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Abstract

The Effects of Context on the Choice Accuracy of Pigeons

by

Anna Marie Valerio

Advisor: Professor Sheila Chase

The purposes of the investigation were (1) to examine the learning
and performance of pigeons in a five-choice absolute identification
task; {2) to determine if the range over which the luminance of stim-
uli was varied affected discriminability in a manner similar to the
range effect found in humans; and (3) to see whether the relationship-
between stimulus magnitude and response location present during
training could be transposed when new stimuli and new response possi-
bilities were provided,

Since the 1950's it has been known that when humans are required
to assign numbers to different stimulus intensities, i, e,, making ab-
solute identifications of these stimuli, increasing the distance hetween
stimuli does nol necessarily lead to betier performance, According fo
slatistical decision theory, increasing the separaiion belween sensory
effect distributions should improve the accuracy of <liscrimination.
However, when the range ol siimuli is sufficiently Iarge, the cxpected
improvemenis in disceriminabilitv, due to preater interstimulus diff-
erences, do nor occur.  ‘This phenomenon has bec:: "evmed the ranpge

_th"eci.
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P
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In these experiments, pipeons were required Lo peck one of a row
of five choice keys when the correct key choice was cued by the Tumi-
nance of a ’centrally located display key., Different groups of pigeons
were irained with three ranges of stimuli: narrow, moderate and
wide, In the narrow range the luminances io be identified were 63,
124, 197, 313, 494 cd/mz. In the moderate range, the luminances
were 16, 63, 197, 494, 988 c:d/rnz, and in the wide range, the stim-
uli were 2, 31, 197, 786, and 1955 cd/mz. Within each range were
two different conditions of stimulus-response relationship: ordered
and unordered. Under the ordcred condition, there was a monotonic
relationship between stimulus magnitude and response location (i. e.
referring to the keys as 1 to 5 from left 1o right, a peck at Key 1
was correct in the presence of the lowest luminance (S1), a peck at
Key 2 was correct in the presence of the next highest luminance (52),
ete. ). Under the unordered condition, there was an irregular order
between luminance and key position (i. e, Key 4 was correct in the the
presence of 51, Key 1 was correct in the presence of 52, Key 3 in the
presence of 53, Key 5 in the presence of 54, and Key 2 in the presence
of S5)., Three White Carneaux pigeons were traine:d under each of the
six conditions of the study, Training proceeded for 100 sessions,
During each session, the {ive stimuli were preseniad in random order
until each had been correcily identified 16 times, (following the last
training sessjon, all eighteen birds were given a {ransposition test

during which two new luminances were presenied o2& well as the five
iv



training luminances, The two novel luminances were , 2 cd/m2 {S0)
and 2349 cd/m2 (56) which were dimmer and brighter, respectively,
than any éxperienced by the birds during training, Two new keys, one
at each end of the row of pecking keys, were made available during
this session,

The results were analyzed using concepts derived from statistical
decision theory, No evidence for a raﬁge effect was found bul, in gen-
eral, the performance of the ocrdered groups was superior to that of
the unordered groups. The difference between the ordered and un-
ordered groups wasg atiributed in part {o differences arising from oc-
casional pecks on a key adjacent io that "intended'., The superioritjr
of the groups traincd with luminance and response position mono-
tonically related may also be due to learning by the pigeons trained
under this condition that brighter lighls require pecks on keys further
to the right, and that dimmer lights require pecks on keys further o
the leit, Evidence for this was provided by the irensposition test.
The birds in the ordered condiiion pecked the new keys in the pres-
ence of the new stimuli more often than the birds in the unordered
condition.

The results were discussed in relation to the range effect in
humans and in relation to previous experimenis concerned with the

establish:nent of continuous repertoires in pigeons,
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Al present, 1ittire is known concerning how pigeons accurately iden-
ltify a set of several stimuli, Wildemann and Holland (1972) showed
that pigcons were capable of responding differentially aleng a response
surface in the presence of three different tones. Richter (Note 1) showed
that pigeons can acqui’re a four choice discrimination and Chase (Note 2)
found that pigeons can ac:quirela five choice discrimination when ad-
ditional choices are introduced successively, In the present study, a
five-cheice luminance discrimination was present from the onset of
training. In addition to providing evidence as to whether such a dis-
crimination can be acquired, the present study was designed to answer
guestions concerned with the discrimination of luminances by pigeons,
Particular attention was paid to two factors which may have an effect
upon the accuracy with which luininances can be identified: (1) the
range of values cu 2 stimulus continuum which must be identified,
(2) the relationship belween the stimulus dimension and the spatinl dis-
tribution of the response dimension.

The effects of range will be considered first, Despite large in-
creases in the physical difference between adjacent stimuli, only min-
imal increases may be obtained in the accuracy of judgments betlween

them. This phenomenon has been termed the rang: effect, The

effects of range on discrimination may be demonstraied in two diff-
erent experimental paradigms, In one paradigm, ihe size of the stim-
ulus range is varied by Inereasing the distance Leireen adjacent stimuli.

in the other method, the discrimination between two stimuli sepuarated



by a fixed amount is observed when these stimuli are placed in wide
and narrow ranges,

The p‘resent study employed the first mcthod mentioned above,
Using the second paradigm, Richter (Note 1) showed Lhat the accuracy
with which pigeons discriminated between two adjacent luminances was
affecled by the entire set of stimuli to which the subject was exposed.
There were four 1urminance levels, S1, S2, 53, and S4 any one df which
might be presented on the diéplay key, and four separate response
keys arranged in a horizontal row. A peck on the first key on the left
was correct in the presence of 51, the second in the presence of 52,
the third in the presence of 33, and the fourth in the presence of 54,

A irial was signaled by the illumination of a rectangular pecking key
located abm}e the row of four circular pecking keys. A correct choice
was defined by the luminance of the rectangular key on the particular
irial and was followed by reinforcement and a 10-second intertrial in-
terval, A correct response was required before the next programmed
stimulus was presented,

In all of Richter's cxperiments, S2 and S3 werc separated by . 2
log units in luminance. Under one of her conditions (the ., 6 log unit
range; all four stimuli were equally spaced {each separated by . 2 of
a log unit). Under a second condition (the 3.0 log unit range) S1 was
separaied rom S2 by 1, 4 log units and 54 was separvrated from S3 by
1.4 loy vnits,  'This made it possible for her 1o cormpare accuracy in '

diseriminating between H2 ond 53 when the range was narrow and when



the range was large, since the difference between S2 and S3 was 0, 2
log units in both conditions.

To further ascertain whether the discriminability of the two cen-
tral stimuli was affected by a change in the stimulus range, a cross-
over design was empioyed. The birds that were originally trained on
the narrow range condition were then switched o a wide range, and
the birds originally trained on the wide range were switched to a nar-
row range. Every bird that was changed to the narrow range coudi-
tion showed an increase in d' between S2 and S3 and every bird changed
to the wide range condition showed a decrease in d'. While these data
appeared to show that range affected accuracy of discrimination,
Richter pointed out that it may not be range per se¢ that was respon-
sible. It is possible that the unequal spacing of the stimuli in the wide
range was responsible, Richier suggested that subjects may have
regarded the two stimuli which were closest togetlizr, 52 and 53, as
identical on many trials., That the spacing of the siimuli in studies of
discrimination may have an effect on sensitivity i also suggested by
other data, Conneally (Note 3) studied pigeons' identification of lumi-
nance with different spacings between adjacent stirnuli., In a procedure
similar to Richter's (Note 1), pigeons were traines on a four-choice
discrimination problem. The two extreme stimuli of the set were the
same for all birds: S1 was a luminance of . 7 log %, 1. and 5S4 a lumi-
nance of -, 7 log . i.. The spacing of the two cer:ral stimuli in relation

io the end stimuli was varied, however, Under C.ondilion I, 32 was a



luminance of , 5 log ft, L and S3 a luminance of -,5 log ft, 1., Under
Condition 2, 52 was a luminance of . 1 log fi. L. and 53, a luminance

of -, 1 tog fi. L. In each condition, discriminability was obtained for
the pairs of stimuli separated by . 2 log units, The results showed
that a . 2 log unit difference between the end stimuli of the set appeared
to be. less discriminable than a similar Iumi.nance difference in the
center of the range, Alihough the range (1.4 log i:t. L) was the same

under both conditions, fewer confusions befwseen the extreme stimuli

occurred under the condition in which ihe two central stimuli were more

closely spaced (Condition 2), Stimulus spacing, therefore, is an im-
portant variablé to be considered in studies of the range effect.

In their analyses of data, Richter {(Note 1) and Comneally (Note 3)
used concepls derived from signal delection theory. This approach to
performance by a pigeon in a discrimination situation has also been
used by Heinemann and Chase (1975) and Boneau and Cole (1965)
among others,

Signal detection theory assumes that decisions concerned with
stimulus events in the environmeni are based upon the sensory effecis
produced by these stimuli. The model as applied to a five~choice dis-
crimination, is described below.

Panels (A) and (B) in Figure 1 show a situation in which the ob-
server is required {o make a different response (R1, R2, R3, R4
1R5) in the presence of each of five stimuli (81, S2, 83, S4, S5), Itis

aasumed that the sensory effects produced by each of the five siiinuli



Figure 1, Schematic diagram of signal detection problem for a five-

choice discerimination,
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are normally distributed and of equal variance. Near perfect dis-
crimination among the five stimuli is possible if the sensory effect
continuum is divided into five segments shown by the boundaries
(criteria) at_points (a), (b), {(c) and (d) in Panel (A), I'orany sen-
sory effect to the left of point (a),. response 1 (111} is made; for any
sensory effect betwcen criteria (a) and (b), response 2 (R2) is made;
and so forth, In Panel (I3) the situation illustrated is one in which
errors are inevitable, For example, a subject with a category bound-
ary at criterion (a) will maiie R2 incorrecily when the sensory effect
produced by S1 falls within the region for R2, with a category bound-
ary at criterion (b) will make R3 incorrectly when the sensory effect
produced by S2 falls within the region for R3, and so on,

The discriminability of pairs of stimuli may be expressed in terms
of_(_i_l which is the difference between the means (&) of two hypothetical
sensory effect distributions expressed in terms of their common stan-
dard deviation. TIor any two intensities I; and Tj-1.

ar (30 - 1) = L) -4 - 1]

a
The greater the value of d', the higher the sensitivity. In IFigure 1,

Panel (A), Q'_ between S1 and 52 is shown diagram:aatically.

Another index of discriminability among a set of stimuli is total
sensitivity, (A ). The total sensitivily measure w=8$ developed by
Durlach and Braida (19269} to make possible a compirison of perfor-
mance under a variety ol conditions (e. g, for diffesnt ranges and num-

ber of stimuli). M is simply d' haivoen the two ou'~rmost stimuli



Imax; Imin) and is obtained by cumulating adjacent d' values for the:
‘ enlire set of stimuli, As given by Durlach and Braida (1969) the

equation for toial sensitivily is as follows:

I ‘ N
A =d' (Imax; Imin) 3_5—2 a' My Lioq)
1:

The decision meodel described above suggests that Richier (1977)
should not have obtained a change in d' between S2 and 53. IHowever,
results such as hers can be accounted for if we assume that increas-
ing ithe range increases the variance of the distributions of sensory
effect, Panels (A} and (B) in Figure 1 illustrate this, The means of
the stimulus distributions in (A) and (3} are the same but the variance
of the disiributions is different. In this illusiratiou, _c_ilbeiween the
adjacent stimuli in Panel (A) is greater than d' belween adjaceni stim-
uli in Panel (B} because the variance is smaller in Panel (A), thus
increasing the value of d',

A range effect similar {o that found by Richter (Note 1) was found
earlier in the absolule identification of sound intensities in humans,
Both Gravetier and Lockhead (1973) suggesied thai eriterion vari-
ability increasecs with range. Like Richter (Noie 1}, Gravetier and

Lockhead (1973) increased the stimulus range by increasing the dis-

8.

tance between the extreme ends of the siimulus coniinuum while leaving

the spacing belween the central stimuli unchanged, They suggested
that as the "criterial range' increased, criterion variability in-

creased (p. 203), They defined criterinl range as i~ distance between



ithe two outermost criteria, points which are midway between the two

- most extreme stimuli that musl be identified. Increasing the range

over which stimuli vary increases the disiance between the outer cri-
teria.

According to the model proposed by Durlach and Braida (1969),
there are {wo types of noise thal contribute to the variabilily in abso-
lute judgments: sensation noise and memory noise. Sensation noise
arises from variation within the sensory system itself as well as the
sensory effects produced by the stimulus. There are two types of
memory noise, Noise arises when the sensory-irace mode is used.
Here the S atiernpis to maintain a trace of the sensation. In the con-
text-coding mode it is assumed that nois_e arises when the subject
attempts to compare the sensation with the general context of stim-
uli in the experiment. The amount of conlexi-coding noise depends
on the widih of the context. Increasing the range of stimuli, there-
fore, increases the context-coding noise. TIFor sound intensities
equally spaced in decibels Durlach and Braida (1969) assumed that
the widih of the coniext was determined by the total range of intensi-
ties in the stimulus set. For Durlach and Braida (1969), therefore,
the effective range of stimuli was given by the objeclive stimulus range.
This assumpltion differed from that of Gravetter and I.ockhead (1973)
who maintained that the cffective range was the criterial range,

The prescul jnvestigation was L:lcsigned to resolve several ques-

tions which reruained unanswered concerning the range eftect in the
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pigeon, Richier (Note 1) showed that sensitivity va ried inversely with
range but in doing so, she, like Gravetter and J.ockhead (1973} iniro-
duced unequal spacing within the set of stimuli. The reduced sensi-
tivity with increased ranpe that these investigalors observed may be
due to the increased range, the unequal spacing, or to both, Different
mechanisms may be responsible for the range effect observed for
equally spaced stimuli by Durlach and Braida (1969) with hun-mng as
subjects, it is of inlerest to determine whether pigeons show similar
changes in sensitivity when range is increased in ihis muanner,

As stated earlier, the second purpose of the investigation was to
examine the eflfects of the relationship bet.ween the stimulus and re-
sponse dimensions on the accuracy of identification of luminances in
pigeons, The stimulus dimension with which this research deals is
the luminance of white light and the response dimension is the position
of the key which must be pecked in the presence of different values on
this stimulus continuum. Is learning facilitated when points along the
stimulus dimension and the response dimension are monotionically re-
Jated, that is, for example, when the first key on the left must bhe
pecked in the presence of the lowest luminance, the second key from
the left in the presence of the next highest luminance, ecte, ? If pigeons
are capable of learning about such a relaiionship batween stimulus and
response dimangions, one would expect a monotonic ordering to facilt-
itate performance, If, on the olher hand, pigeons learn only 10 as-

sociate specific key choices with specific luminances, it should make
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no difference which key is designated as correct in the presence of any
particular luminance.

