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ABSTRACT

This article analyzes a type of Problem Solving Behavior in which (a) the responses
were chained by direct contingencies, (b) a new response was included (one of the behavior
chained was, then, new), and (c) all individual responses were maintained under the same
motivational condition as that which controlled in the problem solving test. The first experi-
ment systematically replicated Epstein’s 1985 study by separately training a pigeon to push a
box towards a green spot, after non-directional pushing, to climb and stand on the box, and to
peck a facsimile of a banana in the bird’s reach. Differences with regard to Epstein’s study
were: no extinction of flying or jumping with the banana out of the bird’s reach, using a naive
pigeon. In the test (with the banana out of reach and the box on the opposite side of the
chamber) the pigeon stretched repeatedly towards the banana, pushed towards it, stopped
under it, climbed, and pecked it several times.

Experiment 2 evaluated how the different responses contributed to problem solving. A
test was conducted after the training of each behavior. Four pigeons participated; two of the
four pigeons were trained to push a box towards a target and two were trained to push the
box away from a target in an attempt to isolate the stimuli controlling directional pushing in
the test. In each test, only responses acquired previousiy, either directly or by generalization,
appeared during each test. Pigeons trained to push towards or away from the spot, pushed,
respectively, towards or away from the banana in the test, except for one pigeon which never
pushed in any direction. No flying or jumping appeared. The test conducted after all the res-
ponses had been trained (Final Test) showed sequences with all the possible responses, but
the order in which they appeared formed unsuccessful or “almost” successful chains (“al-
most” because the pigeon stood on the box with its back to the banana, but pecking did not
occur: the banana was not in the bird’s visual field). Some factors likely to explain these re-
sults are discussed as a function of: (a) the comparative rates of reinforcement among the
possible responses in the test, which probably accounts for the order of the chained responses
(and hence, of the successful or unsuccessful chains), (b) the schedule of reinforcement for
each behavior, which probably gave rise to successful connected chains (one response
quickly followed by another) or successful but disconnected chains (unnecessary repetitions
of the responses constituting the solution to the problem). Along with evidence from other
studies these results led to a consideration of different types of successful problem solving.

Key Words: Chaining, novel behavior, variability, motivational conditions, functional
stimulus control, problem solving behavior, contingency-shaped behavior, pigeons.
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RESUMEN

Conducta de solucién de problemas: Ejemplo experimental. Este articulo analiza un
tipo de solucién de problemas en el que (a), las respuestas se encadenan mediante contin-
gencias directas, (b), se incluye una nueva, y (), todas las respuestas individuales se mantie-
nen bajo la misma condicién motivacional del test de prueba. Los sujetos son pichones. En
un primer experimento se replica el de Epstein (1985), encontrindose algunos diferentes re-
sultados. Un segundo experimento evalda la contribucién de las diferentes respuestas. Se dis-
cuten los hallazgos, y se plantea la consideracién de diferentes tipos de solucién de proble-

mas hasta ahora contemplados en la literatura.

Palabras Clave: Encadenamiento, conducta nueva, vanabilidad, condiciones motiva-
cionales, control de estimulo, conducta de solucién de problemas, conducta moldeada por

contingencias, pichones.

There have been many different defini-
tions and explanations of Problem-Solving
Behavior from different standpoints. From
the perspective of behavior analysis a basic
definition of problem solving is given, more
or less explicitly, in Skinner (1969) and Bijou
(1976) -an extended account is given in Lu-
ciano (in press). Hence, Problem Solving be-
havior can be defined as a new sequence of
several links (behavioral segments in the sub-
ject’s repertory) which are chained by direct
contingencies and which culminate in an
adaptive, functional consequence related to
the current motivational condition defining
the problem-solving situation. The double
function of the stimulus (as a discriminative
controlling factor and as a consequent event)
is the key to the chaining of respones, accor-
ding to the usual conceptualization of this
process (e.g. Reynolds, 1968).

Accounts of problem solving usually
often do not differentiate between problem
solving involving direct contingencies and
that which also involves rules, a distinction
made by Skinner (1969). Most available stu-
dies emphasized the latter, which essentially
requires research with human subjects, while
studies involving direct contingencies might
be a first step towards a parsimonious un-
derstanding of the phenomena. The most fre-
quently cited study in problem solving (Koh-
ler, 1925) reported chimpanzees solving pro-
blems by suddenly using sticks to reach food
(insightful performances) or reaching the
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food by jumping (brute-force). Maier (1931)
provided data about chaining different ele-
ments in a new sequence with rats; previous
experience with the elements involved in the
problem solving were reported by Birch
(1945); Schiller (1952) found that general ex-
periences were not sufficient for chimpanzees
to solve the problem; the specificity of pre-
vious training for successful solutions was a
finding addressed by Shurcliff, Brown, and
Stollnitz (1971) with rhesus monkeys. Eps-
tein , Kirshnit, Lanza, y Rubin (1984) and
Epstein (1985) showed problem solving with
pigeons through response chaining. Interpre-
tations have been diverse. The present ex-
pands empirical evidence of problem solving
by direct contingencies without rules. As the
specific procedure of the present study is
based on the last two studies, they will be
described in more detail.

The “interconnection of two repertoires’
(Epstein et al.,1984) was considered a repli-
cation, with pigeons, of Kohler’s experiments
with chimps (p. 61). Different histories were
created with different pigeons; some were
trained to push a box towards a green spot on
the wall (directional pushing), and to climb
onto the box and peck a facsimile of a banana
suspended overhead, with the extinction of fl-
ying and jumping when the banana was out
of the bird’s reach; with other pigeons trai-
ning involved only some of these responses.
Each pigeon was then tested with the banana
suspended out of reach and the box placed in

y
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the center of the chamber. It was concluded
that all the repertoires described were neces-
sary for successful problem-solving (pushing
the box towards the banana, climbing onto
the box and pecking the facsimile of banana,
which was followed by access to food). The
performances under such circumstances were
called “insightful” (1984, p.132).

