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Abstract

Four pigeons were trained in a successive same/different procedure involving the alternation of two stimuli per trial. Using a
go/no-go procedure, two different or two identical color photographs were alternated, with a brief, dark, inter-stimulus interval,
on a computer screen for 20 s. Pigeons learned to discriminate between sgna@@3lifferent (D-) sequences with moderate
to large contrasts between successive pictures. Analyses of pecking behavior within single trials revealed this discrimination
emerged at the earliest possible point in the sequence (i.e. by the presentation of the second item). Pigeons transferred to novel
color and gray-scale pictures, and showed savings in tests with novel video stimuli. These results suggest that same/different
discrimination and concept formation can be acquired with successively presented pairs of stimuli by pigeons. When combined
with results using simultaneous same/different presentations, these findings further support a qualitative similarity among birds
and primates in their capacity to judge certain types of stimulus relations.
© 2003 Elsevier Science B.V. All rights reserved.
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The importance of understanding animal concep- central to many advanced intellectual and artistic ac-
tual behavior continues to be a key issue in the com- tivities such as language, mathematics, sequential be-
parative study of behavior, thinking, and intelligence havior, analogical reasoning, social relations, music,
(seeCook, 2001for many examples). The ability to  and painting.
abstract and recognize the regular structure and pat- In a S/D task, the subject has to respond “same”
terns of objects and events is critical to any animal when two or more stimuli are identical and “different”
predicting what might happen next. In recent years, if one or more of the stimuli are different from the
our research has focused on how pigeons discriminateothers. After learning this discrimination, the degree
and potentially conceptualize the regularities associ- to which this behavior transfers to novel situations
ated with sameand different (S/D) relations among  having sameand different relations is taken as evi-
sets of visual elements. This ability is valuable because dence of concept formation. Using this choice task, it
the generalized recognition of difference and identity has been found that pigeons, parrots, rhesus monkeys,
is a fundamental psychological discrimination that is baboons, and chimpanzees are capable of learning

and applying a S/D concept across a wide variety of
T Comesponding author. Tk 1-617-627-2456; simultgneously presented visual elemersvet and
fax: 41-617-627-4132. ’ Vauclair, 2001 Cook, 2002a,b Cook et al., 1995,
E-mail addressrcookl@tufts.edu (R.G. Cook). 1997, 1999; Cook and Wixted, 1997; Katz et al.,
URL: http://www.pigeon.psy.tufts.edu 2002; Pepperberg, 1987; Thompson et al., 3997
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In our studies we have found that pigeons can learn and abstract simultaneously presented S/D visual
a S/D classification with up to five different multi- relations.
dimensional classes, ranging from smaller, densely Are alternative accounts possible? One possibility
packed textural elements to more sparse arrays ofis that perceptual processing of tekameand differ-
geometric shapes, objects (e.g. birds, flowers), and entarrays directly mediates performance rather than
photographs @ook, 2002b; Cook et al., 1997, 1999 a conceptual representation of these relations (e.g.
on-line examples of these stimulus classes can beenMackintosh, 2000 For example, in texture-based S/D
found at http://www.pigeon.psy.tufts.eglu Further, displays, discrimination could be based on detection
the pace of S/D learning with these different stimulus of the presence or absence of a square border contrast
classes proceeds at the same rate, suggesting that thbetween the target and distractor regi@o¢k et al.,
same common discrimination framework or decision 19995. If true, then pigeons could successfully discrim-
criterion is applied across all of these distinct types inate novel displays based on the detectable presence
(Cook, 2002b; Cook et al., 1997n addition to learn- or absence of this simple perceptual feature and not on
ing a single, broadly applied rule, we have consis- an abstract representation of its component relations.
tently found the pigeons transfer this solution to novel ~ We have discounted this type of explanation in
exemplars from both withinGook et al., 1995, 1997 part because novel test items consistently show lower
and outside the range of stimuli experienced during discrimination than with baseline training items. If
training Cook et al., 1999 This latter kind of transfer ~ only perceptual information about spatial discontinu-
is important as the greater the range of novel condi- ities mattered, then why should element familiarity
tions over which a discrimination can be applied, the be important? Second and more compelling, pi-
more abstract a conceptual representation is required.geons exhibit good discrimination transfer even when
As a whole, these results seem most consistent with tested with S/D relations constructed from distinc-
the hypothesis that pigeons can detect, recognize,tively different stimulus classe<fok, 2002b; Cook

Different Same
Trial Trial

Fig. 1. A schematic representation of the same and different sequences tested in these experiments. Each item appeared for a fixed perio
of time and was separated by a dark inter-stimulus interval. Each sequence was presented for 20s andspetksetpiences were
reinforced on a VI 10-s schedule, while pecksdifferent sequences were punished by a brief timeout.


http://www.pigeon.psy.tufts.edu

R.G. Cook et al./Behavioural Processes 62 (2003) 125-144 127

et al.,, 1997, 1999where any simple feature-based 1. Experiment 1
alternative seems far more implausible. Neverthe-
less, because we have previously only employed The objective of Experiment 1 was to see if pi-
simultaneously-presented, multiple-element displays geons could learn a successive S/D discrimination
that by their very nature must have a spatial contrast involving only two alternating stimulus items. We
on thedifferenttrials, we thought it important to test  tested four nive pigeons with eithesameor different
a S/D procedure that eliminates this feature. sequences of photographs in a go/no-go task. At the
In the experiments reported in this article, we tested start of the experiment, one of our ancillary objectives
pigeons using a go/no-go discrimination, in which was also to develop potential procedures for evalu-
alternating sequences of eitheame(AAAA ... or ating “change blindness” (e.dRensink et al., 1997
BBBB...) ordifferent(ABAB ... or BABA...) pho- in pigeons. Change blindness is the human failure to
tographic stimuli were presented within a trial (see detect visual change in a scene without attention to
Fig. 1). At any one time only a single item was vis- the specific locus of change. This phenomenon has
ible, thereby eliminating any perceptual features re- been a springboard for new insights into how humans
lated to element simultaneity as a basis for learning represent the visual details of a scene (reviewed by
or transfer. We were also quite interested in seeing if Simons, 200Pand we hoped to address similar issues
comparisons involving only two items were capable of in pigeons. Because humans’ find it difficult to detect
generating S/D behavior, as our previous experiments change, we chose to use a method wherestme
had always used multiple elements in constructing the sequences were always the reinforced &@®ndition
displays. and thedifferent sequences were the non-reinforced
This latter issue is particularly interesting because condition (D—, i.e. a D+/S— condition was not in-
previous research with pigeons using successively cluded). Furthermore, we used semi-artificial stimuli
presented displays in a S/D task used many identi- consisting of synthetic combinations of natural back-
cal or contrasting stimuli within a trial to generate grounds and small object figures, that created both
discriminative behaviorYoung et al., 1997, 1999 large and small changes between the successive items
In Young et al.’s research, pigeons were tested with of a sequence. Using a discrete-trials procedure, each
successive presentations of either 16 same or l16sameor different sequence of alternating items was
completely different small icons (one peck per item), presented for 20 s. During this presentation time, indi-
after which the animals were required to make a vidual items were presented for eitteel or 3s view-
“same” or “different” choice response. After learn- ing duration and separated by either a 100 or 500 ms
ing this multiple-item discrimination)Young et al. dark inter-stimulus interval (ISI). The basic question
(1999) found that when tested with only two alter- was whether the pigeons could learn this task.
nating items, the pigeons failed to discriminate the
difference between the items, and instead consistently1.1. Method
responded “same” to such sequences. One possible
reason for this is that their pigeons were initially 1.1.1. Animals
trained with long sequences in which every item was  Four ndve male White Carneaux pigeor@dlumba
either identical or different from one another. Young livia) were tested. They were maintained at 85% of
and Wasserman have consistently found that this type their free-feeding weights in a colony room with a
of training results in the pigeons learning to be con- 12:12 light/dark cycle and had free access to water
trolled by item variability or the “entropy” within the  and grit in their home cages.
displays. By conducting our S/D training from the
beginning with alternating two-item sequences, we 1.1.2. Apparatus
hoped to eliminate control by this continuous vari- Testing was done in a flat-black Plexiglas chamber
ability dimension and provide instead a basis for the (38 cm widex 36 cm deepx 38 cm high). The stim-
pigeons to learn a more categorical S/D judgment uli were presented on a color computer monitor (NEC
about the relations between successively presentedMultiSync C500; McDonough, GA) visible through a
items. 26 cmx 18 cm viewing window in the middle of the
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front panel of the chamber. The viewing window’s
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ping, open barren field, deciduous woods, coniferous

