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EFFECTS OF d-AMPHETAMINE ON FREE-OPERANT RESPONSE
ACQUISITION WITH IMMEDIATE AND DELAYED
. REINFORCEMENT | _

Mark G. LeSage, Ph.D.
Westem Mlchlgan Umverslty, 1996

- The present study examined in 8-hour sessions the effects of d-
emphetamine (1.0, 5.6, and 10 mg/kg) on the écquisition of lever-press
responding by rats expOSed to procedures in tvhich water delivery was

| delayed by 0, 8, or 16 seconds relative to the response that produced it.
Although neither'shaping‘nor autoshaping occurred, substantial levels
of operative-lever responding deyeloped whenever respons:es produced
water Rats that did not‘ receive water and yoked- control rats that
‘ recelved response-mdependent water emitted relatively few responses.
The lowest dose 1.0 mg/kg) of d-amphetamine either had no effect
on or enhanced rates of operative-lever pressmg, whereas higher doses
typically produced an initial reduction in lever pressing.‘ Nonetheless, _
~ overall rates of operative-lerer pressing‘at these doses were as high as,
or higher than, those observed with vehicle. Thus; response acquisition
was observed under all reinfOrcement procedures at all drug doses. In
the absence of drug:,’ stimulus control of responding by the operative
lever developed rapidly when reinforcement was immediate. Stimqus .
control also developed under both 8-s nonresettmg- and resettlng-delay
procedures, albeit less rapidly under the resettlng delay. In contrast

stimulus control did not develop w1th a 16-second delay under either
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nbnrésetting-' or r’ésetting-delay procedureé. d-Amphetamine did not
aﬁ‘eci; the development of stimulus qo‘ntrol under any proﬁcedu‘re. Thus,
lconsistent With‘d-amphetamine‘s effects under fepeéted acquisition
procedures, the di{lg had nb détrimentél effect on learning until doses :

that produced general behavioral disrﬁption were acheived.
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'CHAPTER I
INTRODUCTION
Response AcquiSition W‘ith‘Delayed Reinforcement

There is a noteWorthy paucity of research on the variables that |
: inﬂuence free-operant response acquisition, as several behavior analysts
have pomted out (e.g., Branch 1977 Commons, Woodford, B01tano,
Ducheney, & Peck, 1982; D1ck1nson, Watt & anﬁths, 1992; Lattal &
Gleeson, 1990). Branch (1977) asserted that the dearth of research is due
| likely to the fact that accjuisition is an irreversible phenomenon that does’
not lend itself well to the steady-state methodology advocated by. Sldman
(1960). Recently, however, there has been an upsurge of interest in
response acqulsrtlon, specifically in the effects of delayed reinforcement
~on the acquisition of‘ free-operant responses. |
In early studies of response acquisition Wlth delayed
remforcement (e. g Harker, 1956; Logan, 1952 Seward & Weldon, 1953
Skinner, 1938), either an 1mmed1ate consequence for responding
confounded the effects of the delay or critical procedural details were
| lacklng, which precluded unambiguous concluslons as to whether
response acquisition could occur with delayed relnforcement For
example, Harker (1956) reported acqmsmon of lever-pressing in rats |
when reinforcement was delayed by 10 s. However, responses were .

‘ primed by holding a food pellet above the lever if no respons’e occurred
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within 30 s from the previous food delivery. Thus, some responses were
| immediately reinforced with this procedure " Logan (1957) and Seward ‘
and Weldon (1953) also reported lever-press acqulsmon with delayed |
remforcement However, lever presses produced retractwn of the lever
and then, 10 s later, food dehvery Thus, lever retractlon was perfectly
: correlated w1th food deliveries, and this correlatmn could have ‘
estabhshed lever retraction as an immediate conditioned remforcer for |
lever pressmg Interestlngly, further 1nvest1gat10n of free—operant

response acqulsmon with delayed reinforcement did not begin until “

: recently

The problems with prior studies mentloned above were not ev1dent

ina study by Lattal and Gleeson (1990). In thelr study, rats and pigeons
were exposed to different tandem schedules of food dellvery (e g., tandem
~ fixed-ratio (FR) 1 fixed-time (FT) 30 s), under which dlscrete responses .
(lever presses by rats and key pecks by plgeons) initiated uns1gnalled
delay mtervals that terminated with food delivery. Prior to such
exposure, subjects learned to approach and eat from the food source, but
"no shapmg or other procedures were 1mp1emented to traln the
| responses. Despite the absence of shapmg, both rats and plgeons

acquired'responding under the tandem schedules. Acquisition was not

evident in subjects exposed to control procedures (e.g., no food delivery or

response-mdependent food delivery).
Since the study reported by Lattal and Gleeson (1990), a number of
investlgators have pursued answers to several important questions

reqarding the variables that influence response acquisition, including
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(a) to what extent does the value of the delay and type of delay procedure
inﬂuence the speed 'and‘ degree of acquisition, (b) to what extent do the
1mmed1ate consequences of repondmg facilitate response acquisition
w1th delayed remforcement (c) are chains of behavmr acqun'ed that
mediate delays to remforcement and (d) can specles other than rats and
| plgeons acqmre an operant response with delayed re1nforcement‘7 The
purpose of the present section is to review the ﬁndlngs of studies that

have addressed these questlons
lay Value and Type of Delay Pr

As Wllkenﬁeld Nlckel Blakely, and Poling (1992) noted "there is
no s1ngle procedure that prov1des an uncontaminated assay of the eﬁ'ects
of delayed relnforcement on the acquismon of dlscrete responses in a

: free-operant arrangement"” (p. 432). Consider a nonresettmg delay
procedure; Under.this procedure, ‘the first response initiates a delay
interval that terminates w1th reinforcement. Responses during the
delay have no programmed consequences and occur closer in time to