In “the interconnection of three repertoi-
res” (Epstein, 1985) “a pigeon acquired three
separate behaviors: (a) climbing, (b) pushing
towards targets, and (c) pecking the banana.
When the pigeon was confronted with the
problem, a swift but erratic and not especially
‘insightful’ solution emerged” (p. 131).
Hence, the performances in both studies were
not the same, as Epstein himself (1985, p.
140) indicated. Therefore, from our point of
view they were not replications of Kohler’s
experiments (Luciano, in press).

Epstein (1985) assumed that some prin-
ciples (reinforcement, extinction, resurgence
and automatic chaining) “should predict dif-
ferent performances as a function of relevant
parameters: the genes and history of the indi-
vidual, current stimuli and the manner in
which such stimuli are changed over time as
a result of the organis’s behavior, and so on.
If one knows the transformation functions
and the relevant parameters, one should be
able to predict where in this range the perfor-
mance will fall, and to provide a detailed pro-
bability profile of the succession of behaviors
that will appear” (p. 140).

In spite of the preceding data and as-
sertions, this topic requires further experi-
mental support for the following reasons. In
the study by Epstein et al. (1984), two res-
ponses were chained in several pigeons, and
the necessary components were usually eva-
luated between subjects. Epstein’s (1985)
study is of a different type, and the effect of
all the responses in the problem solving test
was evaluated in only one pigeon. Neither
study said anything about the specific trai-
ning criteria before the test, or about the
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functional role of the extinction of flying
and jumping, which was emphasized as a
component for successful problem solving.
Neither paper provided training graphs. Wit-
hout this information it is difficult to eva-
luate the specific function of each stimulus
in order to analyze different types of pro-
blem solving behavior.

The goals of this study were four-fold:
First, to replicate systematically Epstein’s
(1985) study. Second, to provide informa-
tion about the performance in the problem
solving test after the acquisition of each in-
dividual behavior. Third, to identify the cu-
rrent stimulus which would control directio-
nal pushing in the test (when the spot is not
present), i.e. the most important behavioral
segment for successful problem solving. Fi-
nally, to elucidate the functional roles of
jumping and flying.

METHOD

Definition of the Problem-Solving Behavior
and the Test Conditions.

The conditions for problem-solving tes-
ting involved a facsimile of a banana hung
out of the bird’s reach, a box on the oppo-
site side of the chamber, and a healthy but
food-deprived adult pigeon. Successful pro-
blem-solving was defined as a chain compo-
sed of pushing the box towards the banana,
stopping the pushing when the box was
under it, climbing onto the box and pecking
the banana.

Subjects and Apparatus

Five experimentally naive adult male
White Carneaux pigeons were individually
housed with water available and maintained
at 80-85 % of their free-feeding weight.

All sessions were conducted in a rectan-
gular chamber (85 x 35 x 50 cm high) made
of light grey wood for the floor, back and
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side walls, a transparent plexiglass front wall
and wire mesh for the ceiling. At the base of
the back left wall was an opening (6 x 5 cm)
through which food was made available. Du-
ring food presentations, a white 6 W bulb
illuminated the hopper aperture. Extraneous
sounds were masked by white noise and by
sound-attenuating chamber in which the ex-
perimental space was located. Two small
cardboard boxes, one cylindrical (8.5 cm in
diameter and 7.2 cm high), and one almost
rectangular (7.8 cm high and 9cm square); a
facsimile of a banana measuring 6cm long by
1.5 cm wide, made of dry yellow Play-Doh
material attached to a grey wire; and a round
fluorescent green cardboard circle 3.5 cm in
diameter, were all used. A video Camcorder
mounted on a tripod recorded some training
sessions and all test sessions.

Description of the experiments

Experiment 1 . The goal was to replicate
Epstein’s (1985) experiment “the intercon-
nection of three repertoires”, but in this case
with a naive pigeon and without extinguis-
hing flying and jumping when the banana
was out of the bird’s reach. Figure 1 shows
the training sequence of each behavior.

After the Initial Test (see figure 1), di-
rectional pushing training began. This invol-
ved previous non-directional pushing trai-
ning. Next pecking the banana was shaped,
then climbing onto the box. Different training
conditions consisted of daily session in which
more than one different type of responses
was trained. When the training criterion was
achieved with all three types of responses,
problem-solving was evaluated in the test
conditions.

Experiment 2. The goals of this experi-
ment were twofold. The first was to isolate
the effect of each type of response upon the
performance in the problem-solving test; and
was evaluated by analyzing the responses
produced under the test conditions after the
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acquisition of each type of responses (see
Fig. 1). Four naive pigeons participated and
the order of training of the first two types of
responses was balanced. The second goal
was to isolate the stimulus controlling direc-
tional pushing under the test conditions; this
was evaluated by contrasting the directional
pushing produced in the test, when two of the
four pigeons were trained to push towards the
spot, and two were trained to push away from
the spot.

As Figure 1 summarizes, after the Initial
Test, non-directional pushing was trained
first in p. 22 and p. 55, until the training cri-
terion was reached; this was followed by a
second test (Test A). However, pecking thé
banana was the first type of responses trained
previously to Test A in p. 44 and p. 33. Non-
directional pushing was then trained (p. 33
and p. 44) or maintained (p. 22 and p. 55),
and pecking the banana maintained or trai-
ned, respectively in different periods of each
session; Test B followed. Pushing was trai-
ned towards (p. 22, p. 33) or away from (p.
55, p. 44) the spot; pecking the banana was
maintained, and pushing the box in the ab-
sence of the spot was not reinforced. Test C
followed. Finally, climbing was trained and
pecking the banana as well as pushing to-
wards or away were maintained. The Final
Test followed in all the subjects except p. 55.

