UNCLASSIFIED

AD NUMBER
AD495775
LIMITATION CHANGES
TO:
Approved for public release; distribution is
unlimted. Docunent partially illegible.
FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; JUN 1952. O her
requests shall be referred to Ofice of Naval
Research, 875 North Randol ph Street, Arlington,
VA 22203- 1995.

AUTHORITY

ONR Itr, 9 Nov 1977

THISPAGE ISUNCLASSIFIED




THIS KEPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND DISCLOSURE.

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DiSTRIBUTION UNLIMITED,



. NANNOUm

[ EARVARD UNIVERSITY N
Do = |
Tgn) o/PIGEON PROJECT,
g Faychological laboretories, Memorial BHall, Cambridge, Messachusetts
/0B, F, [ Lk oy
n s, (7;2mnm
= [-('//L/t u7' (¥

Period covered: 15 June 849 - 15 June ¥52, /D-WD

S
o (/1) Yy O3 /554§
\ /.
(N .
-
" Research under contract

with the
OFFICE OF NAVAL EESEARCE, U. §. NAVY
contract nsou-msﬁsl}r "

U900 )

\ * Fep

LIBRARY oF CON
i G
REFERE ¢ JEFA ‘*RT:\?&?T

AL LLRVIYT7
(Navy X U u\r“;g 'IUN DIVISION
SECHON)

0Cy 8-1952



Introduction. Work done under this contract may conveniently be divided
into three parts.

I. From time to time we have explored certain problems at the request of
the Director of a classified project in another Naval Research unit. Reports
have been made directly in consultation with this project. Work was discon-
tinued in each case when the practical application was no longer important.

II. Because of the rapid »rogress made in the course of this research,
mny technicel fmprovements and developments have become necessary, some of
vhich should be regarded as important results. These are grouped together and
discussed below under Section IX.

IIT. Exper:mental results in the designated fields of research are des-
cribed below in Section III. e may be listed under two principal headings.

- e X piohre

1. We have explored geveral problems,in the chaining of responsee,
~erticularly in connection with the effect of & delay before reinforcement:
Some of results are in press in a vnaper by Dr. Ferster, "Sustained Behavior
wider Delayed Roinforcomsn o to 'be published in the Joumal of _Experimental

Faychology. o "
2, ¥ o)

The major part of ouk work has been concerned with the effects
of different schedules of reinforcement and different contingencies of rein-
forcement upon rrobability or frequency of response. \qSome of these results have
Seen reported in a lecture given by Dr. Skinner in Stodckholm in July, 1951.
Tnis paper is to be reprinted in The Americen Psxcholoﬁiﬁ. A mch more ex-
haustive report will be published in book form by ¢ crnillan Company under
the joint authorship of Drs. Skixmer and Ferster, the book ovrobably to be
celled "Schedules of Reward." It will include not only the mejor-part of our)
results under the present contract, but also some of the resulte to bo\obtainod
under ou.w‘hew Contract N50r1-076'<6 =

I. Points Checked for Practicel Application

Visual acuity in close-u: visior. The classified project with which we
have been associated was at one time interested in the visual acuity of the pig-
eon in close-up vision. At the request of the Director, we studied this problem
with two kinds of visual materiel. In the first experiment, nhotographic nega-
tives were suprplied by & Naval Research Office which were used to establish e
iiscrimination in the nigeon between blocks of three bers presented vertically
or horizontally, the blocks being square end with variable dimensions with out-
~ile dimensions nroportionsl to the thickness of line. With this material we
establish thet pigeons can easily form discriminations when the side of the en-
<1o8ing square is no greater than 1/32 of an inch where the visual meterial is
scoroximately 1 1/4 inches from the eye of the pigeon.

For sxe2ter reliavility we turn to the use of Ronchi rulings. Again a dis-
crimination wzs establ:sa’ between vertical and horizontel positions. We were
eble to denonstrate the ability of the nigeon to discriminate between these
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nogitions with rulings at more than 100 per inch. At this point we encoun-
tered technical problems concerned with defractions end with a source of light
which we were not equipned to solve and since the practical question had been
answered to the satisfaction of the other project, this research was dronped.

Reaction time. Another practical problem was the minimal reaction time of
the nigeon to visual stimilation with and without a ready signal. We found
that it was possible to establish reaction-time behavior in the pigeon com-
varable with that of the human subject and the reaction times eppeared to be
in the same order of magnitude. This work was also abandoned because our re-
sults indicated a satisfactory condition with respect to the nractical nrob-
lems of the other project.