bottom edge was 20 cm above the chamber floor. The forest, stormy desert). A seventh background con-

monitor was protected by a thin piece of glass mounted
in this window. Pecks to the monitor were detected by
an infrared LED touch screen (resolution of 8348
locations; EMS Systems, Champaign, IL) mounted be-
hind a 40 mm wide Plexiglas ledge that went around
the inside edge of the viewing window. A house light
was located in the ceiling of the chamber and was il-
luminated at all times, except during timeouts. Mixed
grain was delivered by a food hopper that was cen-
trally located in the front panel with its access hole
flush to the floor of the chamber. All experimental
events were controlled and recorded by a computer.
A graphics card operated the monitor at an 80800
pixel, 16-bit color resolution. Computer-controlled re-
lays (Metrabyte, Taunton, MA) operated the hopper
and house light.

1.1.3. Procedure
Pigeons were first autoshaped to peck at a white
warning signal (30 mm in diameter). Once consistent

sisted of a simple uniform light blue rectangle.

Eight sequence conditions using these stimuli were
tested. There were fivdifferentconditions consisting
of alternating sequences of two contrasting stimuli.
In the redundantcondition both the figure and back-
ground elements change between successive stimuli;
in the backgroundcondition the background element,
but not the figure element, changed between stimuli;
in the figure condition, the figure, but not the back-
ground element, changed; in theackground-only
condition the background changed between stimuli
and no figure element was present in either; and in
the figure-onlycondition the figure element changed
between stimuli and the background was light blue
stimulus field in both. These conditions were com-
pared against threeame conditions that consisted
of alternating sequences of the identical picture. In
the both samecondition the figure and ground el-
ements were the same across successive stimuli;
in the background-only sameondition, the back-

responding was established, sequences of stimuli wereground was the same across stimuli and no figure

introduced. Each of these trials started with a single
peck to the warning signal, followed by either an alter-
nating sequence of either identical (AAAA. same
trials) or different (ABAB. .. differenttrials) photo-
graphic stimuli for 20 s. During each 20 s presentation,
each stimulus item was presented for either 1000 or
3000 ms viewing duration, followed by either a 100 or
500 ms dark ISI, and then the next matching or differ-
ent picture. Only one viewing time and ISI was used
within a trial. During the first six to eight sessions both

was present; and in thiigure-only samecondition

the figure element was the same and the background
was the uniform light blue field. The both same con-
dition served as the comparison for the redundant,
background, and figure different conditions. The
background-only same condition served as the com-
parison for the background-only different condition,
and the figure-only same condition as the compari-
son for the figure-only different condition. Within the
definition of each condition, the component elements

types of sequences were reinforced on an increasinglywere randomly selected on each trial. Each session

lean variable-interval (VI) schedule until stable peck

consisted of 120 trials. The 66ifferent trials con-

rates were established for three sessions using a Vlsisted of the five different conditions tested 12 times
10-s schedule. Food hopper presentations were 2.5 seach. Pecks to these sequences were never reinforced

in duration.

1.1.4. Discrimination training

The stimuli tested during discrimination training
consisted of combinations of two elements—a small
object figure centrally located on a naturalistic back-
ground. The figure elements consisted of pictures
(160x 160 pixel) of six common objects (soccer ball,
bell, key, blue cup, teddy bear, and black phone). The
background elements consisted of pictures (4800
pixel) of six landscapes (sandy beach, rocky outcrop-

(D-). After the 12th session, a graded timeout, de-
pendent on the number of pecks emitted within a trial
(1.5s per peck), was added as a consequence to these
trials. To equate with the various different conditions,
the 60sametrials consisted of testing the bofame
condition 36 times, and the remaining two conditions
12 times each, and pecks to these sequences were re-
inforced on a VI 10-s schedule. After the 37th session,
20% of thesametrials were conducted as probe trials

in which no reinforcement was delivered, allowing
for the measurement of thetSpeck rates without the



R.G. Cook et al./Behavioural Processes 62 (2003) 125-144 129

problems created by having reinforcements delivered the introduction of the $ probe trials. The pi-
within a trial. Twenty-four sessions were conducted geons continued to gradually improve during these

with this modified procedure. sessions, but there was no change in the relations
among the five conditions. Over these sessions, mean
1.2. Results DRs in the redundant (71.9), background (72.2), and

background-only (73.8) conditions were significantly

All four pigeons easily learned the S/D task. above chance responding (50, single mesi®) >
Fig. 2 shows the acquisition over the first 36 ses- 3.18), but figure (50.4) and figure-only (50.7) perfor-
sions as measured by discrimination ratio (DR; mance was not. Because of these small differences, we
S+ pecks/(S-pecks+ D— pecks)). The peck rates recombined these two clusters of conditions into just
for the St sametrials were derived from those pecks “figure” versus “background” in subsequent analyses.
emitted prior to the first delivery of reinforcement, To judge the effects of item viewing duration and ISl
while D— peck rates were based on the entire 20-s we examined discriminative responding near the end
interval. Discrimination improved with the three S/D  of each trial, as this best measured the cumulative
conditions that involved background changes, but effect of the repeated cycles of these two temporal
showed no improvement in the conditions where the factors. Using peck rates over the last 5s of each pre-
smaller object figure exclusively provided the critical sentation, we found no significant effect of viewing
information. A two-way repeated measures ANOVA duration on DR (1000 ms= 74.2, 3000 ms= 71.8;
(condition x four-session blocks) confirmed this in-  F(1, 3) = 3.6) for the “background” conditions, but
teraction, F(32,96) = 4.6, between conditions and a significant main effect of ISIF (1, 3) = 13.4, with
sessions (all significance levels were judged against the short 100 ms (76.8) interval supporting a higher
an alpha level of 0.05). mean DR than the 500 ms interval (69.1). Not sur-