One additional test was carried out res-
pectively with p. 22 and p. 44. A test was
conducted before the Final Test with p. 22 to
evaluate the effect of climbing and standing
on the box with the head bowed (Pre-Final)
and with the body upright (Final Test)."The
additional test (Test A-Ext) conducted with p.
44 preceded Test B; the goal was to evaluate
the effects of the extinction of flying or jum-
ping with the banana out of the bird’s reach :
several sessions were conducted in which
responses to the banana when it was out of
the bird’s reach were not reinforced, and pec-
king the banana when it was in the bird’s
reach was reinforced, Test A-Ext followed.
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Procedure

Sessions were carried out seven days a
week. Each session was concluded when a
specified number of reinforcers was consu-
med. This number was based on the pigeon’s
daily weight to maintain bird at 80-85% of its
free feeding weight (range 45-55 reinforcers
per session). The feeder operation was started
by hand, with an automatic duration of three
seconds. The pigeon was always put in the
chamber with the light off. After twenty se-
conds the light was switched on and the ses-
sion began. The light was off whenever the
arrangement of the training material in the
chamber had to be changed.

The adaptation period in the experi-
mental chamber involved several sessions
when the pigeon was in the chamber wit-
hout any training material. This period con-
cluded when the pigeon reached 80-85% of
its free feeding weight, and when the sound
produced by activating the hopper was a
discriminative stimulus, judged by when the
pigeon moved towards the feeder as soon as
the sound was produced. The Initial Test fo-
llowed.

Each test comprised one, two, or three
consecutive trials, each involving different
locations of both the banana and the box. Just
before each test, except in the Initial one,
there was a period in which the different, pre-
viously trained, types of responses were indi-
vidually reinforced two or three times. A trai-
ning session followed after each test.

Training Non-Directional Pushing .
The pigeon was trained to push a box around
the chamber with only the box present in the
chamber. First pecking any part of the box
was reinforced, but the reinforcement crite-
rion was rapidly changed to pecking one of
its upper corners in such a way as to rotate
the box. Pecks in the upper corners that rota-
tes the box were defined as correct pushes
while any other pecks were considered inco-
rrect, and were not reinforced. Correct pushes
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were maintained on variable ratio 5 (VRS)
and calculated per session. Training ended
when three consecutive sessions were con-
ducted with 50% correct pushes each.

Training to peck the facsimile of ba-
nana. The banana was suspended from the
ceiling of the chamber so that it was just
overhead. Its position was changed after five
or six reinforcements. Pecks to the facsimile
were at first continuously reinforced; the cri-
terion was quickly changed to intermittent
contingencies (VR4). Criterion training was
attained after three consecutive sessions on
VR4. The number of pecks and reinforce-
ments per session were recorded.

Training Pushing towards the Spot. Sti-
muli present were the box and the green spot
(placed at different sites at the bottom of the
walls so as to be visible even when the box
was directly below). Correct directional pus-
hing was defined as a sequence of responses
beginning with pecking the spot or head fa-
cing the spot, followed by pushing the box
towards the spot with responses to the spot in
between (pecking it or head facing it), until
the box was next to the spot, with the final
component being “pecking the spot” or “head
facing the spot”. That is, directional pushing
involved moving the box towards the spot re-
gardless of the position of the box and the
spot. Hence, a pushing sequence involved
responses to the spot and the box without in-
terruptions. Any other sequence was defined
as incorrect. Correct or incorrect sequences
as well as responses to the box only, or res-
ponses to the spot only, were recorded per
opportunity in each session.

An opportunity was defined under any
of the three following conditions: (a) when
the light was on at the beginning of this trai-
ning period, (b) after a reinforcement occu-
rred, that is, when the hopper was closed, and
(c) after any behavior other than one invol-
ving the spot and the box, such as fluttering,
scratching, moving around, or simply stan-
ding .The percentage of opportunities in
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which correct directional pushing sequences
were recorded and the percentage of opportu-
nities in which only responses to the box
were recorded were both used for observing
shaping. The number of times the pigeon
climbed onto the box during directional pus-
hing training was also recorded.

Shaping ran as follows. After a few ses-
sions in which pecking the spot was reinfor-
ced without the box present, the box was
mounted on a wire which allowed movement
of the box in a straight line; but the box was
initially placed near the spot and a piece of
elastic band around the wire prevented the
box from being moved too far away from the
spot. First, pecking the spot plus one res-
ponse to the box regardless of the topography
was reinforced; second, pecking or facing the
spot plus one push in the direction of the spot
was reinforced. The distance between the
spot and the box was gradually lengthened,
so that the number of responses to the spot
and to the box increased. Third, a new com-
ponent for reinforcement was incorporated
when the pigeon pecked or faced the spot and
moved the box from different locations to-
wards the spot: pecking or head facing the
spot when the box reached the box (the co-
rrect sequence as defined previously). As di-
rectional pushing was first shaped with the
pigeon's head tilted to one side, the fourth
step was shaping directional pushing with the
head to the other side. In one of the pigeons
(S33), the head topographies were shaped
using an errorless discrimination procedure,
which consisted of sticking a green spot on a
side of the box which was gradually faded
out (so that pecking occurred on the appro-
priate side of the box), while keeping the
usual spot on the wall. Correct pushes were
quickly produced with less variability than in
the other subjects.

When correct directional pushing se-
quences (with both head topographies and the
box still connected to the wire) reached 50%,
an extinction period of pushes and pecks to
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the box in the absence of the spot was intro-
duced alternating with periods of reinforce-
ment of correct directional pushing sequen-
ces. When correct sequences reached 80% in
one session, the wire was removed and the
box was placed close to the spot and then
gradually moved further away until the pi-
geon pushed the box towards the spot from
the middle of the chamber, whatever the po-
sition of the spot in the wall. The training cri-
terion was attained when, under the last con-
ditions described, 80-100% correct directio-
nal pushing occurred in three consecutive
sessions.

Training Directional Pushing away
from the Spot. The main difference with res-
pect to pushing towards the spot was that the
pigeon pushed the box in the direction away
from the spot. Hence, the correct sequence
was defined as pecking or head facing the
spot followed by two or three pushes from
the spot, at which time the sequence was
reinforced.

