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the sound of the voice reaching our ears 
is not just the radiation directly from the 
person’s mouth, it also includes reflections 
from the walls, ceiling and floor. Our 
ears and brains are well practised at 
interpreting this, evaluating the distance 
from and position of the source using this 
information, and ultimately validating a 
real acoustic event, clearly distinguishable 
from a loudspeaker reproducing that voice.
 Consider a loudspeaker reproducing 
speech in the room. In addition to the axial 
sound, the loudspeaker also radiates sound 
above, below, left and right, and this radiation (termed 
off-axis) also bounces off the ceiling, floor and walls to 
reach our ears (Fig1).
 If the off-axis response of the speaker is not accurate, 
and does not correspond to the axial output, then the 
reflection from the wall, ceiling and floor will also not 
be accurate. Our ears are not easily fooled and will spot 
if there is some inconsistency between the direct and 
reflected sound. It will not be perceived as natural. 
 Unfortunately, loudspeaker designs differ enormously 
in the way they radiate sound in different directions. 
This may be because the designer’s goal is deliberately 
to control and narrow the directivity, as in horn and 
waveguide designs, or conversely to widen it to a full 360 
degrees, as with omnidirectional designs. However, even 
amongst more conventional moving coil designs, the 
variations are considerable. This depends primarily on 

the wide choice of drive unit types and sizes 
available and the type of crossover circuit 

employed to integrate them, of which 
more later.

 If we apply the variation in 
off-axis responses of loudspeakers 
to a typical room environment, 
then the disparity in subjective 
performance between different 
designs now appears obvious, and 

illustrates that the importance of 
a flat on-axis response alone is easily 

outweighed by the off-axis contribution 
(unless you happen to be listening in an 

anechoic chamber!). The off-axis response 
behaviour of a speaker is also described as its dispersion, 

directivity or directional characteristics.
 The off-axis radiation of a speaker is usually tested in 
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After choosing a partner or a property, selecting a 
pair of loudspeakers is one of the most difficult 
decisions the hi-fi enthusiast will make. The 

choice will frequently be narrowed down to two or 
three designs, all of which will measure well technically 
according to both the manufacturer and the reviews, but 
all of which will sound quite different when auditioned. 
How can that be possible?
 During the development stage of a loudspeaker, 
measurements are often taken inside an anechoic room 
or ‘chamber’. This special environment is treated with 
absorbent materials on every face (including floor and 
ceiling) so that no reflections or noise pollute the direct 
sound emanating from the loudspeaker. Therefore 
a microphone placed one or two metres in front of 
the speaker measures only the direct output of the 
loudspeaker under test without any influence from the 
room. This measurement is called the on-axis frequency 
response, and often the initial goal of a designer is to 
make this measurement as flat as possible so that the 
loudspeaker reproduces every frequency equally at this 
point.
 Differences in performance are often attributed to 
errors in this on-axis frequency response, but is this 
true? Is this really why we hear such a wide range of 
performance differences from recognised established 
designs? They all measure nearly flat, like a CD player or 
amplifier, don’t they?
 Strangely, in today’s world, where technical tests often 
take second place to subjective tests, the on-axis frequency 
response measurement is still king in the world 
of objective loudspeaker testing, and a 
major design goal for manufacturers. 
It is also potentially the single most 
misleading measurement in defining 
a loudspeaker’s performance. This is 
why.
 Enter a room in which someone 
is talking and the quality of their 
voice will immediately seem to 
sound real anywhere in the room. 
We will also be able to locate where 
that person is speaking from, even if 
blindfolded. Furthermore, if we move 
around the room the quality of that voice will 
not change character substantially, nor will its position. 
 This is because the mouth radiates sound well in 
almost all directions into the room acoustic. In addition, 

Fig 1. On-/off-axis

Fig 2. Polar response


