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Pigeon Perception of Letters of the Alphabet 

Abstract. In  a three-choice discrimination task three pigeons learned to  distin- 
guish each letter of  the alphabet from all other letters. Errors during learning were 
based on 54 pre~entat ions of each target letter with every other letter. The errors 
were used to  scale letters in a multidimensional similarity spare and to  associate 
them in hierarchical clusters. The results resembled those generated from similarity 
judgments by humans, suggesting cross-task and cross-species generality in process- 
es of letter discrimination. 

Does the world look the same to pi- wide and 2.8 mm high and were of the 
geons and people? Herrnstein and co- same format as  those used by Podgorny 
workers (1) found that pigeons can iden- and Garner (2) in a recent study of letter 
tify categories such as  "tree" and "fish" perception in humans. Three letters ap- 
in photographs. However, the percep- peared in each experimental trial; they 
tion of such complex and variable stimuli were horizontally aligned and spaced 2.3 
is difficult to  analyze. The birds in the cm apart, each behind a key made from a 
present experiment learned instead the glass microscope slide. 
letters of the alphabet. These relatively Three white Carneaux pigeons were 
simple stimuli yielded similarity patterns trained by standard methods to  eat from 
that are well correlated with comparable a feeder located below and to the left of 
data for human subjects. The method the display screen and to peck at ran- 
may be useful in further studies of form domly selected single letters appearing 
perception in animals. behind any of the three response keys. In 

Each pigeon was placed in a box with the test procedure the bird was rewarded 
a small television monitor screen set in for pecking at  a single letter-the target 
one wall. On this screen an Atari home letter-on four successive daily ses- 
computer generated black letters on a sions. This letter appeared equally often 
white ground. The letters were formed behind each of the glass keys on 675 test 
within a five by seven dot matrix 2.0 mm trials each day, while one of the other 

letters appeared behind both of the other 

Open rlOht 
keys. Each of the 25 nontarget letters 

E I appeared on one trial in each successive 
block of 25 trials. If the target letter was 

z ~4 pecked, all the letters on the screen 
became white (higher in luminance than 
the background) for 0.5 second and then 
disappeared; a t  the same time, the feeder 
was illuminated. These changes signaled 
a "correct" response. With a probability 
of one in ten, correct responses were 
followed by access to  food (mixed grain) 
for 3 seconds. After a correct response 
the screen remained blank white for 1.5 
seconds; a new trial followed (3). If one 
of the nontarget keys was pecked, the 
letters disappeared, and after 1.5 sec- 
onds the target letter reappeared on the 
same key as  before while black blocks 

F B 

S t r a l g h t  L - A ', Closed 

- 
are close together, ~t made many errors. Ideal- (five by seven dot matrices) replaced the 
IY, the closest pair would have the  most nontarget letters. This "correction'' pro- 
errors, the next closest the next most, and 50 

on. The names near the dlmens~onal extremes cedure was repeated the larget let- 
call at tent~on to common features of nearby ter was pecked. Each session began with 
letters. 25 trials in which the target letter was 

T~ 
K 

3 
Y 
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X 

H 

NMW U 
v 

Open up 

Fig. 1 .  Two-dimensional representation by 
ALSCAL of the similarity of letters perceived 
by the pigeons. In general, where two letters 
are far apart, the pigeon made few errors 
when discriminating them: where two letters 



accompanied only by black blocks be- 
hind the incorrect response keys. After 
each target letter had been used for four 
sessions, it was replaced by a new target 
letter selected randomly under several 
restrictions (4). 