Skinnér' pointed out that much of discrimination behavior can best
be described as ''the coherent, continuous activity of an integral organ-
ism" (Skinner, 1953, p. 116). He stated that the organism acquires a
"eoherent repertoire’ (Skinner, 1953, p., 117) and suggested that such
a coherent repertioire may be acquired as a result of training on lim-
ited points of correspondence between -a stimulus dimension and a re-

. sponse dimension, An atlempt at examining such a reperioire was made
by Cumming and Eckerman (1265) who trained pigeons to peck at one
end of a 10~inch horizontal key strip when it was dimly illuminated

(. 1 log fi. L} and at the other end when it was brightly illuminated (1.1
log ft, L). Following this training, the pigeons were given one-minute
periods during which the illumination of the key sirip assumed values
equal to or intermediate between those present during training (.1, .6,
.8, and 1.1 log {t. L). No reinforcers were delivered duz;‘mg this part
of the experiment, The pigeons did not show any appreciable increase
_in pecks on the central areas of the strip when the new stimuli were
presented. An increase in responding in the iniermaediate region of the
key sirip in the presence of the intermediate stimali would have been an
indication that the pjgeons learned the relationship between luminance
and location of pecks. Possibly Cumming and Eck~rman fuiled {o [ind
evidenez of a cohevent repertoire because they trained using only {wo

points of corrvespondence on the stimulus-responsc dimension, In one



12,
of their experiments, Wildemann and Tlolland (1972) trained pigeons to
' respond o three points of correspondence between the stimulus and
response dimensions. The response dimension was similar to that
used by Cumming and Eckerman (1965}, key position along a horizon-
tal response panel, and the stimulus dimension was frequency of a
tone, Yecks on the lefil end of the panel wer.e reinforced in the pres-
ence of a tone of 1250 Hz, pecks on the right end of the panel were
reinforced in the presence of a 2500 Hz tone, and pecks on the panel's
cenier region, in the presence of a 1668 Hz tone. Pigeons were then
tested with two intermediate tones: 1470 Hz and 2222 Hz, Pecks at
the region between left and center in the presence of the 1470 Iz tone
and pecks at ithe region helween right and center in the presence of
the 2222 Hz tone would have provided evidence that the relationship
between tonal frequency and response location had heen learned, How-
ever, few responses were emitted to the intermediate areas when the
inlermediate tones were presenied; responses wers distributed around
training positions. Thus, no evidence of a "cohercnt repertoire' was
found, Wildemann and Holland (1972) discuss the j-ossibility that re-
sponses 1o the intermediate areas were extinguishsd because rein-
forcement was never available following pecks on ihese regions, LEven
if the relationship between tonal frequency and resonse position were
learned it may not have appeared during the test, ilowever, this can-~
nol he completely responsible for the resulls since Chase, Geller, and

Hendry (1974) have shown, following a similar traning procedure, that



13,
pigeons will peck keys in new positions provided that the stimulus ‘and
response dimensions are iopographically related. Chase, Geller and
Hendry (1974) presented pigeons with a row of five choice keys (Key 1
through 5, from left to right). On each trial, a circular spot of light
appeared above one of the keys. Reinforcement occurred when a peck.
was made on the key below the spot. During irainiug, the spot only
appeared above Keys 1, 3, and 5, The birds were then tested with the
spot above Key 2 or Key 4, When the spot was ahove Key 2 the bird;s
pecked Key 2 and when the spot was above Key 4, the birds pecked-
Key 4 on some but not all of the trials, In a subsequent study, Hendry
(Note 4) showed that pigeons will peck a novel key when trained to peck
the key to the left of the spot, to the right of the spot, as well as helow
ihe spot. Pigeons were irained with the spot in twe positions, above
Key 2 and Key 4, and the test for a coherent repertcire was made by
presenting the spot above the middle key, Key 3. The coherent reper-
toire was acquired under all three spot-key correspgondences and fur-
thermore, two points of correspondence during ir:ining were sufficient
for the establishment of such coherent repertoire, Hendry (Noie 4)
also found that the particular type of response surfice did notl affect
the establishment of a coherent repertoire: pigeon: trained with five
discretle keys performed as well as pigeons traines to peck on diff-
erent positions on a continuwous horizontal surface, Chase, el al,
(1974 poinied out that the differences between thes® studies in which

a coherent repertoire was acquired and those of Woidemann and
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Holland (1972) and Cumming and IZckerman (1965) which failed.to dem-
onsirate such behavior may be due to the differrences in the stimulus
continua studied:

After they were well trained, each pigeon typically moved

his head horizontally until it was lined up with a point just

above the spot, and then lowered it {o peck the key, This

sort of inleraction between ﬂ)é discriminative étimuli and

the topography of the response does not exist when ihe

discriminative stimuli are diffuse sounds . . . .

Such interactions may well play a criiical role in the

development of continuous reperioires of behavior,

(Chase, et al,, 1974, p. 16}

It well may be, as Chase, et al, (1974) suggest, that a coherent
repertoire is not acquired unless a topographical relationship exisis
between stimulus and response continua, When points along the stim-
ulus continuum are tonal frequencies or intensities of a light, it may
prove a difficult task to locate the corresponding point along the re-
sponse dimension, 1t is also possible that had Cumming and Iscker-
man (1965) used a larger number of points of correspondence they
would have oblained evidence of a coherent repertoire, even with lum-
inance as a stimulus dimension. In ihe present siudy, the training of
one of tha preups is very similar to that of Cm.nmiug and Fckerman
{(190%) except (l:at discrete keys are used and {raining was given on five

points of correspondence baiween the monotonicaliy ordered stimulus



and response dimensions., The performance of this group was com-

-

" pared to the performance of anoiher group in which the relationship

between stimulus magnitude and response location was arbitrary,

15,
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Method
Subjects, The subjects were 18 White Carneaux pigeons purchased
from the Palmetto Pigeon Plant, Sumter, South Carolina, At the
start of the experiment, all of the birds were under two years old.
The birds were maintained between 80% Lo 85% of their free-feeding
weightsi. Water and grit were always available in their home cages.
Apparatus, Two BRS/LVE (Beltsville, Md, ) pigeon chambers (Model
No, 132-02) were used, The dimensions of the modified intelligence
panels (Model No, 141-13) are given in Figure 2, The surfaces of the
two intelligence panels were covered with black contact paper,

White light could be projected upon a translucent rectangular
pecking key, the display key. The discriminalive stimuli were diff-
erent intensities of this light, The luminance of the display key was
varied by placing various Kodak Wratten Gr:lati.n Neutral Density Fil-
ters {#96) in the beam of a Kodak Carousel projecior, The {fillers were
inserted in Ekltamount 35 mm cardboard slides, Xach slide was coded
by means of a specific combination of {three holes, . 6 ecm in diameter,
puniched in the sides of the slide mounts, Light passing through ihese
holes could illuminate any one of, or a combinalion of, three photo-~
resistive cells {(Archer, Elecironic Parie §#276-118;. Various combi-
nations of lit photoresistive cells were used to indicate which stimulus
was presented. For Box 1 and Box 2, Kodak Carourel Slide Projec-
tors (Model Mo, 00 and 750, respeciively) were used with quartz

iodide projector bulbs (Sylvania Tungsten Hulogen 7L Quartz



Fipure 2,

Front panel of pigeon chambers,

Dimensions are in cm,

17.
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Trubeam, 300W, 120V). "The low seiting on the projectors was used,

Seven circular pecking keys were located below the display key in
each box. These will be referred to as choice keys, One key at each
end of the row was covered during Experiment 1 and uncovered during
the Transposition Test, Each choice key could be illuminated at about
1,2 ft. L 2 from behind by lighting a green, 6 volt pilot light, The
chambers were continuously illuminated by a 28 voli pilot light (G. E,
1829) recessed into the center of the chamber ceiling, This was cov-
ered by one thickness of translucent tape to further decrease the level
at which the chambef was illuminated, Ventilation and masking noise
in the chamber were provided by a fan, Luminance was measured
using a Spectra Pritchard Photometer, Photo Research Corporation,
Hollywood, California. Code #1970-PR,

All experimental contingencies were controlled by standard relay
equipment located in an adjacent room.

Pretraining, The birds in all conditions were trained in the same

manner, Each bird was first trained to eat from the food hopper and
next trained by the nmiethod of successive approximation to peck the
middie key in the row of five choice keys. In all subsequent discussion,
the keys will be referred to as Keys 1 through 5 beginning with the first
key on the left and proceeding in order to the last key on the right, A
peck al Key 3, during the first phase of pretraining was reinforced by
2-secend access to the feeder filled with mixed grain., This phase of

pretraining was continuad until the bird had earned 20 grain presen-
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tatious,

During the second phase of pretraining, the birds were trained to
peck all of the choice keys., During this phase only one choice key was
illuminated on each trial, A peck at the illuminated choice key was
reinforced by 2-second access to the feeder during which time all
choice keys were darkened, After the two-second feeder presentation,
a choice key was again illuminated. The order in which each choice
key was illuminated and the number of reinforcements received for
correct choices on each key was as follows: K_ey 3, 20 reinforcements;
Key 2, 10 reinforcements; Key 4, 10 reinforcements; Key 1, 10 rein-
forcements; Key 5, 10 reinforcements,

The third stage of pretraining was then begun. In this final stage,
the display key was illuminated at 570 fi, L. A peck on the display key
illuminated all of the five choice keys; a peck on any one of the five
choice keys was reinforced and all keys were darkened for a G-second
intertrial interval, During the intertrial interval (ITI) the luminance
level of the display key was , 0044 ft, L. Pretrainiug was completed
when the pigeon had received 40 reinforcements under this condition.
Procedure, The onset of a {rial was indicated by the illumination of
the display key at one of five levels of luminance, There were three
such sets of luminances. The set referred to as the narrow range
covered , 9 log unite, the moderate range, 1.8 log units, and the wide
range, 3.0 log units, Within each range, an attempt was made to

space the stimuli so as to divide the range into five steps, each equal
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in terms of discriminability, with the center stimulus the same for all
sets, The five luminance levels for each of lhe three ranges are
shown in Table 1 along with the particular key c’hoice required for re-
inforcement in the presence of each of the stimuli. 3 The method by
which the spacing between adjacent stimuli was determined is de-
scribed in Appendix A, Two different key-luminance assignments
were made within each range. These will be referred to as ordered
and unordered. Under the coundition referred to as ordered, there was
a monotonic relationship between luminance and the position of the key
choice required, that is, Key 1 was correct in the presence of SI,
Key 2 was correct in the presence of S2, and so on. Under the con-
dition referred to as unordered, there was an irregular order between
luminance and key position. Referring to the keys as 1 to 5 from left
to right, Key 4 was correct in the presence of S1, Key 1 was correct
in the presence of 52, Key 3 in the presence of 53, Key 5 in the pres-
“ence of S4 and Key 2 in the presence of S5. There were three birds
in each of the six groups,

The order of presentation of the stimuli was ran.dom with the re-
striction that each stimulus appear an equal number of times within
40 trials, A session consisled of two repelitions of this 40-trial
program,

A peck on the display key illuminated the five choice keys; the
display key romained lit;, A peck at any choice key was followed by

a 10-second intertrial interval during which the cheice and display



Table 1

General design of experiment

s
)
3
3
h

Stimulis
1 through 5

Reinforced
Key Choice

*n {t. L

Narrow

. 9 log units

18,2, 36.3, 57.5,

91,2, 144,

Ordered
1-2-3-4-5

Unordefed '
4-1-3-5-2

1. 8 log units

4,57, 18.2, 57.5,

144, 288

Ordered
1-2-3-4-5

Unordered
4-1-3~5-2

Wide

3. 0 log units

.57, 9,12, 57.5,

229, 570

Unordered
4-1-3-5-2

K44
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keys were darkcned and inoperalive., A correct choice was followed
" by reinforcement which consisted of access to a hopper filled with
mixed grain for 2 seconds, An incorrect choice was followed by the
ITI after which the stimulus in the presence of which the error oc-
curred was presented again, A peck on the display key ou the trial
following an error illuminated only the keys not previously pecked in
error. This procedure coniinued uniil the bird made the correcl re-
sponse, received reinforcement, and the projectur siepped forward
to the next programmed stimulus and a new trial was in effect, All
data were analyzed in terins of {irst choices, that is, the first pres-
entation of the siimulus according to the predetermined program, 4
Repeated presentations of the stimulus following an error were ex-
¢cluded from the dat: treaiment, A session ended ziter 80-new trials.
Training was continued for 100 sessions,  There were six sessions

per week with the exception of the period when data for Blocks 11 and

17 were collected during which there were five sessions,
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Transposition Test
Method

Subjectis, The 18 White Carneaux pigeons who served as subjects in
the first experiment were given the transposition test,
Apparatus. The apparatus was identical to that used -and described
in the first experiment with the exception that two extra choice keys
were added in each experimental chamber, one {o the lefl of key 1
(key 0) and one to the right of key 5 (key 6). The two new keys were
identical to the other choice keys.
Stimuli. The stimuli for the transposition test were identical to those
used in the f{irst experiment except for the addition of two new stimuli,
For Stimulus 0, a piece of black oaktag was inserted in the slide mount.
The luminance level of the display key when this siide was in the pro-
jector was , 05 ft, L, which is an increase from the level of ., 004 ft.
L. present during the ITI. For Stimulus 6, nothing was inserted in
the slide mount and the intensity of light was increased by using the
high setting on the projector. The luminance level of the display key
for Stimulus 6 was 685 ft. L,
Procedure. The procedure was the same as that used for an ordinary
session with the exception that Stimuli 1 through 5 were presented a
total of 12 times each instead of 16, and Siimuli ¢ and 6 were each
presented a total of 10 times, Reinforcement was available following
a correcl response to any one of the training stimuli bul not following

a response 10 either newel stimulus. Following an incorrect response
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to one of the training stimuli, the same stimulus in the presence of
which an error occurred was presented again, A peck on the display
key following an error illuminated only the keys not previously pecked
in error, This procedure continued until the bird made the correct
response, received reinforcement, and the projector stepped forward
to the next programmed stimulus, Oun trials in which one of tl-le novel
stimuli was preéented, the correction procedure just described was
not in effect, so that the projector stepped forward following any re-
sponse made by the bird, A session consisted, therefore, of 80 trials,
on 60 of which reinforcement occurred. The order of presentation of
the stimuli was random with the exception of the first five stimuli
which were presented in order, 1 through 5, Each bird received a

single test session,
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Data Analysis

" Total Sensitivity (A )

Total sensilivity. is a measure of discriminability developed by
Durlach and Braida (1969), It is based upon concepts derived from
signal detection theory and is simply d' for the two outermost stim-
uli of the set, Figure 1 illustrates the sensory effects produced by
five stimuli. As Panel (A) in Figure 1 shoﬁrs, d' is the difference
between the means of two sensory effect distributions expressed in
terms of their common standard deviation. To obtain total sensitivi-
ty, (cumulative d') all of the d' values between adjacent stimuli are
summed,

Table 2 illustrates the rating scale method of obtaining d' using
a hypothetical confusion matrix (Panel A), In Panel (A), a 5 x 5 ma-
trix, showing the proportion of times each response was made as a
first choice in the presence of each of the five stimuli. For example,
in the presence of S1, R1 was made 69% of the time, R2 was made 24%
of the time, and so on. In Panel (B) the proportions of first rGSpoﬁses
shown in Panel (A) are cumulated for each siimulus, as for example,
P(R1 + 2 + 3|S1) is . 99,

In this method of calculating d' and toial sensitivily, up to four es-
timates of d' are calculated for each of the discriminations between ad-
jacent stimuli, These four estimates tor the mean of discrimination
belween S1 + 2, 52 + 3, 53 + 4, 54 + 5 are given in Panel C. These

four estimates are used as ' for that stimulus pair.



Table 2

i
Procedure for obtaining d' and A

R1

Ri+2
R1+2+3
R1+2+3+4

R1+2+3+4+5

R1
R1+2
Ri1+4243

R1+2+3+4

Al

R1

R2

R3

R4

RS

S1

.69

. 24

. 06

.01

Proportion

52

.31
. 38
. 24
. 06

. 01

53
. 07
. 24
. 38
.24

.07

8-4~
.01
. 06
.24
.38

. 31

Cumulative Progportion

S1

.68

. 93

. 99

1. 00

1,00

52

. 31

.69

.93

.99

1.00

53

. 0%

. 31

.69

.93

1. 00

54
.01

. 07

.69

1. 00

55

.01

. 06

. 24

.69

S5

0

.01

. 07

. 3]

1. 00

d' for ithe discrimination beiween:

S1+2

1. 01

. 96

.85

S2+3
. 96
1. 01
. 96

.85

. 94

S3+4

.85

. 96

1. 01

.96

. 94

Sd4-5

-

.85
. 96

1, 01

217,

(A)

(B)

(C)
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For example, to obtain the four estilnatés of d' for the discrimi-
.nation bet_ween S1 and S2, the proportion of R1 responses in the pres-
;ance of 81, P(R1]S1) is treated as the hit rate, and the pt-oportiou of
R1 responses in the presence of 52, P(R1|S2) is treated as the false
alarm rate, Based on the proportion of R1 responses, one estimate
of g_'l may then be obtained ifor tﬁe ciiscrimination between S1 and 82-,
from tables published in Swels (1964). The second estimate of d'
between S1 and S2 is obtained by treating P(R1 + R2[S1) as the hit
rate, and P{R1 + R2/S2) as the false alarm rate, and obtaining the
corresponding d' value from the d' table. The third and fourth esti-
mates of d' are obtained in similar fashion: P(R1 + R2 + R3|S1) is
treated as the hit rate, and P(R1 + R2 + R3|S2) as the false alarm rate,
and finally, P(R1 + R2 + R3 + R4|S1) is treated as the hit rate, and
P(R1 + R2 + R3 + R4|S2) as the false alarm rate, Their correspond-
ing d' values are also obtained from the d' table. If a hit or false
alarm rate should be less than .01 or greater than . 99, for either the
hit or the false alarm rate, the pair is not used in the analysis. 'The
mean of each of the four estimates of d' is now obtained for the dis-
crimination between S1 + 2, S2 4 3, S3 + 4, and S4 + 5 (Panel C)..
Finally, total sensitivity is obtained by summing a1l four estimates of
S

d'l



Results

" Acquisition of the five-choice discrimination

One purpose of the present investigation was to examine the choice
behavior of pigeons in a five-choice luminance discrimination task,
The birds were giveﬁ' 100 sessions of training, As evidence that re~
sponding was under stimulus control and, thus, that a five-choice dis-
crimination can be¢ acquired by pigeons, choice curves were drawn,
showing the proportion of {imes each response was made in the pres-
ence of each stimulus, Figures 3 through 5 illustrate the choice
curves for the last 25 sessions of training for each bird. Figure 3’
shows the choice curves for the wide-range birds, Note that the choice
curve for each of the five responses is highest in the presence of the
stimulus for which the response was correct, The curves for the
moderate~-range birds are similar (see Figure 4}, Figure 5 shows the
choice curves for the narrow range birds. While control over each of
the five responses is not as clear here, the maximum for each response
in most cases (18 out of 30) occurs in the presence of the appropriate
stimulus. 6 In summary, these curves are similar to those expected
if the birds follow the decision strategy described in the introduction
(see T'igure 1).

