Direct Scaling of Loudness and Pitch


S.S. Stevens in the 1950's introduced a simple and straightforward method of answering the fundamental psychophysical question: what is the relationship between the magnitude of a physical stimulus and the magnitude of the sensation it evokes?  He asked subjects to give a numerical estimate of the loudness, brightness, heaviness etc. that they experienced when stimulated with sounds, lights, weights etc.  The results of this magnitude estimation method were, surprisingly to some, reliable, and not only that, lawful.  Stevens found that sensations that varied in magnitude rather than quality obeyed a power law:

S = k(I p
where S is sensation magnitude, k is a constant, I is stimulus intensity, and p is an exponent to which I is raised.  This equation is often known as Stevens' Power Law (see Goldstein, p 16).

In this lab you will use direct scaling of (a) tone loudness and (b) tone pitch.  Loudness is obviously a sensation that varies in magnitude and should yield a power function of tone intensity.  Pitch, while it can be placed on a scale that varies from 'low' to 'high', is a sensation that is perhaps more qualitative than quantitative.  It is of interest, therefore, to see whether or not pitch would obey a power function of tone frequency.

Methods


Connect your headphones to the computer soundcard by putting the black headphone plug into the green socket in the back of the computer.  Turn the headphone volume all the way up; the dial is along the length of the headphone cable (why is this important?  See Fig. 10.9).  The same computer program, Scaling.exe (on your desktop), runs both the loudness and pitch experiments.  After starting the program, enter a name for the data file where you want to store your results.  Choose a name that identifies both you and the parameter you are testing (e.g. LoudShawn.dat). Then press either the Loudness or Pitch button to select which kind of experiment to run.  Pressing the "Start trial" button will first present a fixed, standard tone of 1000 Hz and 0.5 sec duration, followed by a comparison tone that varies randomly in either intensity (if you selected the "Loudness" button) or frequency (if you selected the "Pitch" button).  You are asked to type a number in the Comparison box representing the loudness or pitch relative to the standard tone.  The standard is always represented by the number 100.  If the comparison seems twice as loud, or twice as high, type 200; if three times, 300; if one third, type 33, and so on.  Your response is recorded in the data file by clicking the OK button or hitting the enter key (which will cause an annoying Windows "bong" – I recommend using the mouse).  The set of comparison values are drawn from a file in random order.  The “cycles” indicator shows the number of complete passes through the comparison set.  Practice with at least one cycle of comparison values.  Then, exit and restart the program when you are familiar with the procedure.

Loudness. The standard tone intensity is 10000 units. A set of comparison tone intensities are presented in random order.  All tones are 1000 Hz sine waves.  Each line of the data file contains tone amplitude in arbitrary units (this is a linear scale, not a log scale like the dB scale) and your loudness estimate.  Run at least 5 cycles and exit the program. Your data file will be in the C:\courses\sp\diskdat directory.

Pitch. The standard tone frequency is 1000 Hz.  A set of comparison tone frequencies are presented in random order. All tones are the same amplitude.  Each line of the data file contains tone frequency in Hz and your pitch estimate.   Run at least 5 cycles.

Analysis of Results


First plot your data on linear coordinates: Comparison values on the x-axis, your magnitude estimates on the y-axis.  Fit smooth curves through your data points using Excel.  What shape are your curves? Linear, positively accelerated, negatively accelerated.  Try fitting a power function (Stevens’ law, S = k(I p) to your data.  What are the best fitting parameters?  How good is the fit?  What is your value for p?  What did Stevens predict?  Do loudness estimates obey Stevens Law, what about Pitch estimates?

The exponent, p, in Steven’s law can be found easily by plotting log (estimate) versus log(comparison value) and finding the slope of the best fitting straight line.  The rationale for this is that taking logs of both sides of S = k(I p  gives

Log S = log k + p(log I.   
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