Results were tabulated for test trials 
on the last two of the four sessions 
devoted to each target letter. During 
these sessions each pair of letters (target 
and nontarget) appeared 54 times and a 
percentage of correct responses was de- 
termined. Since each letter occurred as  a 
target and as a nontarget, the resulting 
matrix of percentages contained two 
measures of confusion for each pair of 
letters. Data were omitted for pairs of 
letters in which the nontarget had served 
as a target during the immediately pre- 
ceding series of four test days. Product- 
moment correlations between these ma- 
trices for the three birds taken in pairs 
were .64, .66, and .62. To  represent 
overall performance, the matrices were 
averaged after multiplying by constants 
to make the mean value the same for 
each bird. The resulting matrix was then 
"folded," combining the two confusion 
values for each letter pair. The resulting 
half-matrix of means was used in the 
remainder of the data analysis. 

'The pigeons' view of the letters was 
first explored by mapping the data in a 
multidimensional space where similarity 
between forms is represented by relative 
proximity (5). The half-matrix was used 
as input for ALSCAL, a widely used 
scaling program (6). The two-dimension- 
a1 output from ALSCAL appears in Fig. 
1. This representation makes some sense 
to the human observer, and the dimen- 
sions discovered by ALSCAL, can be 
roughly characterized, as  suggested in 
Fig. 1. This picture is similar to  pictures 
based on human data (2); in fact, ALS- 
CAL provided a better fit (6) to the 
pigeon data than to the human data from 
the Podgorny and Garner study. 

However, neither set of data fits with 
precision in a space with few dimen- 
sions. The similarity among letters need 
not be, and probably is not, well repre- 
sented on dimensions that can be visual- 
ized. Fewer constraints are provided by 
an alternative representation in which 
computed distances between letters are 
used to form clusters of similar forms (5) .  
To do this, the pigeon data were inpu? to 

TLJ 

'1 

IT[ 

'i' I 
IT  

Fig. 2. Hierarchical arrangement of letters 
produced by the CLUSTER procedure. The 
abscissa is arbitrary; distance up the ordinate 
is proportional to the logarithm of the greatest 
"distance" within a cluster at that level. For 
example, since the UV cluster is the lowest, U 
and V were perceived as the two most similar 
letters. The topmost two clusters are repre- 
sented by circles. 

CLUSTER, a hierarchical cluster analy- 
sis program (6). The result is pictured in 
Fig. 2. Here, letters that showed similar 
confusion patterns are clustered togeth- 
er. In general, the lower the position of 
the cluster, the more confused were its 
letters. For example, U and V, which 
form the lowest cluster, were the letters 
most frequently confused with each oth- 
er.  They were distinguished correctly on 
only 34 percent of the test trials, just 
above the frequency attributable to  
chance (33 percent). In contrast, D and Z 
are among a number of letter pairs that 
share only the topmost cluster; D and Z 
were distinguished correctly on 92 per- 
cent of the test trials. The extent to  
which pigeon errors arid human judg- 
ments correspond is suggested by the 
degree of similarity among letters in the 
clusters shown (although Fig. 2 does not 
duplicate the letter format in the experi- 
ment). The clusters, unconstrained by 
the dimensions present in Fig. 1 ,  suggest 
even more definitive crucial features, 
such as "open up" and "small closed 
loop." 

Correlation provides a quantitative 
measure of the relation between similar- 
ity matrices. The correlation between 
the pigeon data and the data based on 
similarity judgments by humans (2) was 
.68, comparable to correlations among 
different sets of human data (7). Togeth- 
er with the intuitive sense that the pigeon 

data in Figs. 1 and 2 make to the human 
viewer, this correlation suggests that the 
perceptual processes involved have 
much in common. Perhaps similar fea- 
ture or spatial frequency analysis under- 
lies the correlation, o r  perhaps adaptive 
pressures have generated similar percep- 
tual mechanisms of a higher order. In 
any event, animal subjects may help to 
call attention to universal or fundamental 
aspects of recognition processes and 
may permit manipulations of training or 
physiological variables that would be dif- 
ficult with human subjects. The present 
results suggest that a fruitful line to fol- 
low in such studies might use confusion 
matrices generated by the classic choice 
method. 

DONALD S. BLOUGH 
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