Training to Climb onto the Box. The
box was fixed in position on the floor of the
chamber and neither the spot nor the banana
were present. The position of the box was
changed during a session. Correct climbing
was defined as climbing onto the box and
standing with the body upright during three
to five seconds. A fading stimulus discrimi-
nation procedure was used with respect to the
box (the height of the box was gradually in-
creased until it was the same as the box used
in pushing training). Shaping proceeded as
follows: approaching the box head first was
initially reinforced; then, placing one foot
onto it, placing both feet onto the box, kee-
ping the body upright, and finally increasing
the time spent until the pigeon remained on
the box for 3-5 sec. An opportunity for clim-
bing began when the pigeon touched the box
with any part of the body and ended when it
moved away from the box. The percentage of
correct climbing was recorded taking into ac-
count the total opportunities in a session. Cri-
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terion was reached when correct climbing
was 80-100 % during three consecutive ses-
sions.

Reliability Assessment

Five independent trained observers re-
corded from videotapes each occurrence of
the responses produced in all the tests. Agre-
ement was 100% among all of them. All trai-
ning sessions were directly recorded by the
experimenter and agreement between these
direct data and the filmed sessions was inter-
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NON- DIRECTIONAL
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mittently checked by an independent obser-
ver. Agreement was calculated with regard to
total correct occurrences of each type of res-
ponses in a session (dividing agreements by
agreements plus disagreements); with a range
of 91% to 100% across sessions and pigeons.

RESULTS

Figure 2(a) and 2(b) show the data co-
rresponding to each type of response throug-
hout training as well as the moment (after
achieving training criteria) in which test ses-

FINAL

Ext

DIRECTIONAL
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! ¢ % Correct Sequences

0 % Sequences with only
Rs. to the box
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CLIMBING
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Figure 2(a).

Figure 2(a) and 2(b). Graphs illustrate the training of each behavior as well as the moment in which

each test was conducted:

Non-directional pushing is indicated by the percentage of correct pushes per session during
training, and responses to the box per minute during extinction.

Directional Pushing (towards or away from the spot) is indicated by the percentage of correct
sequences ( ) and the percentage of sequences with only responses to the box ( ). Responses to the
spot per session at the beginning of training are also indicated, and the removing of the wire is sho-

wed by an arrow.

Pecking the banana: Pecks to the banana suspended overhead (IN) and flying or _|umpmg when

the banana was out of the bird's reach (OUT) -in P44 only.
Climbing: percentage of correct climbing on the box and standing on it with the body upright.
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sions were conducted. Some of the data will
be described; for example, the percentage of
correct directional pushing increased when
pushing the box (when the spot was not pre-
sent) was not reinforced. The high percen-
tage of correct directional pushing shows
that the spot was controlling pushing. There-
fore, the two types of correct pushing (to-
wards or away) respectively in each pigeon
illustrate the variables controlling the direc-
tion and termination of pushing. Other rele-
vant data are: the double record of climbing
with both head topographies in p. 22, and the
recordings of climbing in the course of di-
rectional pushing training.

Figure 3 summarizes the order in
which the different type of responses were
produced in the trials of each test. This sum-
mary illustrates the order in which each res-
ponse appeared for the first time, and last
occurred upon conclusion of the trial; suc-
cessive repetitions of a given response are
considered, in this summary, as a single oc-
currence and are illustrated with a single
pictogram (except the occurrences of direc-
tional pushing which were indicated). Ho-
wever, Figure 4 shows each type of res-
ponse, occurrence-by-occurrence for two of
the Final Test trials with p. 11 (the same
type of recordings for all tests and pigeons
are available upon request). This detailed fi-
gure shows the sequence of the different
responses which were at times interpersed
with periods during which irrelevant respon-
ses for the test were produced as well as the
successive repetitions of a type of res-
ponse. With regard to the first experiment,
Figure 3 shows the Final Test conducted
after the three types of responses had been
trained. p. 11 stretched repeatedly towards
the banana, pushed directionally towards it,
stopped under it, climbed, and with the ba-
nana in its visual field, pecked it several
times. No reinforcement followed this chain
of responses (successful by definition but
not functional for the subject in the absence
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of reinforcement). Two more trials were
conducted to evaluate the point at which the
chain could be disrupted in the absence of
explicit reinforcement: the different respon-
ses appeared repeatedly. Two findings to be
emphasized are, on the one hand, after com-
plete directional pushing in the third trial, p.
11 climbed and stood on the box for a while
without pecking the banana because it was
not in its visual field (an almost successful
problem solving). On the other hand, no fl-
ying or jumping were observed at any time.

Figure 3 shows the responses which ap-
peared in each test in experiment 2. With re-
gard to Tests A and B responses trained pre-
vious to each test appeared respectively; and
p. 44, which was exposed to an additional
test (Test Ext-A), did not fly or jump at any
moment, but stretched towards the banana, as
it did during Test A.

Variability was evident beginning in
Test C (directional pushing and pecking the
banana were the type of responses pre-
viously trained). In the first trial, p. 22 stret-
ched towards the banana and pushed to-
wards it, stopping when the box was under
the banana (one complete directional push).
In the second trial, incomplete directional
pushing, stretching to the banana, climbing
onto the box, stretching again, and a com-
plete directional push, all occurred; and, in
the third trial, p. 22 showed again complete
directional pushing. p. 33 stretched towards
the banana in all three trials, showed one
complete directional push but only in the.
first trial, and incomplete directional pus-
hing in the third trial, while non-directional
pushing appeared in all three trials. p. 55
stretched towards the banana and pushed
away from the banana five and two times
respectively in each trial, followed by stret-
ches towards the banana. Finally, p. 44 sho-
wed nondirectional pushing and stretching
towards the banana, but at no time pushed
the box towards or away from the hanana.
Hence, each subject, in test C, showed the
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type of responses possible from those pre-
viously trained.

Pre-Final Test, conducted only with p.
22, shows all the responses trained up to that
moment. The most relevant data from this
test were that, in accordance with its previous
training, the pigeon kept its head bowed once
it had climbed onto the box, which prevented
visual contact with, and hence pecking of, the
banana in the second and third trial (an “al-
most” successful problem solving).