~ reinforcement, resulting in delays to remforcement that are shorter
than the nominal delay. Consequently, obtamed delays can vary
substantlally across responses, and the mean delay tends to be shorter
‘than the nominal delay. A resettmg—delay procedure solves this

| probleih. Under this procedure, responses during the delay! interval
reset the delay, thus ensuring that obtained and nominal delays are
equal. However, both the nonresetting- and resetting-delay procedures

differ from an FR 1 schedule with inimediate reinforcement by failing to.
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ensure a 1direct relation between rate of responding and rate vof
reinforcement. ‘A third delay procedure,‘ termed a "stacked-delay"

- procedure by Wilkenﬁeld et al., :can be used to address this prob‘lem.‘
Under this procedure, eacli response iriitiates a delay interyal that
terminates with;reinforcement, even if the response occurs during the
delay interval initiated by a previous response. However, as with the |
nonresetting delay':procedure, response-reinforcer contiguity can vary 3
substantiallyacross responses, resulting in mean obtained .dela‘ys that\.
are shorter than nominal delays. .

| Wllkenﬁeld et al. (1992) compared response acquismon under

each of the aforementioned delay procedures across a w1de range of
delay values (from 0 to 32 s). Response acquisition was obtamed under
every procedure at every delay value However, compansxon of the speed
‘and degree of acquisition under each of the procedures revealed that,
although acquisition occurred, overall rates of responding generally
Were lower and cumulative records of responding were less negatively.
accelerated under the resetting-delay procedure than under the other

‘ two procedures. In addifion; the speed of acquisition during the first 100
min of:}the‘sessionincreased as the delay increased (from 4 to 16 8) under
the nonresetting-delay procedure, while speed decreased as delay -
increased under the other two procedures.

| Dickinson et al. (1992) used procedures similar to the stacked-
delay procedure employed by Wllkenﬁeld et al. (1992) but exammed a
delay of 64 s, in additlon to shorter delays (from 0 to 32 8). Asin the
Wilkenfield et al study, rats exposed to delays between 0 and 32s emltted
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signiﬁcantly more responses than yoked rats exposed to noncontingent
food deliveries Moreover, as the delay increased, the‘ rate of acquisition
~ decreased. Rats exposed toa 64-s delay falled to respond any more than
yoked controls, unless they were exposed to the chamber in the absence
of remforcement and the lever prior to traimng. : |
E fag'litatjyg ‘ Efiegt_s g; ﬁEmg;a mmed Immedig‘j;e ansegnenggs
- As mentioned ahove; one of the problems of interpreting some
' early studies“of response acquisition with delayed reinforcement was |
‘that procedures arranged imme_diate consequences for responding that
| were perfectly correlated with reinforcement. Consequently; one could .
argue that such immediate consequences enhanced responding by
virtue of their conditioned reinforcing properties,‘ thus confounding
“conclusions regarding response acquisition atrictly in terms of delayed
| reinforcement. R | :
Although no 1mmed1ate consequences for respondlng were
programmed in the aforementloned study by Lattal and Gleeson (1990),
 Critchfield and Latt_al (1993) noted that movement of the operandum
: produced immediate auditory (and‘perhaps other) stimulus changes
directly correlated‘ with food deliveries. To determine Whether such
immediate stimulus »changes‘facilitate response acquisition with |
delayed remforcement they controlled auditory stimulus changes by
examining the acqmsmon ofa spatlally-defined operant (breakmg ofa
photobeam near the ce111ng at the back of the chamber), rather than a

lever press. For_one: group of rats, a ‘30-s‘resetting-delay procedure was
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| arranged,vunder which each break of the plrotobeam initiated an
unsignalled delay interval that terminated with food delivery. For
anotller group, the same resetting-delay procedure was arranged but
| each break of the photobeam that initiated the delay interval produced a
‘brief tone. Under these procedures, mgmﬁcant rates of photobeam
breakmg developed regardless of whether the response 1mt1at1ng the
delay interval produced a tone or not. However, the tone did facilitate
“acquisition and resulted in more efficient patterns of responding
Schlinger and Blakely (1994) also examined eﬁ‘ects of a response- :
produced auditory stlmulus on response acqu.lsmon with delayed
remforcement. Theu' pocedures were very similar to those used by
| Critchﬁeld and Lattal (1993), in that the same spatially-deﬁned operant
was exam.lned in rats performlng under a resettmg-delay procedure,
W1th and w1thout a response-produced aud1tory stlmulus However, two
delays, 4 and 10 s, were arranged. Consistent with the findings of
- Critchfield and Lattal, response‘acquisition‘was'facilitated when
reSponses that initiated the delay produced the auditory stimulus. .
Moreover, acquisition was facilitated with the shorter delays. These
ﬁndings suggest‘ that although inlmediate external stimulus changes
may facilitate response acquisition with delayed reinforcement, such

changes are not necessary for acquisition to occur.
B l . 1 Q! o ' v‘
Because all of the studies of response acqm'siton with delayed |

reinfo_rcement have ernployed fixed delay intervals, van Haaren (1992)
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asserted that each response that initiates the delay interval could be the
| first link in a cham of behavmr, the completion of which is 1mmed1ately |
‘ remforced Thus, when fixed delays are employed it i is unclear asto
whether dlscrete responses or behavioral chains are acqulred Such
behavmral chains may mediate the delay to remforcement and faclhtate
acqmsltlon Thm analysls is supported by observations of the |
- development of ' superstltlous chains of behavmr under response- |
independent schedules of food delivery (e g., FT, Staddon & Slmmelhag,
1971). As van Haaren states: "Thls raises the questlon whether or not
the operant. would also have been acqmred had the delay not been fixed,
but of variable dur_atlon, as it would have been less likely for behavmral g
| chains to develop under those circumstances" (pp. '7675768).
| To examine this possibility,‘van Haaren:.(1992) exposed rats to |
fixed or variable resetting-delay procedures that arranged delays of 10 or
30 s. Other rats were exposed to an 1mmed1ate-remforcement
procedure Responding was acquired in rats exposed to variable delays
of 10or30sora fixed delay of 10 s. Rats exposed to the ﬁxed delay of 30 s
‘emitted‘few regponses. Response acquisition occurred most rapidly in |
rats exposed to the 1mmed1ate relnforcement procedure Because
acquisition was observed under the vanable delay procedures, these
ﬁndmgs do not support the notion that lever presses acqmred under
delayed-remforcement procedures are the intial link in a chain of
| behavior that mediates the delay to reinforcement, since it is unlikely
that such chains would have developed under the variable-delay