We next examined the effects of viewing dura- prisingly, analyses of the figure conditions revealed
tion and ISI by looking at the 24 sessions following no effect of either interval. We next looked in more
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Fig. 2. Mean discrimination ratio over the 36 sessions of training in four-session blocks for tkare¢differentonditions in Experiment 1.
Error bars represent the standard error of the mean. The dashed line represents chance discrimination.
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detail at these effects using just the “background” 1.3. Discussion
conditions.

One important advantage of this successive go/no- The above experiment revealed that pigeons can
go discrimination procedure is that it permits the learn a S/D task, at least when large areas of the
on-line tracking of the discrimination within a trial,  stimuli change between stimuli, both when only two
and thus revealing the microstructure of when and items are used to form the discrimination and these
how these S/D sequences were discriminated by theitems are presented successively over time. They indi-
pigeons. For the next analysis, we counted the numbercate that when sufficiently different S/D information
of pecks made during each individual item present- is spread out across time, thereby eliminating spatial
ation within a trial. Because they may not have been discontinuities and other perceptual features created
under stimulus control, we excluded pecks made by item simultaneity, pigeons can detect, compare,
during ISIs. The pigeons tended not to peck the dark- and respond to successively presented stimulus iden-
ened screen anyway, and fewer than 10% of all peckstity and difference. That some form of memory is
were made during the ISI&ig. 3 shows the results  involved in the comparison of these successive items
of this analysis. The top and middle panels show isindicated by the fact that the longer ISI significantly
the mean number of pecks during each successivehurt performance. Examination of the origins of the
interval of thesameand differentsequences for each  discrimination within a trial further established that
ISI and the 1000 ms (top panel) and 3000 ms (mid- only a single S/D transition was required to initiate
dle panel) viewing duration intervals. The bottom differential behavior tsameanddifferentsequences.
panel shows these same data replotted in terms of These analyses also revealed that such stimulus tran-
DR for each interval. There are several noteworthy sitions further improved performance, independent of
features. The first and most important is that only a viewing and ISl timing, indicating that discrimina-
singlestimulus transition was needed for the pigeons tive information accumulates within a trial. Viewing
to begin differentially responding to theameand duration did not make a large contribution to the ter-
different sequences. That is, by the second stimulus minal level of the discrimination, but did affect how
presentation (the first stimulus item always being quickly the pigeons reached this level. The 1000 ms
ambiguous as to whether it wassameor different condition, with its faster presentation rate and in-
sequence), the pigeons showed significant differ- creased number of transitions, reached its terminal
ences in peck rate to the second item with both the level at around 7-10s, while the slower 3000 ms du-
1000, F(1,3) = 2258, and 3000,F(1,3) = 113 ration took about 12-13s to reach the same level of
viewing durations. Second, S/D information accu- discrimination. Further presentations made only very
mulated for at least 7000—8000 ms after the onset small increments to discrimination performance.
of the trial as DR improves over this time and then  This description applies, however, only to those se-
gradually flattens out. This result can be seen in quences in which large changes occurred between the
the bottom panel for the 1000-100 and 1000-500 items of thedifferenttrials. The pigeons consistently
viewing duration-ISI conditions. In the 3000-100 showed no capacity to discriminate the smaller, cen-
and 3000-500 viewing duration-ISI conditions, DR trally located, object figures in these displays. Several
seemed to asymptote around 13000 ms. Measuredpossibilities for this difficulty can be considered. One
in terms of stimulus transitions, it appears that S/D is they failed to detect the figural changes either be-
information accumulates up to three to six stimulus cause of their smaller size in comparison to the back-
transitions depending on the stimulus presentation ground or their central location. Similar problems in
rate, with the 1000-ms conditions improving for more detecting change or difference can occur in humans
transitions than the 3000-ms conditions, but reaching when focused attention is not specifically brought to
its asymptote in a shorter period of time. One final the area of the display that is continuously changing
note: because the pigeons could not differentially (e.g. Rensink et al., 1997 A pure size account of
respond to the ambiguous first image, the analysesthis “change blindness” in pigeons seems unlikely be-
of later experiments were modified to exclude these cause of the numerous studies that have found that
pecks. pigeons can discriminate comparably sized stimuli,
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Fig. 3. Mean peck counts across successive intervalsdareand different sequences of the combined background conditions during

the second phase of Experiment 1. The top panel shows performance for each sequence type and ISl in the 1000 ms viewing condition.
The middle panel shows performance for each sequence type and ISl in the 3000 ms viewing condition. Note the scale change between
these two panels. The bottom panel shows performance as discrimination ratio for these conditions. In the labels the first number denotes
stimulus duration and the second denotes the ISI. The dashed line represents chance discrimination.
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at least when pecked at directly by the birdsa(ter the 48sametrials, eight I1SIs (0, 100, 250, 500, 750,
and Werner, 1978; Cook et al., 1997; Wright, 1997; 1000, 1500, 2000 ms) were each tested six times. Two
Young et al., 1997, 1999The central location of the  of these six trials for each ISI were probe trials in
objects may have been more problematic. We found which no reinforcement was permitted. During the 48
in analyzing where the pigeons pecked at the displays differenttrials, the figure, redundant and background
that they showed a strong tendency to peck at the conditions were each tested 16 times, with each of
outer portions of the left, right, and bottom edges of the eight ISIs tested six times (twice per condition).
the displays (the bottom portion likely being attractive Twenty-five sessions were conducted.