Before the Final Test all subjects ex-
cept p. 55 (which did not received climbing
training) had acquired three types of respon-
ses (pecking the banana, climbing and stan-
ding with the body upright, and pushing to-
wards or away from the spot). p. 22 and p. 33
showed all three, but directional pushing was
only complete in p. 33. P. 44 stretched to-
wards the banana, climbed, and show non-di-
rectional pushing (in the second trial), but as
in Test C, this subject’s weak pushing was
not under the control of the banana.

To synthesize, replication was obtained
in the first trial with p. 11. Pigeons 22 and
33 showed a lot of variability in Test C and
in Final Test. In Final Test, after all the res-
ponses necessary for correct problem solving
had been trained in p. 22 and p. 33, none of
them showed correct problem solving be-
cause of incomplete directional pushing. p.
44 and p. 55 never were supposed to show
the correct problem solving because they
were trained to push away from targets (to
isolate the stimulus controlling pushing), and
so p. 55 did in Test C while p. 44 never
push away from the banana.

A final interaction was conducted with
p. 22 after the Final Test, which in conjuc-
tion with the data of the Final Test with p.
11, provide information about the mainte-
nance of the correct problem-solving (pus-
hing towards the banana, climbing, and pec-
king it) under two conditions: when pecking
the banana (the last response of the correct
chain) was the only one reinforced (with p.
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22) and when it was not reinforced (as hap-
pened with p. 11). With p. 22, during two
sessions after Final Test, only the correct
chain of responses was reinforced, but in-
complete directional pushing was very fre-
quent and the occurrence of the correct chain
was not very frequent (as also happened in
Final Test with p. 11 during the second and
third trial). Hence, a period was introduced
in which only the last two behavioral seg-
ments of the correct sequence (climbing with
the box under the banana and pecking it)
were reinforced in order for the correct chain
to appear easier. The two responses were
produced quickly and were reinforced 23
times in a session. Testing followed in the
next session, and 13 correct chains appeared
which were reinforced, but again, mixed
with incomplete directional pushing, repea-
ted climbing and stretching. A relevant fin-
ding was that jumping and flying towards
the banana appeared two times, by the first
time, during this process when the box was
placed far from the banana.

DISCUSSION

Results from the replication experiment
show that the correct chain of responses de-
fined as correct problem solving is also pos-
sible under the present experimental condi-
tions (first trial), which were not the same as
in Epstein’s (1985) work because his study
included a period in which jumping and fl-
ying were extinguished, the present was not;
and the present study included a final com-
ponent of directional pushing, e.g., an expli-
cit response to the spot when the box rea-
ched the spot. This replication, in conjunc-
tion with data from Epstein et al. (1984),
Epstein (1985), and data from the second
experiment, shed some light on more expli-
cit differences between all these problem
solving performances discussed later. The
type of successful problem-solving behavior
used in this study is formed by several beha-
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vioral segments, two of which were expli-
citly trained and one of which was new (be-
cuase directional pushing was trained under
the control of the spot, while under the test
conditions the spot was absent and directio-
nal pushing was produced under the control
of the banana). An additional characteristic
of the type of problem solving studied is
that all three behavioral segments were indi-
vidually trained but under the same motiva-
tional condition (food deprivation), which is
also the specific motivational factor invol-
ved in the problem-solving test. So, we first
examine the data which evidence the appea-
rance of the new behavioral segment; se-
cond, the variables responsible of this new
behavioral segment; and third, the condi-
tions under which the successful problem
solving appear indicating those necessary
conditions but hypothesizing the sufficient
ones.

First, the type of directional pushing
training helps to isolate the stimulus which
controlled pushing in the test, since three pi-
geons were trained to push towards the spot
and two pigeons were trained to push away
from it. Hence, the topography of pushing
with respect to the spot was different, and so
were the topographies with reference to the
banana in the test: p. 22, p. 33 and p. 11 pus-
hed towards the banana, while p. 55 pushed
away and p. 4 never pushed.

The variables responsible for stopping
pushing under the banana (the complete di-
rectional pushing) were the same as those
which led to stopping pushing with the spot,
something which has been isolated by the
different criteria for reinforcement corres-
ponding to each type of directional pushing
training: proximity of the spot to the box in
pushing towards the spot, and distance bet-
ween them in pushing away from it. Proxi-
mity was shaped requiring a final response
to the spot (head facing it or pecking it) to
activate the feeder; as a consequence of this
training, when the box reached the spot, the

310

pigeon pecked it and moved towards the fe-
eder even before it was activated, which is
similar to what happened under the test con-
ditions when the pigeon continued to gently
push the box within the area under the ba-
nana with strecthes towards it in between
pushes; moreover, when the pigeon moved
the box far from the area under the banana,
the direction of the pushes was changed to
the area under the banana. On the other
hand, p. 55 showed the same pushing topo-
graphy in the test as did during training.
Hence, the two topographies of pushing (to-
wards and away) yield information on the
stimulus which controlled pushing as well
as for stopping pushing in the test.

Second, the new behavioral segment
(pushing towards the banana) is necessary for
correct problem solving. Epstein et al. (1984)
and Epstein (1985) cited this phenomenon as
“functional generalization”. He wrote that
“pecking the banana” and “directional pus-
hing” were “apparently the right reasons for
functional generalization” (p.62 and p.139,
respectively). The present research shows
that although these factors are indeed neces-
sary, the sufficient conditions have yet to be
identified, because one of the five pigeons in
this study did not show functional generaliza-
tion even when the two responses specified
by Epstein had been trained. A parsimonious
hypothetical argument follows regarding the
sufficient conditions for this lack of generali-
zation, based on the data obtained.

The main difference between p. 44 and
the other pigeons lies in the five sessions
conducted with p. 44 (before Test A-Ext) for
the extinction of flying or jumping, although
none of these responses appeared, hence
what was really not reinforced during these
sessions was stretching towards the banana.
This variable can be ruled out to explain the
lack of functional generalization on the basis
on data from previous studies : functional ge-
neralization was reported in the pigeons by
Epstein et al, (1984) and in the pigeon in
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Epstein (1985), when all these subjects had
extinction sessions like those conducted with
p. 44. Hence, other conditions have to be res-
ponsible for functional generalization.