procedure.
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- All of the studies mentioned aboved exnployed either rats or
pigeons as subjects v Thus, it is of interest whether free-operant
- responses m other specles can be acquired with delayed remforcement |
Lattal and Metzger (1994) addressed this issue by examimng response
acqmmtlon with delayed remforcement in male Siamese ﬁghtmg fish~
‘(Beta splendens) The response of mterest was sw1mm1ng through a
ring in an aquanum, wh1ch broke a photobeam and intiated an:
| un81gnalled resettmg delay 1nterval (0, 10, or 25 8) that termmated w1th
a 15-s mirror presention. Mirror presentatlon elicits an aggressxve
display in male Siamese ﬁghtin‘gl fish and is knovvn to serve as a positive
reinforcer for them. The f‘r‘equency‘ of swimming through the ring was -}
substantially greater in fish enposed to the delayed reinforcement o
procedure than in ﬁsh exposed to response-mdependent mirror
‘presentatlons _ _ |
The findings of the studies decnbed above prov1de strong support |
for the conclusion of Lattal and Metzger (1994) "[N]elther explicit -
tralmng procedures nor immediate remforcement is necessary to
establish operant behavwr e (_p.35). To date, the effects of
‘pharmacological variables on free-operant response acquisition with
| delayed reinforcement have not been examined Because, in essence,
the studles of response acquisition noted above examined learning, the
assays used in those studies may be of mterest to behavmral
‘ pharmacologists and toxicologists concerned with the effects of drugs on

learning. . Indeed, behavioral pharmacologists"have indicated the need‘
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to develop procedures to assess the effects of drugs on the acquisition of

new behavior (Evans & Wenger, 1992). L
| Free-Operant Assays of Drug Effects on Learning

Historically, studies of drug effects on,learning have most often
- employed discreteftrials procedures (e.g., maze learning, signaled '
avoidance). In contrast, few procedures have beendeveloped for
determining drug effects on the acquisition of ﬁ'ee;operant behavior. It

is the purpose of thepresent sec_tion to briefly describe these procedures. -
cition of Behavi 1 Chai

One free-operant procedure that is often used is the repeated-

‘ acquismon-of-response-chams Imtlally developed by Boren (see Boren :
and Devme, 1968), this procedure requires subJects to learn.a different
chain of responses during each experimental session. With extended
training under this procedure, the number of errors per session in
mastering a new chain becomes .relatively sﬁable, with errors decreasing
and completed chams increasing as the session progresses Such
steady-state performance prowdes a baseline of learning agalnst wh1ch
drug effects can be determined. A substantlal number of studles have
revealed that the repeated acquisition procedure is useful in ‘analyzing
drug eﬁ'ects on learning in both humans and nonhumans (e.g., |
Pontecorvo & Clissold 1993; Thompson & Moerschbaec‘her,"1979)

For example, acute admimstratlon of moderate to high doses of

fstlmulants (e. g. amphetamine) 1nterferes with learmng (i.e., increases.
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errore) in nonhurnans tested under the repeated acquieiﬁon procedure"
(Thompson, 1974). Othef studies employing the repeatedacquisition
prooedufe have ‘obffa‘ined similai' results with other drugs, including,

‘ chiordiazepoxide, pentobafbitai, cocaine, c}ﬂorpromazine,_i‘mipramine,v
and methylphenidate. In contrast, fenﬂuramine, et doses tested so far,
has not been shoﬁn to increase ei'rors above baseline_ in eithef leaming |

or performancefconditions (Thompson, 1978).

Another free-operant assay of learning:involves‘ the‘ acquisition of

) schedule performance. This assay hes been used recently in behavioral _‘
toxicology fo study the long-term effects of prenatal or neon_atal ‘exposure
to drugs and toxicants on learning (for a review, see Gentry & o
Middaugh, 1994). Tha procedure involves shaping a response‘ (e.g., lever
‘ press) that is subsequentlymaintained under an FR 1 schedule of |
reinfofcement until some criterion of responding is reached (e.g., 100
responses duﬁng a 30-min session, Newland, Ng, Baggs, Genfry, |
Weiss, & Miller, 1986) Then, a series of abrupt increases m the ratio
requirement is 1mp1emented (e. g FR 1 to FR 25 to FR 75). The prlmary
dependent variable is the rate of responding. Analysm is focused on how
rates are affected by the ohanging schedule requirements end how those
effects differ between subjects exposed to drugs or toxicants and subjects
'not 8o exposed. ‘For:example, Newland et al. (1986) observed substantial |

| lncreases in response rates dunng the transition from an FR 25 to an

FR 75 schedule in rats exposed neonatally to 3 0 mg/kg cadmlum A
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significant decrease in rates was observed in_rats ‘exp‘osed to 6.0 mg/kg.
“Moreover, consistent patterns of behavior developed in control animals
after ﬁve days‘under the FR 75 schedule, while erratic patterns of |
behaVior persisted in animals exposed to 6.0 mg/kg cadminm The
development of FR schedule control has been shown to be sensmve toa

range of drugs, including phenobarbltal methadone, and ethanol
(Gentry & Middaugh, 1994). | |
l -E ‘ ! P Ii

Another approach to studymg drug effects on free- operant
response acqulsmon was employed by Robbins (1978). In his study, drug
effects on response acquisition with conditioned reinforcement were of
interest. Water-deprived rats were first trained to drink water from a
dipper. Water deliveries were arranged according to a Vaﬁable-time
(VD) 30-s schedule and preceded by a light ﬂash 0.5-s in duration, the
putatlve conditioned relnforcer (CR) Two levers were present in the
chamber during. dlpper tralmng, but responses on either lever had no
‘programmed consequences. After dipper training, respond;ng on one
lever prodnced the ‘CR (CR lever) according to a variable-ratio 2 | |
schedule, wh11e responses on the other lever (NCR lever) had no
‘programmed consequences During these acquisition sessions, water