II, Technical Developments

Introduction. One of the results of our general research in this sres
was a demonstration that such a subject as & pigeon could respond at rates as
high as 20,000 responses per hour over long neriods of time. We found it pos-
gible to extend our experimental voriod to as much as twelve or Ffifteen hours
a day. These results presented severe technical »roblems in instrumentation
and not the least of contribution under this nroject has been the development
of apparatus suitable for such research. Some 0:' the more important develon-

ments are as follows:

Keys. The response we heve studied 1s the behavior of the pigeon in vnecii-
ing at a small circular key 1 inch n diameter -.resented bvehind an open window.
The operetion of thig key vresents several vroblems. Ordinerily the nigeon
will develop only as imuch energy as is needed to move the key and usually
reaches a marginel energy where failure of many types of keys reises e serious
problem. We have developned several kinds of mechanical and electronic keys
heving high netural frequencies end great sensitivity. We hesve recently davel-
oped a key in which the contact system is closed to prevent ifowling {rom the
dust which is characteristically given off by the pigeon under exverimental con-
ditions. Several of our models have natural frequencies above any frequency
within the capacity of the pigeon (15 responses per second) which will operate
for several million operations without attention.

Relay equipment. A special nroblem in research of this sort is to estab-
lish different controlling systems with speed and flexibility. We heve worked
out & technique of mounting releys and other pieces of equipment on nanels which
cen be guickly assembled with snap leads.

Recorders. We have characteristically used e cumulative recorder. Neces-
sery fezinres include (1) a high rate of resmonding, (2) continuous duty over
neriods of meny dayc, end (3) successful operation without attention for men:
hunéreds o-f millions of responses. A roecorder of this sort must reset auto-
ratically when th= wen heg woved from one edge of 8 vaver to the other and nmust
1ev0xt otlhier onevallions in the form of small v»ips on the cumilative curvs.

W~ have develonec tliree successlve mcdels of recorders, the last of which
anlven Lhona 700l Ao :.umu.wnnhly wnll.




Equinment for concept formetion. We have developed a device which will
nresent visual material for experiments in concept formation using an automatic
glide projector, each slide carrying not only the material but a coding of
gpots of light which vrogram an experiment. This apparatus has not yet been
extensively used hecauss for strategic reasons we have teen using the equipment
for somewhat more basic nrotlems.

Schedule orogrammer. Some of the more comnlicated schedules of reinforce-
ment which we have studied have required improvements in our vrogrammers. We
have develoned a rrogrammer for varlable-interval and variable-ratio reinforce-
rient which vses a telet;ve transmitter in connection with a relay tree. This
nexrmits the easy handling end construction of various schedules of reinforcement
on pboth en intervel eand ratio basis.

Magazines. With the rofinements in our experimental data it has become
inportant to present food es a reinforcement for control periods of time. Some
types of magazines “ermit the bird to gather up extra grains after the neriod
of reiniorcement i1rorasr has come to an end. We have developed two tyres of
magazines which “rcsent a honper of grain to e wigeon for a controlled period of
time, then remove the grein at the end of thet time so that the 3igeon stops
eoting ‘rmadiately end returns to the behavior heing studied.

IITI. Experimental Results

Introduction. Since the experiments to be described differ considerably
from tunose encountered in genersl in the field of animel behavicr, a8 few Intro-
ductory corments may be in order. We are concerned here with the behavior of
an individual orgenism. Rarely do we concern oursgelvces with e-craged curves
or data of any sort. We exre elso concerned with the continuous record of the
nerforiince o the orpgenism in which the probability or froegqusncy »f resnonse
at eny given moment may be determined. These neriods of exrerimentation extend
un to fiftcen hours ner dey on a daily hesis. The data with which we are pri-
marily concerned is the momentery rete of resnonding or changes in that rate as
a8 function of dilfferent variables. The cumilative records we obtein arc read
vith respect to momentary clowe, curvature, and the fine "grein' of the recor
2s on indication of the degree of uniformity or regularity of the behavior.

In genersl we have otudied the "steady states" achieved under verious schedules
of reinforcement, as well as the stages leading up to these steady states and
the extinction 2l the behavior at any such stage. In general we have studied
small numbers of vnigeons, one or two ordinarily being used to study the elffect
-7 o given get o conlitions. ilowsver, since our exveriments overlav and inter-
lav ronaiderctbly, we usually ecuvirs in the end a relatlvely lerge number of
casers to rtetlich ony given woint. Date at the present time, however, consist

melnly (7 Jlingtra T va vesnrlg. [Mesc are not selected as the best recordc to
to ctbiand wiel 3 zover. wst a2 sonditions, but are offered as representa”ive
cal ty~iool roailar 0t oo isurones where repeated exmeorimentation has saticfied
tias Limer wemi2avn 1 othe o oaocucihility off the results in every detail.