Common contingencies between trai-
ning and test conditions were verified in this
study : correct directional pushing (towards
or away from the spot) began in all five pige-
ons with the head facing the spot (as the most
frequent type of response to the spot in direc-
tional pushing training) which was also the
most frequent type of final response of direc-
tional pushing in p. 33, while pecking the
spot was the most frequent final response in
p. 22 and p. 11. No final response to the spot
was shaped in pigeons trained to pushed
away from the spot. In the test, directional
pushing began after several stretches to the
banana. An equivalence between “stretching
to the banana” and “head facing the spot”,
the first response of directional pushing could
be involved. Both responses had been inter-
mittently reinforced (while training pecking
the banana and while training directional
pushing, respectively), and this could be one
of the variables for which the banana would
have acquired the functional properties of the
spot in the test. However, in spite of having
this variable in common with the other pige-
ons, p. 44 did not push under the control of
the banana. Hence, an additional common
factor between the spot and the banana was
verified: the number of direct responses to
the spot (pecking it) reinforced, compared
with the number of indirect responses to the
spot (head facing it) reinforced while direc-
tional pushing was trained. The number of di-
rect responses to the spot could be the most
relevant factor here, because only direct res-
ponses to the banana had been reinforced du-
ring training.

Significantly, p. 44 differed from the ot-
hers with respect to this factor: the percenta-
ges of directional pushing reinforced with the
direct response to the spot were, respectively
78.3 (p. 11), 82.7 (p. 22), 47.9 (p. 33), 48.7
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(p. 55) and 27.7 (p. 44). The type of topo-
graphy reinforced with p. 44 with respect to
the spot in most of the directional pushing se-
quences was “head facing the spot” rather
than “pecking the spot”. Moreover, occurren-
ces of functional generalization in the testl
was correlated with this variable in all the pi-
geons (the more directional pushing with di-
rect responses 10 the spot were reinforced, the
more directional pushing in the test). Howe-
ver this is only a hypothesis based on the ob-
servations, and specific further manipulation
of these variables will be needed to account
for this phenomenon.

Third, with respect to the conditions
under which the successful problem solving
chain appears, results from tests in experi-
ment 2 show that the pigeon’s performance
in each test depends on the previous respon-
ses acquired which provide the functional
properties to the stimuli and the motivational
condition, both present throughout the test
conditions (see Tests A and B). However, va-
riability was evident beginning in Test C and
in the Final Test. The analysis of the condi-
tions under which each response was main-
tained, and those of the Test conditions,
allow us to interpret the data with respect to
the order of appearance of each response in
the test. Let us examine the different order
that may arise as a function of the correspon-
ding history of interactions.

When confronted with the test condi-
tions, the first response to occur among all
those possible in Test C and the Final Test
might be:

(a) If visually confronted with the box
without visual contact with the banana, then
a few non-directional pushes in Test C. Ho-
wever in the Final Test climbing would ap-
pear because of the box would be the discri-
minative stimulus for it;

(1) Recorded as complete and incomplete direc-
tional pushing.
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(b) If visually confronted with the ba-
nana without visual contact with the box, or
if visually confronted with the banana and
the box but with the variables responsible for
functional generalization not operating, then
stretching towards the banana in Test C and
stretching or climbing in the Final Test;

(c¢) If visually confronted with the ba-
nana and the box, with the variables respon-
sible for functional generalization operating,
then directional pushing (which included
stretches to the banana) towards or away
from the banana in Test C. However, the
Final Test, the test conditions would be func-
tional for all three individual types of respon-
ses previously trained (pushing towards or
away from the spot, climbing, and stretching
towards the banana). Under such circumstan-
ces, the first response to appear would pre-
dictably be directional pushing (after some
stretches to the banana) because this se-
quence of responses had the longest history
of reinforcement (strength) with respect to
the other responses (see Table 1, e.g., in p.
22, 2.183 directional pushing sequences were
reinforced before Final test, compared to 374
responses of climbing). But, as previously
mentioned, directional pushing in the test was
new, and variables responsible for functional
generalization must be invoked to account for
complete and incomplete directional pushes.

In any case, when directional pushing oc-
curred and was not reinforced, other responses
would be possible (stretching to the banana or
even non-directional pushing in Test C; clim-
bing or stretching to the banana in the Final
Test). When complete directional pushing ap-
peared in the Final Test, different responses
may follow: one possibility would be stret-
ching or moving the head towards the banana;
another possibility after complete directional
pushing occurred would be climbing, for two
reasons: firstly because the box was the discri-
minative stimulus for that response, and se-
condly because this response was also produ-
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ced in the course of directional pushing trai-
ning as indicated in Results2. When climbing
occurred, pecking the banana would be possi-
ble if body position was such that the banana
was in the pigeon’s visual field. However,
when the banana was not in its visual field (an
“almost” correct problem solving), then stan-
ding on the box and climbing could be par-
tially extinguished, and another response, such
as directional pushing, would once again be
possible. Non-directional pushing would be
another possible response, especially in pige-
ons trained to push towards the spot, because
several consecutive responses to the box in di-
rectional pushing were necessary before the
box reached the spot.

Results in Test C show that the first be-
havior was pushing towards the banana in
pigeons trained to push towards the spot, and
pushing away from the banana in p. 55, as
expected from this subject’s training (p. 44
did not show directional pushing). These
nonreinforced responses were followed by
the other possible responses, excluding clim-
bing because it had not yet been trained (p.
22 climbed in this trial but this response was
frequent during training? and would hence
be labeled accidental climbing because it
was not under the experimental control of
the box).