- 'was never dehvered. Robbms compared the effects of plpradrol,

methylphenidate, d-axhphetamine, and nomifensine on response rate on
each lever. Pipradrol prodnced a“dose-dependent‘increase' in |

respon.ding on the CR lever, but a dose-dependent decrease in
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- responding on the NCR lever. Methylphenidate‘ also increased CR-lever
responding, while d- phetamine had no clear effect andnomifensine
reduced CR-lever respondmg | T | |

A study by Stolerman (197 1a) exammed the eﬁ'ects of

: chlorpromazine and chlordlazepomde on response acqmsltlon through
the use of procedures 81m11ar to those used by Robbins (1978), with the :
exceptlon that an unconditioned relnforcer (food dehvery) _was used. In
his study, rats were given one 30-min hahituation session during‘which

- they could explore the test chamber Durmg the next sessxon, rats were
magazmetra;ned "Accldental" responses on a lever that occurred in
these sessions were recorded. but had no programmed consequences.
After magazine training, the subjects were given two seséionsof lever-
press training. 'During these sessions, rats were simply‘placed in the
chamber and lever presses produced food deliveries according to an FR 1
schedule that was in effect for the entire session, v)hich ended after 36
food deliveries. ‘No shaping procedures vyere' employed during training |
sessions. Subjects that received chlorpromazine or ChlordiaZepoxide |
prior to the training sessions acquired ‘responding more slowly than
subjects that‘received saline. Moreover, both :drugs reduced the total ‘
‘number of responses per session relative to saline. Stolerman asserted

- that hlS procedure could be useful for studying drug effects on learmng
Yet, to the present author' 8 knowledge, only one other study has been
conducted using those procedures, and that study was conducted by

Stolerman (1971b), »again with chlorpromazine.
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Purposes of the Present Study

The free-operant procedures discussed above have proven useful
in 1dent1fy1ng drugs that affect learmng and have provided insight into
the potential behavmral mechanisms through which those drugs. '
produce their effects. With the exceptlon of those used by Robbins (1978) |

and Stolerman(19'_71a,l)), such'procedures are preceded by periods of
shaping or other training to establish the operant to be analyzed. Thus,
the type of learning that is examined with those procedures involves the

: acquisltlon of stimulus control or schedule control over an operant
response already well established in the orgamsm 8 repert01re ‘Those °
procedures do not directly address drug effects on the provenance of free-
operant behavior, that is, the time during which reinforcement acts

~upon phylogemcally-determmed minimal units of reﬂexwe and
instinctive movements (e.g., exploratory behavior, Segal 1972)

“ Because the studies of response acqms1t10n with delayed
remforcement and studies of drug effects on lever-press acqu1s1t10n w1th
immediate remforcement mentioned above address directly the

| provenance of free-operant behavior, the purpose of the present
experlment was to examine further the utility of the procedures used i 1n
such studies (e.g., Stolerman, 1971a, b; Wilkenfield et al., 1992) for

‘ studying drug eﬁ'ects on learning Because nothing is known about
drug effects on learmng under conditions where behav10r is acquired
w1th delayed consequences, a second purpose of the present study was to
extend the work of Stolerman by examining a different drug, d-

‘ amphetamine, and its effects on response acquis1t10n w1th both
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immediate and delayed reinforcement.
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CHAPTER 11
- METHODS
;'SubjectS

Two-hundred-twenty-foul expenmentally-nalve male Sprague- :
Dawley rats, 70-80 days old at the beginning of the expenment were
group housed (N=4):-w1th unlimited access to food in a colony area with

‘ controlled lighting (12 h light 12h darkl, temperature (22- 240), and
| humidity (60 70%) The rats welghed 260 to 340 grams and were water

deprlved for 24 hours prior to each experlmental session. '
Apparatus

, Eight operant conditioning chambers, measuring 21 cm high, 21
c¢m wide, and 28 cm vlong,‘ were uaed (MED As.sociates‘, St. Albans‘,kVT;
‘naodel ENV-007). Each chamber was equipped with two response levers, |

‘ approxlmately 8.5 cm apart and 7 cm above the floor, and an automatlc |
| llqmd d1pper that delivered 0.1 ml of water through an aperture
centrally located: 2 cm above the chamber floor. A force of 0.14 N was
j reqmred to operate the levers Constant ambient illumination was
prov1ded by a 7-W wh1te light centrally located on the front wall 2 cm
from the celhng Each chamber was housed in a sound-attenuatlng
cublcle A fan mounted on the cubicle prov1ded constant vent11at10n and

masking noise. Expenmental events were programmed and data

15
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.recording was accomplished using an IBM-compatible personal

computer and software (MED-PC version 2.9) and 1nterfac1ng from
MED Assoclates (St Albans, V7). |

Behavioral Procedure

D Traini .

_ Procedures ‘for the present experiment were similar to those used
by Wilkenfield et al. (1992). All rats were eprsed to one 90-min session
of dipper training. '_-inim'ally, eavch rat was placed in the chamber with