Choice curves similar to those shown in Figures 3 to 5 were ob-
tained early in training, The birds appreached asymplole early in
training as can be seen both in percent correct (Figure 6) and total

sensitivity (Figure 7)., ‘The confusion mairices lor each bird from
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Figuz;e 3. Five-response choice curves for the wide-range birds for
the last twenty-five days of training, In the wide-~range condition,

S1, S2, 53, 54, and S5 were luminances of , 57, 9,12, 57.5, 229, 570
ft. L. respectively, For the ordered group, Key 1 was correct in the
presence of 51, Key 2 in the presence of S2, Key 3 in the presence

of S3, Key 4 in the presence of 54, and Key 5 in the presence of S5,
For the unordered group, Key 4 was correct in the presence of 51,
Key 1 in the presence of S2, Key 3 in the presence of 53, Key 5 in the
presence of 5S4, and Key 2 in the presence of S5, This is shown in the

insert at the top of each column.
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Figure 4. Tive-response choice curves for the moderate range birds
for the last twenty-five days of training. In the moderate range, S1,
52, 53, S4, and S5 were luminances of 4. 57, 18.2, 57.5, 144,

288 fi, L respectively, For the ordered‘group, Key 1 was correct in
the presence of 51, Key 2 in the presence of 52, Key 3 in the presence
of S3, Key 4 in the presence of 54, and Key 5 in the presence of S5,
Fer the unordered group, Key 4 was correct in the presence of 51,
Key 1 in the presence of S2, Key 3 in the presence of 53, Key 5 in the
presence of S4, and Key 2 in the presence of 55, This is shown in the

insert at the top of each column,
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Figure 5,  Five-response choice curves for the narrow range birds
for the last twenty-five days of training, In the narrow range, 51,

52, .SB, 54 and S5 were luminances of 18, 2,7 36,3, 57.5, 91,2,

144 ft, 1., respectively, For the ordered group, Key 1 was cor-

rect in the presence of 51, Key 2 in the presence of 52, Iley 3 in the
presence of 53, Key 4-in the presence of 54, and Key & in the presence
of S5. TFor the unordered group, Key 4 was correct in the presence of
S1, Key 1 in the presence of 52, Key 3 in the presence of 53, Key 5 in
the presence of 54, and Key 2 in the presence of S5. This is shown in

the insert at the top of each column.
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Figure 6, Percent correct as a function of training. Each point is

based upon data obtained from three birds.
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Figure 7. Total sensitivity ( A") as a function of training.

point is based upon data obtained from three birds,

Fach
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which these data were obtained appear in Appendix B, The 100 ses-
sions of training are divided into 20 blocks of 5 successive sessions
'each. Oniy first responses, defined as the first key pecked for each
of the 80 stimulus presentations within a session, were tabulaied.

From Figure 6 it can be seen that birds trained on the ordered
relation between stimulus magnitude and response location were more
accurate than those trained on the unordered relationship and that the
wider the separation between adjacent stimuli the greater the accura-
cy. Most gains in percent correct occurred during the first five
blocks of training.

Figure 7 shows total sensitivity for the six different conditions |
throughout the entire experiment. Total sensitivity is higher for the
ordereced groups under all three ranges and, especially for the ordered
groups, is greater as the spacing between adjacent stimuli (the range)
increases,

A first consideration of this study was that the performance was
stable sometime before training was discontinued: therefore, the data
for the last 25 sessions of training were combined for further analyses,
An analysis of variance was done on the total sensiiivily obtained for
each of the last five blocks of training (25 sessions) to determine
whether the assumption that performance was stalrle was justified.
The results of these s5ix analyses of variance appear in Table 3, The
data of the tast five blocks of sessions (total 25 sessions) were stable

for each experimeutul condilion since the resuits < all of the analyses
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Table 3
" Results of six single-factor repeated-measure analyses of variance
performed on total sensitivity values obtained furing the last five

blocks of training for birds under each of six conditions.

Condition L F df Significance

Narrow-ordered . 56 4, 8 not significant
Narrow;unorde red 2,03 4,8 not significant
Moderate-ordered . 02 4, 8 not significant
Moderate-unordered .63 4,8 not significant
Wide-ordered 1.48 4, 8 not significant

Wide~unordered . 2B - 4,8 not significant
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of variance were insignificant,

" The Effects of Range on Performance

In Table 4 the percent correct for the final 25 sessions is given
for each bird., The mean percent correct for each.of the six condi-
tions is also shown, As range increases, percent correct increases,
A two-way analysis of variance performed on the data yielded signif-
icant main effects for range and order (_E (order) = 5, 30, df = 2, 12,

p < .001). The interaction between range and order was not signif-
icant (I* =, 086, df = 2, 12, p > .05). This relationship between
range and percent correct is illustrated in Figure 8 for both ordered
and unordered groups, There is no evidence that the rate of increase
in percent correct levels off as range increases as would be expected
if the range effect were demonstrated. Another way of determining
whether a range effect exists is to plot total seunsitivity against range.
This is done in Figure 8, TFigure 9 shows totial sensitivity as a func-
tion of range for the last 25 sessions of training. The data for indi-
vidual birds are given in Table 5 along with the means for each con-
dition. In general, for both ordered and unordered groups, sensi-
tivity increases. If a range effect were present, there would be di-
minishing gains in total sensitivity as range is increased. Clearly,
an examination of Tigure 9 does not provide evidence for a range
effect in the present study.

In sumrmary, both an ordered relationship between stimulus mag-

nitude and responsc location and an increase in the spacing between
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Table 4

Percent correct responses for each bird. Data based on last 25 sessions
‘of training,

Condition Bird | Percent Correct
Wide- 1 92,6
Ordered
2 80,8
3 86. 6
x = 86,7
Wide-
Unordered 4 78. 4
5 87.0
6 87,2
x = 84,2
Moderate-
Ordered ; 7 76. 6
8 89,0
9 67.8
x = 1T1.8
Mcoderate-
Unordered 10 56, 2
11 64,4
12 70.6
X = 63,7
Narrow- : :
Ordered 13 43,6
14 ' 56, 4
i5 : 40,4
X = 46,8
Narrow- _
Unordered 18 38,0
17 36,0
18 . ' 44, 8

x = 39.6



Figure 8, Percent correct for the three ranges of stimuli for the
last 25 sessions of training., Data are for first responses, The
spacing on the abscissa is according to the power law scale used

in these experiments. See Appendix A,

44,
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TFigure 9. 'Total sensitivity { A') for the three ranges of stimuli for
the last 25 sessions of training, The spacing on the abscissa is
according 1o the power law scale used in these experiments. See

Appendix A,

46.
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Table 5

:Total sensitivity for each bird. Data based on last 25 sessions of
training.

Condition Bird Sensitivity
Wide- 1 14, 51
O d
rdere 2 10. 56
3 12, 24
X = 12,44
Wide-
Unordered 4 : 4, 94
5 6,68
6 5,42
X = 5,68
Moderate-~
Crdered 7 7. 93
8 11,10
9 5,60
x = '8.21
Moderate~
Unordered 10 3. 88
11 4, 35
12 4,88
x = 4,37
Narrow-
Ordered 13 3.43
14 - 4, 36
15 3.00
X = 3.60
Narrow-
Unordered 16 2.67
17 2,07

18 2,83

= 2,56
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adjacent stimuli enhance the acquisition of a five-choice discrimination
in pigeons, Although a range effect was not demonstrated, the supe-
rior performance of the ordered groups suggests that pigeons leafned
how the stimulus and response dimensions were related, that is, they
acquired a coherent repertoire, and this relational learning aided
them in the discrimination task. An explanation for the differences

between the ordered and unordered groups will be considered in the

following section.
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The Effects of the Relationship between Stimulus-Response Dimen-
- sions on Performance

An examination of the types of errors made by pigeons suggests
that the difference between the ordered and unordered groups ob-
tained in the present study may be accounted for simply by assuming
that the birds occasionally peck a key adjacent to the appropriate key.

That some of the errors observed were due t¢ such key confusion

seems particularly likely here, since, to study the five-choice dis-
crimination, additional keys were placed between those already pres-
ent in the three-key box. The keys were therefore closer than they
normally are in multiple-key experiments,

When an error is made, that is, when the incorrect key is pecked,

the mistake may be due either to stimulus confusion, key confusion, or -
both, Stimulus confusion has already been considered. Errors arising
from this source occur when sensory effects overlap (see Figure 1),
Errors due to key confusion occur when the subject correctly identi-
fies the stimulus, e, g. the sensory effects produced by Stimulus 3 fall
within the region for R3, and a peck at the key designated as correct
for R3 is "intended" but instead the pigeon pecks one of the adjacent
keys. For purposes of the [ollowing analyses, it was assumed that
such pecks were made only on adjacent keys, For Key 1 and Key 5,
the end keys, such pecks were assumed to be made only on the closest
inner key, and for Keys 2, 3, and 4, the inner keys, such pecks were

assumead to be made on either adjacent key and with equal frequency,
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Exactly what effect key confusion has on the observed behavior
depends on the particular key choice required for each response, FIor
the ordered groups, adjacent keys are correct for adjacent stimuli.

Of the possible non-monotonic relationships between luminance and as-~
signed key choice to be used for the unordered condition, one was cho-
sen for which adjacent keys were never correct for adjacent stimuli.
Choice of a key adjacent to the correct one would, therefore, be cor-
rect for a stimulus at least one removed from.that for which the re-
sponse was inlended. In these experiments, for the unordered groups,
R1 (the correct response given S1) was defined as a peck on Key- 4, R2
as a peck on Key 1, R3 as a peck on Key 3, R4 as a peck on Key 5 and
R5 as a peck on Key 2,

If kev confusion occurs, the confusion matrices for the ordered
and unordered groups would differ, This is illustrated in Table 6 for
a situation in which there is key confusion with no stimulus confusion.
In this illustration k¢y confusion is assumed to occur on 4% of the
trials, Thié would reduce the percent correct from 100 to 96, On the
4% of th:e trials on which key confusion occurs, it is assumed that
pecks are made on keys adjacent to the correct on=, The cells into
which such responses would fall are circled in Tahle 6,

In Table 7 the confusion matrices for the last 25 sessions for birds
trained under the wide condition are shovn for the ordered and unorder-
ed conditicn, Matrices for individual birds appear in Appendix C, As

in Table § thz cells which a2 circled are those into which respouses



Table 6

Proportions of responses without key confusion and with 4% confusion.

R1
R2
R3
R4

RS

‘Key 1 RJ
Key 2 R2
Key 3 R3
Key 4 R4

Key 5 R5

Key 4 R1
Key 1 R2
Key 3 R3
Key 5 R4

Key 2 15

Without ¥ey Confusion

51 52 S3 54 85
1.0
1. 0

1.0

1.0

Ordered Group with 4% Key Confusion

S1 S2 33 S4 S5

®
OF

®:®
s ®

Unordered Group with 4% Key Confurion

S1 52 53 S4 S5

. 96 .02

. 96

(A)

(B)

()



Proportions of responses for last 25 sessions of training for wide~

Table 7

ordered birds and wide-unordered bhirds,

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

Wide-ordered

S1 52 S3 . .54

s1 s2 53 s4
.86 .03
07 .81 .11 .0

o
—
o
(=) ]
L]

8.
w

. 88§

.98

.01

.97
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would fall if a I.my is pecked adjacent to the key correct for the par-

" ticular response.r A comparison of the confusion matrix for the un-
ordered condition when no stimulus confusion errors occur (see Table
6) with that for the wide unordered group suggests that even within the
wide range, the stimuli were not perfectly discriminable, Nonethe-
less, if one assumes that only adjacent stimuli are confused, the data
for the unordered condition can be used as a rough estimate of the
proportion of trials on which key confusion occurred, Key confusion
in the presence of each stimulus may be estimated from the propor-
tions in the circled cells: .05 for S1, ,01 for S2, .10 for S3, .03 for
54, and, .01 for S5, From these considerations, it appears that key
confusion occurs on about 4% of the trials,

'In the next section the effects of key confusiun cn percent correct
and total sensitivity will be considered in an effort to determine wheth-
er key confusion is sufficient to account for the difierences between
the ordered and unordered groups.

In order to determine how key confusion may rave affected per-
cent correct and total sensitivily obtained in these experiments, con-
fusion matrices for the ordered and unprdered groups were generated

with different degrees of key confusion,

In generating these matrices it was assumed ihat (1} the decision
as to which stimulus was presented and hence whic: response should
be made is as described by the statistical decision theory model for

stimuli equally spaced and with criteria placed midway between the



means of adjacent sensory effect distributions (see pages 4 to 7); (2)

- on some trials the key choice made is that intended, for example, the
outcome of the decision process required a peck on the R2 key and the
R2 key is pecked; (3) on other trials, a key adjacent to the key intended
is pecked {trials on which key confusion occurs), As shown in Tables
6 and 7, because of the difference in keys assigned for each response
for the ordered angl unordered groups, unintended choices have diff-
erent effects on the confusion matrices for the ordered and unordered
groups.,

In these experiments it was observed that the percent correct for
the ordered groups was higher than the unordered groups (see Figures
6 and 8).

As reported earlier the difference between the ordered and un-
ordered groups in percent correct was significant. In Figure 10 the
theoretical percent correct is shown for different degrees of key con-
fusion for total semnsitivities of 4 and 16. The occurrence of errors re-
sults in a difference in percent correct under the ordered and unordered
conditions especially when the sensitivity is low, The percent correct
is higher under the ordered condition as a result of accidental correct
choices,

In general, the birds in the ordered groups were correct on 7, 9%
..more trials than those in the unordered groups, As can be seen from
Figure 10 for a total sensitivity of 4 a difference this large would be

oblained if key confusion occurred on 30 percenti of the trials, Tor a



Figure 10, Percent correct for different amounts of key confusion
when total sensitivity is 4 and 16, See text for assumptions made

in generating these curves.
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total sensitivity of 16, key confusion must occur on an even greater

" percentage of trials to produce this large a difference. From in-
spection of the confusion matrices for the wide-unordéred group
(Table 7) discussed carlier, it appears that key confusion occurs on
only 4% of the trials. With this degree of key confusion there would
be virtually no difference in percent corre.ct betweén the ordered and
unordered groups even at low levels of total sensitivity. Although
this estimate is based on the performance of only three birds the
higher percent correct shown by the ordered groups probably is not
entirely due to the smaller effects of key confusion.

In the following section the effects of key confusion on total sensi-
tivity will be considered.

In Figure 11, the effects of key confusion on the obtained total
sensitivity are shown for different degrees of key confusion., Note that .
even small amounts of key confusion drastically reduce total sensitivity
for the unordered groups.

Earlier it was observed that the effects of range on total sensi-
tivity were quite different for the ordered and unordered group, Gains
in total sensitivity with increased range leveled off slightly for the or-
dered birds and sharply for the unordered birds (see Figure 9}, These
results may reflect the effects of key confusion, since, as shown in
Figure 11, the reduction in total sensitivity as a result of key con-
fusion is greatest under the unordered condition. Ilowever, key con-

fusion alone cannot completely account for the observed leveling off of



Figure 11, Total sensitivity for different amounts of key confusion

when total sensitivity is 4 and 16,

generating these curves,

See text for assumptions made in
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total sensitivity with increased range, Total sensitivity for the wide-
unordered group is 5,7 (Table 5). With only 4% key confusion, total
.sensitivitjlr for the unordered group would not reach this level even for
wider stimulus spacing than used in the present study.(e. g. for total
sensitivity without key confusion of 18, 4% key confusion will reduce
total sensitivity to 4, 2).

Therefore, although key confusion appears to be responsible for
some of the differences between groups it does not appéar‘ to provide
a complete explanation for these differences. The differences be-
tween the ordered and unordered groups are much larger than would
be expécted if key confusion occurred on only 4% of the trials, It is
possible that the pigeons in the ordered groups learned that "as the
brightness of the display key increases, pecks further to the right
are necessary to obtain food" and that this rule aided them in choosing
among the keys. More direct evidence that the relationship between
stimulus magnitude and response location was learned may be ob-
tained by exposing the pigeons to new luminances in a situation in
which it is possible for them to make responses that show the same re-
lationship to these new stimuli as that experienced during training, The

results of such a transposilion test will be reported below.
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Results of the Transposition Test

Confusion matrices for the transposition test, showing the number
of times each response was made in the presence o-f each of the seven
stimuli appear in Appendix D. The addition of a new key at either end
of the row of choice keys disrupted performance of the five-choice dis-
crimination somewhat, In Table 8 the percent correct for each bird
during the last 25 days- of training is given along with the percent cor-
rect in the presence of the training stimuli {S1 to 55) during the test
session. A t-test showed that percent correct responses in the pres-
ence of S1 through S5 did not decrease significantly during the transpo-
sition test for the ordered group (t_(8) = 1. 86, p>. 05) but did decrease
significantly for the unordered groups (t {(8) = 3. 24, p(. 02), However,
an examination of percent correct responses in Table 8 shows thaf per-
cent correct was still substantially above that expected if the keys were
chosen randomly (20% correct).