Zeltnt Clsining of Responses and Delayed Reinforcement

Tecimiques were develoned so0 that oroblems in chaining of resronses could
he studiol by rveinforcing a singles response with the aprearance of & stimlus
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which is the occasion upon which the same response then produces food. Through
the use of this technique we found that the effect of & delay in reinforcement
on the mrobability of & response depends upon the formation of another link in

a chain of vejccnses. Some incidentel response occurring during the delay
rarind is accidentelly reinforced. Under certain schedules it acquires a high
veovarility. In rcality, then, en apparent delay in reinforcement is simply

the reinforeccasnt of & seend response in e chain. The factors governing the
effect 0f & rariiculer dzlar and the effect of a change from one delay to another
were the sane 213 thi.z -ietoraining the formation of a chain of responses.

Results: Schecules of Intermittent Reinforcement
The types of schedules wo have studied may be summerized as follows:
Tha response to be reirf rced can be determined by an external clock (inter-
val raivior wv:t? or by tuc >-cvious responding of the orgunism itself (ratio
Younloctemont). We have stulicd the following veriations:

Fired. Reinforcement me; occur at the end of fixed intervals or after

fired *nio_s_ of unreinforced “o reinforced responses.

Varieble. Reinforcement may occur at the end of a variable interval or
after & verieble number of responses (or ratio) since the preceding reinforcement.

Two-Valued. A case of some theoretical interest is reinforcement after an
intarval which assumes either one of two values on an unpredictable schedule
(vwo-valued intervel) or after a number of responses of eithor one of two val-
ues on an unpredictable schedule (two-valued ratio).

Tandem. The mechanisms operating under intermittent reinforcement are some-
whet clarified by certain taniem schedules.

1. The principal schedule is fixed interval, but at the end of each
intervel the schedule changes to & small ratio, c.g., at the end of ten minutes
the organism must cuit ten responses and will be reinforced on the last of these.

2. The principal schedule is fixed ratis, but at the end of each
ratio the organism is reinforced after the lanse of & small interval of time,
e.g., the nigeon responds a hurdred times end is then reinforced for the first
responsz after ten seconds have elapsed.

5. Other interesting tandem schedules ere variatle interval leading
to a smsll ratio eand variable ratio leading to a small intervel.

Lwi. Some important implications of intermittent relnforcement follow
from ¢evvs’n scn adules in which the organism is reinforced on different schedules
for .-.1‘ stortial peviocs of time, e.g., on a fixed-interval schedule for one howur,
ther. om a vev.eLle-interval schedule for one hour, and so on, This permits us
to observe the tremsition rom one schedule to another.

Internolated. In a variation on a mixed schedule a short period of rein-
foreement "n one schednle is interpolated into a backeround schedule--e.g., @



short run of fixed-ratio reinforcements is introduced into a background schedule
of fixed interval.

Interlocking. A schedule of reinforcement which has many analogues in the
field of social behavior is one in which the orgsnism is reinforced on a combina-
tion of interval and ratio schedules. On cne such interlocking schedule, for
exemple, the organism must emit a relatively large number of responses if it is
responding rapidly, but will be reinforced for a smaller number if it responds
more slowly. In this system the reinforcing mechanism is affected by the ner-
formance of the organism in a unique way.

Adjusting. Another way in which the reinforcing system may be modified by
the behavior of the organism is exemplified by e schedule which changes »ro-
gressively in terms of the performance of the organism at earlier stages in the
experiment., Where the interlocking schedule changes during a single interval te-
tween reinforcements, the adjusting schedule changes after a given interval with
respect to the interval which is to follow. In an adjusting ratio schedule the
number of resvonses which the organism must emit before being reinforced varies
with the rate of responding during earlier stages of the exmeriment.

Miltiple. Any of the above schedules may be combined and placed under
stimulus control. For example, the key which the nigeon strikes may be colored
in different ways. When one color nreveils, the pigeon is reinforced on one
schedule; when another color prevails, it is reinforced on another. This is o
multiple tendem schedule. In a multinle concurrent schedule the bird has ac-
cess to two or more keys. These cre necessarily under stimlua control because
of their nosition but the stimulus control is also helghtened by adding dif-
ferent colors to the keys. One key is reinforced on one schedule; enother key
on another.