- the reaponse levere removed. Then, the house light wae illuminated _
and a VT 60- e schedule of water delivery was implemented. Under this
'schedule, 4- water deliveries occurred apenodlcally on average every 60
8, regardless of the subJect's behavmr Removal of the levers dunng

| d1pper training prevented water dehvenes“from strengthemng ‘lever
pressing. ‘Rats were given 30 mln of free acces.s to water in their home
cages 1mmed1ate1y following the dlpper tralmng sessmn Twenty-four
hours later; they were exposed to one of four behavmral procedures,

| described below. | |

The followlng conthlons were in effect under all of the
procedures: (a) two response levers were present and the locus of the
lever that produced water (operative lever) was counterbalanced across :
subJects, (b) the other lever (inoperative lever) remamed moperatlve for
the entlre gession (i.e., presses on tlus lever never had programmed
‘consequences), (c) the chamber remained illuminated throughout the

| session; (d) the sess.ion duration was 8 hr, and (e) the assignment of
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sul:jects to procedures was random.
Nonresetting-Delay Procedure
Two groups of 32 rats were exposed to a tandem FR 1FTn-s
schedule of water dehvery Under this procedure, the first press of the
operatlve lever and each subsequent ﬁrst press of the operatlve lever
| after water dellvery produced, after an FT mterval (delay) ofn s, 4-8
-~ access to the water-ﬁlled dipper. Presses during the:delay had no
programmed consequences. Tyvo delay values were arranged. One
group of 32 rats was exposed t0 an 8-8 delay, another group of 32 toa 16'-:s
delay. | ‘ ‘
| Because no single delay procedure provides an uncontaminated
assay of the eff"ect:s' of delayed reinforcement on the acquisition of free-
operant behavior (Wﬂkenﬁeld et al., 1992), two different delay procedures
yvere employed in the present study Under the nonresetting-delay
‘ procedure just descnbed obtalned delays tend to be shorter than
| programmed delays. Therefore, a resettmg-delay procedure also was

employed; it ensured obtained and programmed delays were equivalent.

Two groups of 32 rats were exposed to a tandem FR 1 not-
respondmg-greater-than t (R >t) schedule of water dehvery Under thJs ‘
‘procedure, the first j press on the operatlve lever produced, after a ts

| delay, 4-8 access to the water-ﬁlled d1pper Subsequent presses on the

operatlve lever dunng the delay reset the delay interval. Two delays
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values were arranged. One group of 32 rats was exposed to an 8-s delay,

the other group to a 16-s delay.
.
| Three control procedures were arranged To determme the extent
to which stlmulants increase lever pressmg mdependently of
reinforcement contlngencles, drug effects were determined in a group of
32 rats exposed to conditions under which water was never delivered.
" To evaluate the relative sensitivity to drug effects of responding
| acquired by exposure to delayed'. reinforcement, drug effects ‘were
determined in a group of 32 rats exposed to an FR 1‘ schedule of Water |
delxvery Under thls procedure, each press of the operatlve lever |
1mmed1ately produced 4-s access to water. | |
To determine the relative sensitivity to drug effects of responding 'v
under condltlons of response-dependent versus response-mdependent
water dehvery, drug effects were determmed in a group of 16 rats
‘exposed to a VT schedule of response-lndependent water delivery. The
: frequency and distribution of water deliveries for each of these rats was : |
yoked to one of 16 master rats responding under the tandern' FR1FT 8-s
schedule of water delivery described above. That is, each yoked-control

rat received water when it was earned by a master rat.
Pharmacological Procedure

Each group of 32 rats was divided into four squads of eight. Squad i

~one received an injection of saline solution (vehicle), while squads two,
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three, and four received 1.0, 5.6, and 1‘0.0 mg/kg d-amphetamine (Signia
:Chemical Cc St. Louis,‘ MO), respectively All injections were given

: 1ntrapentoneally 10 mlnutes pnor to the start of the expenmental
session. The drug was dissolved in a 0. 85% isotonic saline solution to a
constant mgectmn volume of 1 m]/kg ‘Doses were selected on the basis of
pnor studies of the effects of d-amphetamme on schedule-controlled

" behavior (McKeamy & Barrett, 1978)
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CHAPTER III
RESULTS
Cumulatlve responses on the operatlve and inoperative levers

were recorded for each subJect in 5-min blns across the entlre session.

Flgure 1 shows mean cumulahve operatlve-lever responses for each of

the. four squads of eight rats under eachexperimental procedure.‘ Each
of Fig‘ures‘2 to 8 depicts cumulativeoperativ‘e-leVer‘response's of |

individual subjects and mean cumulative operative- and inoperative-

lever responses for each squad of eight rats under one expenmental

procedure The thick solid llnes in Flgure 1 and the panels labeled

‘ "Vehlcle" in Flgures 2to 8 deplct acquisition in the absence of drug (1 e,

during sessions preceded‘by vehicle injections).
Aquisition in the Absence of Drug
L ‘r Pregging

Figures 1 to 8 show that, in the absence of drug,‘ substantial |
operative-lew)er pressing occurred in all rats exposed to procedures that
arranged response-dependent water delivery, but not in those exposed to
procedures that either did not arrange water delivery or arranged |
response-mdependent water dehvery In most cases, lever pressmg )
began early in the session (w1thm the first 5-10 min) and was sustained

- ata moderate to thh rate for a substantial penod, regardless of whethe_r

o :
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Figure 1. Mean Cumulative Responées on the Operative-Lever Across
the Entire 480-min Sesswn Under Each Expenmental
Procedure.

~ Each line represents the mean operative-lever respbnding of eight rats =
exposed to the indicated dose of d-amphetamme. Data were collected in
5-min bins. ‘
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Figure 2. Cumulative Responses on the Operative Lever Acress the
Entire 480-min Session Under the Immedlate-Remforcement

(0-s Delay) Procedure.

- Each dotted line represents data from 1 of 8 individual rats exposed to
the indicated dose of d-amphetamine. Solid lines represent the group
mean. Lines of open circles represent mean cumulatlve respondmg on

the inoperative lever.
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Figure 3. Cumulative Responses on the Operative Lever Across the.

Entire 480-min Session Under the 8-s Nonresetting-Delay
Procedure. = C - :

See Figure 1“caption‘ for further information.,
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Flgure 4. Cumulatlve Responses on the Operative Lever Across the

" Entire 480-min Session Under the 16-s Nonresettmg—Delay
Procedure.

See Figure 1 caption for further information.
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Figure 5. Cumulative Responses on the Operatlve Lever Across the
‘Entire 480-min Session Under the 8-s Resettmg-Delay
Procedure.

See Figure 1 caption for further information. .
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Flgure 6. Cumulatlve Responses on the Operative Lever Across the
Entire 480-min Session Under the 16-s Resettlng-Delay
Procedure.