The transposition test differs from the usual generalization test in
that an opportunity to make a new response in the presence of the new
("generalization test") stimulus is provided. Here the opporiunity was
to peck the keys added at the left (Key 0) and the richt (Key 6).ends of
the row of choice keys, Without this opportunitly, =t least in a two-
choice situation, the novel stimuli are classified in ithe same way as
the training stimuli, TFor example, if one key (R1) is to be chosen in
the presence of a dim light and another key (R2) in the presence of a

bright light, R1 is made when lest stimuli dimmer than the dim



Table 8

Percent correc: first responses to S1 through 353 during the last 235 days
ini : ring the transcosition tes:.

-t
H

(6]

te

3

F

V1

n

il

3

1}

LL = 4
[

Ordered
Condition . Bird Training Test
Narrow 13 43. 6 35
14 ) 56, 4 63.2
15 40, 4 38. 2
Moderate 7 76. 6 70
8 89,0 83.4
9 67. 8. 51.6
Wide ] 92.6 85. 2
2 80.8 75
3 86. 6 93. 4
X = 70. 5 66. 1
Unordered
Condition Bird Training Test
Narrow 16 38,0 ' 28, 4
17 36.0 34,8
18 44, 8 50,0
Moderate TT10 58. 2 48, 2
11 64, 4 : 53.4
12 70, 6 66. 8
Wide ' 4 78. 4 73.4
5 87.0 71.8
6 87. 2 71.6

X = 62. 4 55, 3
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training stimulus are presented and R2 is made when test stimuli
brighter than the bright training stimulus is presented (Ileinemann
and Chase, 1975).

In the present study, however, the proportion of new responses (RO
and R6) made in the presence of the fest stimuli (SO0 and S6) and in the
presence of the adjacent training stimuli (S1 and S5) was examined to
see whether new responses were made in the presence of new stim-
uli. For birds in the unordered groups‘, Keys 0 and 6 show no sijecial
relationship to the training problem. These keys may be ignored com-
pletely, Even if pecked, there is no reason to expect that these keys
will be peckeﬁ more often in the presence of the novel stimuli than any
other., For the ordered groups, on the other hand, pecks on Keys 0
and 6 in the presence of S0 ar.zd S6 respectively, provide evidence that
the relationship present during training was transposed to a new situ-
ation,

In Table 9 the proportion of trials on which R0 is made in the
presence of S1 and of SO and the proportion of trials on which R6 is
made in the presence of S5 and S6 is shown for all birds.® For the
ordered birds, RO was made a significantly greater proportion of times
in the presence of SO than in the presence of S1 (}_(3) = 2,46, p<.05),
and R6 was made a significantly greater pr0portioq of times in the pres-
ence of 56 than in the presence of 55 (1 (8) = 2. 71, p <{,05). Tor the
unordered groups, there were no Signific;ant differences in the propor-

tion of times the novel responses were made in the presence of either
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Table ¢
Proporicn of Resoense J 0 S:imulus 1 and 0 and progeriion of response
§ to S:ixmuius 5 and 8 for zll birds during the traaspositicn tesi, 2Pro-
gorzions are tased usnen 12 presenzations of each training stimulus anc
1) vresentalions of e2ach 1287 stizmuius
Response 0 Response 6

Condition Bird Stimulus 1 Stimulus 0 Stimulus § Stimulus 6

(Training) (Test) (Training) {Test)
Wide- 1 .0 .10 0 0
ordered 2 17 ‘ . 20 0 .10
3 0 . 20 0 . 20
x = .06 J17 0 .10
ordered 8 . 33 1,00 0 .10
9 0 .10 0 . 30
x = .13 .37 .03 .43
Narrow- 13 .17 .40 0 .40
ordered 14 0 . 80 0 0
15 L 17 . 30 0 17
x = ,11 . 50 0 .19
Group - _ 10 . 35 .01 . 24
Wide- 4 - .08 0 0 0
unordered 5 0 0 0 0
6 _ U 0 9 9
X = .03 0 0 0
Moderate~ 10 .10 .08 0 0
unordered 11 0 0 0 0
12 0 0 0 0
x = .03 .03 0 0
Narrow- 16 .17 . 50 0 .20
unordered . 17 .08 0 0
18 0 0 0 0
x = ,08 .17 0 . 07

Grouwp £ . 03 , 07 0 .02



-

‘the training stimuli or the test stimuli (£ (8) = . 41. p>. 05; t (8) = 1. 00,
p>.05).

Table 10 shows the proportion of trials in which Response 1 was -
made in the presence of S1 and SO.and the proportion of trials in which
Response 5 was made in the presence of S5 and 56, For the ordered
groups, in the presence of the new stimuli, (S0 and 56, respectively),
Response 1 and Response 5 were made less often than in the presence
of S1 and S5, although these differences were not significant (1(8) =
.428, p>.05; 1(8) = .684, p>.05). For the unordered groups, R1
and R5 were made slightly more often in the presence of S0 and S6
respectively, although, again, these differences were not significant
(t(8) =.404, p)>.05; t(8) =.304, p>.05).

These results show that the monotonic relationship between stim-

ulus and response dimensions which was present during training was

at least partially transposed.
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! and 0 and propor:ion of Respeonse
xring the transposition est. Pro-
5

Response 1

Response 5

Condition Bird Stimulus 1 Stirmulus 0 Stimulus 3 Stimulus 6
(Training) {Test) (Training} (Test)
Wide- 1 .87 . 90 1. 00 1. 00
ordered 2 . 25 .00 1. 00 .50
3 .92 .70 1, 00 . 80
¥ = .61 .70 1, Q0 . 90
Moderate- T .33 .30 . 92 .10
ordered 8 . 90 0 . 83 . 80
9 .17 . 30 .58 .70
X = .33 .20 .78 .57
Narrow- 13 0 .30 . 25 . 20
ordered 14 . 92 .20 . 1D 1,00
15 0 .10 . 58 .33
x = .31 . 20 . 53 .61
Group -
x = .42 .37 . 17 .69
Wide- . 4 .42 .30 1. 00 .90
unordered 5 .15 .90 . 83 1. 00
6 .67 1. 00 . 83 . 90
x = L61 .73 . 89 .93
Moderate- 10 0 .50 1, 00 1. 00
unordered 11 .25 . 50 . 922 . 90
12 .83 . 90 . 92 1. 00
x = .36 .63 . 95 . 97
unordered 17 .58 .60 . 38 1. 00
18 .83 .20 . 58 1, 00
> = .53 .27 . 66 .70
Group - : :

x = . 50 . D4l . 83 . 87
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Discussion

* Acquisition of a five-choice discrimination

One of the purposes of the present investipation was to examine
the chroice behavior of pigeons when a five-choice discrimination was
introduced. Previous studies have demonstrated differential re-
sponding in the presence of three and four stimuli, respectively
{Wildemann and Holland, 1372; Richter, Note 1), The results of the
presen;s study showed that stimulus control of a five-choice discrimi-
nation is acquired relatively early, that is, within the first block,
Moreover, the acquisition of a five-choice discrimination was not
completely dependent upon the nature of the relationship between stim-
ulus and response dimensions since both the ordered and unordered
groups acquired the discrimination,

The Effects of Range on Performance

Another purpose of the present study was to examine the effects of
range on discriminability when three ranges of stimuli were used.
Braida and Durlach (1972), found that when humans identify tones differ-
ing in intensity equal increases in range (in dB) are not accompanied by
equal increases in total sensitivity, especially fo: larger ranges.

Figure 12 shows the relationship between range an: total sensitivity.
As Figure 12 illustrates, as range increases, ther2 are diminishing
gains in {otal sensitivity. No such relationship be:ween range and folal
sengitivity was found in the present study. If the feuction relating

iolal sensitivity to range is the same for pigeons az it is for humans,



Figure 12, Total sensitivity as a function of intensity range (from
Braida.and Durlach 1972, Figure 4d). The smooth curve drawn is
derived from theoretical formulations. The data for the ordered
groups in the present study are supefimposad. Note that if it is
reasonable to assume that the function relating total sensitivity to
range is the same for pigeons as it is for humans, and light and
sound logarithmic differences are comparable, then the data ob-
tained in the present study correspond to the rising portion of the

curve, See text for further discussion.

69,



TOTAL SENSITIVITY

16

14

12

10

PRESENT STUDY
ORDERED GROUP

l { |

10

20 30 40

INTENSITY RANGE - DECIBELS

oL



71,

then it may be the case thiat the ranges used in the present experi-

" ment may correspond to the rising portion of the curve in Figure 12,
It is possible, in the present study, that even the largest range was
too small for a strong range effect to be ovbserved,

An experiment recently completed in the laboratory in which the
present research was conducted (Landry, Note 5).suggests that this
hypothesis may be correct. The three birds trained on the moderate
range ordered condition were trained on a seven-choice discrimination
task similar to that in effect during the Transposition Test. For these
birds, the dimmest stimulus was .47 ft, L and the brightest stimulus
was 686 fi, 1. This switch from 1.8 to 3.1 log units has been accom-
panied by an increase in total sensitivily of 4, 8. The three birds
trained on the wide range ordered condiiion were irained on a seven-
choice discriminatioa task. TIor these birds, the dimmest stimulus
was , 06 ft, L and the brightest stimulus was 828 ft. L. This change
from 3.0 to 4.1 log units had virtually no effect on total sensitivity.
Further work is needed but these results suggest that pigeons do show
a range effect similar to that found for humans.

The accuracy of discrimination also appears to he affecied by the
spacing of stimuli within a given range, TIigure 12 permits a com-
parison of the stimulus sets used by Richter (Note 1), Comneally
(Note 3), and in the present study. A comparison between the resulis
obtained in these studies is facilitaied by the use of a concept em-

ployed by Durlach and Braida (1969), sensitivity per bel ( J' Y.
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Figure 13. Schematic illusiration of design of experiments by Richter
{(Note 1), Conneally (Note 3) and present sludy. A 4 mm. distance in

this diagram is equivalent to approximately . 2 log units,
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Sensitivity per bel is d' for a stimulus difference of one log unit, and
it permits a comparison of sensitivity when different ranges and stim-
vlus spe;cings are used., Conneally found, for example, thaf sensitivity
per bel is dependent on the stimulus spacing. Under both conditions
the range was 1, 4 log units, However, under Condition 1, sensitivity
per bel was 1, TQ and under Condition 2, sensitivity per bel was 2 25..
In Figure 14, sensitivity per bel is shown as a function of range for

the present study and that of Richter, This figure shows clearly the
discrepancy between Richter’'s resﬁlts and those reported in the pres-
ent study, Note that in the narrow ranges, sensitivity per bel is ap-
proxifnately the same, whereas in the 3. 0 log unit range, Richter found
a substantial drop in sensitivity per bel, Iun the present study, sensi-
tivity per bel was virtually unchanged. The two differences between
Richter's study and the present study are the number of stimuli and the
stimulus spacing. Chase (Note 2) found that sensitivity is not strongly
affected by number of choices when the number was varied between two
and five. It would therefore appear that the spacing of the stimuli is

respounsible for differences observed here,



Figure 14, Sensitivity per bel as a function of range for the present

study and that of Richter (Note 1).
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1.
Transposition Test

) The resulis of the present study showéd that & monotonic rela-
tionship between stimulus and response dimensions present during |
training could be transposed to novel stimuli and novel responses when
pigeons were presented with two new points, one at each end of the
stimulus-response continuum, In addition, it appears that a mono-
tonic ordering of these dimens.ions facilitated performance of the dis-
crimination. This suggests that not only are pigeons capable of learn-
ing a relationship between stimulus-response dimensions, but that they
can apply this rule to new situations. Thus, Skionner's (1853) notion
that coherent repertoires may be acquired following training on lim-
ited points of correspondence between stimulus -reéponse dimensions
has been supported by these results. Previously, work by Chase,
Geller and Hendry (1974) showed that a coherent repertoire could be
established when a topographical relationship (as described on pagel4)
between stimulus and response continua exists, Other earlier attempts
to demonstrate that a coherent repertoire could ke established in this
way were not successful (Cumming and Eckerman, 1965; Wildemann
and Holland,. 1972). However, although a topogrezphical relationship
between stimulus and response continua did not ezist in the present
study, the tran5position‘test showed some evidence that a coherent rep-
ertoire was cstablished, In spite of the absence ¢ spatial cues between
the stimulus-response diménsions, therefore, cuzz which were present

in the study by Chase, Geller and Hendry (1974), &z continuous reper-
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toire was nevertheless demonstrated.

There may be several reasons why a contiﬁuous repertoire was
found in the present study but not in the previous studies by Cumming
and Eckerman, (1965) and Wildemann and Ilolland, (1972). In the
present study, the response continuum was composed of a row of
discrete choice keys, "each separated by 1, 5 cm, whereas in the two
previous studies cited, the response c'onti‘nuuni was not éomposed of
discrete keys, It is possible that in the present study each key may
have functioned as a highly discriminable stimulus since it was illu-
minated from behind by a green pilot light. The choice keys, there-
fore, contrasted highly with the surrounding intelligence panel which
was black Thus, the fact that each key was separate from the next
and contrasted with the background may serve to make the choice keys
more discriminable from each other and facilitate the ability to locate
each key's position along the response continuum, Although Hendry's
{Note 4) data showed that the particular type of response surface did
not significantly affect performance on the transposition test, the novel
key was chosen more often by the pigeons trained with discrete keys
(on 82% of the trials) than by birds trained on a coatinuous surface (72%
of the trials).

In addition, it may well be that a continuous reperioire is facili-
tated when many responses along discfetrj areas of the response contin-
uum are required. [u ibhe present study, the birds were trained on five

points of correspondence between the stimulus and response continua,
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which represents a larger number of points of correspondence than
any used previously, It is possible that having both many points of
correspondence as well as a response continuum consisting of dis-
crete areas for response facilitaied the establishment of a continu-
ous repertoire, A topographical relationship between stimulus and
response dimensions is apparently not necessary for the establish-
ment of a coherent repertoire, although the greater number of points
of correspondence along the stimulus-response dimension may have
provided advantages io the learning situation which offset any dis-
aévantages due to the lack of a iopographical relationship.

In the study by Chase, Geller, and Hendry (1974) as well as in
the present one, it was observed that the new keys were pecked in the
presence of the novel stimulus on some but not ail of the i{rials, When
presented with novel stimuli, subjects continue {o make responses
which were previously reinforced. In the preseni experiment, for
example, when Stimulus 0 and Stimulus 6 were presented, some re-
sponses were made on Keys 1 and 5, respectively, It appears likely,
therefore, that two iypes of learning are being observed, one in v;'hich

-the relationship between stimulus and response dimensions is trans--
posed to a new situation, and one in which previously learned re-
sponses are main‘rained in the presence of a stimulus similar to the
apprcapriate training stimulus.

Future studies might focus on (1) the number of poinis of corre-

spondence necessary io produce a continuous reperioire of behavior
y P
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and (2) the nature of the stimulus-response dimensions and the type

of interactions which may occur between these dimensions.
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TFootnotes

]Free-feeding weights were obtained for each bird by averaging
the weights taken daily in a 2-week period prior to the experiment

during which mixed grain was freely available in each home cage..

2y ft, L = 3. 43 cd/mz. Luminance was measured in ft, L in the
present investigation to facilitate comparisons between the present
study and those of Richter (Note 1) and others performed previously

in the same laboratory.

3As a result of accumulation of dust on the optical system, par-
ticularly on the slides, there was a reduction of approximately . 5 log
units from the luminance levels measured at the onset of the experi-
ment, The relative levels, however, remained approximately the
same throughout the experiments.

4Dat:a. for an analysis of key preferences or response biases after

an error had been made were not available,

SAnothér measure frequently used in determining the effects of
range on performance has been information transmitted. ﬁowever,
due to the fact that a correlation exists between the measures of total
sensilivity and information transmitted, the additional analysis of thg
data in terms of infoermation transmitted was excluded from the présent
stué]y.