Additional Contingencies of Reinforcement

In addition to schedules as such, it is possible to reinforce an organism
in terms of its rate at the moment of reinforcement. For example, the organism
mey be reinforced on any one of the above schedules, but only when its rate is
momentarily above a glven velue or momentarily below a given value.

Added Stimilus Feedback

Under these various schedules and contingencies of reinforcement, the or-
genism is reinforced in the vresence of self-generated stimuli which are impor-
tant in the final determination of its behavior. It is nossible to tesat the
importance of such stimuli by adding external stimuli correlated with reinforce-
ment in the same ways. For this purpose we have used a small gpot of light oro-
Jected on the key which the nigeon strikes. The spot may be made to vary with
lepsed time since the wreceding reinforcement, with the number of responses
mede since the last reinforcement, or with the momentery rate of resionding.

The feedback associated with the number of responses mede in & given period of
time mey be permitted to "fade" according to some temporal schedule. Any of
these tymes of feedback may be added to any of the schedules or contingencies
already listed.
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Provese

All of the preceding schedules may be established in advance of a given
oxperiment and the bchavior of the pigeon may be studied either in successive
eteges or in a final "steady state." Some information about relevant variables
may be obtained by introducing single events into such @ vrogram. For examvle,
a gingle resvwonse may be reinforced at any »oint in a standard record to do-
termine the effect of a single reinforcement as such. We have nrobed tekavior
with a "tlackout." The lights in the apparatus are turned out so that the bird
does not (typically) resnmond. During this period of "dead time" the stimuli
automatically generated by behavior are nresumably nermitted to grow weak.

RESULTS

We have studied the behavior of smell groups of enimels under all of the
schedules and contingencies listed above. In general the behavior of the pigeon
anpears to be under the control of the stimlating conditions which nrevail at
the moment of nayoff. These ere tihe actual elfect upon the organism of any
given schedule of reinforcement or of any special contingency or of supplemen-
tary stimulation provided es a feedback. It is anticinated that the nresent
research together with further research which is continuing under enother con-
tract will provide & fairly simple picture of the relevant conditions. Such a
formulation would permit us not only to represent the effect of all these
schedules tut to predict the effect of any new schedule in advence. At the
pregent time our results consigt of & very large number of records obtailned un-
der these schedules. These are quite consistent, crderly, and highly reproduc-
ible from one organism to another. Some typical results were described in the
lecture already referred to and the following excerpt from that report will
show the general nature of this work.

Let us begin with the case in which reinforcements are arrenged by a
cloclk. We may represent such a schedule by drawing vertical lines on our
cumulative graph. In Fig. ) the lines are © minutes apart. We reinforce
a response 8s soon as the men reaches the first line, regardless of how
many responses have been mode. We reinforce again when it reaches the se-
cond line and 89 on. In other words, we simsly reinforce respongseg at in-
tervals of esovroximately © minutes. Call this "fixed-interval reinforce-
ment." The organism quickly adjusts with e fairly constant rate of res-
nonding, which nroduces e straight line with our method of recording. The
rate -- the slone of the line -- is a function of severel things. It varies
with difficulty of execution: the more difficult the resnonse, the lower
the slope. It veries with degree of food deprivation: the hungrier ths or-
genism, the highcr the slope. And so on. It will be seen, moreover, that
such a record is not quite straight. After each reinforcement the -igeon
peuses briefly -- in this case for 30 or 4O seconds. This is due to the
fact thet under e fixed-interval schedule no resnonse 1s ever reinforced
Just after reinforcement. The orgenism is able to form e discrimination
based upon the stimll generated in the act of eating food. (The rrocess
of forming such & discrimination has been thoroughly investigated with
stimli which may be better controlled.) So long as this stimulation 1s
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effective, the rate is low. Thereafter the orgsnism responds et essen-
tially a constant rate. It would anpear that stimuli due to the mere was-
sage of time are not significantly different to the organism during the re-
raining vart of the interval. The organism cannot, so to speak, tell the
difference between say, 3 and 4 minutes after reinforcement under these
circumstances.