See Figure 1 caption for further infbrmation.
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Figure 7. Cumulative Respdnses on the Operative Lever Across the
‘ Entire 480-min Session Under the No-water Procedure.

See Figure 1 caption for further information.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




Yoked 8-s Delay
1.0 mg/kg

700 Vehicle

Cumulative Responses ‘

‘ | — | '
0 100 .200 300 400 500 0 100~ 200 300 400 500

Flgure 8. Cumulatlve Responses on the Operative Lever Across the ‘
Entire 480-min Sessmn Under the Yoked-control Procedure.

Thin solid lmes represent cumulatlve responses for 1 of 4 master rats

- exposed to the 8-s nonresetting-delay procedure under the indicated dose
of d-amphetamine. Thick solid lines represent the mean cumulative
responding of these master rats. Thin broken lines represent
cumulative responding on the operative lever for 1 of 4 control rats yoked
to the aforementioned master rats. Thick broken lines represent the -
mean cumulative responding of these control rats.
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responding produced immediate or delayed relnforcement; The

| ‘majority of responses by rats under the no-water procedure and by the
yoked rats under tl_ie yoked-control procedure were emitted early in the
session, but persistent responding was not observed in these subjects.
Although substantial between-subject ‘variability is evident with respect
to total responses per session, the mean cumulative records appear to ‘be

reasonably representative of the course of acquisition for individual R
subjects. With immediate reinforcement and both nonresetting delays,
an abrupt increase in responSe rate typically:Occurred and was
jsustained for seyeral minutes, followed by a rapid decline in rate

- Under the resetting-delay procedures, mcreases in response rate

generally were less abrupt and cumulatlve records of operatlve-lever
responding were not as negatively accelerated as with immediate

reinforcement and nonresetting delays. |

" Mean cumulative inoperative-lever | responding was | substantially
lower than cumulative operatlve-lever responding under all
- reinforcement procedures except the 16-s resettlng delay Mean levels of
lnoperatlve-lever responding were generally hlgher with delayed
relnforcement than with 1mmed1ate remforcement Mean moperatlve-
lever rates were hlgher under 16-s delays than under 8-s delays, and |
-~ under resettmg delays than under nonresettmg delays Under the 16-s |
resetting delay, rates of operatlve-lever and 1noperat1ve-lever respondmg

were essentlally equal throughout the sesswn, indicating an absence of
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stimulus control by the lever on which responses produced water (see
‘below). o | |
| The pomt at wh1ch mean cumulatlve records of operatlve and
inoperative respondmg began to separate (i.e., the pomt at which
stimulus control began to develop) appeared to be a function of delay
length and delay type. That is, separation in the mean cumulatlve
records occurred later in the session with 16-s delays than with 0-s or 8-s

~delays and with res_etting delays than with nonresetting delays. Further

analy_sis of inoperative responding is provided below.

To fac111tate 1nterpretat10n of the cumulative records, overall
response-rate measures were calculated and analyzed both wsually and
statistically. ‘Figure 9 depicts mean overall response rates on the
operative and 1noperat1ve levers under each procedure The data for the |
no-water procedure represent the average of the rates on both levers,
since nelther lever was operative and no substantial bias for either lever
was evident This figure Shows that mean overall rates of 'operative
‘respondmg were hlgher w1th 1mmed1ate re1nforcement and both values |
of the nonresettmg and resettmg delays than under the no-water |

| procedure Analysis of vanance was conducted on operatlve-lever rates
and revealed a mgmﬁcant overall effect of the reinforcement procedures ‘
(F =18.14, p = .001). Multlple companson tests (Flshers PLSD) revealed :
. that overall rates under each reinforcement procedure were

mgmﬁcantly greater than rates under the no-water procedure (p < 05)
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Flgure 9. Mean Overall Response Rates on the Operative and
Inoperative Levers Under the Indicated Expenmental

Procedure

‘ Each data point represents the mean rate for eight rats. Data points.

- above C indicate mean rates for rats exposed to vehicle. Other data
points represent mean rates for rats exposed the indicated dose of d-
amphetamine. The data for the no-water procedure represent the
average of the rates on both levers, since neither lever was operative and
no substantial bias for either lever was evident. Vertical line represent

~ standard errors of the mean. *Significantly different from the no-water
“vehicle mean, p < .05. *Significantly different from vehlcle under the
same procedure, p < .05.
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Such dlfferentlal levels of respondmg conﬁrm that response acqulsltlon :
~ was obtained with both immediate and delayed relnforcement Overall
rates under delayed remforcement were not slgmﬁcantly different from
rates w1th 1mmed1ate remforcement (p > 05), suggestmg that

reinforcement delaydld not attenuate acquisition in terms of overall

. levels of responding.

S 1 E e o ulo. ‘v

| To compare the speed of acquisition across procedures, hnear
regresslon lines were fitted to the cumulatlve response data of 1nd1v1dua1
subjects via the method of least squares. Thxs was accomphshed by
regressmg cumulatlve responses on cumulatlve session time across the ‘
first 100 minutes of the session. Data from only the first 100 min were
used because visual inspection of the cumulative records ‘ndicated that .
acquisition characteristically was evident within this period, after
which curves began» to ﬂatten substantially. The mean slopes for each
group are presented as white bars in Figure -10 which shows that the
slopes obtained under the reinforcement procedures were substantlally
greater than the slope obtamed under the no-water procedure. Analysns
of variance confirmed that these differences were significant (F = 6.626,
p =.001). Multiple comparisons revealed that the slope under each
- reinforcement procedure was significantly greater than the slope under
the no-water procedure (p < .05). Moreover, it appeared that acqms1t10n
was slower (1.e., slopes were lower) under resettlng procedures than "

under the 0-s delay_-procedure. Multiple comparisons revealed that the
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Figure 10 Mean Slope of Reg'ressxon L1nes Fitted to the Cumulatwe
Records of Operative-Lever Responding Across the First 100
Min of the Sesslon Under the Indicated Expenmental

Sessmns

- Each bar represents the mean of individual slopes for eight rats. White
" bars indicate mean slopes for rats exposed to vehicle, dark bars for rats
exposed to 1.0 mg/kg d-amphetamine. The greater the slope the faster
the acqusisition in terms of total responses emitted. Vertical line
-represent standard errors of the mean. *Slgmﬁcantly different from
- vehicle under the same procedure, p < .05. **Significantly different
from no-water vehicle, p < .05. +Slgmﬁcantly dlﬁ'erent from 0-s delay
vehJcle, p<.05. -
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slope-'obtained under the 16-s, but not the 8-s, resetting ‘delavy was .
mgmﬁcantly lower than the slope obtalned under the 0-s delay (p < .05).