because of its proximity to the food hopper). If pi-

geons primarily process only what they peck at, then 2.2. Results

it is possible they never detected the contrasting ob-

jects in the center of the display, and thus preventing  Shown inFig. 4 are the effects of varying the ISI
their discrimination Cook et al., 1995seeKatz et al., on the redundant, background and figure conditions
2002for a similar argument with monkeys). A second as measured by DR. ISI had a monotonic effect on
possibility is that the pigeons did detect the figural performance for conditions where the background
changes between the stimuli, but that the proportion of component of the stimuli changed. As in Experiment
change relative to their common background was not 1, discrimination of the figure condition was poor.
sufficient for the pigeons to consider it a “different” A repeated measures ANOVA (conditionISI) con-
enough stimulus and respond accordingly. firmed this significant interactiorf (14, 42) = 14.0.
Subsequent analyses looking at each condition in
isolation found significant main effects of ISI on
DR for both the background and redundant condi-
tions, Fs(7,21) > 181, but no significant effect of

Experiment 2 looked further into the ISI effects ob- ISI for the figure condition. A series of single mean
served in the first experiment. The ISI between the t-tests looking at the combined redundant and back-
stimuli was systematically varied between 0 and 2 s. If ground condition performance for each individual
some form of memory for the sequence of items were bird revealed that all ISI values supported signifi-
involved, one should see a gradual and systematic ef-cantly above-chance discrimination out to 1000 ms
fect of ISI, with performance decreasing with longer for each pigeon, and two birds, #3P and #4R,
“retention intervals” between items. were significantly above chance at ISIs of 2000 ms
(ts(4) > 3.1).

This drop in performance with increasing ISI oc-
curred for bothsameand different sequential infor-
2.1.1. Animals and apparatus mation. The finding is indicated by the concurrent

The same pigeons and apparatus as in Experiment 1changes in peck rate over ISl for both types of se-
were used. guences. Mean peck rates Eamesequences signifi-
cantly decreased with increasing ISI (22.8, 22.1, 22.7,
18.9, 20.1, 18.2, 16.5, 13.4 for each ISI, respectively;
F(7,21) = 9.9). Correspondingly, mean peck rates

2. Experiment 2

2.1. Method

2.1.2. Procedure
The organization of thesameand different trials

and the stimuli was the same as in Experiment 1,
except that light blue background figure condition
was omitted. Otherwise only the timing of the items
in the same and different sequences was changed.
First, the viewing duration per item was changed to a
fixed 2000 ms for all trials. Second, the I1SI between
stimuli was systemically manipulated among trials
(but remained constant within a trial). Each session
consisted of 96 trials (48ame48 differen). During

for redundant and backgroundifferent sequences
significantly increased with increasing ISI (8.1,10.2,
10.2, 12.3, 13.1, 13.3, 13.9, 13.8 for each ISI, re-
spectively;F (7, 21) = 7.4). Finally, we examined the
effect of ISI on responding to just the second item
of a sequence in analyses similar to Experiment 1.
This analysis effectively isolates any ISI effect to just

a single interval. Results based on responding to just
the second item were the same as measured over the
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Fig. 4. Mean discrimination ratio and standard errors for the redundant, background and figure conditions over the eight ISIs tested in
Experiment 2. The dashed line represents chance discrimination.

entire presentation interval. Again excluding the figure ~ Together, both studies suggest that pigeons can
condition trials, mean DRs based on peck counts to bridge temporal gaps of about 2s between succes-
just the second item were 71, 67, 65, 62, 63, 64, 59, sively presented items. This indicates that memory

and 54 for each IS, respectively. for information derived from the previous items must
be involved, so that increasing the ISI acts as a mem-
2.3. Discussion ory delay reducing their ability to retain how the

prior items might be similar or different from the one

Overall, increasing the ISI monotonically decreased currently in view (seeKilleen, 2001 for a potential
the pigeons’ discrimination on bottameand differ- model for how this short-term memory might func-
ent sequences. This result suggests that some formtion). In general, these values are smaller than the
of short-term item memory was involved in medi- 2-8s delays that pigeons can frequently tolerate in
ating the discrimination. All of the birds tolerated matching-to-sample tasks. One possible reason for
at least 1s between items and two tolerated a tem- this difference is that in the S/D task, the encoding of
poral separation of 2s. In general, the pattern of the prior item needs to be retrieved during the pres-
ISI results observed here are very similar to those ence of the next stimulus. When the next stimulus
obtained byYoung et al. (1999)when they manipu-  matches the prior one, retrieval of the prior informa-
lated ISI in their multiple-item successive procedure. tion is easy, but when it is different, the context has
They found that pigeons could likewise discriminate changed, and retrieval of it may be more difficult
at above chance levels with ISIs of 2s or less, al- (Tulving, 1983; White, 200R In the MTS context,
though at longer ISIs their pigeons started showing one of the test stimuli always matches the sample and
an overall bias to report “same” to both kinds of thus consistently helps to retrieve the prior sample
sequences. information on each trial.
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3. Experiment 3 For all trials, the stimulus duration per picture was
2000 ms and each lasted 20 s. Half of the transfer tri-
The objective of Experiment 3 was to see if the pi- als were tested with 100 ms ISI and half with a 500 ms
geons would transfer the S/D discrimination to novel 1SI. Baseline trials were tested with equal numbers
picture items. Successful transfer would indicate that of four ISIs (0, 100, 500, 1000) within a session.
the discrimination was not stimulus-specific, and sug- Twenty-five percent of the baselirametrials were
gest instead that it was done by detecting the succes-conducted as probes to measure pecking behavior.
sive relation between two stimuli. Two transfer tests ~ The sixdifferentcolor transfer trials in each session
were conducted. The first examined transfer to color tested unique combinations of the six novel pictures
photographs of natural objects and scenes. The sec-(randomly selected real-world objects and scenes)
ond examined transfer to gray-scale photographs of used in each subtest, with each picture tested once in
comparable content. All involved non-reinforced pre- the even and odd ordinal positions of a sequence. The
sentations ofameanddifferentsequences comprised six samecolor transfer trials were unique in the first
exclusively of novel photographs. session and simply repeated in the second test ses-
Five separate subtests were conducted examiningsion. Following the two test sessions, the six transfer
transfer to color photographs. Each subtest testedstimuli were then integrated into the pigeons’ daily
novel combinations of six novel photographs. Fol- testing, and the number of trials using Experiment
lowing each subtest, these six stimuli were integrated 1's background and figure stimuli simultaneously
into the pigeons’ daily baseline testing. Concurrently, reduced. With the integration of additional subtests,
the number of trials testing the figure and background slight adjustments in the number of trials per ses-
stimuli from Experiments 1 and 2 was reduced. By the sion were made to maintain counterbalancing, while
start of the fifth and last color transfer test, all testing gradually eliminating the older stimuli. By the fifth
of these older stimulus items was discontinued, and transfer test, the pigeons were being tested exclusively
the pigeons were exclusively discriminating random- with photographic stimuli from the four previous sub-
ized combinations of the 24 pictures used in subtests tests. Approximately 10 sessions separated the five
one to four. The gray-scale tests followed these color color transfer tests.
tests. The gray-scale tests consisted of two subtests.
The first subtest looked at the transfer to gray-scale 3.1.3. Gray-scale transfer tests
versions of familiar color photographs. The second  Each transfer session contained 12 trials§éne6
subtest looked at transfer with completely novel differen) with either familiar (first four sessions) or
gray-scale pictures. These gray-scale tests allowed usnovel gray-scale (next four sessions) novel pictures
to assess the role of color, shape, and luminance cuedested as non-reinforced probe tests. These probe