In this record the rate of responding assumes two values -- it is
zero 80 long as stimlation from the preceding reinforcement is effective;
otherwise it is fairly high and constant, so long as the several factors
Just mentioned are not changed. Now, the pigeon is nresumably stimlated
by ite own behavior. It must possess, so to speak, a crude "speedometer"
which tells 1t how fast it is resmwonding. Under fixed-interval reinforce-
ment there are usually only two readings -~ "zero" and "fairly fast." The
rigeon is vractically always reinforced et the latter reading. It is
rractically never reinforced for the if'irst response when the reading is
zero. The pigeon therefore is able to, and does, form a discrimination.
We may put this in the form of & rule: when responding rapidly, continue
to do so because your chances are good; when not responding, there is little
or no reason to begin. We can see this rule in action if we withhold ell
further reinforcement. This brings about the process celled extinction, in
which the rate passes from a high initial value to nractically zero. But
extinction after prolonged fixed-interval reinforcement is not a simple
process. Fig. 2 1s o typical example. The pigeon begina at e high rate.
This is a svneedometer reading at which reinforcement has frequently been
received. The chances of reinforcemont are good and responding continues
Tor several minutes. About 100C responses are emitted et this rate. Even-
tually some sort of exhaustion sets in and the rete falls off, rather
quickly, but in an orderly fashion, eventually to zero. This is e reading
of the speedometer et which reinforcements have never been received; con-
gsequently, the nigeon does not resuue resvonding for a long timo. When
another response eveniuelly occurs -- for reasons which we cannot specify --
1t restores to some extent the condition under which reinforcement has beon
received. Another response soon occurs, and this improves still further
the speedometer reading. A high rate is quickly reached. Since this is
agein the condition under which reinforcements have frequently been re-
celved, responding is mainteined for some time. Another group of avnproxi-
motely 300 responses appears. The rate then falls smoothly again to zero.
Curves of this sort are satisfactorily accounted for by assuming, first,
that when the organism is rosponding rapidly, it creates en optimsl stimu-
lating condition and, secondly, that when it is not resvonding, the stimu-
lating condition is minimel.

A nigeon will continue to respond indefinitely when reinforcements are
spaccd as much 8s 45 minutes apart, even though food is received too slowly
to maintain body weight, so that extra feeding is neccssary between ex-
nerimental neriods. The behavior after each reinforcement shows a ruch
Slower acceleration from a low to a high rste. In extinction, the effect
of solf-generated stimli is seen. Fig. > is an examole, broken into two
Segments to show deteils more clearly. The pigeon tegins es usual at a low
rate of responding at A. It has never been reinforced at the start of the
experiment or immediately after another reinforcement. A higher rete
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develops smoothly during the first 20 or 30 minutes. This part of the curve
is a fair sample of the behavior after each reinforcement on a 45-minute
schedule., Eventually a rate is reached at which reinforcements have becn
most often received. (This is by no means the highest rate of which the
pigeon is capable.) Becausc this is an optimal condition, the rate pre-
vails for somc time. When the pigeon pauses for a few moments, howevor

(at B) it croates a condition which is not optimal for reinforcement. Ros-
nonding is thercforc not resumed for some time. ZEventually another oclow
accoleration leads to the samc high rate. When this is again broken (at C),
anothor period of glow responding intervenes, followed by anothor accclora-
tion. Evontually tho rate fells off in extinction. Although such a curve
is compleox, it 1is not disorderly. It is by no means random rosponding.
Sinco no oxternal condition changes during the oxporimontal poriod, the
change in rato muot be due to conditiono altercd by the bird's own behavior.
The curvo can bo oxplained in torms of the self-stimulating offoct of
rcoponding at special ratea.

Wo can tecat thc importance of the pagsage of time in accounting for
behavior of this sort by giving thc pigeon an cxtornal "clock." Onc such
"clock" conmiscta of a gpot of light projocted upon the key which the pigeon
pecks. The apot marks time by changing sizec. At first it 1o only 1/8th of an
inch in longth. It grows to 3/hth of an inch at 2 given ratc. The responsc .
to the kcy is rcinforced whon the spot is largest. When the pigeon returnc
to tho kcy aftor reoinforccomont, the opot has again becomo omnll. Here is
oan cxternal stimulus, thon, roughly proportional to the time which heg
pasgscd gince tho lagt roinforcomont. Can 1t bo uged by tho pigeon as a
discrininative octimuluc?