6Hodos and Bonbright (1972) reported that the difference threshold

for visual stimuli which varied in intensily was approximately 0,12
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logarithmic units, Therefore, a greater number of errors would be
expected for the narrow range groups since the spacing between adja-
‘cent stimuli approximates this difference threshold more closely than

the spacing between stimuli in the moderate and wide ranges,

TThese were done by hand as well as on a PDP-8 computer located
in the Research ILaboratory of Electironics, Massachusetts Institute of
Technology, Cambridge, Massachusetts., I would like to thank Louis

D, Braida and Nathaniel I, Durlach for the use of their computer.

8gird 16 was accidentally given a session of training appropriate
for the wide-ordered group on the third day preceding the transposition
test. This experience with a large range and with stimulus and re-
sponse dimensions monotonically ordered may be responsible for this

bird's performance on the transposition test.



Appendix A, Method for obtaining stimuli spaced on an equal dis-

criminability scale,

86.



817.
Appehdix A

Eariier work by Chase (Note 2) has shown that luminances equally
.spaced on. a logarithmic scale are not equally discriminable, When
pigeons were presented with 13 luminance levels of white light ranging
from ,5to 2, 8 log ft,- L in . 2 log unit steps and reinforcement was con-
tingent upon discrimination of the luminances, it was apparent that the
higher intensity stimuli were more discriminable than-the lower inten-
sity stimuli, A scale based upon equal logarithmic steps between adja-
cent stimuli is not, therefore, an equal discriminability scale., Since
Boakes (1969) found that a power law scale with an exponent of , 2 is a
better approximation of an equal discrirﬁinability scale for the pigeon,
this scale was used.

The following procedure was used to decide upon the luminance
levels of the five stimuli for each of the three ranges, Since a three
log unit range was to be used for the wide range group and the small-
est spacing possible was .1 log units, the scale was consiructed by
finding the antilog of values ranging from 0 to 3. 0 log units in . 1 log
unit steps. These antilogs were theun raised to a power of . 2 as shown
in Table A. .The appropriate values for the equal discriminabilily
scale were selected by dividing this power scale inio equal steps within
each of three ranges: narrow, moderate, and wide. The constraints
were thal the center stimulus be the same for all ranges, that the three
ranges be as close to 1, 2, and 3 log units as possible (corresponding

to the narrow, moderate and wide ranges, respectively, and that reso-
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Table A

Scale of log values ranging from 0 to 3.0 log units and corresponding
antilogs raised to a power of ., 2,

Log Antilog _L_;f_
0 1. 00 1. 00

« 1 1,26 1. 05
.2 1. 58 1. 10
.3 2.00 1,15
.4 2.51 1. 20
.5 3.16 1. 26
.6 3. 98 1. 32
.7 5.01 1,38
.8 6. 31 1, 45
.9 7.94 " 1. 51
1. 0 10. 00 1.58
1.1 12.59 1,66 -
1.2 15. 85 1, 74
1.3 19,95 -1, 82
1. 4 25,12 1. 91
1.5 31.62 2. 00
1. 6 38. 81 2,09
1. 7 50,12 2,19
1.8 63.10 2,29
1.9 79. 43 2. 40
2.0 100, 00 2. 51
2.1 125. 892 2.63.
2. 2 158, 49 2,75
2,3 199,53 2,88
2. 4 251,189 3.02
2.5 316,23 3. 16
2, 6 398.11 3.31
2.1 501,19 3. 47
2. 8 630, 98 3.63
2.9 794, 33 3. 80
3.0 1000. 00 3.98
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lution was limited to ..1 log units,

It was decided 1o use a filter of 1 log unit for Stimulus 3, the
center luminance for all three ranges. Therefore, after the spacing
in log unils was found, the actual filters to be used which preserved
the spacing were determined. Table B shows the luminance values
obtained from the antilog scale of Table A and their corresponding

logarithmic values and neutral density filters for each of the three

ranges.
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Tabhle B

‘Luminamces for three ranges of stimuli

Luminance’ 2 closest value ILog value ND TFilter
from Table 11

Narrow S1 2,00 2,00 1.5 1.9

Range S2 0 2.25 2,29 1.8 1,2
S3 2,50 2,51 2.0 1.0
54 2,75 2. 75 2,2 .8
S5 3,00 3.02 2,4 .6

Range on Luminance’ 2 Seale = 1,02

Moderate St 1,5 "~ 1,561 .9 2.1

Range S22 2.0 2,00 1.5 1,5
53 2.5 2. 51 2.0 1.0
54 3.0 3. 02 2.4 .6
S5 3.5 3. 47 2, T .3

Range on Luminance- 2 Scale = 1, 96

Wide 51 1.0 ' 1. 00 0 3.0

Range 52  1.75 1,74 1.2 1.8
S3 2.50 2, 51 2.0 1.0
54 3.25 3. 31 2.6 .4
S5 4,00 3. 88 3.0 0

Range on Luminance’ 2 Scale = 2.98
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Appendix B, Confusion matrices for all birds for 100 sessions of
training. Shown are the percent of trials on which each response
(R1 to R9) was made in the presence of each stimulus (S1 to S5},

These values are based upon 80 presentations of each stimulus.
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Wide-ordered Rirds - confusion matrices
Bird 1 Bird 2 Bird 3 Sessions
31 52 83 S4 85 S1 82 S3 5S4 S5 S1 52 S3 S4 S5
R1 531903 0 0O 331301 0 0O 41 46 06 © O 1-5
R2 32 46 35 03 11 38 41 33 01 01 41 28 25 02 01
R3 11 23 48 27 08 21 37 41 26 01 14 15 32 10 11
R4 01 09 09 49 44 01 07 15 53 33 01 08 26 56 31
R5 03 03 06 22 38 07 02 10 19 64 02 04 10 31 X
Rl 642404 0 0O 67 34 0701 0© 43 53 01 01 O 6-10
R2 26 451302 0 30 40 21 03 © 48 41 26 01 O
R3 0316802 0O 03225222 0 06 06 54 04 O
R4 0 01366 23 0 03 18 64 30 0 01864 11
RS 11 003 31 77 0 0011070 04 0 01 30 89
R1 7258 32 001 59 29 02 0 01 72 37 03 0 01 11-15
R2- 26 33 27 1103 38 4618 0 03 28 570801 0
R3 01083016 O 01 236803 0O 0-07 63 01 01
R4 0 011 61 42 001 11 92 42 "0 0257213

R5 0 0 01254 0 0 00554 0 0 o 2584
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Wide-ordered Birds ~ confusion matrices (cont,)
Rird 1 Bird 2 Bird 3 Sessions
51 52 S3 54 S5 S1 S2 53 54 S5 S1 52538455
R1 732201 0 O 75491204 O 42501 0 0O 16-20
R2 266022 0 O 25333006 O 266609 0 O
R3 0177009 O 0183934 0 0098006 O
R4 0 006 7111 0 017 3819 0 010 89 2¢C
R 0 0 019 89 0 0011981 0 0 00580
R1 9311 0 0 O 552404 0 O 812701 0 0 21-25
R2 066102 0 O 38 604002 O 187 07 0 O
R3 0270712 0 06 134825 0 0 02 85 07 02
R4 0 0017522 01 02 06 54 37 0 006 8817
R5 0 0 01277 0 00118863 0 0 004 80
R1 .90 1T 0 0 O 50 36 05 0 O 913905 0 O© 26-30
R2 096417 0 O 49 47 2005 O 115911 0 O
R3 01257908 0O 01 17 53 08 03 0028009 0
R4 0 0049021 0 06 13 69 31 0 0 04 85 02
R5 0 ¢ 00279 0 0021966 0 0 006 98



Wide-ordered Birds
Bird 1

51 52 53 54 55
RY 8902 0 0 O
R2 117708 06 O
R3. 01986 04 0O
R4 0 01 06 95 04

R5 0 0 001096

R1 95409 0 0 O
R2 067606 0 O
R3 015908 0
R4 0 0049205

R5 0 0 0 095

R1 8512 0 0 O
R2 107702 0 O
R3 051096 02 0
R4 0 0019110

R5 0 0 006 90

Bird 2

51 52 53 54 S5

71 29

26 65

02 05

001

0 0

62 16

34 64

03 20

0 0

0 0

68 31

32 59

010

0 ¢

0 0

06 0 O

38 06 01

60 23 ©

04 59 14

02 12 85

0 0 0O

11 05 01

8119 0

08 61 11

0 16 87

0 ¢ O

11 05 04

77 22 0

11 61 04

011 92

- confusion matrices (cont,)

RBird 3

51 82 53 54 S5

84 35 0
16 64 09
0 01 88
0-0 04

0 0 0

8855 0
1242 01
0 02 92
0 005

0 090

7534 ©
25 61 04
0 05 92
0 004

0 0 O

0 0

0 0

01 0

94 02

05 98

0 0

0 0

01 0

98 02

01 98

01 04

02 94

04,

Sessions

31-35

36-40

41-45



Wide-ordered Birds - confusion matrices (cont.)

R1

R2

R3

R4

R5

R1

Rz

R3

R4

RS

R1

R2

R3

R4

Rb

Bird 1

S51 52 83 5S4 S5
5504 0 0 O
0598408 0 O
00298008 0
0 0029205

0 0 0 085

86 06 0 0 0
13810502 0
0128004 0©
0 0059201

0 ¢ 00199

8809 0 0 O
128804 0 0
0058910 0
0 0018905

0 0 001195

51

66

31

02

29

29

12

60

39

01

0

0

Bird 2

52 53 54

26 01 O

68 28 01

06 64 17

008 77

0 004

2102 O

7114 O

08 76 12

0 08 80

0 008

17 0 0

66 30 01

16 59 08

0 11 85

G 006

S5

14

86

04

36

12

88

Bird 3

S1 52 53 54 55
66 16 0 0 O
348001 0 O
0049504 0O
0 004 96 02

0 0 0 098

7110 0 0 O
208505 0 O
0059212 O
0 0028505

0 0 002895

64 12 0-0 0
358408 0 O
01049105 O
0 001 9504

0 0 0 0096

Sessions

46-50

51-55

56-60



Wide-ordered Birds - confusion matrices (cont.)

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

R1

R2

R3

R4

RS

Bird 1

51 852 53 54 S5
8604 0 0 O
1498205 0 0
0049 04 O
0 0055501

0 0 00189

8511 0 0 O
158604 0 O
0029408 0
0 00291 O

0 0 001100

8412 0 0 O
168401 0 O
0049208 0
0 00684 O

0 0 0 0100

Bird 2

S1 52 53 54 55
6816 0 0 O
326917 0 O
0157104 0O
0 0119204

0 0 00486

8119 0 0 O

197216 0 ¢

00298010 0
0 00486 02

0 0 00498

752902 0 O
256514 0 O
0068006 O
0 0048905

0 0 005095

Bird 3

51 52 53 5S4 55

7916 0 0 O

248102 0 O

01019804 0O

0 0 09506

0 0 00194

71028 0 0 O

286904 0 O

01029204 0

0 004 94 02

0 0 002098

6221 0 0 O

367506 0 0O

010498206 O

0 00194 O

0 00 0100

96.

Sessions

61-65

66-70

71-175



Wide-ordered Rirds

R1

R2

R3

R4

RS

R1

R2

R3

R4

RS

R1

R2

R3

R4

Bird 1

S1 852 53 54 55
8611 0 0 O
148501 0 O
0045005 O
0 0 00995

0 0 ¢ 0100

9108 ¢ 0 O
098 0 0 O
00398805 0O
0 0019403

0 0 00197

9004 0 0 O
1092 0 0 O
004 9804 O
0 00297 O

0 0 0 0100

confusion matrices {cont,)

Bird 2

S1 52 S3 54 S5

7924 0 0 O

216619 0 0

0097205 0

0 01 09 81 038

0 0 0 092

05125 0 0 O

497016 0 O

0057505 0

0 0099205

C 0 002655

7031 0 0 O

30692001 -0

0 07606 O

0 00488 O

0 0 005100

Bird 3

S1 52 83 54 55

8421 0 0 O

16 7502 0 O

0048804 O

0 010 94 01

0 0 002099

6814 0 0 O

3181 0 0 O

D1 05 95 08 0

0 0059001

0 0 00298

6504 0 0 O

358902 0.0

0079504 O

0 00209104

0 0 005096

a7.

Sessions

76-80

81-85

86-90



Wide~ordered Birds

R1

R2

R3

R4

RO

R1

R2

R3

R4

RS

Bird 1

S1 S2 S3 S4 S5
9005 0 0 0
10 9205 0 0
0029202 0
0 0029502

0 0 002098

7304 0 0 O
268101 0 O
0119501 0O
0 00285 O

0 0 00201

98.

confusion matrices {cont, )

Bird 2

S1 52 53 5S4 S5
7916 01 0 O
21 831101 O
0 07706 0O
0 010 88 05

0 0 00585

6211 0 0 O
. 38831101 0
0 01 86 08 O
0 00282 0

0 0 009100

Bird 3 Sessions

51 52 S3 54 S5
8616 0 0 0 91-95
127411 0 O
01108912 0O
0 0 088 O

0 0 0 0100

7615 0 0 0 96-100
247906 0 €

006 8119 ¢

0 0028001

0 0 001099



‘Wide~unordered Rirds

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

R1

R2

R3

R4

RS

Bird 4

S1 52 53 54 S5

40 27 28 32 13

08

38

02

13

54

15

20

10

70

05

07

18

35

22

06

10

09

60

21

04

06

04

75

19

10 O

19 05

19 36

23 27

2519

10 0O

51 14

04 40

10 26

20 02

04 0O

69 07

01

09

20

01

04

01

11

82

0

0

0

20 05 80 26

04 02 131 74

Bird 5

51 82 S3 54 S5

46 36

22 26

21 11

08 19

03 08

95 23

41 70

03 05

01 0

46 286

26 50

21 14

11 01

04 07

28

08

26

20

18

i1

24

49

11

04

10

10

38

18

22

13 05

0 0

13 16

30 10

45 69

05 0

04 04

17 04

64 26

11 66

04 01

01 0

13 06

19 61

37

35

16

01

10

82

11

06

01

= confusion.matrices ..

Rird 8

S2 53 54 55

30

38

18

09

05

16

45

31

01

07

36

30

31

02

30 09

10 0

28 20

23 26

09 45

08 08

15 79

07 08

11 07

76 11

09 80

0 0 003

05

09

14

09

64

05

08

17

70

02

06

18

74

99.

Sessions

1-5

6-10

11-15
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Wide-unordered Birds — confusion matrices {(cont.)

Bird 4 Bird 5 ’Bird 6 Sessions
St 52 S3 54 S5 'S1 S2 S3 S4 S5 S1 5283 S4 55
R1 791416 0 0 66 29 04 0,02 83270404 0 16-20
R2 097504 0 O 196025 0 O 10 55 05 0 02
R3 06 10 74 02 02 14 10 51 14 O 01 17 82 04 01
R4 06 0 04 90 07 01 01 17 84 29 06 01 08 91 11
R5 001020890 ¢ 0020269 0 0010185
R1 68121502 0 81 29 20 02 G2 80 250305 0 21-25
R2 16 7309 0 03 05 49 31 02 02 017013 0 O
R3 08 10 64 16 02 09 18 39 20 02 08 05 70 12 04
R4 050310 76 39 05 02 08 66 46 0 00438008
R5 02 01 02 05 56 0 01 01 08 48 0 0050288
R1 821919 04 01 656220604 0 86 06 1504 O 26-30
R2 055916 004 15 52 38 09 04 118012 0 O
R3 10 18 45 19 08 17 25 32 06 05 0046802 0
R4 02 04 16 64 15 01 01970 21 02 004984 O

R5 0 0 01372 01 01 05 11 70 0 0 0 010



Wide -unordered Birds~-confusion matrices - (cont. )

R1

R2

R3

R4

R5

R1

R2

R3

R4

R5

R1

R2

R3

R4

R5

Bird 4

51 52 S3 54 55
64 08 10 02 06
157217 001
12 14 62 25 10
06 0 06 66 09

02 00506 74

70 16 11 06 01
11 60 14 02 05
16 24 49 16 02
02 0226901

0 004 06 90

69 02 12 09 02
15 77 26 01 01
15 17 41 11 02
01 0156908

0 02 05 10 86

Bird 5

51 52 S3 54 55
64 05 02 002
31 86 40 02 02
05 06 51 22 04

0 0204 71 08

0 00205 84

8108 001 O
11 82 34 001
06 10 55 20 01

01 006 6906

801001 0 O
11 7908 01 ©
07 11 6912 0
01 0198205

0 00404 95

Bird 6

S1 S2 53 S4 S5
76 12 1101 0O
1876 08 0 O
04 11 65 05 01
03 0119405

0 005 094

81 08 05 01 01
137408 0 O
05 17 74 08 02
01 01 09 89 02

0 00102094

951041004 O
058310 0 O
04 07 74 12 02
0 02 02 84 01

0 004 096

101.