in the discrimination. tests were randomly mixed (after the 20th trial) into
a session’s scheduled baseline trials. Transfer trials
3.1. Method were conducted using a 100 ms IS| and a viewing du-
ration of 2000 ms per item and lasted for 20 s. A total
3.1.1. Animals and apparatus of 12 familiar and 12 novel, 256-level, gray-scale
The same pigeons and apparatus were used as irphotographs were tested over eight sessions. The first
Experiments 1 and 2. block of four sessions tested familiar pictures and the
second block tested novel pictur&sfferenttrials (six
3.1.2. Color transfer tests per session) involved uniqgue combinations of these

The pigeons were tested in a series of five indepen- pictures, with each appearing once in the even or odd
dent tests. Each consisted of two sessions involving ordinal position of one of the sequences. THane
testingsameanddifferentsequences of novel pictures sequences were trial-unique for the first two sessions
as non-reinforced probe tests (no reinforcement or (six per session), and repeated once more in the last
timeouts). Each transfer session consisted of 12 testtwo sessions of a block. The baseline trials were ran-
trials (6 samé6 differen) randomly mixed (after the  domly constructed from the pool of 30 photographic
20th trial) into a session’s scheduled baseline trials. stimuli.
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Fig. 5. Mean number of pecks and standard errorsameand different sequences created from novel color photographs during the five

transfer tests in Experiment 3.

3.2. Results

3.2.1. Color transfer tests
The pigeons transferred to the novel color stimuli

peck rates during transfer testing indicate the pigeons
were detecting the novelty of the unfamiliar transfer
stimuli.

As in Experiment 1, we examined the pigeons’

(seeFig. 5. This figure shows that peck rate was con- transfer behavior over successive presentations within

sistently higher on novedametrials than ondifferent

a trial. Fig. 6 shows the mean peck counts dur-

trials across all five tests. Combined across all tests, ing each presentation for the novel coksmeand

sametrial peck rates were significantly higher in the
100 ms ISI séame= 15.1 pecks;different= 9.2) and
500 ISI condition $ame= 14.2 pecks;different =
9.8). An ANOVA (Test Blockx ISI x same/different)

different sequences. Since there was no significant
effect of ISI on transfer, these data were combined
for this analysis. As with the baseline items, novel
same and different transfer sequences were being

found a significant difference between peck rates discriminated by the second iten,(1,3) = 235.

on novel sameand different trials, F(1,3) = 315,
but no effects of Test Block, ISI, or their interaction
with this factor. With the subsequent introduction of
the prior transfer items into the daily baseline trials,
the discrimination of these former transfer items im-
proved with testing and differential reinforcement.
By the fifth test, for example, peck rates game
trials (24.1 pecks) was greater than differenttrials
(8.1 pecks) for such trials. The consistently lower

Unlike the baseline results in Experiment 1, there
was little growth in the discrimination with addi-
tional transitions after 2000 or 3000 ms. Finally, note
that most of the changes in pecking behavior were
associated with increased peck rates to Hzene
sequences for the transfer trials, whereas in Exper-
iment 1 the primary change was associated with a
decrease in peck rate to thikfferent sequences (cf.
Fig. 3.
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Fig. 6. Mean number of pecks and standard errors for all four birds across successive intervals fesamaagid differentcolor transfer
trials in Experiment 3.

3.2.2. Gray-scale transfer tests sequence (#1B, #3P and #4R combined: S 6.0
Discrimination transfer occurred with the novel pecks, D- = 2.2 pecks; DR= 731, as did bird
gray-scale pictures, but took longer to emerge within #2N as well, § = 5.1 pecks, B- = 2.5 pecks;
a trial than with the color stimuliFig. 7shows mean DR = 67.1).
peck counts across presentations for novel gray-scale Analyses of transfer using the gray-scale versions
sameand different sequences. Unlike color testing, of familiar color pictures revealed a slightly different
it took several transitions for the peck ratesstame story. Unlike with the novel items, all the pigeons
and different sequences to diverge. Because of this, transferred to the familiar gray-scale items and did so
we divided the presentation interval into four 5-s by the second item presentation within a sequence.
bins, which revealed that transfer performance was In addition, overall peck rates were higher with the
indeed best during the last 5s of the interval. Ex- familiar gray-scale displays than with the novel ones.
amination of transfer performance during the last Combined across all four sessions, peck rates were
5-s bin revealed that three of the four birds signif- significantly higher on novelamesequences (mean
icantly transferred their discrimination to the novel 22.9)than on novetlifferentsequences (meaa 13.9;
gray-scale photographs. Individual tests revealed DR = 62.2; F(1,3) = 20.7). There was no effect
that #1B, #3P and #4R each showed significant dif- of session or its interaction with trial type. Further
ferences in peck rates between the nodiferent analyses looked at peck rates gameand different
(mean= 2.4 pecks) andsamesequences (meas sequences during second item presentation. These
5.5 pecks; DR= 696; all Fs(1,3) > 10.1). The revealed a significantly higher peck rate on novel
fourth bird, #2N, showed no significant difference samesequences (mea#a 2.8) than on novedlifferent
in peck rates to thesame(4.2 pecks) andlifferent sequences (meag 1.7; F(1,3) = 10.4). The dis-
sequences (4.5 pecks). For comparison, peck ratescrimination across subsequent intervals looked similar
for the baseline stimuli over the last 5-s interval re- to that depicted irFFig. 6 for the color transfer tests.
vealed significant differences in peck rates to each Finally, we found a significant difference in overall
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Fig. 7. Mean number of pecks and standard errors across successive intervals fosameahnd different gray-scale transfer trials in
Experiment 3.

