would be 15/1000 of a 
second—therefore a 90k period is a stronger, more 
deliberate feeling vibration.  
     Sinusoidal (Fig. 1a) vs. pulse-wave (Fig. 1b) grating 
visual stimuli were unique between groups that 
received identical triangle-wave driven FF vibrational 
periodicities via the joystick. 
 

Procedure 
     Participants began trials by placing their left hand on 
the joystick and right hand on the mouse. The joystick 
was located under the table (preventing visual contact 
with the hand) and mounted on top of a plastic milk 
crate. Each of the five vibrations was randomly 
presented 10 times, with participants making a color 
choice each time by clicking on the visual stimulus. 
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 Results     
    Chi Square analyses for the sinusoidal wave visual 
stimulus group (Fig. 1a) yielded highly significant 
color-association results (Table 1). The 10k vibrational 
periodicities were significant for the color blue, χ2 (6) = 
29.58, p = 4.71877E-05, and the 15k vibrational 
periodicities were significant for the color yellow, χ2 
(6) = 30.35, p = 3.36317E-05. The 30k vibrational 
periodicities, χ2 (6) = 76.97, p = 1.50582E-14, and the 
45k vibrational periodicities, χ2 (6) = 25.6, p = .00026, 
were both significant for observed frequencies for the 
color green. The 90k vibrational periodicities garnered 
the largest Chi Square statistic, χ2 (6) = 307.91, p = 
1.64689E-63, significant for the color red.  
     No vibrational periodicities presented in the pulse-
wave visual stimulus group (Fig. 1b) yielded color-
association significance below the .05 level (Table 2). 
However, the 90k triangle wave vibration result was 
significant beyond the .10 level, χ2 (6) = 35.8, p = .057. 
Also, the 10k triangle wave vibrational periodicity, χ2 
(6) = 33.44, p = .094, was significant below the .10 
level.  
 
Discussion, Conclusion 
     Albeit there was significance beyond the .10 level 
for pulse-wave group 90k and 10k vibrations, it cannot 
compare with probability values in scientific notation as 
garnered by the sine-wave visual stimulus—not to 
mention the fact that pulse-wave group 15k, 30k, and 
45k results yielded nothing. In addition, the mere visual 
comparison of Table 1 and Table 2 clearly endorses the 
resultant differences in color-association via 
experimental between-groups manipulation of visual 
spatial frequency of the colored stimulus.  
     Perhaps the most interesting question these results 
raise is: Exactly where in the brain would such an 
information merger occur?  Ultimately, the most logical 
next step would be the empirical investigation of 
specific neurological resources as utilized during such 
cross-sensory tasks. 
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Table: 1 
Triangle wave vibrations and observed color association with sine-
wave visual stimulus in Figure 1a 

 10k 15k 30k 45k 90k Total 
red 33 40 38 48 170 329 
orange 36 35 40 66 54 231 
yellow 88 96 69 70 27 350 
green 125 110 191 155 48 629 
blue 101 102 101 66 34 404 
indigo 43 39 28 34 37 181 
violet 74 78 33 61 130 376 
Total 500 500 500 500 500 2500 

 
Table: 2 
Triangle wave vibrations and observed color association with pulse-
wave visual stimulus in Figure 1b 

 10k 15k 30k 45k 90k Total 
red 57 62 71 56 62 308 
orange 46 72 64 81 54 317 
yellow 81 66 73 66 83 369 
green 79 92 64 84 91 410 
blue 92 82 71 86 56 387 
indigo 69 48 68 54 60 299 
violet 46 48 59 43 64 260 
Total 470 470 470 470 470 2350 

 
 

 
Figure 1. (a) Sinusoidal-grating; (b) Pulse-grating 
 

 
Figure 2. Triangle waveform 
 

 
 
Figure 3. Experimental apparatus 

 