‘ ‘Thus, the nonresettmg-delay procedure did not attenuate the speed of
acquisitlon, wh11e the resetting-delay procedure did, albeit srgmﬁcantly
80 only with the 16-s delay
Response Efficiency

To examine the effect of delayed reinforcement on response
efficiency, the proportion of inoperative-leuer responses and the
proportion of responzses in the delay interval were calculated for rats

- exposed to the nonresetting- and resetting-delay procedures. ‘For‘

| comparison, the proportion of 1noperat1ve-lever responses for rats
exposed to the 0-s delay procedure also was calculated Response
efficiency is mversely related to these two measures; as the proportion of

- inoperative responses and responses in the delay 1nterval mcrease, _ |

' response eﬁiclency decreases (cf. Critchfield & Lattal 1993; Schllnger &
Blakely, 1994). | |
- Mean proportions of total responses emitted on the inoperative
lever and of total responses emitted during the delay are shown in _
| Figure 11. | In the absence of drug, the mean proportion of inoperative- |
lever.responses was greater when reinforcement was delayed than
‘when it was immediate. | Analysis of variance confirmed a signiﬁcant
eﬁ'ect of the delay procedures on this measure of performance (F = 26.83,
p = .001). Multiple comparisons revealed that proportions of inoperative-
lever respond‘ing‘under the 16-s nonresetting d:elay‘ and both the 8- and
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Flgure 11. Mean Proportion of Inoperatlve Responding and Respondmg
in the Delay Interval Under the Indicated Expenmental

Procedure

Each data pomt represents the mean rate for elght rats. Data points
above C indicate mean rates for rats exposed to vehicle, other data points
for rats exposed the indicated dose of d-amphetamine. Vertical line
represent standard errors of the mean. *Slgmﬁcantly different from
vehicle under the same procedure, p < .05.
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16-8 resetting delay procedures were mgmﬁcantly greater than
proportions under the immediate reinforcement procedure (p< 05)
The mean proportmn of 1noperat1ve-lever respondmg with the 8- -8
| nonresettlng delay, although shghtly greater, was not mgmﬁcantly
different from the mean proportlon with immediate reinforcement (p >
05). o o | S
| Under both the resetting- end ‘nonresetting-delay procedures, the
- proportion ‘of inoperati\ie-lever responding increased as a direct function
of del_ey length, with signiﬁcantly higher proportions obtained with the"
16-s delay than with the 8-8 delay (p < .05). The mean proportion of
‘inoperative-lever respondingalso varied as a function of delay type, with
| signiﬁcantly highe_r proportions observed under the ‘resetting procedure
than under the nonresetting procedure (p <.05). |
" Figure 11 also shows that the mean‘proportion of responses in the
delay interval was higher with the 16-s delay than with the 8-e delay for
‘both the nonresettlng- and resetting-deley procedures (p < .05). In |
~ contrast to the daté obtained for the proportion of inoperative-lever ;
responses, the proportion of responses ‘in the delay did not differ as a
‘function of ‘whetherv‘resetting or:'nonresetﬁng'.delays were arranged (p > |

.05).
lopment, of Sti ntrol
The proportion of total responses emitted on the inoperative lever

provides an index of the development of stimulus control (by the

operative lever), as well as an index of response efficiency. ‘Because
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substantial operative-lever responding was observed within the first 100

~min of the session in the absence of drug, the mean proportion of

| moperatnve-lever responses in each 5-min bin across the first 100 min
was calculated. These proportlons are deplcted in Figure 12 |
Proportlons of 0. 5 indicate an absence of stlmulus control (i.e., equal
‘respondmg on both levers) Proportions rangmg from 0. 5 to 0.0 indicate _-
increasing degrees of stimulus control (. e., more respondmg on the
operative lever). As this figure shows, stimulus control developed
Within the first 25 min of the session under the immediate- |
reinforcement procedure D‘evelopment of stimulus control also was

~ evident early in the session under the 8-s nonresettmg-delay procedure
Stimulus control developed slower and to a lesser degree under the 8-5
nonresetmng-delay procedure, but was nonetheless evident within 100
min. In contrast, clear stimulus control of respondmg was not ev1dent

| within 100 min under the 16-8 resettmg- and nonresettmg-delay
procedures, although it appeared to start developing wil;h the 16-s
nonresetting delay after eppro?dmately 100 min. Thus, although
response acquisition in terms of rate of operetive-lever responding was

| evident within the ﬁrst 100 min with both immediate and delayed |
reinforcement; stimulus control of responding was not evident within

this period with nonresetting and resetting delays of 16 s.
Acquisition in the Presence of Drug
n Cumulative an rall R ondin

Figures 1 to 8 show that 1.0 mg/kg d-amphetamine produced only
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F1gure 12, Mean Proportion of Inoperative Responses Across the Flrst
- 100 Min of the Session Under the Indicated Expenmental

Procedure

Solid hnes represent the mean for eight rats exposed to vehlcle, broken
lines for eigth rats exposed to 1.0 mg/kg d-amphetamine. Lower
proportions of inoperative responding indicate greater stimulus control
by the operative lever. Horizontal broken lines represent a proportion. of
inoperative responding of 0.50, the value at which levels of operatlve and

‘inoperative respondmg are equal
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‘a shght enhancement of mean rates of operatlve-lever respondmg under
the 1mmed1ate-remforcement and resettmg-delay procedures At 1 0
‘mg/kg the drug produced a more marked i mcrease in mean rates of
operative-lever respondmg under the nonresettmg procedure, w1th the -

‘ largest relatlve effect seen with the 16-s delay In general, in the |
presence of drug, conslderable between-subject vanablllty was evident in .
total operative-lever responses per session and in the pomts in time at
‘which substantlal operative-lever responding began to oceur.