To avoid 2o disturbing complication wo mst got the ospot of light into
tho oxporiment before it functionu as o clock. Supposc we begin by holding
tho gpot still at its largeot oize, and build up the uenal fixed-intorval
performance. In Fig. 4 the upper curve shows o stendard sample. The spot
was get at "large" and tho record is typical of rcinforcoment at intcrvels
of 10 ninutos. Wec now -- for tho first time -- chango the sizc of the opot,
lotting it bogin at "omall" to grow progressively larger during the intor-
vel. The ospots in tho circles cbove the lowor rccord in Fig. 3 give
pample recadings of the clock at various positiona. Wo obsorve that tho
pigecon is gonpgitively controlled by the oize. When the cpot io srell it
16 nmoot unlikc 1to occustomed oizc, and the rate is almost zero. Ao tho
spot grows, tho gimilority incrosgoa and the rate rises. As the spot
rcachos ito final standard asizo, tho ratc has rcached or cxcceded tho veluc
at which reaponscs have boon reinforced. Such a curve is not tho cffect of
tho pagsage of time; it is a roport of stimulus generalizotion from large
opots to onmaller onog.

Evontually, howevor, thc corrclation betwoen tho sizc of the gpot and
the pessago of time 1a felt. The pigeon boging, go t¢ oneak, to "tell
timo." In Fig. 5 ¢ scriosc of rcecords show tho progress of a pigoon in
loarning to use tho clock projectcd upon the koy. In cach sample, threo
intervals orc shown. In Record 1 the curveturce is alrcady comcwhat
gsharpcer thoen in tho preceding figure. Ag the pigeon io repeatedly oxpoged
to the changing opot and is reinforced only when tho spot ic large, thesc




gradicnts beeome sherper still. By the time Record 5 is recched, the nigem
is not regsponding for cpproximately the first 7 or 8 minmutes out of ecch 10.
By thet time the sapot has reached @ size very closc to optimel and respond-
ing then brgins and s2on roaches a very high rate.

Eventuolly the pigeon cheracteristicelly waits fully 3 cut of the 10
ninutes end reeponds 2t e rote of 4 or 5 resronges per sccond during the
remaining part of the interval. It has formed ¢ very prccisc slzc-dis-
criminction. This would be the result without en added clock if the pigoon
had what we call e rrecise "sengse of time." But it is obvious thet the
unomplifiocd passege of tine is very insignificant for the nigeon commered
with a physicel clock of this sort.

The extent of the control exercised by the sizc of the spot is bocou-
tifully illustreted if we withhold further reinforcement while allowing
the clock to run, rcpeeting cycle after cycle of the growth of the epot
from smell to large as in Fig. 5. The pigeon continues not to resvond
during all sizes of thec spot except those close to the value which hes
nreviously obtained et reinforcement. As repeated responses go unrein-
forced, however, the cmount of responding to the high value »rogressively
decreeses. The extent of the control exercised by the spot can be shown
in wany other ways. We discovered one of these by eccident. Our experi-
nents are fully sutometic and our cpoaratus is used 24 hours of the dey.
When we reached the leborectory one rorning, we found thot ¢ pigeon had n ©
responded ¢ll night long. Investigation showed thet through an oversight
the clock had not been sterted. The srot had remnined ot its smellest
size for 15 hours. During this time the pigeon had not made & single
regponse to tho key. Another pigeon tested with the clock stationary at
"smell" waited 5 hours before resmonding. It then responded once and was
reinforced. What honpcned is shown in Fig. 7. The first single reinforce-
ment roised the rate of responding from practically zero to 2 definite cond
fairly stable value shown at B. The clock remzined "smell," of course.
After 10 minutes the pigeon was reinforced again, whereupon the rate rose
nrecticelly to its normal value without benefit of clock (C). The record
is a good exarmle of the cffoctiveness of single reinforcements. Only two
roinforcements were neceasary to rostore tho normanl rete, ond ecch did
about helf the job.

At the other extreme, wc can show enormous nower of the clock stopped
ot its lapgost sizc. Fig. 7 8 o typical casc. The reccrd beging with
three intervals of reinforcement during which the clock wes rwining as be-
fore. The clock then remeined at "large.” During the next 10 minutes the
bird responded neorly 2000 times. It was then reinforced, the gpot con-
tinuing at lerge. The rete eventuaelly feil 2ff end, though not shown in
the figure, it eventually reached the normel value under 1l0-minute roin-
forcement without benefit of clock. When time hes been, o to sveck,
externnlized in this wey, it mey be monijuleted. For examle, our clocic
ey be mede to run fast or slow. In one exveriment, various gneeds of
"timo" were introduced at random in successive intervels. The clock might
completo one cycle in, say, 5 minutes, ot the end of which time a response
would be reinforced, whereupon the next cycle might require 16 minutes, end
80 on. The extent of the control exercised over the bird's behevior is
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seen in Fig. 9 where tynicel performances for e range of clock speeds
between 1 cycle in 3 minutes and 1 cycle in 32 minutes are shown. The
rate of responding is roughly the same for a given size of spot regardless
of speed of change. The curve at 32 minutes 1s obviously not anproximately
10 times as high as that in 3 minutes, however, as it should be if the con-
trol by the spot were strictly equivalent in both cases.

