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PERCIPTUAL CONFUSIONS AMCNG LETTERS OF THE ALPHABET
An initial look at call-sign mis-identifications

Gerry Thamas

A common problem encountered when DX'ing the
mediunwave frequencies is failing to hear a com—
pletely readable ID. Many times, one or more let-
ters of the call-sign are garbled or masked to such
an extent that they only reach the status of "“sound-
ed like." This degradation of the call—siqn can be
the resuit of several factors —— impulse noise (QRN),
speech or tonal interference (QRM), long- and short-
term amplitude variation (QSB and beatinq) , and so
on. Iliowever, not the least ;x.gruu.caﬁt "Jegrader”
of signal quality is the "white noise" that is inher-
ent in the receiver, the DX'er's environment, etc.
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This "shushing" sound can be an effective masker of

any number of different acoustical stimuli and has
been in use as such in scientific laboratories for
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years. As a result, there is a fairly large body of

scientific literature dealing with the confusibility
of speech sounds which occur in a background of white

noise., Unfortunately, (for our purposes), the vast
majority of this research has used phonemes (basic
speech sounds) as target stimuli and not letters of
the alphabhet, per se. Those few studies that are ref-
erenced as using letters of the alphabet as targets
were either (1) conducted under government contract
during WW IT and are difficult to locate today, (2)
used only same of the letters of the alphabet, or

(3) failed to report exact probabilities of confusion
for all letters. Regarding the research on phoneme
perception, it is possible to predict the letter con-
fusibility (since letters are constructed of phonemes)
that might occur in a DX'ing situation. However, this
alternative alone was not favored for a couple of rea-
sons. First, since most commmnications receiver's
headphones/speakers have a frequency response of be-
tween 200 Hz and 2300 Hz, the relevance of studies em-
ploying different bands of frequencies is questionable.
Secondly, some of the findings reported in the phoneme
literature are, at first glance, samewhat counter-
intuitive and require an empirical test in a DX'ing
situation. For example, it has been reported that
the phoneme with the sound "ee” is sometimes confused
with the phoneme with an "oo" sound (in the presence
of white noise or low pass filteri.ng) Very bnefly,
a possible explanation for this occurrence has to do
with the fact that the "ee" and "oo" have first for-
mants (vocal tract resonances) which are very close

in Irequency, but second formants which are very dif-
ferent in fregquency. Since higher frequencies tend
to be masked more effectively than lower frequencies,

the relatively greater dearadation of the higher fre—

quency second formant results in a confusion be-
tween the two sounds._ A similar formant relation-
ship exists between "a" and "oh," and "I" and "r"
sourds, thoush to a lesser degree. The implication
of this finding is that one might expect to confuse
the letter "T" not only with rhyming letters (e.g.,
*p," "D," "C," etc.) but also with letters such as
"o" and "U."

Since I have access to a psychoacoustics lab-
oratory, I decided to investigate this possibility
and at the same time obtain an approximation of the
confusibility of all letters that can occur in a
situation that as closely as possible simulatesDX'ing.

Method
The 26 letters of the alphabet were recorded in a
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background of white noise and presented randomly at a

rate of one every three seconds to listeners whose
task it was to "identify" the letters as they occur-

rad. During each 1 listening segsion, each letter oc-

curred singly at least ﬂqree times, and as a member
of a letter pair at least twice. Since it was not
feasible to represent all 650 permutations of letter
pairs in this schene, it was Aecided that each letter
would be preceded once by the letter "W and once by
the letter "K." An additional five letter pairs were
included for their potential confusibility, yielding
a list length of 135 items. Four tapes were gener-
ated -- two spoken by a male and two by a female voice.
One tape by each speaker was created such that the
average power of the sooken letter was about 5 dB(SPL)
above the total power of the noise (individual letters
were allowed to vary in level as they do in natural
sorech).  This resulted in an overall readability

which I judged to be between "poor" and "fair." The
remaining two tapes were generated such that no letter
utterance exceeded the total power of the noise, there-
by yielding a "very poor" rating. A total of 24 per-
sons listened to the "poor-fair” tape and an additional
14 persans listened to the *very poor® tape.

Equipment

For those who are interested, the white noise was
produced by a random noise generator and cambined in
an audio mixer with the letters which were spoken into
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a Shure Camando uu.\.;uyuuuc and passed throuch a power

amplifier. The output of the mixer was then passed
throngh a Krohn-Hite band-pass filter (cut-off fre-

q”"xCLes — 200Hz and 2800 Hz) and recorded on a :rmv

TC~353D tape recorder. The flrst three subjects llS-
tened to the tapes through Grason-Stadler headphones
while geated in an Industrial Acoustics chamber. Sub-
sequent subjects listened to copies of the tapes on
a General Llectric cassette deck in the free field.
Results

Table 1 lists the combined (male-female voices)
error rates for the letters of the alphabet that
were presented at the *poor-fair" readability ievel.
That is, when the letter "V" was presented, 84% of
the time it was percelved to be same other letter.
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TABLE 1
vV —— .84 C == .23
P w——m—— .67 X =———— .11
D ——=——~ .65 N —— 11
B ——— .60 Y =—me—— .06
*) ————— 47 M —————- .05
Z —————- .40 H === .05
F e=——— .36 R ===m— .03
E ——— .32 A w———— .02
T —wmewm 31 U ————= .02
8§ w— .27 J =m——— .01
*Q ——— .27 I w——— .01
K w25 L =—e—— .00
G ———— .24 W ——— .00

voice.

