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1 INTRODUCTION AND SCOPE

On 1% August 2000 Barry Roitblatt, Joel Fry, and Roger Sewell visited Universal in North
Hollywood for the purpose of conducting blind tests on the audibility (or otherwise) of the T-
type watermark. This document contains the raw results, a statistical analysis thereof, and the
conclusions that may be drawn. For the sake of the reader with little time, the conclusions are
presented first. Further discussion may be found at the end.

2 SUMMARY OF CONCLUSIONS

There is no objective evidence that the watermark is audible in either of the tracks tested
(Beautiful Women, English Roundabout). There is firm objective evidence of bias of one out
of three of the observers in favour of a watermarked track sounding different to an
unwatermarked track. In another observer similar bias is very probably present. In the
remaining observer bias in favour of a difference can be excluded, but bias against a
difference cannot be excluded or confirmed.

Additionally it was clear that the anti-clipping algorithm does not lead to audible changes in
the music.

There were also a lot of subjective comments about audibility of the mark. Given the
objective conclusions, this seems overwhelmingly likely to be due to imagination / bias.

The following figure shows in the upper plot the posterior distribution of audibility
coefficient & (0 means watermark is inaudible, +1 means it is audible at arbitrarily small
strength, and —1 means that the more you mark it the more it sounds like the original — not an
expected outcome). The posterior distribution shows that zero is an entirely plausible value,
and that large values are completely excluded.

The middle plot shows the posterior distribution of the bias of each observer (observer 1 in
blue, 2 in green, 3 in orange, as in all subsequent similar plots). 0 means no bias, +1 means so
biased that all identical tracks are said to be maximally different, -1 means so biased that all
totally different tracks are said to be the same. Observer 1 is definitely biased in the direction
of saying that identical things are different; observer 2 is definitely not biased in that
direction, but we cannot say whether or not he is biased in the opposite direction (this is
because there is nothing actually audible on which a negative bias could be detected);
observer 3 is probably slightly biased in favour of there being a difference.

The bottom plot shows the posterior distribution of the consistency parameter of each
observer. 0 means that whatever he hears, he will score randomly between 0 and 5; +& means
that he will always give the same score if played the same pair of tracks. Observer 1 is
possibly more consistent than observer 2 and probably more consistent than observer 3.
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Figure 1: Posterior distributions of the parameters in the light of all the data.
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3 IMPLICATIONS FOR FUTURE AUDIBILITY DATA COLLECTION

If at all possible future data for similar audibility trials should be conducted in the same
manner (apart from the identity of the observers and the identity of the covertexts used), as
this will simplify analysis of multiple trials together, and reduce the work needed in setting
up analyses for different scenarios.

For convenience the trial methodology is detailed in the next section.
The additional points to which attention needs to be paid are:

1. Observers are asked to write down a score between 0 and 5 that is a whole number. If
they reply “somewhere between 2 and 37, they should be encouraged to say either 2 or 3.
If they refuse, the value they give can be recorded, and the problem can be dealt with in
the same way as it was on this occsion (see later).

2. One of the watermarked tracks should be marked so heavily that it really is audible, in
order to permit detection of bias of the observers against audibility (although this is
perhaps only likely in employees of Audiotrack and CCL).

4 DATA COLLECTION METHODOLOGY

A number of pairs of CDs were prerecorded. In each pair disc A contained only
unwatermarked music. Disc B contained, in random order, a number of tracks identical to the
corresponding track on disc A, and a number of watermarked tracks, in some cases at various
strengths, and in other cases at just one strength.

For the comparison of each pair, disc A was inserted into one player and disc B into the other.
Disc A was started a few seconds before disc B. A router was used to direct the digital
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