Sessions

31-35

36-40

41-45



Wide -unordered Birdé - cc;wnfusion matrices (cont, )

Bird 4 Bird 5 Bird 6
S1 52 53 54 55 51 52 83 54 S5 S1 52 53 5S4 S5
Rl 750506 08 08 7702 004 O 89 07 10 11 02
R2 11722401 0O 19 74 08 01 02 05 70 G901 O
R3 10 20 69 10 01 04 22 81 06 06 04 20 73 10 02
R4 0201 017515 0 006 84 01 02 006 74 07
R5 0101 0106 76 0 00505 90 0 02 02 04 88
Rl 76 li 20 09 01 51050504 O 75041006 O
R2 1076 36 05 0 098016 001 09780602 O
R3 14 12 44 17 04 0 15 75‘10 62 12 15 65 06 01
R4 0 0 06205 0 0048201 04 00582 O
R5 0 0 006 90 0 0 004 95 0 02 05 02 99
R1 62141102 0O 86 06 0206 O 89090802 O
R2 11 66 30 01 02 09 7911 0 02 04 77 13 01 01
R3 25165216 0 04 14 81 15 05 04 11 59 19 01
R4 0 0047202 0 004 77 08 04 011 75 04
R5 01 04 02 08 95 01 01 01 01 85 0 02 09 02 24

102-

Sessions

46-50

51-55

56-60
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Wide-unordered Birds -~ confusion matrices {cont.)
Bird 4 Bird 5 Bird 6 Sessions
51 52 53 54 S5 51 S2 S3 54 85 S1 82 83 S4 S5
R1 65040906 0O 74 120401 O 92 0323 001 61-65
R2 107739 002 24 70 05 01 02 04 8927 0 0
R3 2019 48 38 01 02 1770 11 04 02 03 45 06.01
R4 04 0 01 54 05 0 0218516 01 04 06 80 12
R5 01 00402 91 0 0 00179 001 004 86
K1 8406 08 11 O 92110404 O 87 04 13 04 01 66-70
R2 0884 35 01 O 06 66 08 0 O 048114 0 0O
R3 08 08 51 20 05 01 228202 0O 0513 71 04 02
R4 01 0016002 0 006 93101 0201 092 0O
R5 0 02 04 08 92 0 0 00299 01 002 0 96
Rt 72121708 0O 88080104 0O 8806 2102 0O T1-75
R2 1264 41 02 0 08 7508 001 047815 0 O
R3 13 19 38 30 06 02 15 84 06 02 06 09 57 02 02
R4 01 01 01 36 05 02 00684 0 02 006 95 01

R5 01 04 02 24 89 0 02 01 06 96 005 0 086
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Wide-unordered Birds - confusion matrices (cont,)

Bird 4 Bird 5 Bird 6 Sessions

S1 S2 53 54 S5 S1 52 53 54 55 51 52 S3 54 55

R1 68 0516 11 01 8004 0104- 0 092051401 O 76-80
R2 176515 0 O 048916 0 O 017111 0 O
R3 12 2958 21 02 06 08 77 06 01 05 22 64 09 02
R4 01 0086201 0 00988 0 01 00590 O
R5 010104 05 95 01 0020288 0010 0 O
R1 76061908 0 89020408 0 94 05 14 01 02 81-85
R2 177428 0 O 018412 0 O 08006 0CO1
R3 051945 16 02 10027708 0 0512 71 14 01
R4 01 0106 72 01 0 006 8101 01020585 O
R5 0 0020596 001 00299 0 004 0095
R1 92 ‘02 11 01 01 90 010108 0 85 01 06 0 01 86-90
R2 047612 0 0 048312 0 0 028204 0 O
R3 01 2162 06 01 05 09 76 06 01 1214 8201 0
R4 02 005 91 04 01 0 08 84 01 00105985 0

R5 0 00901 94 0 02 02 02 98 0 01 02 04 99



Wide-unordered Birds

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

Bird 4

S1 52 83 S4 S5

96 02 14 04 01

06808 0 O

01247511 0O

02 01 04 85 04

005 0 0095

86040906 O

088116 0 O

04 14 68 17 0

0 0027401

0 01 04 02 89

S1

98

01

89

06

02

01

01

Bird 5

S2 83 54

01 02

84 09

14 84

09 01

81 19

08 72

02 05

0 02

01
01
15
T

05

12
80

08

55

01

99

01

02

o6

confusion matrices (cont,)

Bird 6

S1 5253 5485
690101 0 O
188402 0 O
1313 81 02 01
0 011 96 01

0 01 04 01 S8

67 00501 O
1790305 0 O
13048802 0
01010295 O

0101 001100

105.

Sessions

91-95

96-100
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'.Moderate—ordered Birds - confusion matrices
Bird 7 Bird & Bird 9 Sessions
51 582 83 54 S5 51 S2 S3 54 55 S1 52 83 54 55
R1 211807 0 O 54 24 03 0 01 47 49 20 01 0@ 1-5
R2 64 57 42 14 11 33 44 35 19 16 25 26 28 10 03
R3 0916 22 23 09 05 24 44 23 06 11 09 23 18 13
R4 04 08 29 45 30 08 09 17 37 44 14 11 25 54 b5
R5 0301 017 50 0 00122 32 04 05 05 18 30
Rl 583804 0 0O 6124 0 0 O 71 56 08 04 01 6-10
R2 35582403 0 385313 0 O 21 25 21 05 O
R3 06043911 0O 02382168 0 08 14 36 26 11
R4 0 0 31 58 28 0 00577 51 0 04 28 46 36
RS 0 0012872 01 O 006 49 00107 19 51
R1 743801 ¢ O T0 19 05 12 0% 80 45 14 03 03 11-15
R2 24441803 0 205416 0 O 17 30 24 05 06
R3 03175026 ¢© 0116 6305 0 03 24 39 30 10
R4 0 01 15 64 41 0 0168 70 34 0 01 15 47 28

R5 0 0020759 011 014 58 0 007 14 53



Moderate-ordered Birds - confusion matrices (cont.)

R1

R2

R3

R4

R5

R1

R2

R3

R4

RO

R1

R2

R3

R4

R5

Bird 7

51 52 53 54 S5

55611 0

38 67 23

08 20 64

00112

0 0 0O

85 33 05

10 41 29

05 26 54

0 012

0 0 ©

71 24 01

29 61 29

0 14 49

0 020

0 00

00

0 @

17 0

75 11

08 89

00

0 0

42 05

45 30

13 65

0 0

0 0

26 04

49 19

25 77

Bird 8

51 52 535455

7530 O
25 59 31
011 62
0 006

0 0 O

74 20 01
24 52 29

02 28 68

76 20 0
24 59 17
0 21 71
0 011

0 0 O

0 O

c1 O

20 0

62 21

11 77

0 0

19 02

74 26

08 71

08 06

0 94

Bird 9

51 52 53 54 55

72 30
25 49
03 17

001

0 01

77 37
19 38
04 20

0 04

70 31
25 45
04 20
01 02

001

10 001

16

a1

10

12

08

29

18

04

05

15

a0

28

02

0

01

29 01

60

11

02

01

25

60

11

01

26

58

15

13

81

01

02

02

34

59

10

27

63

107,

Sessions

16-20

21-25

26 -30



Moderate-ordered Birds -

R1

R2

R3

R4

RS

R1

R2

R3

R4

RS

R1
R2
R3
R4

R5

Bird 7

S1 52 53 54 55

74 34 02
21 54 25
02 08 56
01 01 15

01 001

70 30 O
29 50 15
01 2G 50
0 034

0 001

75 26 01
21 56 16

04 17 6O

0

01

16

69

14

0

0

15

68

17

0

01

19

01

0

04

11

83

02

15

82

0

0

0

0 0226519

6 0 01581

Bird 8

51 52 53 54 S5

76 11 0

24 75 04

014 95

0 001

0 0 O

7908 0

18 74 15

01 19 73

0 011

01 001

90 11 ©

09 84 11

01 05 88

0 001

0 0 O

0 0

0 0

09 0

88 11

04 89

01 O

04 O

89 10

04 90

84 08

06 92

confusion matrices {(cont.)

Bird 9

S1 52 S3 S4 S5

61 20 0

26 60 21

10 19 55

02 01 24

0 0 ¢

73 31 05

20 05 25

03 20 50

03 01 17

0 003

85 52 05

12 38 24

02 10 48

0 024

g O
04 0
16 02
66 25

14 72

01 O
05 01
33 06
37 20

23 72

01 0O
08 0
29 04
38 17

25 179

108.

Sessions

31-35

36-40

' 41-45



109,

Moderate-ordered Birﬂs - confusion matrices (cont,)
Bird 7 Bird 8 Bird 9 Sessions
S1 82 S3 54 S5 51 52 S3 S4 55 S1 52 53 54 55
R1 7015 0 0 O - 8019 0 0 0 753604 0 O 46-50
R2 307116 0 0O 197710 0 O 1045 2504 O
R3 011462 14 01 01 049016 0 05 15 46 20 05
R4 0 02072 24 0 0 08208 01 0 21 66 30
R5 0 0 01475 0 0 00192 0 0 0610 65
Rl 5517 0 0 O 7415 0 0 O 91 3506 0 O 51-55
R2 396525 0 0 26 71 2801 © 06 44 21 04 01
R3 0517 69 26 01 0147015 0 02 17 48 22 04
R4 0 006 70 20 0 00276 10 0 02 25 58 38
R5 0 0 00479 0 0 00890 001 016 58
RT 7617 0 0 O 5011 0 0 O 86 3001 0 O 56-60
R2 246512 0 0 107506 0 0O 10521904 O
R3 0177224 0 0148808 0 01 16 60 28 04 -
R4 0 015869 29 0 006 8210 01 01 20 56 35

RS 0 0 00871 0 0 00990 01 0 ©O 1261



Moderate~ordered Birds -

R1

R2

R3

R4

RS

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

Bird 7

"S1 52853 5S4 S5

601002 0 O

3270 2208 0

06 19 48 16 02

01 01 25 52 24

0 0022474

8009 0 0 O

165911 0 O

01 31 80 14 0%

001 0971 17

0 0 01581

86 16 0 0 O

145504 0 O

0204406 O

0 01774 10

0 001 20 90

Bird 8

S1 S2 83 S84 S5
8007 0 0 ©
198102 0 0
01110908 0

0 0 09009

0 0 004 91

8021 0 0 O
107302 0 O
0058920 0
0 0086509

0 0011501

8514 0 0 O
159301 0 O
011 9510 01
0 01 04 84 08

0 0 006 91

S1

68

24

05

02

T2

81

17

01

confusion matrices {(cont.,)

Bird 9

52 53 54 85

39 02

38 22

20 43

01 25

02 02

42 02

31 16

24 54

01 28

01 O

24 0

62 19

10 68

04 14

0 0
08 0
16 02
52 24

24 14

01 O

14 05
66 21

19 74

05 0
15 02
69 20

11 77

110,

Sessions

61-65

66-70

71-75



Moderate-ordered Birds - c'onfusion matrices (cont.)

R1

R2

R3

R4

RS

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

Bird 7

S1 52835455
5029 0 .0 O
095115 0 O
0117 71 06 O
00214 82 16

0 0 011 84

7116 0 0 O

226414 0 O

8014 0 0 O
197414 0 O

01 10 68 06 01

0 01 01 22 92

Bird 8§

S1 52 53 S4 85
7614 0 0 O
24 8004 001
006 9405 O
0 b0284 0

0 0 011100

8619 0 0 0
147402 0 O
008 96 05 0
0 0019408

0 0 00192

9106 0 0 O
0984 0 001
01010005 O
0 0 08506

0 0 00092

Bird 9

51 S2 53 54 55

76 36 02
21 46 15
02 16 54
0 01 28

0 001

68 19 01
32 62 14
0 17 60
0 01 25

0 6 O

6014 0O
38 65 11

02 17 66

004 22

0 0 0

0

01

21

68

10

04

15

74

08

01

12

70

16

0

0

05

35

60

01

01

21

76

01

04

15

80

111,

Sessions

76-80

81-85

86-90



Moderate-ordered Rirds - confusion matrices {(cont,)

R1

R2

R1
R2
R3
R4

RS

Rird 7

51 52 53 54 S5

9025 0 0 0O

10 64 16 02 0O

010 72 22 01

001107011

0 00104 88

8208 0 0 0

178409 0 0

0 08 79 06 01

0 01 10 84 17

0 0010481

Bird 8

S1 52 S3 54 Sb

8610 0 0 O

14 8505 0 01

0 05 95 05 01

0 0 09206

0 0 0029

9115 €001 ©

087906 0 O

0058904 O

0 0059108

0 0 00492

Bird 9

S1 52 S3 54 55

843504 0 0

16 61 21 04 01

0 04 61 14 04

0 01479 24

0 0 00471

722402 0 O

26 66 17 01 01

01 096914 0

001 1177 29

0 0 00870

112.

&
Sessions

91-95

96-100



113.

Moderate-unordered Birds - confusion matrices
Bird 10 Bird 11 Bird 12 Sesgions
51 S2 S3 54 55 S1 52 53 54 S5 51 S2 53 S4 55
R1 08 10 08 06 0} 55 47 31 18 08 23 22 24 16 06 1-5
R2 58 59 34 10 04 14 19 09 08 08 25 22 11 05 06
R3 10 10 11 14 08 10 14 21 18 15 27 30 30 31 22
R4 050817 1412 09 09 25 26 16 1308 19 14 10
R5 20 14 30 56 74 12 10 14 31 55 13 19 16 34 56
Rl 13040402 0 37 3215 003 73412201 O 6-10
R2 77 76 24 05 04 34 48 24 25 0 06 2323 001
R3 10124210 O 15 15 29 03 08 13 32 28 03 06
R4 002 22 17 01 12 05 24 30 15 04 0 04 15 05
R5 0 0508 65 95 01 009 42 74 04 04 24 81 87
Rt 39190801 O 52 331311 0O 52 27 08 01 02 11-15
R2 555820 001 -20 39 20 01 04 23281101 0O
R3 05235539 0 20 25 51 16 02 17 31 55 11 12
R4 01 014 47 30 05 006 40 11 05 01 26 64 21

R5 0 001 12 67 01 02 09 31 82 0302 02364



114,

Moderate-unordered Birds~ confusion matrices (cont, }

Bird 10 Bird 11 Bird 12 Sessions
81 S2 S3 54 55 S1 82 53 54 S6 S1 S2 S3 54 S5

R1 52291103 0 ~ 45240904 O 81 380201 O 16-20
R2 41562404 O 36 5233 0 © 11 351704 O
R3 05 14 55 28 04_ 14 22 35 21 04 04 24 60 20 G5
R4 01 0054218 05 01 13 50 32 04 01 17 56 22
R5 01 0042378 0 010 25 64 0 01 0219 72

R1 40 351514 01 36 26 10 04 0t 70 190105 0 21-25
R2 42 43 38 05 08 56 61 3501 0 12 452101 O
R3 09 11 38 32 02 0 08 44 25 04 09 32 53 20 06
R4 07 09 08 39 31 06 05 09 44 17 09 02 21 51 18
R5 02 01 0 09 57 01 00226 77 0 01 02 22 75

R1 22 14 14 06 01 50 221404 O 64 09 09 08 03 26-30
R2 757959168 0 396830 0 O 16 50 14 05 01
R3 01 01 11 06 06 08 10 46 23 05 09 33 53 27 09
R4 01 05 15 50 22 04 O 08 42 17 08 05 19 48 21

R3 001012170 0 0023278 03 03 05 13 65



Moderate-unordered RBirds

R1
R2
R3
R4

R5

R1
R2
R3
R4

R5

R1
R2
R3
R4

R5

51

40

25

02

01

01

40

25

02

01

01

31

68

01

Bird 10

S2 83 5S4 55

17

64

12

02

04

09

54

38

02

10

65

17

06

01

05

08

70

16

01

05

08

70

16

01

01

15

68

16

01

01

33

56

09

01

04

28

25

11

01

21

72

05

19

72

09

19

72

02

22

75

confusion matrices (cont,)

Bird 11

S1 52 83 5S4 55

70

24

05

01

48

38

11

04

65

29

06

26

58

16

23

60

14

01

01

16

66

16

01

10 01
44 04
30 25
12 40

04 29

09 01

19 01

02 56

01 18

05 02
25 01
60 26

10 51

01

01

10

19

68

25

75

01

04

15

80

S1

60

30

08

01

01

81

10

02

06

76

02

Bird 12

52 53 54 S5
20 002 O
36 06 0 0
29 72 34 05
04 19 58 31

02 02 06 64

300102 O
391201 O
26 66 41 05
04 12 41 17

01 08 14 77

34 001 0
41 17 04 01
19 64 44 06
0 04 41 30

06 15 10 62

115,

Sessions

31-35

36-40

41-45



116,

Moderate-unordered Birds - confusion matrices {cont.)}
Bird 10 Bird 11 Bird 12 Sessions
S1 S2 S3 5S4 55 S1 S2 53 S4 S5 51 82 S3 54 55
R1 55160501 0O 6216 0201 0 70 19 02 01 O 46-50
R2 41 721502 0O 29571404 0 24 57 20 01 02
R3 02 08 60 23 06 04 25 68 32 01 02 19 49 28 035
R4 01 02 2068 12 04 01 14 52 12 02 01 20 54 09
R5 001 00581 01 00210 86 01 02 09 16 34
R1 50150802 0O 48 1204 05 O 63210102 0 51-55
R2 48712802 0O 46 60 11 0 01 26 36 17 02 01
R3 01104516 0O 04 24 64 26 02 07 34 57 21 06
R4 002207217 02 04 19 55 14 03 02 1959 11
RS 01 01 01 06 82 0 00114 82 0 06 04 15 81
Rl 55110101 O 42 151204 0 77170901 O 56-60
R2 44812404 0 486505 0 O 14 60 17 04 01
R3 00548 192 01 06 1962 2802 - 052051 28 11
R4 002 26 61 21 04 01961 20 04 019 48 12

R5 0 0011477 - 001010577 00204 18 75



Moderate-unordered RBirds

R1
R2
R3
R4

R5

R1
R2
R3
R4

R5

R1
R2
R3
R4

R5

Bird 10

51 52 53 54 S5

39 05 09

54 88 35

01 05 40

04 02 16

02 0 ¢

45 13 16

51 76 17

04 09 34

001 O

3212 11

62 74 28

06 12 41

00118

0 001

02 0

02 01

21 01

38 10

16 88

01 0O

02 ©

24 0

37 O

15 0

04 01

0r 0O

24 02

52 12

1S 84

confusion matrices ({cont,)

Bird 11

S1 52 53 S4 S5

59 30 08 05 01

30 49
04 20
08 0

0 01

50 19
49 65
0 15

01 01

70 22

22 7%

05 04

02 01

19

o8

08

09

12

36

38

14

05

21

60

12

00

20 01

48 32

19 65

01 02

05 0

34 08

49 39

11 51

01 0

001

32 05 .