Data obtained in Pre-Final Test with p.
22 showed an “almost” correct problem sol-
ving according to training because standing
on the box with the head bowed was the res-
ponse shaped when climbing. Figure 3 shows
that responses previously trained (directly or
indirectly) appeared alternatively in the Final
Test, showing variability from one pigeon to
another, and from one trial to another. Hence,
the order of appearance of the different res-

(2) (See at the bottom of Directional Pushing
graphs in Figures 2(a) and 2(b) where climbing respon-
ses are indicated). These data are of value in unders-
tanding why, in the Test C and Final Test, pushing to-
wards the banana was interrupted by climbing.
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ponses, when more than one was possible,
would be variable because of the training his-
tory. The same happened during the Final
Test with p. 11 which showed the sequence
defined as correct problem solving, which
was not reinforced, in the first trial. More va-
riability appeared in the other trials of the
Final Test: an almost correct problem sol-
ving occurred in the third trial (“almost co-
rrect problem solving because the last com-
ponent of the chain was not produced since
the banana was not in the bird’s visual field).
This variability could be a consequence of
extinction during the tests, and of the way in
which each stimulus became functional for
any of the possible responses.

Extinction was operating during test
conditions: when one response occurred and
was not reinforced, other responses (among
all those possible) were produced. This point
is relevant especially beginning in Test C, be-
cause there was more than one trial in each
test. To say that extinction was operating is
not to say that the pigeon had learned not to
respond under such circumstances and to res-
pond in a particular way under other circums-
tances; these conditions could be ruled out
because systematic, sufficient differential
contingencies did not exist between the test
conditions and training conditions to discri-
minate the conditions under which reinforce-
ment was available. The pigeons continued to
respond with all the responses in the tests, al-
ternating from one to another possibly as a
function of the schedule of reinforcement and
the conditions available becoming functional
for any of them.

It follows from the preceding discus-
sion that the necessary conditions for the se-
quences defined as correct problem solving
are: the individual responses forming the
problem solving behavior have to be in the
subject’s repertoire in order for each physi-
cal stimuli under the test conditions to be-
come a functional stimulus for response
chaining to occur. The specificity of the in-
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dividual responses forming the correct pro-
blem solving has been demonstrated: p. 55,
which pushed directionally away from the
banana, would never be able to peck the ba-
nana because of the type of directional pus-
hing training. As Skinner indicated, the key
point in problem-solving is the construction
of discriminative stimuli (1969), or accor-
ding to Epstein (1985) “interconnection
comes about moment-to-moment in time th-
rough a variety of processes.... .... One is au-
tomatic chaining: one behavior changes the
environment or the orientation of the orga-
nism and hence produces stimuli that make
other behaviors more or less likely” (p. 132).

However, the sufficient conditions have
to be tracked down to explain the variability
observed; these could well be the strength of
one response compared to the strength of
another among all those forming the correct
problem-solving (comparative rate of rein-
forcement), and the schedule of reinforce-
ment of each individual response forming
the problem solving behavior. The first con-
dition, the comparative rate of reinforcement,
is the total number of one type of response
reinforced, compared to the total number of
another type of response reinforced. This va-
riable helps to predict the most likely beha-
vior. The second condition, the schedule of
reinforcement of each behavior, is of value in
indicating the frequency of each response
under nonreinforcing conditions. In other
words, the comparative rate would be pro-
bably responsible for the order of the chain,
and the schedule of reinforcement would be
probably responsible for the repetitions of
particular responses which lead to the desig-
nation of the resulting chain as connected or
disconnected.

Table 1 shows, on the one hand, that
the schedules of reinforcement of each of
the necessary responses for problem solving
were not the same, however each was the
same for all the pigeons, except the schedu-
les maintaining the different pushes (to-
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BEHAVYIOR A B c [PRE-FINAL] FINALI
NON-DIRECTIONAL PUSHING| 350 ! 441 ' E )
PECKING BANANA : 98 1 1995 2491 244 1
P 22 |pusiine Towaros seor ; i 1928i 20321 2183
CLIMBING : H ; 215 374
L H H : !
T 1 1
NON-DIRECTIONAL PUSHING ! 270 ' !
PECKING BANANA 240 | 337 469 590 |
PUSHING TOW ARDS SPOT, ' : 1456 ! 1635 !
CLIMBING ' : : 457!
'
=) B S |
NON-DIRECT IONAL PUSHING : ] 3331 ‘ :
PECKING BANANA - 371} 556 6301 739§
P 44 PUSHING AWAY SPOT : : v 2331, 2576 i
CLIMBING : : H H 3651
+ ] 1 [ ;
. 13 L4
NON-DIRECTIONAL PUSHING | 342! 4141 !
P 5 5 PECKING BANANA ' 202} 372 4
PUSHING AW AY SPOT ' : 18121
1 1 i
NON-DIRECTIONAL PUSHING 632
P I ‘ PECKING BANANA 174
PUSHING TOW ARDS SPOT 1928
CLIMBING 206

M. CARMEN LUCIANO

NUMBER OF EACH TYPE OF RESPONSES REINFORCED PRIOR TO ANY TEST

(Strenght)

Extinction

PECKING THE BANANA : Variable Ratwo 4

NON-DIRECTIONAL PUSHING : Variable Ratio 5 (first) and

Variable Ratiwo S

Pushing towards
PUSHING TOW ARDS : < ;

THE SPOT

Stopping box by the spot : Continuous Rein

PUSHING AYAY FROM THE SPOT : fixed Ratio 2

CLIMBING : Continuous Reinforcement

SCHEDULES OF REINFORCEMENT MAINTAINING EACH TYPE
OF BEHAVIOR

Table 1. Number of responses of each type reinforced prior to each test (at the top); and schedules of
reinforcement maintaining each type of response (at the bottom).
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wards or away from the banana). This varia-
ble may give rise to repetitions of a particu-
lar response under extinction, as happened
in the Test. Moreover, the strength of each
type of response was not the same in any
test : the response with the greatest rate of
reinforcement previous Test C or Final Test
was directional pushing, and it was the most
frequent behavior under Test conditions, ex-
cept in p. 44. However, it was also the most
susceptible to extinction because the last
component of directional pushing (pecking
the spot or head facing it when the box rea-
ched the spot) had always been reinforced.
This seems likely to be the main reason for
the quick appearance of incomplete directio-
nal pushing after complete directional pus-
hing was not reinforced. The chain was
broken at the point most susceptible to ex-
tinction.