peck rate onsamesequences for novel (meas Their success with the gray-scale stimuli indicates
12.3) and familiar gray-scale stimuli (measa 19.1, that the discrimination was not based exclusively on
F(1,3) = 121) in a direct comparison across the two color cues, but must have involved recognizing differ-
separate tests. ences in shape or brightness as well. One revealing
fact is that the familiar gray-scale images supported
3.3. Discussion higher overall peck rates than did the novel gray-scale

pictures. This finding strongly suggests the pigeons

The mostimportant finding of Experiment 3was the were recognizing non-colored features of the familiar
significant above-chance transfer to novel stimuli. All  color pictures within these stimuli. These features po-
four pigeons transferred to the novel color pictures and tentially include the shape of the objects within the
novel gray-scale pictures derived from familiar color images, but at least must consist of the relative pat-
pictures, and three of the four pigeons transferred to terns of light and dark contrasts common to both for-
completely novel gray-scale pictures. For color stim- mats. If so, this interpretation suggests the pigeons
uli and “familiar” gray- scale pictures, evidence of were using more than just gross perceptual changes
discrimination emerged by the second item presenta- to perform the discrimination, but were remembering
tion, but control by the novel gray-scale stimuli took and comparing specific properties and patterns across
until the third item to emerge and was best during the successive items.
last part of the presentation interval. These transfer
results rule out the possibility that the discrimination
was based on learning stimulus-specific associations4, Experiment 4
(e.g.Carter and Werner, 1978; Wright, 1997, 2001
Instead, the positive transfer suggests the pigeons were The objective of Experiment 4 was to see if
responding to the general stimulus relations of same the pigeons would transfer their discrimination to
and different between successive items. video stimuli. These video stimuli allowed us to
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examine how the pigeons reacted to constantly 4.2. Procedure

different and changing stimuli. If they could con-
tinue to discriminate them, it would argue against

a simple perceptual change hypothesis as the ba-

sis for this discrimination, since there would be
continuously transforming shape, color, and bright-

4.2.1. Reduced-sized transfer and training

To test for transfer to reduced-sized static stim-
uli, two sessions testingameanddifferentsequences
of familiar pictures at smaller size (352 240 pix-

ness changes at all times within and between the els) were conducted. Each session consisted of 10

items of a video sequence. In addition, the de-
velopment of a testing procedure for looking at
how animals perceive and discriminate video stim-
uli per se would be of considerable value given
the growing interest in such stimuli for studying
animal behavior (e.gAdret, 1997; McQuoid and
Galef, 1993; Patterson-Kane et al., 1997; Shimizu,
1998.

trial-unique reduced-size probe test trials g@mMe5
different no reinforcement) added to each session us-
ing a transfer design identical to Experiment 3’s. All
three pigeons transferred their discrimination to the
smaller stimuli (mean DR= 78.8). A repeated mea-
sures ANOVA (trial typex size) revealed a significant
difference in peck rate to theameand different se-
guencesF (1, 2) = 19.89, with no interaction across

The videos consisted of 2-s segments captured the large and small stimulus size. There was a sig-

from various movies. Testing was done in two

nificant main effect of sizef'(1,2) = 19.87, as the

phases. The first phase consisted of two sessionspigeons pecked less frequently at the smaller stimuli

testing four videos in a probe transfer design. Be-
cause two of three pigeons were very reluctant to
peck the video stimuli, we discontinued this test.

(mean number of pecks 13.6) than the large ones
(17.8).
After this test, the reduced size stimuli were added

The second phase tested the processing of theto the daily mixture of differentially reinforced trials,

video stimuli using a reinforcement-based design.
In this phase, the video stimuli were presented in
the standardsame or different sequences with re-

gards to their imaged content, but we also manip-
ulated the serial ordering of the individual frames
within these videos as well. Two types of frame or-
derings were examined. The individual frames of
the video stimuli could either be presented in their
normal coherent order (forwards or backwards) or

with their numbers gradually increased over 20 ses-
sions. In the five sessions prior to video testing, the
pigeons experienced 128-trial (64 same/64 different
trials) baseline sessions constructed from a pool of
56 color photographs (due to further additions made
after Experiment 3) of two different sizes (sizes were
not mixed). These trials lasted 20 s, used a 2000 ms
viewing duration per item and tested equal num-
bers of four ISIs (100, 500, 750, 1000 ms) within a

as a one of two randomized sequences of frames session.

that broke up the moving continuity of the imaged

content. Thus, when tested on a “same” content 4.2.2. Video tests

trial, we could examine whether either of these

different types of sequences themselves were suf-

Two tests were performed with video stimuli. Each
test involved the successive presentation of 2000-ms

ficient to generate a “different” response. Because segments of video captured from different movies. The

these videos were smaller in size than the previ-
ously tested static pictures, a period of training with

nine videos were 35% 240 pixels in size and de-
picted different events (helicopter flying, rafting down-

reduced-sized static pictures was done prior to video stream, car accelerating, caribou fighting, bird flying,

testing.
4.1. Method

4.1.1. Animals and apparatus

dinosaurs chasing people, horse race, overhead plane
flight, hang gliding off cliff).

The first test consisted of two sessions. In each
session, eight non-reinforced probe trials using video
stimuli and eight probe trials using reduced size stim-

The same pigeons and apparatus were again useduli were randomly mixed among the baseline trials
One bird (#1B) was temporarily not tested because of (each type testing dame4 differentmade from com-

health reasons.

binations of four stimuli). These transfer trials last 20 s
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Table 1
The eight video conditions from the second test of Experiment 4

Video content Order of Type of frame
frames ordering

DDC Different Different Coheredt
DDR Different Different Randomizéd
DSC Different Same Coherent
DSR Different Same Randomized
SDC Same Different Coherent
SDR Same Different Randomized
SSC Same Same Coherent
SSR Same Same Randomized

a Coherent videos were presented either in a normal forward or
backward ordering within a trial.

b Randomized videos were presented using either one of two
fixed randomized orderings, making them comparable to the two
sequences in the coherent conditions.

¢ These two conditions were the only ones reinforced, since there
was no ambiguity as to whether they should be treatedaase
trials.

139

ditions were tested six times within a session. Only the

coherent and randomized videos sequences in which
both the content and frame orders were identical were
reinforced, with one-third of these trials conducted as

probe trials.

4.3. Results

Overall the pigeons did poorly during the initial two
transfer sessions with video stimuli. The primary rea-
son for this was that two of the three pigeons pecked
infrequently at the video sequences (mean pecks to
video stimuli, #3P= 0; #4R= 1.5). The third pigeon
did peck at the video sequences and showed a differ-
ence in peck rate to treamesequences (meaa 12.2)
over thedifferentsequences (meaa 6.6 pecks), but
a substantial number of trials with no pecks as well
made this difference statistically unreliable.

The second test with coherent and randomized

and were conducted using a 100-ms ISI and a 2000-msvideo stimuli revealed that the pigeons could discrim-

viewing duration.

The second test consisted of 20 112-trial sessions.