The overall error rate for the "poor-fair" list
was 24% with the male wvoice having an error rate about
5% less than the female's.

Because the ranking of letter error rates is depen—
dent upon both the speaker and the listener, a differ-
ent sample of speakers and listeners could result in a
modification of this list. However, it should be
mentioned that an attempt (though feeble) was made
o obtain a cross~section of listeners. That is, al-
though a plurality of listeners lived in the South-
east, the scores of listeners from MA, VT, KS, IA,

WA, PA, NY, and IN (students) were obtained and inclu-
ded in the list. Nonetheless, this list should be
viewed as being approximate.

Table 2 is a listing of the confusions that occur-
red when the readability was at the “poor-fair" level.
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It is intended to be entered using the "sounded like

letter. For example, what sounded h_ke an "A" was
actuallx an "A," 57% of the time; a "K," 21% of the

Tme: an "C," 18% of the time; and an "‘H " 4% of the

time. E‘urtherrore, any add.u:lonal confus:.ons that
may have occurred under "Very poor" readability con-

ditione are contained within parentheses. Since it

is possible to imagine "hear:mg" almost any sound in
a dominant white no:.se field, those letters included

L P

within parentheses indicate those heard by at least
two listeners, though at a frequency of less than 1%.
Therefore, these should not be viewed as being the
only possible mis-ID's.

Overall, these confusions listed in Table 2 are in
general agreement with predlctlons derived from the
3 EL mmnt Aarr adisne Froem NYoe

phoneme literature. Significant deviations from pre
diction are noted.

T\BLE 2
Sounded like Was P
A .57
A K .21
o .18*
H .04
(a3, b, T)
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* This value is somewhat inflated. On the
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"poor-fair" tape a disproportionate num- J 02 E 07
ber of A-O confusions occurred with the A '01 Z '07
ferale voice. On the "very poor" tape - u Q :05
this confusion occurred more equally on v 04
the male and female tapes. L L -99 G .02
pes. L o .01 .
(t) D -02
P .01
5' gg (B, M)
: M .85
D .15 M
N 14
E .04 e o v .25
B c .03 W = z .25
Z .02 \Y% B .19
.51 -02 N .94 b -19
’ N M .05 s RS
(B, A .
) , O
o o
B gg o (0] 1.00
T "06 (N, K, 2) W W 1.00
P .05 (Two listeners confused EE with W when readabil-
C (: gg P .45 ity was "very poor").
B ‘02 T .24
(V, K, H ® g :gg X .71
E .05 X F .16
c 05 S .13
o 35 D .02 o
B .19
\% .19
M ‘o 0 .86 v - Ym 1.00
D G .07 P -06 o
z .06 Q T -04
c .04 E -02 z 60
P 02 X0 -0t v 12
- (c, b, B, U, O, KO) :
z G .08
E .60 — D -08
v .12 B -06
B 08 R R .96 C .04
D '05 I .04 E .02
c T ‘04 (¥, F) (T)
P .03
G .03
c .02 s s -2 ; ;
7 ‘02 F .19 Those errors that occurred with letter pairs
©, 0, M, &) X .06 typically were the same confusions that occurred
e when the letters were presented singly. However,
a couple of selected letter pairs resulted in con-
T .40 fusions that did not follow this rule. The fol-
F a3 T P .37 1owing letter pairs were confused sufficiently often
. s it 0 -ég to be noted below.
> Tor C .
2 - Vo G .02 AJ — HA
D .01 HE — AG
(B, E, U, I)
G .60
D .15
\Y .09
2 .05
E .05 )
B -03 In conclusion, the degree to which the confusion
G Q .02 information contained in this article is valid in a
U .01 220 given situation will depend wpon the similarity of the
(C, HE, P, T) e A= speakers,l:.§teners, and type of interference to
/Scme phoneme research suggests that "Z" should be LA L —1A those in this study. However, it is hoped that these
Y ’ +

most frequently confused with "G" but the above

ranking was cbtained on all four tapes.

am

H <97
H K .02
A .01
I .93
-1 y* .04
R .03

(L)

*Tig proportion increases when "Y" is preceded

by "W," that is, "Wy."

.97
.02
01

OGO

W results are sufficiently general to be relatively wide-
Continental ly useful. '
Broadcasting
Company

Notes: The tapes used were generated after-hours

2501 Bradiey Place. at the Psychoacoustics Laboratory of the

Chicago. Hlinors 60618 Institute for the Advanced Study of the
Commmication Processes, University of
Florida.
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