62 21

04 72

Bird 12

51 52 53 54 S5
74 240805 0
22641504 O
04 11 62 28 04

0 0105316

0 01 05 10 80

72 26 0501 O
17 511701 O
08 19 65 21 O
0 01169 21

02 04 01 08 79

70 09 04 02 01
23 6417 0 04
05 27 68 25 02
02 010 66 14

0 00106 79

117,

Sessions

61-65

66-70

71-975



Moderate-unordered Birds -

R1
R2
R3
R4

R5

R1
R2
R3
R4

R5

R1
R2
R3
R4

RS

Bird 10

51 S2 53 54 35

36 14

59 68

D2 15

01 04

01 O

25 08

71 84

04 08

0 01

31 14

59 66

i0 17

0 02

6 0

10 02 ¢
1201 0O
42 31 02

34 42 09

0901 0

29 001

39 62 04

02 24 95

06 06 04
1501 O
60 36 04
17 45 11

01 11 81

Bird 11

51 52 S3

44 09 04

46 65 09

06 17 65

02 09 22

62 0 O

31 05 06

56 79 20

11 14 66

0 01 06

01 01 01

34 11 08

52 61 10

13 28 60

0 017

01 005

54 S5

01 0O

0 ¢

14 01

69 20

16 79

02 01

29 0

61 25

08 74

09 0

65 08

26 92

Bird 12

confusion maitrices (cont,)

S1 32 83 54 S5

72 14 01

27 66 17

01 14 70

0 0111

004 O

72 16 04

23 6219

0

0

14

74

12

02

05

0

0

04

04

92

0

0

05 17 68 19 06

0 007

0 04 01

56 13 06

3343 0

10 37 60

01 0 32

0 06 01

64

10

08

68

25

08

86

02

02

95

118.

Sessions

76-80

81-85

86-90



Moderate-unordered Birds - confusion matrices (cont,)

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

Bird 10

51 52 53 S4 55

22090804 O

66 79 21 02 O

11 11 54 49 01

0 016 34 14

00101 11 85

32 09 01 01 01

58 792902 0

09 11 62 52 09

0 01 06 20 08

01 00115 82

Bird 11

S1 52 53 54 S5

49 051002 O

48 7215 0 O

04 19 59 14 01

0 0126412

0 004 20 86

501906 01 O

48 61 21 01 0

01 20 61 14 04
01 010 75 10

0 0010986

Bird 12

S1 52 S3 S4 S5

52 08 04 02 01

447505 0 O

02 16 62 11 01

00122 72 05

01 006 14 92

82 2201 001

16 47 1001 O

01 27 77 12 01

0 011 79 14

004 00884

119,

Sessions

81-95

96-100



120,

Narrow-~ordered RBirds - confusion matrices

Bird 13 Bird 14 Bird 15 Sessions

S1 52 53 54 55 51 52 83 54 S5 51 852353 354 S5

R1 32 22 06 04 02 48 26 15 07 06 351510 06 04 1-5
R2 35 41 42 28 21 21 31 30 17 14 - 31 32 32 24 10

R3 19 22 22 25 16 15 22 25 21 26 25 39 32 25 20

R4 11 09 21 32 52 11 10 19 41 36 09 10 17 29 45

R5 02 06 08 10 08 05 10 11 13 17 0 04 08 15 21

R1 482705 0 0O 421201 0 O 57221202 0 6-10
R2 30 38 31 16 07 - 2536 2810 O 25453005 ©

R3 19 25 46 25 20 25 34 38 18 15 152840 18 18

R4 03 08 14 40 40 ' 08 14 29 57 59 03 05 14 64 68

RS 0 01 04 19 33 004 0515 26 0 0041214

R1 493106 0 0 411706 0 O 22 24 09 06 01 11-15
R2 26 33 23 08 08 35282212 0 47 50 30 22 06

R3 2222 3017 06 - 24 33 56 2512 26 25 32 16 24

R4 01 13 30 51 48 0 012 46 61 05 01 22 51 54

R5 01 01 11 24 37 0 00217 26 0 00606 15



121-

Narrow-ordered Birds - confusion matrices (cont.)
Bird 13 Bird 14 Bird 15 Sessions
51 52 53 54 55 S1 S2 53 84 S5 S1 S2 S3 S4 S5
R1 35150 0 0 - 292306 0 O 201308 0 0O 16-20
R2 49553505 0O 49 49 41 14 08 42 45 28 08 04
R3 13 22 35 16 02 18 24 34 28 19 26 40 51 28 i5
R4 02 05 32 54 56 01 03 10 40 39 02 01 17 47 58
RS 00204 25 41 02 01 08 18 34 0O 00317 23
R1 251316 09 12 42 0902 0 0 49 17 06 0 01 21-25
R2 42 3219 09 03 32 58 24 06 01 45 62 38 10 06
R3 0819192311 25 25 52 30 21 06 19 45 36 20
R4 02 14 29 36 47 0 08 16 49 46 0 01 09 29 39
R5 23 21 15 21 27 0 01 05 15 44 0 002 25 34
R1 37 3213 04 Q2 481406 ¢ O 311404 002 26-30
R2 56 49 38 15 @6 41 50 24 05 01 49523005 0
R3 06 06 10 15 08 11 24 31 24 16 20 28 b1 36 14
R4 01 11 22 31 35 0 11 38 51 54 006 15 42 35

R5 00117 34 49 0 01 01 20 29 0 0 017 48



122,

Narrow-ordered Birds - confusion matrices (cont,)
Bird 13 Bird 14 Bird 15 Sessions

S1 52 S3 5S4 55 51 52 53 54 85 51 52 S3 54 55

R1 110404 0 0 350902 0 O 491910 0 O 31-35
R2 59 48 24 10 01 48 69 35 17 10 44 66 34 09 04

R3 27 32 31 14 15 12 21 35 35 21 06 15 43 39 16

R4 02 15 38 59 58 02 01 21 30 45 0 01342140

R5 0 00517 25 02 0 06 17 24 10 40

R1 160204 0 O 44 1504 0 O 54 28 12 01 01 36-40
R2 54 54 30 11 04 46 56 32 02 01 41 56 31 09 04 |

R3 27 29 34 20 12 08 29 41 49 17 05 16 32 29 12

R4 02 14 26 58 59 02 0 22 24 30 0 0131212 31

R5 001061125 0 0012551 0 0051151

R1 290206 0 O 682110 ¢ O 4714 01 01 O 41-45
R2 5466 2410 0 28 38 17 05 01 51 64 49 12 08

R3 1317 39 21 17 05 39 45 36 10 02 22 41 50 15

R4 02 08 28 52 49 00217 31 38 0 009 2541

R5 01 004 16 34 0 010 28 51 0 0 11 36



123.

Narrow-ordered Birds confusion matrices (cont,)}

Bird 13 Bird 14 Bird 15 Sessions
S1 52 S3 54 S5 S1 52 S3 54 S5 S1 52 53 54 S5

R1 200801 0 O 46 1005 0 O 54 26 06 0 02 46-50
R2 61 55 27 09 05 48 55 16 01 01 46 55 25 06 05
R3 15 30 44 39 22 06 34 45 40 04 017 42 41 24
R4 02 06 21 36 51 0 0 314150 0 01 22 43 59
R5 01 01 06 16 21 0 01 04 17.45 : 0 004 10 29

R1 321102 002 64 1704 0 O 48 21 05 01 02 " 51-565
R2 56 59 26 16 05 26 54 19 04 02 47 64 56 20 09
R3 06 19 39 25 17 08 24 46 35 20 04 14 21 37 15
R4 05 09 31 44 40 0 04 22 42 33 01 01 16 30 43
R5 001011535 02 01 08 19 43 0 0011130

R1 321904 0 0 691105 0 O 33 23 05 01 04 56-60
R2 60 59 31 20 05 28 56 29 02 01 24 56 40 17 05
R3 0412 36 32 21 02 28 35 52 19 08 18 30 42 22
R4 04 10 27 35 38 0 05 28 54 50 0 02 24 30 35

R5 0 0021235 01 004 10 29 0 09011034



124.

Narrow-ordered Birds - confusion matrices (cont,)
Bird 13 Bird 14 Bird 15 Sessions
S1 52 83 S4 S5 S1 S2 S3 S4 S5 S1 S2 83 S4 S5
R1 351908 0 0 742006 001 59 11 06 02 0 61-65
R2 56 59 28 20 04 24 55 25 06 02 24 55 45 1304
R3 08 12 34 32 20 01 21 39 19 08 17 30 40 02 19
R4 01 10 29 35 31 0 04 22 48 46 0 04 09 37 40
R5 0 0021245 01 0 08 26 42 0 0 01837
R1 410908 0 01 852106 0 0 50 10 06 01 O 66-70
R2 52 64 40 20 04 10 51 29 10 04 36 55 45 19 11
R3 0517 25 20 21 04 21 42 24 11 14 30 34 35 15
R4 01 08 24 44 45 01 05 17 39 31 0 05 14 32 34
R5 002 04 16 29 0 01 05 28 54 0 60112 40
R1 7176 1101 © 68 1510 0 0 31 04 08 02 O 71-75
R2 25 44 34 08 05 29 49 20 0 04 51 686 41 20 10
R3 02 20 35 31 16 04 30 42 36 09 17 29 42 45 22
R4 01 09 14 40 41 0 06 22 44 34 0 01 09 21 28

R5 00102 20 38 . 0 005 20 54 0 0 01141



Narrow-ordered Birds confusion matrices {(cont.)

R1

R2

R3

R4

RS

R1

R2

R3

R4

RS

R1

R2

R3

R4

Bird 13

S1 52 S3 5S4

64 2502 0O

26 48 31 08

09 20 24 31

01 08 40 51

0 00210

61 2502 O

35 41 28 02

02 32 498 42

01 02 21 54

0 01

56 11 04 01

32 36 15 09

11 48 45 34

0 04 31 46

0 010510

S5

0

05

16

58

21

01

16

69

14

04

11

51

34

Bird 14

S1 5253 54 S5

722006 0

28 51 21 02

0 24 36 21

0 05 26 44

¢ 010 32

84 28 06 01

14 45 20 04

0 06 26 52

76 1206 0

20 49 18 05

04 38 55 26

0 01 11 33

0

0

10

32

58

10

30

60

14

22

0 0 09 3564

51

29

a0

21

0

0

25

50

25

36

46

16

01

0

Bird 15

52 53 54 55
0902 ¢ O
45 49 19 06
42 35 25 16
04 11 29 30

g 02 28 48

11 04 01 01
38 32 10 01
48 51 44 20
04 09 30 36

0 04 15 41

0608 0 0
41 22 06 04
50 52 28 12
02 10 36 25

0 08 30 59

Sessions

76-80

31-85

86-90



Narrow-ordered Birds confusion matrices {cont.)

R1

R2

R3

R4

R1

R2

R3

R4

R5

Bird 13

S1 52 53 S4 S5

712608 0 O

1936 1704 0O

04 34 55 42 25

0 04 19 42 51

0 00111 24

48921 0 0 O

41 45 21 10 02

10 30 56 31 20

004 16 32 51

0 006 26 26

Bird 14

51 52 53 54 S5

811608 0 0

15 54 21 04 02

04 23 56 32 15

00211 34 21

0 0 04 30 61

90 2205 0 O

09 42 22 05 01

01 30 51 15 06

0 06 16 52 25

0 006 28 68

Bird 15

S1 52 53 54 55

201204 0 O

59 46 36
12 38 51
0 04 05

0 004

37 12 0t
38 41 26
24 45 59
01 01 11

0 002

09

09

05

24

20

o1

1286,

Sessions

91-95

96-100
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Narrow-unordered Birds - confusion matrices
Bird 16 ' Bird 17 Bird 18 Sessions
S1 S2 S3 84 55 51 82 S3 84 S5 S1 52 83 S4 S5
R1 18 18 13 07 06 1210 06 11 06 333014 13 03 1-5
R2 33 25 22 13 04 16 12 08 07 01 22 10 23 05 11
R3 06 18 37 28 15 36 32 28 27 17 23 30 28 16 23
R4 43 29 17 11 29 05 04 04 04 06 03 03 05 14 06
RS 010 11 42 486 30 41 55 51 69 19 26 30 52 56
R1 38251510 03 256110304 0O 41 27 24 11 04 6-10
R2 2519 22 09 03 15 13 14 09 09 33 27 25 34 25
R3 14 46 51 34 20 56 68 76 72 68 14 34 40 14 31
R4 23 1010 16 11 005 003 O 10 04 04 13 01
R5 0 00131 64 04 04 08 13 24 02 09 08 29 39
R1 54 36 25 10 07 29 16 09 05 02 54 26 18 05 03 11-15
R2 21 25 1506 11 20 16 06 09 09 - 1526 19 12 09
R3 10 20 34 54 20 36 65 68 71 58 . 25 43 49 32 29
R4 10 15 24 16 27 10 02 05 05 04 02 0031912

RS 05 04 05 14 28 05 04 12 11 31 02 04 11 32 46
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Narrow-unordered Birds -~ confusion matrices (cont.)
Bird 16 Bird 17 Bird 18 Sessions-
S1 S2 53 S4 85 S1 52 S3 S4 85 S1 S2 83 5S4 S5
R1 53 3012 04 01 2111 002 O 62 3830803 O 16-20
R2 20 28 20 21 04 0012121213 05 1418 11 03
R3 20 29 36 30 16 60 66 76 56 47 26 37 47 42 22
R4 07 12 28 31 30 10 05 06 14 15 03 04 10 14 18
R5 001041449 0 05 05 15 24 03 07 17 30 58
R1 54 36 15 02 02 151306 02 0 80 35 11 06 04 21-25
R2 21 22 23 1305 18 09 14 10 15 05 21 16 02 02
R3 16 29 32 28 21 57 65 67 69 57 14 35 58 29 16
R4 0307 13 37 55 0809111312 0 06 07 15 07
R5 06 06 16 20 16 01 03 01 06 16 01 02 06 43 70
R1 54 41 17 08 02 22 17 09 05 01 69 26 06 04 01 26-30
R2 1012 08 06 02 06 20 15 10 10 14 22 17 06 03
R3 27 24 26 36 21 49 45 54 62 51 15 42 60 54 19
R4 08 15 34 30 32 201517 15 20 01 06 11 15 09