Sixty-four of these were baseline trials that tested
equal numbers of large or reduced-sized static pic-
tures at one of four different ISIs (0, 100, 500, 1000).
The remaining 48 trials tested eight combinations of
video stimuli (se€Table J). Four of these conditions

successively alternated videos identical in their visual
content, but which varied in the sequential ordering of

the video’s separate frames. These conditions were:

(1) the frames of the two videos were presented in
a coherent forward or backward order (SSC), (2) the
frames of the two videos were presented in one of
two randomized orders (SSR), (3) the frames of suc-

inate sameand different video sequences from one
another and that discrimination was based on content
changes between the videos, but not the ordering of
the frames within the videos. Shown Fig. 8 are

the results from the eight video conditions tested in
the second phase. These data show that the pigeons
were rapidly able to discriminate video sequences (in
one or two sessions) where the content of the videos
changed across successive intervals from when the
same videos were repeated. Over the last 10 sessions,
the two conditions in which the same video and
frame order was successively repeated (SSC; SSR)
supported significantly higher peck rates in each pi-
geon than did thelifferent sequences (DDC; DDR),

cessive videos alternated between streaming forwardall Fs(1,9) > 5.12. It made no difference within

and then backward (SDC), (4) the frames of succes- these two boarder categories, however, whether the
sive videos alternated between the two randomized videos were presented in a smoothly changing co-
sequences (SDR). The four other conditions succes-herent manner or a randomly-ordered fashion. The
sively alternated videos that were different in their pigeons showed no sensitivity to the ordering of the
content along with the nature of their ordering of the videos. That is, statistical comparisons of the condi-
frames. These conditions were: (5) the frames of both tions in which frame ordering was the only difference
were presented in either a coherent forward or back- between the successive presentations of identical con-
ward order (DSC), (6) the frames of both videos were tent (SDC; SDR) did not significantly differ from the
presented in the same one of two randomized ordersother same conditions (SSC; SSR), indicating that
(DSR), (7) the frames of both videos alternated be- frame order was not a sufficient basis for the pigeons
tween streaming forward and backward (DDC), (8) to discriminate successive videos. One consistent dif-
the frames of both videos alternated between the two ference between responding on video and static trials
randomized sequences (DDR). These eight video con-was that overall peck rates were generally lower to
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Fig. 8. Mean number of pecks in the eight video conditions tested in Experiment 4. The three letter code denotes first whether the videos
were same (S) or different (D) across intervals, second whether the order of the frames were same (S) or different (D) across intervals,
and third whether this ordering was coherent (C) or randomized (R)TSgle 1

the videos. A comparison of peck ratesdamese- had thought the forward versus backward ordering
guences on video trials over the last eight sessions of the coherent videos might be discriminable. In a
(mean= 19.0) was significantly lower than either the prior study, Cook et al. (2001tested coherent and

reduced size (mears= 30.5) or large static pictures  randomly-organized videos of an action-based se-

(mean= 289). guence discrimination. This discrimination required
the pigeons to tell whether a camera’s viewpoint
4.4. Discussion went around or through the central opening of an

approaching object (examples of these videos can be

These results indicate that pigeons can discriminate seen on-line at thénimal Cognitionjournal web-
the identity and difference of successively alternating site). They found that coherent videos supported bet-
video stimuli, at least when differentially reinforced. ter discrimination than did randomized one. We had
In the initial non-reinforced transfer test, we found the thought a similar effect might occur here, but clearly
pigeons were very reluctant to peck the video stimuli did not (seelitsumori et al., 199%or a similar result
at first, perhaps because of neophobia in response toinvolving forward and backward videos). Such results
their extended history with static stimuli. indicate that the motion within the video’s content

There was no evidence, however, that the pigeons was not critical to the pigeons. As such, could the
were processing the specific ordering of the frames pigeons have been simply seeing the videos as static
comprising the videos. Presenting them in a natural displays?Dittrich and Lea (1993jound that pigeons
and smoothly changing manner or as a more unnat- can easily discriminate between static pictures and
ural, randomly-ordered fashion made no difference. dynamic videos of similar content, so it is likely they
While we had anticipated the trouble with distinguish- were doing so here. Further, the reduced peck rates
ing the ordering of the two randomized sequences to the videos and the gradual improvement with ex-
(random sequence 1 versus random sequence 2), weperience each suggest that the videos were seen as
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fundamentally different from the static displays. In These data suggest pigeons can learn to discriminate
fact, one potential reason that peck rates were gener-S/D relations without the necessity of simultaneous
ally lower is that they were reacting to the constant presentation, and when combined with our previous
local “difference” between successive frames within simultaneous results, suggests they can conceptually
a single video. learn to discriminate S/D relations across a variety of
Why the difference between this study a@dok temporal and spatial arrangements.
et al.'s (2001)experiments regarding the effect of The successful learning and transfer across se-
frame randomization on the pigeons’ reactions to these quences of successively presented visual stimuli helps
video stimuli? One important factor may have been to eliminate several alternative interpretations of our
the pigeons’ extensive training with static images prior earlier S/D results @ook et al., 1995, 1997, 1999
to the video test. This factor may have resulted in collected using a simultaneous procedure. For in-
the pigeons learning to pay more attention to static stance, the results argue against concerns that our
color and shape cues in comparison to the previously previous S/D results were due to the “generalized”
non-existent motion cues. Cook et al.’s pigeons were detection of perceptual patterns or spatial anomalies
trained from the outset with motion being a relevant within the mosaic of repeated elements in those dis-
cue. Given their prior static training and absence of a plays. If the pigeons were only capable of using such
compelling need to process mation prior to the cur- simultaneous patterns to guide their S/D choices, then
rent manipulation, perhaps it is not so surprising the the successive nature of the present task should have
current pigeons did not do so. The use of videos that made use of those cues impossible. Element simul-
specifically require attention to the video’'s movement taneity apparently is not a necessary condition for
within a S/D discrimination clearly need to be tested. pigeons to learn to discriminate S/D relations.
Nevertheless, the fact that the pigeons could perform  Besides prevailing against perceptual alternatives,
the task with these ever-changing stimuli further ar- these results speak to two other issues with our simul-
gues against any simple perceptual change hypothesiganeous procedure. The first involves the possibility

as the basis for their S/D discrimination. that differential responding to theameand different
displays was critical to the performance of the discrim-
4.5. General discussion ination. In our simultaneous procedure, the pigeons