It is elso possible to run externalized time backward. Our first
experiment of this sort was again an accident. The bird was being studied
with a 3-minute clock end was responding as shown at the left in Fig. 10.
The next day, through an oversight, the clock was run backward. It began
large and grew small. The first > segments of the second curve in Fig. 10
are ecsaentially inversions of the segments of the other curve. Since the
blrd was now reinforced when the spot was small, however, a new pattern
quickly arose. The curve becomes essentislly linear and at a later stage,
not shown in the graph, the usual performance with a clock develops.
Whether the spot of light is to grow or shrink with time is, of course,
arbitrary, and the bird will adjust to elther case.

We may eliminate the effect of time by adopting e different schedule.
Reinforcements are still controlled by a clock, but the intervals between
thenm ere varied, roughly at random, within certain limits and with a given
mean. In such a case the bird camnot predict, so to speak, when the next
reinforcement is to be received. This 1o called a variable-interval reln-
forcement., The effect is a uniform rate of responding with great stability,
vhich may be meintained for meny hours. Fig. 11 shows a record in which
the actual intervals ranged between a few seconds and & minutes in length.
The randomized reinforcements are merked by small cross-dashes. Delays
following reinforcement are lacking. Although the rate slightly changes
from time to time, there is no pause as long as 10 seconds. The record,
which is typical, covers a period of more then 2 hours. The control ex-
erciged by a schedule of this sort may be very great. During a single ex-
verimental record of 15 hours a bird responded 30,000 times. During this
period the bird received less then its daily ration of food. Toward the
end of the record there was one pause approximately 1 minute long, but othear-
wise, the bird did not pauso longer than 15 seconds at any time during
the 15 hours,

We turn now to an entirely different type of schedule. The moment
at which a response 18 to be reinforced may be determined by the behavior
of the organism itself. For example, we may reinforce every fifth response,
every fiftieth response, or every two hundredth response. We call this
fixed-ratio reinforcement, meaning that the ratio of unreinforced to rein-
forced responses remains fixed. In industry, this 1s called a piece-work
basis of pay; the worker is paid in terms of his productivity. The pigeon's
behavior under such a schedule is not too difficult to interpret. Fig. 12
shows a short segment of a characteristic performance. A response is re-
inforced every time the pigeon completes a group of 200 responses. Where
we represented a fixed-interval reinforcement by drawing vertical lines on
our cumulative graph, here we represent fixed-ratio reinforcement with a
-geries of horizontal lines. Whenever the curve reaches one of these lines
the vesponse ir reinforced, no mattor how mich time has elapsed.
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The result is typically a series of gradlents. Immedietely after re-
inforcement a low rate of responding nrevails; Just before reinforcement,
2 high rete. The transition from one to the other is characteristically
slover than under fixed-interval reinforcement. This difference appears
to be due to enother source of stimulation avallable under fixed-retio re-
inforcement. In addition to a clock and a speedometer, the pigeon pre-
sumably has a "counter" which tells it how many responses it has made
8ince the previous reinforcement.

An Increase in its counter reading may be immediately reinforcing
to the pigeon. One way to test this is to add an external counter compar-
able to the external clock. The spot of light on the key is made to grow,
not with the passage of time, but with the accummlation of responses. If
the pigeon does not respond, the spot remains stetionary. With each res-
ponse it grows a small amount. The effect of this externalized oounter is
drematic. In one experiment the pigeon was being reinforced approximately
every 70 responses. It was proceeding at an overall speed of about 6,000
responses per hour. As soon as a spot of light was added to the key, in
such a way thet it grew from "small" to "large" as the effect of 70 res-
ponses, the rate went up almost immediately to 20,000 responses per hour as
in Fig. 13. Performance under fixed-ratio reinforcement in the absence
of an external counter is presumably of the same sort, except that the
pigeon's own counter is much less effective than the spot of light. It
is possible to carry a pigeon to a high ratio without introducing appre-
ciable pauses after reinforcement, but this process is slow and must be
carried out with great cere as the plgeon is made sensitive to ite own
counter.