R5 01 08 15 20 41 02 02 05 08 17 01 02 05 21 67
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Narrow-unordered Birds -~ confusion mairices {coni,)
Bird 16 Bird 17 Bird 18 Sessions
S1 82 583 54 S5 51 S2 S3 54 S5 S1 52 S3 54 S5
R1 4927 04 02 0O 32 14 11 04 01 522105 0 O 31-35
R2 1411 05 06 05 04 04 02 05 D5 12 15 08 04 05
_R3 26 47 50 28 20 52 76 62 70 61 34 59 64 44 17
R4 07 15 34 36 35 10 06 15 192 22 01 01 17 22 15
R5 04 0 08 28 40 01 09090210 0 04 05 30 62
R1 52 36 10 05 01 37 280902 02 552201 0 O 36-40
R2 14 14 08 04 02 06 05 05 06 06 24291204 0
R3 28 44 52 31 17 55 58 59 55 39 21 49 53 41 12
R4 06 06 21 46 35 007 19 2119 Q 028 31 17
R 0 00914 44 01 01 09 15 34 0 0072470
Rl 542605 0 O 332108 001 62 250502 0 41-45
R2 1715151101 01 04 04 04 04 0911 11 002
R3 25 40 46 31 16 58 70 61 69 46 25 59 61 46 22
R4 02 11 25 29 30 06 04 71 11 20 04 05 15 24 15

R5 0102 09 29 52 01 01 02 16 29 0 008 28 60
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Narrow-unordered Birds - confusion matrices (cont,)
Bird 16 Bird 17 Bird 18 Sessions
51 82 53 S4 S5 51 52 53 54 S5 51 52 53 54 55
R1 704512068 0 56 29 16 05 02 T1 310702 0 46-50
R2 1915090 10 04 01 01 05 08 05 11 081102 O
R3 05 30 46 41 34 38 55 54 62 45 14 54 66 57 27
R4 05 10 29 22 30 0510 14 17 14 04 01 07 11 11
R5 01 004 20 32 0 0511 08 34 0 05 08 26 83
R1 652915 0 O 31 20 08 08 02 61 26 06 01 © 51-55
R2 1215140801 06 04 02 05 05 13 15 08 05 01
R3 14 39 49 50 36 56 63 62 42 36 22 58 64 50 23
R4 06 12 14 26 0% 04 06 12 14 17 02 0112109
R5 02 0509 16 b4 02 06 15 31 39 01 01 10 22 B7
R1 381902 001 42 16 13 01 04 71180901 0O 56-60
R2 2315050006 05050204 © 16 26 12 04 02
R3 34 58 65 51 35 50 69 68 62 52 12 49 64 61 28

R4 01 04 08 16 11 0 02 07 15 08 0 0510 16 16

R5 02 04 20 24 46 02 08 08 17 36 0 02 05 17 54
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Narrow-unordered Birds - confusion matrices (cont,)
Birds 186 Birds 17 Birds 18 Sessions
S1 S2 S3 5S4 S5 51 §2 83 S4 55 51 82 S3 54 S5
R1 511108 0 0 28221004 O 63 1709 0 01 61-65
R2 2112 20 10 08 0515 14 08 04 15 23 20 08 05
R3 24 62 50 44 29 64 58 61 61 56 18 49 50 38 24
R4 04 06 08 04 02 02 04 11 14 17 04 06 11 16 14
RS 008 15 42 61 01 02 04 14 22 0 04 10 38 55
R1 46 120902 0O 32120802 0© 58 29 12 02 02 66-70
R2 21 32 20 090 05 10 11 11 068 05 25 25 11 05 02
R3 30384235 0 52 66 66 65 48 14 34 52 38 30
R4 00210 11 08 04 04 10 14 11 02 0510 11 07
R5 020919 42 69 01 06 05 12 36 01 06 14 44 57
Rl 472605 0 0O 35171004 O 78 30 11 02 02 T1=75
R2 23 16 14 16 08 08 06 1905 O D9 14 14 04 02
R3 27 50 52 45 24 52 68 61 66 58 09 42 56 50 25
R4 01 01 06 06 09 05 05 06 04 10 02090906 12

R5 01 06 22 32 61 0 04 04 21 32 01 05 10 38 58



Narrow=-unordered Birds

R1

R2

R3

R4

R5

R1

R2

R3

R4

Rb5

R1

R2

R3

R4

Rb

Bird 16

51 52 53 54 55

49 20 08 01

31

17

01

01

48

29

21

01

46

30

22

01

20

91

04

05

15

38

26

06

15

16

41

28

40

09

15

11

35

09

24

05

28

34 40

04

05

11

16

14

38

09

39

02

20

30

15

32

01

29

24

08

39

04

04

16

11

65

17

62

08

14

11

68

S1

51

12

35

01

48

11

32

04

05

45

16

34

01

04

Bird 17

52 53 54 S5

29

14

46

05

06

25

16

49

02

08

21

20

46

02

10

11 04

06 11

92 40

06 12

24 32

11 10

58 51

09 05

14 31

11 01

09 06

50 48

08 06

0

02

39

15

44

01

05

38

06

o0

01

02

31

04

22 39 61

S1

72

08

14

06

76

11

10

02

71

10

19

0

0

Bird 138

confusion matrices (cont.)

52 53 54 S5

26

21

43

05

04

23

21

45

05

13

17

64

02

04

07

14

0

08

52 45

13

14

11

60

10

14

05

09

o1

09

26

15

01

08

41

20

01

04

36

11

48

01

02

30

12

54

01

04

26

20

49

22

06

71

Sessions

76-80

81-85

86-90



Narrow-~unordered Birds - confusion matrices {(cont.)

R1

R2

R3

R4

R5

R1

R2

R3

R4

RS

Bird 16

S1 52 53 54 55

5216 02 0 O

29 36 36 26 14

17 39 39 28 15

0 04 08 09 12

01 0515 38 59

38 1406 01 O

45 36 35 22 08

16 44 32 31 15

01 004 09 09

0 06 22 37 69

Bird 17

S1 52 53 54 55

77 46 15 02 01

0 09 11 09 05

20 38 42 51 34

01 04 02 05 09

01 04 29 32 51

76 48 20 04 05

04 15 09 06 05

19 34 55 60 48

0 0061206

01 04 10 17 35

Bird 18

51 S2 53 S4 85
622409 0 0
16 16 08 0 04
20 56 66 48 21
01 04 10 24 14

0 006 28 61

751501 002
06 050302 0
16 75 73 48 25
02 01 06 26 24

0 010 23 49

133.

Sessions

91-95

96-100
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Appendix C. Confusion matrices based upon data obtained during the
last 25 sessions of training for all birds., Shown are the percent of
trials on which each response (R1 to R5) was made in the presence

of each stimulus (S1 to 55)., These values are based upon 400 presen-

tations of each stimulus.



Wide-ordered birds -~ confusion matrices -- last 25 sessions,

R1

R2

R3

R4

RS

Wide~-unordered birds

R1

R2

R3

R4

R5

Bird 1

81 52 S3 54 55
8606 0 0 O
148902 0 O
0059403 O
0 0049501

0 0 00199

Bird 4

51 52 83 S4 S5
84 04 14 06 01
097316 0 O
05 21 62 14 01
01 005 77 02

0 01 04 03 96

RBird 2 Bird 3 Sessions
S1 52 S3 54 S5 51 52 83 54 S5
6821 0 0 O 79614 0 0 O 76~100
32751501 0 247904 0 O
0037706 O 01 06 91 09 O
0 007 88 03 0 004 88 01
0 0 0050986 0 0 00298
-- confusion matrices -~ last 25 sessions,
Bird 5 Bird 6 Sessions
S1 52 S3 S4 S5 S1 52 8354 55
91 030204 O 82 03 08 01 01 76-100

038712 0 0

05 08 77 10 01

0 006 8201

0 01 01 04 88

088206 0 O

10 13 82 06 0%

01010692 O

0 01 03 01 08



Moderate-ordered birds --

R1
R2
R3
R4

R5

Moderate-unordered birds --

R1

R2

R3

R4

RS

Bird 7

51 52 53 5S4 85
8418 0 0 O
15671301 0O
01 13721201
001137514

0 0011285

Bird 10

51 52 S3 54 55
30 1.0 07 03 01
62 752101 O
07 12 48 386 03

002 22 42 09

01 00117 86

506815 0 O

071962 16 01

01 02 14 67 15

01 002 16 83

29571001 O

04 22 68 13 03

0011771 06

0 03 02 14 90

confusion matrices -- last 25 sessions,.

136.

Bird 8 Bird 9 Sessions
S1 52 533 5S4 55 S1 52 S3 54 55
86 13 0 0 O 722502 0 O 76-100
14 80 03 0 01 27 80 16 02 01
0079505 0 01 1362 15 03
0 0029005 0012073 25
0 0 005 94 0 0 00594
confusion matrices -~ last 25 sessions,
Bird 11 Bird 12 Sessions
851 52 S3 54 S5 S1 52 53 5S4 85
42100701 O 67 14 03 01 01 76-100



Narrow-ordered birds

Bird 13

S1 52 53 54 55

-- confusion matrices -- last 25 sessions.

Bird 14

1 $152S3S548S5

Bird 15

S1 52 83 54 85

Sessions

Rl 622203 0 0 811906 0 0 311004 0 O 76-100
R2 31 41 22 06 02 17 48 2004 0 49 42 33 11 04
R3 07 33 46 38 18 02 28 48 21 11 20 44 50 41 18
R4 01 04 25 45 56 004 18 43 26 0 03 09 29 27
R5 00031224. 0 007 3162 0 00419 50
Narrow-unordered birds -- confusion matrices -- last 25 sessions,
Bird 16 Bird 17 Bird 18 Sessions
S1 S2 83 54 55 51 S2 83 84 85 S1 52 53 84 S5
Ri 47 16 07 01 01 59 34 13 03 02 71 20 05 0 0Ot 76-100
R2 33 34 29 22 07 091509 08 04 10 17 10 04 02
R3 19 39 37 30 15 28 42 51 50 38 16 57 60 44 25
R4 003080812 01 03 06 08 08 02 031019 15
R5 01 07 18 37 64 02 06 20 30 48 0 02 14 32 57
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Appendix D. Confusion matrices for all birds for the Transposition
Test. Shown are the percent of trials on which each response (RO to |
R6) was made in the presence of each stimulus (S0 to S8}, These
values are based upon 12 presentations of S1 through S5 and 10 presen-

tations each of SO and S8,



139

Transposition Test -- confusion matrices -~ wide-ordered birds

. Bird 1 Bird 2

S0 S1 S2 S3 5S4 S5 S6 50 S1 S2 53 S4 S5 S6
RO 10 0 O O O 0 O Ro 20 17 o0 O O O O
Rl 9% 67 0 O .0 0 0 R1 560 25 08 0 o©0 O ©
R2 0 33 67 O 0 ©0 O R2 20 58 75 17 O 0 O
R3 0 0 33 92 o0 o0 © R3 1¢ O0 17 83 0 0 O
R4 0 0 O 08100 0 O R4 0 ©0 o0 0 92 0 0
R5 0 0 0 ©0 0 100 100 R5 0 0 0 0 08100 90
R6 0 o0 O 0 0 0 O R6 0 0 o0 0 o©o 0 10

Bird 3

S0 S1 S2 S3 S4 S5 S8
-RO 20 0 0 0 0 0 0
R1 70 92 08 0 o 0 0
R2 10 08 83 0 0 0 0
R3 0 0 08 92 0 0 0
R4 0 0 0 08 100 0 0
RS 0 0 0 0 0 100 80

RG6 0 0 0 0 0 0 20
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Transposition Test -- confusion mairices -- wide-~unordered birds
Bird 4 Bird 5

S0 51 S2 S3 S4 S5 S8 S0 S1 S2 83 S4 S5 S6
RO 0 08 0 0 0 0 10 RO O 0 1;? 0 0 08 0
R1 30 42 0 o8 0 0 0 R1 90 %5 0 0 0 0 0
R2 50 50 100 08 0 0 0 R2 0O 0 67 0 0 0 0
R3 10 0 0 83 25 0 0 R3 0 17 17 982 50 08 0
R4 10 0 0 0 42 0 0 R4 10 08 0 G 42 0 0
RS 0 0 0 0 17 100 90 R5 0O 0 0 0 O 83 100

R6 0 g 0 o 17 0 0 R6. O 0 0 08 08 0 0

Bird 6

S0 S1 S2 S3 5S4 S5 S6
RO 0O 0 08 0 o0 0 0O
R1 100 67 17 0 0 17 10
R2 0 08 33 0 0 0 0
R3 0 17 42 92 0 0 0
R4 0 O 0 08 83 0 O
RS 0 08 0 O©0 0 83 090

R6 0 0 0 0 17 0 0
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Transposition Test ~- confusion matrices --moderate-ordered birds
- Bird 7 Bird 8
S0 S1 82 S3 S4 S5 S6 , S0 S1 S2 S3 5S4 S5 56

RO 0 08 0 0 0 0 0 RO 100 33 0 0 0 Y 0
R1 30 33 08 0 0 0 0 R1 0 50 08 0 0 0 0
R2 20 50 50 0 0 0 0 R2 0 17 92 0 0 0 0
R3 40 08 42 83 0 0 0 R3 0 0 0 100 08 0 0
R4 10 0 0 17 92 0 0 R4 0 0 0 0 92 17 0
R5 0 0 0 0 08 92 10 RO 0 0 0 0 0 83 90

R6 0 0 0 0 0 08 90 R6 0 0 0 0 0 0 10

Bird 9

S0 S1 S2 S3 S4 S5 S6
RO 10 0 0 0 0 0 0
R1 30 17 ¢ o0 O 0 0O
R2 50 67 68 0 0 0 0
R3 10 17 33 58 08 08 0
R4 © 0 08 42 67 33 0
R5 0 0 O 0 25 58 70

R6 0 0 0 0 0 0 30
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Transposition Test -- confusion matrices -- moderate unordered birds
Bird 10 Bird 11

S50 St S2 S3 S4 S5 S6 S0 S1 S2 S3 S4 55 S6
RO 10 08 08 O o0 O 0 RO 0 o0 08 0 O O O
Rt 50 0 08 ¢8 ¢ o0 O R1 50 25 08 08 0 O O
R2 20 33 58 08 0 0 0 R2 0 42 25 0 0 0 0
R3 20 58 25 75 25 0 0 R3 40 33 50 58 0 0 10
R4 0 0 O O 08 O O R4 10 0 O 17 67 08 O
R5 0 0 0 08 87 100 100 R5 0 0 08 17 33 92 80

R6 O 0 0 o o 0 0 R6 O 0 0 0 0 0 0

Bird 12

SO S1 S2 S3 S4 S5 S6

RO 0 0 0O ¢ 0 O O
Rl 90 83 08 0 0 0 O
R2 0 08 17 0 O 0 0
R3 10 08 75 92 42 0 0
R4 O o- 0 08 50 08 O
R5 0 0 0 0 08 92 110

R6 0 0 0 0 ¢ 0 0
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Transposition Test -~ confusion matrices ~- narrow-ordered birds
Bird 13 Bird 14
S0 S1 S2 S3 S4 S5 SS6 S0 S1 S2 S3 S4 S5 S6

RO 40 17 0 0 0 0 0 RO 80 - 0 0 0 0 0 0
R1 30 0 0 0 0 0 0 R1 20 82 08 08 0 0 0
R2 30 75 33 08 0 0 0 Rz 0 08 58 33 08 0 0
R3 0 08 42 67 50 08 0 R3 0 0 25 58 42 0 0
R4 O 0 17 25 50 67 10 R4 O 0 08 0 33 25 0
R5 0O 0 08 0 0 25 50 R5 O 0 0 0 17 75 100

R6 0 0 0 0 0 0 40 R6 0 0 0 0 0 0 0

Bird 15

SO S1 S2 S3 S4 S5 S8

RO 30 17 0 0 0 0 0
R1 10 0 ©0 0 0 0 0
RZ 40 42 42 25 0 0 0
R3 20 42 58 58 50 25 33
R4 0 0 O 08 33 17 0
R5 0 0 O 08 08 58 33

R6 0 0 0 0 o8 0 17



144,

Transposition Test -- confusion matrices -- narrowﬁnordered birds
Bird 16 Bird 17

S0 St S2 83 S4 S5 S S0 S1 82 S3 S4 S5 S6
RO 50 17 08 O .0 0o o0 RO 0 08 0 0 08 0 O
R1 0 17 08 17 08 0 0 R1 60 58 42 08 08 0 O
R2 40 42 0 08 ©0 0 O R2 0 ©0 08 08 0 0 O
R3 10 25 67 42 58 08 10 R3 40 33 25 50 42 42 0
R4 0 O O o0 0 08 60 R4 0 0 08 0 0 0 O

RS O 0 17 33 33 83 10 R5 0 0 08 33 42 58 100

R6 O 0 0 0 0 0 20 R6 O 0 08 0 0 0 0

Bird 18

SO St S2 S3 S4 S5 S6
RO 0 06 0 0 0 0 O
R1 20 83 17 0 0 0 O
R2 30 0 17 0 08 0 O
R3 40 08 50 75 33 25 O
R4 10 0 O 08 17 17 0O
RS 0 08 17 17 42 58 100

R6 0 0 0 0 0 0 0