were required to localize and peck the odd element in

These experiments provide evidence that pigeons thedifferentdisplays. The number of pecks to accom-
can differentiatesameand different sequences based plish this was then yoked to comparalsi@metrials,
on the alternation of only two picture stimuli. We where there were no odd “targets”. While this yoking
found they can discriminate both moderate to large procedure equated the number of pecks between trial
pictorial changes in color, gray-scale, and video stim- types, thedifferentdisplays did require a series of lo-
uli, although stimuli with smaller differences proved calized pecks not required of tlamedisplays. The
difficult for the pigeons to learn. This discriminative present results indicate that such observing behaviors
behavior transferred to both novel color and gray-scale are not necessary for learning about S/D relations.
static pictures and showed savings in tests using video The second issue involves the number of elements in
stimuli. Further, the discrimination was maintained the displays. We have consistently used multiple items
when tested with large numbers (>55 pictures) of in create our simultaneous S/D displays. In humans,
randomly combined photographic stimuli of two dif- chimpanzees, and monkeys (eiptz et al., 2002;
ferent sizes. Except in the case of novel gray-scale Premack and Premack, 198%/D judgments can eas-
pictures during transfer, the same/different relation ily be generated from the comparison of only two
within any sequence was detected by the second item.stimuli. However, such S/D judgments have been dif-
Additional item transitions further improved perfor- ficult to attain in avian species without extensive train-
mance suggesting the involvement of an accumulative ing (Pepperberg, 1987; Santiago and Wright, 1984
memory-based comparison process in this discrim- The present results make the case that pigeons, too,
ination. The monotonic effects of increasing ISI on can make S/D discriminations based on the succes-
performance further suggest such a memory process.sive comparison of only two items. While multiple
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alternations of the two items were employed during in their case a large number of items were presented
training, the pigeons eventually required only one tran- in each sequence and each item was pecked. In hu-
sition to begin responding differentially to same and mans, detecting certain kinds of changes or difference
different sequences. We cannot judge whether thesebetween successively presented pictures seems to re-
extended sequences were critical, however, in the ini- quire focused attention to be specifically brought to
tial acquisition of the discrimination. These repeated the area of the display that is changing (&Rgnsink
transitions did provide further information as their dis- et al., 1997. In fact, very large changes can often go
criminative behavior improved for several transitions unnoticed by people in scenes without such selection
beyond the first one. This finding contrasts with that (Simons and Levin, 1998 Similar acts of attention
of Young et al. (1999who found that number of = may also be required in other animals to detect change
transitions in their sequences was not critical to their across time. So far, for example, pigeons have only
pigeons’ choice behavior when tested with small num- been successful in successive S/D discriminations
bers of stimuli. where the entire stimulus changed from one interval
Overall, the current results are consistent with the to the next. This type of complete change essentially
hypothesis that pigeons can learn to process the qual-eliminates the need for attention or search for any
itative S/D relations between various stimuli whether specific place or feature within an image. Exactly how
presented at the same time or over time. The trans- attention and the degree of change between displays
fer across color and gray-scale static images and theare involved in the present discrimination needs fur-
rapid acquisition with video stimuli suggest that a ther exploration to understand how pigeons compare
non-stimulus-specific relational account is required. successive pictures for their identity and difference.
As always, the debate is whether these studies require a In addition to comparing color and pattern infor-
conceptual account or can be explained by lower-level mation between static pictures, the current studies
perceptual alternatives. revealed that the pigeons could perform this discrim-
What was the basis for this determination of pic- ination with video stimuli. While the pigeons reacted
torial sameness and difference in the current study? poorly upon the introduction of these stimuli, all of
While the color in the pictures likely played a key the pigeons differentiated these stimuli in just a few
role, Experiment 3 showed that gray-scale static sessions. Despite the ever-changing local nature of
pictures are fully capable of supporting discrimina- these stimuli, the pigeons could still extract sufficient
tion and transfer without prior experience. Thus, the information to discriminatesameor different video
pigeons’ were detecting feature changes other thansequences. What did not matter is whether the videos
color across pictures. As discussed in Experiment 3, were coherently or randomly scrambled in terms of
the overall greater responsiveness and discriminationthe presentation. This finding suggests they were not
of the familiar gray-scale pictures by the pigeons sug- processing the sequential order of the information
gests they were recognizing them based on their prior within a video, and perhaps not even seeing them
experience with the colored versions of these same as coherent presentations of the real world. Pigeons
images. Such data suggest the pigeons were at leasappear to have a higher threshold for distinguishing
sensitive to the pattern of light and dark areas across coherent from random motiorB{schof et al., 1999
the images, and potentially to the shape of the objects and this may have played a role in limiting their ca-
depicted within them. pabilities to distinguish the different modes of video
The other critical factor in these experiments was presentation tested here.
the amount of change between displays. Over the Given all of these considerations, it seems most
four experiments, the pigeons had little problem with likely the pigeons were comparing image-based mem-
displays in which moderate to large changes oc- ories of the successive stimuli across time, and were
curred between successive items, but Experiments 1not just responding to, say, the changing luminance of
and 2, showed that small, centrally located changes successive pictures. The gray-scale recognition of fa-
were difficult for the birdsYoung et al. (1997, 1999)  miliar colored pictures and their capacity to deal with
found that pigeons could successfully discriminate the constantly fluctuating video stimuli suggest that
very small successively presented icon stimuli, but such a simple perceptual hypothesis is not adequate.
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Given this, we remain comfortable in suggesting a Carter, D.E., Werner, J.T., 1978. Complex learning and information
conceptual alternative as the basis for our pigeons’ g;oc:g;in(s%iln pigeons: a critical analysis. J. Exp. Anal. Behav.
ablllty to dlscnmmat.e the .Wlde variety and growing Cook,’ R.G., 2001. Avian Visual Cognition [On-line]. Available:
number of S/D configurations that have been tested. http:/Awww.pigeon. psy.tufts.edu/avc/

So far in every test, where we have tried to evaluate or cook, R.G., 2002a Samefdifferent learning in pigeons. In: Bekoff,
eliminate perceptual alternatives (current studgpk M., Allen, C., Burghardt, G. (Eds.), The Cognitive Animal.
etal., 1997 see alsévoung and Wasserman, 200it- MIT Press, Cambridge, MA, pp. 229-238.

tle support for such proposals has been garnered. EvenCook, R.G., 2002b. The structure of pigeon multiple-class same/

. . . . . different learning. J. Exp. Anal. Behav. 78, 345-364.
ignoring this collected evidence, we would still be left Cook, R.G.. Wixted, JT., 1997. Same-different texture discri-

with the hypothesis that the pigeons are using differ-  mination in pigeons: testing competing models of discrimination
ent sets of perpetual cues to solve the same underlying and stimulus integration. J. Exp. Psychol. Anim. Behav. Process.
conceptual task. 23, 401-416.

As such, a key direction for future research will be Cook, R.G., Cavoto, K.K., Cavoto, B.R., 1995. Same/different

. . . texture discrimination and concept learning in pigeons. J.
to compare directly the nature of the stimulus relations Exp. Psychol. Anim. Behav. Process. 21, 253-260.

between SUCCQSSive_ and simultaneous discriW.'ima-ti(mCook, R.G., Katz, J.S., Cavoto, B.R., 1997. Pigeon same-different
procedures. There is now a large body of evidence  concept learning with multiple stimulus classes. J. Exp. Psychol.
that pigeons can judge stimulus relations presented Anim. Behav. Process. 23, 417-433.

simultaneously, and a growing one indicating that Cook, R.G., Katz, J.S., Kelly, D.M., 1999. Pictorial same-different
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