We can prove that the pigeon is, so to speak, counting its responses
by setting up & two-valued schedule of reinforcement. We reinforce the
50th response after the preceding reinforcement or the 250th, and we ar-
range our program in such a way that there is no indication in advance
which ratio 1s to prevail. In such a case, the pigeon develops & step-
like curve appropriate to a ratio of 50 to 1. But it showa this, of course,
even when the ratio is actually 250 to 1. In Fig. 14, for example, the
segments at A, B and C show either two or three waves which are the grad-
ients prevailing under a reinforcement of 50 to 1. That is to say, the
pigeon begins as if the ratio were to be 50 to 1. But after 60 or 75
responses have been completed there is a marked decrease in rate which can
only be explained by assuming that the bird, so to speak, knows the score.
A short period of slow responding follows. This gives way to a second
gradient, again roughly of the order prevailing under 50 to 1 reinforcement.
This may even be followed by a third gradient before reinforcement is re-
ceived at the 250th response. If, as at D, we simply withhold a1l reinforce-
ments, an extinction curve emerges in the form of a series of waves, avereg-
ing approximately 50 responses each. This cannot be due to the mere pessag
of time, since time does not show a wave-like character. It cannot be due
to a discrimination based upon the rete of responding because this should
lead to long segments at a high rate, as in both fixed-interval and fixed-
ratio reinforcement. We have, then, to take into account a third source
of automatic stimulation at the moment of reinforcement provided by a
"counter."
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We can eliminate the "counter" by randomieing a schedule of many
different ratios. Fig. 15, for example, gives a typical record obtained
under what we may call "variable-ratio reinforcement.” A response was
reinforced on the average every 110 responses, but in actual practice the
very next response or a response as many as 500 responses later might have
been reinforced. The schedule produces a very high rate of rosponding,
sustained for long neriods of time, showing none of the oscillations in
rete characteristic of fixed-ratio reinforcement. The rate shown here is
approximately 12,000 responses per hour.

This variable-ratio schedule is famillar to everyone, because it 1is
the fundamental feature of all gambling devices. The pigeon responsible
for Fig. 15 1s not far removed from the pathological gambler. Variable-
retio reinforcement engages end holds the behavior of the organism with
particular power. The magnitude of its control is seen when we extinguish
the response. Fig. 16 1s an extinction curve obtained after the varieble-
ratio reinforcement shown in the preceding figure. The curve has been
broken into consecutive segments in order to avoid undue reduction. The
curve beging with a long run of approximaetely 7,500 responses during which
there is no appreciable retardetion. The remainder of the curve is also
illuminating. After short periods of slow responding the pigeon returns
again and again to the original rate, which as the prevailing condition
at previous reinforcements, tends to perpetuate itself. But the effects
of variable-interval and variable-ratio reinforcement are very different,
because the two schedules lead to different relations btetween reinforce-
ment end the fine "grain" of the record. When reinforcement is arranged
by a clock, the clock runs whether or not the pigeon is responding. The
probability of reinforcement therefore increases during any pause. A
response following a pause is especially likely to be reinforced. Under
variable-ratio reinforcement, however, a pause does not alter the chances
of reinforcement. There is no special likelihood that the first response
made after a pause will be reinforced. On the contrary it is likely
that a response occurring during a short burst will be reinforced, es-
pecilally because a short burst is likely to be executed in its entirety
before the reinforcement achieved by any one of its members is actually
received.

We confirm this explanation by deliberately controlling the "fine
grein effect.” We arrange thet a response will be reinforced only if it
has been immediately preceded by a given number of responses during a
glven period of time. By insisting upon rapid responding in this way the
rate under variable-interval reinforcement can be made to reesch or even
exceed the rate observed under variable-ratio reinforcement. Contrary-
wise, we can introduce into our apnaratus a device which insures that no
resnonse will be reinforced if i1t has been vreceded by another response
during & given interval of time. We insist upon slow resvonding. The
effect of this upon variable-interval responding is clear cut.

Here the steeper curve shows a typical performence under varieble-
interval reinforcement. The other curve shows the performance of the same
pigeon when a device has been introduced which prevents the reinforcement
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of a response if it has been preceded by another response within 6 seconds.
The overall rate of responding is simply reduced. The final slope depends
upon the specified pause which is to precede the reinforced response.

Comparable results have been obtained for the other conditions specified
above. Since the significance of these results, however, can be seen only when
a unitary formulation of all schedules is possible, a report of details at this
astage would be relatively meaningless and of no narticular value. As already ‘

noted, the undersigned have in nrogress a full length book-manuscript to be
published by the Macmillan Company which will bring together all these details
undexr a unified theory of the effect of intermittent reinforcement.

B, F. Skinner, Director

C. B. Ferster, Research Fellow
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