To summarize up to this point, the va-
riability observed in the problem solving
test was probably a function of the com-
pound effect of different variables when the
responses were under extinction: (a) one of
the components forming the problem sol-
ving behavior was new, but the sufficient va-
riable(s) which led to pushing towards the
banana were not known; (b) the comparative
rate of reinforcement, which probably ac-
counts for the order of the chained respon-
ses: (c) the schedule of reinforcement of
each response, which would probably ex-
plain why a given chain is connected or dis-
connected, and (d) the body position with
respect to each stimulus.

Finally, some minor but significant data
from the last interactions conducted with P22
after Final Test will be discussed because
they offer additional evidence for different
types of problem solving behavior. As men-
tioned, jumping or flying towards the banana
(out of the bird’s reach) appeared for the first
time when pecking the banana, following di-
rectional pushing and climbing, was the only
response reinforced. These data are interes-
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ting because they may shed light on the con-
ditions under which one of the types of per-
formance (“brute-force™) in problem solving
could emerge. An example of “brute-force”
performances appeared in some of Kohler’s
chimps, and in some of the pigeons in Eps-
tein et al.(1984) in the form of jumping or fl-
ying towards the banana hung out of the
bird’s reach. However, Epstein (1985) repor-
ted little jumping and no flying in his pigeon
(p. 136), and, none of the five pigeons parti-
cipating in this study showed any flying or
jumping. Hence, brute-force performances
may be a result of contingencies in which
responses controlled by the banana were
more likely than any other responses contro-
lled by any other stimuli. This in fact was the
case in the last interactions with p. 22, since
the last component of the total correct chain
was the only one directly reinforced with
food, while the others were conditionally
reinforced. The same was the case in the
study of Epstein et al.(1984), in which clim-
bing and pecking the banana formed one uni-
que behavioral unit, and directional pushing
another unit, both of which were reinforced
with food, and both of which involved res-
ponses to the banana. Thus, successful but
brute-force correct problem solving may be
concemed with the motivational condition in
the test which would be more compatible
with the last behavioral segment of the co-
rrect problem solving than with the other res-
ponses.

CONCLUSION

This study has analyzed a type of pro-
blem-solving behavior which (a) was chai-
ned by direct contingencies, (b) contained a
new behavioral segment, and in which (c) all
the individual responses were maintained
under the same motivational condition (food
deprivation) as that controlling in the pro-
blem-solving test. Therefore, there was not-
hing in the problem-solving test to functio-
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nally indicate which response would be rein-
forced, because more than one response was
possible under the test circumstances. This
means that the correct problem solving appe-
aring could justifiably be labeled “trial and
error performance”, and it is evident from
these data that the specific behavioral seg-
ments comprising the problem-solving beha-
vior have to exist in the subject’s repertory
(through specific training or through some
type of generalization), although the extinc-
tion of jumping and flying were shown to be
unnecessary for the correct performance eva-
luated here.

The variability observed, especially
after all the necessary conditions were pre-
sent for the type of problem solving studied
here, made possible to tentatively identify re-
levant variables in order to explain it. Suc-
cessful (p. 11); “almost” successful (p. 11
and p. 22), and unsuccessful performances
appeared in the Final Test. Our analysis iden-
tifies two factors: (1) the comparative rate of
reinforcement among all the possible respon-
ses in the test conditions, which could give
rise to the most likely response. This variable
would probably explain the order of the res-
ponses chained; (2) the schedule of reinforce-
ment of each of these responses, which
would explain the formation of connected
(one response quickly followed by another
different response) or disconnected (unnec-
cessary repetitions of a response) chains. The
combination of these two variables under ex-
tinction conditions may, or may not, set the
stage for stimuli to be functional for any of
the responses possible, thus permitting the
appearance of different but successful pro-
blem solving, or unsuccessful chains.

These data have to be considered as ex-
ploratory because the availability of the dif-
ferent behavioral segments forming the pro-
blem solving are not sufficient for success-
ful chaining of the responses (correct pro-
blem solving), as could be interpreted from
the preceding studies in the literature cited
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in the introduction. The sufficient conditions
have to be experimentally isolated, but the
present study, although demonstrative, pro-
vides plausible clues for identifying the va-
riables responsible for correct problem sol-
ving, or for incorrect chains. Hence, the way
in which the different individual responses
have been trained are probably highly rele-
vant to explain different performances in
problem solving. For example, the schedule
of reinforcement which maintains each type
of response, and the strenght of one res-
ponse with respect to another when both are
possible. Furthermore, these data have also
provided clues for identifying different
types of problem solving traditionally clas-
sified as “trial and error”, “insightful”,
“brute-force”, and has given definitions
based on the order of the different responses
in the chain and the repetitions versus non-
repetitions of a given response, as well as on
different motivational conditions controlling
each response.

To summarize, the components invol-
ved in problem solving moment-to-moment
are: (a) the organism’s biological state and
the general context (setting conditions); (b)
the specific motivational conditions contro-
lling each response (deprivation or aversive
conditions correlated with the specific condi-
tions in the novel situation when testing pro-
blem solving); (c) the functional stimulus
conditions controlling each response, as a
function of the previous reinforcement sche-
dules; and the conditions for chaining, that
is, (d) the consequences of each response,
which may or may not be functional for the
same or another response, as a function of
the comparative rate of reinforcement and of
the schedule of reinforcement of each beha-
vior (taking into account that the body posi-
tion acquires a relevant role, as it provides
the contact media for the present stimuli).

Further research is needed to clarify
and delimit the specific role of the variables
described, but we emphasize problem sol-
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ving experiments proceeding from examples
which do not compris new behavioral seg-
ments unless the source of the novelty is ex-
plicitly identified. The applied importance
of basic data in problem solving would en-
hance programs which provide with infor-
mation to therapists and people, in general,

to make possible successful chains of beha-
viors instead of unccessful ones or bloking
effect in new situations. Therefore, this in-
formation could be applied to the appea-
rance of new chains of behaviors other than
problem solving, either normal or abnormal
behaviors.
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