- The mean level of operative-lever responding also was higher
under the no-water procedure for ratsexposed' to 1.0 mg/kg than for rats
exposed to yehicle. Like subjects exposed to vehicle, rats exposed to 1.0 |
mg/kg emitted the .majo'rity‘ of responses early in the session, but
responding persisted for a longer period in the animals that received
drug,' The mean ‘level of operative-lever responding did not differ
between yoked-control rats exposed to 1.0 mg/kg and to vehicle.
| | d-Amphetamine doses of 56 and 10.0 mg/kg slowed acquisition by
producing a general suppression of responding for the first 100 min‘of '
the session, or longer. At these doses, stereotypy, predommantly
1nvolv1ng smfﬁng and licking the floor of the chamber, was observed in

- all rats at the begmmng of the session. At 5.6 and 10 mg/kg d- |
amphetamme, most rats exposed to the 1mmed1ate-re1nforcement or
nonresetting-delay procedures began to emit operative-lever responses
within the first 200 m1n of the sevssion Once responding occurred in
these ammals, it 1ncreased rapldly, ina pattern: similar to that observed.

m rats that recelved lower doses or no drug. Overall the mean total
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responses emitted under the nonresettlngdelay was considerably
greater in rats exposed to 5.6 and 10.0 mg/kg than in rats ‘expo‘sed to
“vehicle. | “ | o |
For ratsexposed to 5.6 and 10.0 mg/kg doses under the resetﬁng- '
delay procedure, responding was acqujred relatively slowly' As with 170
mg/kg, substantlal between-subject vanablhty was ev1dent in total
=operat1ve-lever responses per sess1on and in the pomts in time at thch |
; substantlal operatlve-lever respondmg began to occur. Such vanablhty
was somewhat greater under the nonresettlng-delay procedure than
under the resettmg-delay procedure |
o facilitate mterpretatlon of drug eﬁ‘ects on overall rates of
respondlng, the effects of d- amphetamlne on mean overall operatlve-
lever and 1noperat1ve-lever response rates are deplcted in Flgure 9 Th1s
figure shows that overall operatlve-lever rates under the 1mmed1ate-
reinforcement procedure were shghtly hlgher for rats exposed to 1.0 and
| 5.6 mg/kg thanfor_ rats exposed to vehicle. ‘The mean operative-lever
response rate under this procedure for rats exposed to \1‘0.0_'mg/kg was
considerably higher than for rats exposed to vehicle. Analysis of
‘variance confirmed a signiﬁcant: drug effect. under the immediate
reinforcement procedure F .= 3.‘886,‘ p =.019). Mtxltiple ‘c"omparison‘tests
revealed that rnean operative-lever response rates ‘\‘avere signiﬁcantly |
above the vehJcle control level at the 10 0 mg/kg d-amphetamme dose,
but not at the 1.0 and 5.6 mg/kg doses.
Mean overall operatlve-lever rates also were higher under the

nonresettmg delay procedure for rats exposed to drug Although the
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mean operativeflever rate was higher under the 8-s8 nonresetting delay

for rats_ exposed to _each‘dose of drug than fof rats ‘exposed to vehicle,
axialys’is of variance revealed that this effect only approached |
signiﬁcance at the .05 level (F = 2,826, p = .0567). In eontraet,
eubstantially higher mean rates of operative-lever responding occurred

‘ unde%‘ the 16-s r‘lon:r'esetting‘delay at every dose. ‘An‘alysis of variance
revee]ed a sigiﬁﬁcent’overall drug eﬁ‘eet under this procedure (F =
38.871,p= .0196), and ‘multiple comparisons coﬁﬁmed that overall
operative-lever rates at each dos_e of c‘lrug‘ were significantly different
from vehicle (p <.05). | | |

Under the 8-s resetting-delay precedure, the mean overall

operative-lever response rate in rats that receii}ed 10 mg/kg d-
amphetamine was _eubstanﬁelly,higher than the mean rate for vehicle-
control rats. Retes in rats that received 1‘.0 ‘or 5.6 mg/kg were similar to |
the vehicle-control meen. _‘Analysie of variance confirmed a sighiﬁCant'
dfug effect uxider this procedure (F= 3.015‘, p = .0466), ‘end'multiple
comparisons revealed that meanvoperative-le'ver rates were signiﬁcantly _

- different from vehicle only for rats exposed to 10.0 mg/kg‘ (p< .05).

| Mean opereﬁve?lever response rates under the 16-s resetting-

delay procedure Were ‘slightly higher fer rats exposed to 1.0 and 5.6
mg/kg d-aniphetami_ne than for ;‘ats exposed to vehicle, while‘ the ‘rate
for rats exposed to 100 mg/kg was sh‘ghtly below the vehicle-control |
le{rel._ Howevér, ahalysis of variance indicated that mean operative-lever
rates under the 16-s nonresetting delay in rats exposed to drug were not

significantly different from rats exposed to vehicle (F =2.179, p = .1128). _.
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Mean response rates under the no-water procedufe were
considerably highef than the vehicle-control level for rats ekpoaed to 1.0
mg/kg d-émphetanxine, bﬁt not for those exposed to 5.6 and 10.0 mg/kg
Anaiysis of variance confirmed a significant '&mg effect ;mde‘r this

| procedure (F = 3.753, p - .022), and multiple comparison tests indicated
that response‘ratgé were signiﬁcantly greatér for rats exposed to 1.0
mg/kg, bﬁt not 5.6 and 10.0 mg/kg, than for rats exposed to vehicle.
o In most cases, mean overall rates of inoperative-lever responding

| wéi'e not appreciany affected by any dose of drug under ény ‘procedut"e. .
Slightly higher mean rates were observed in soine groups ékposed to
drug"than in vehiclefbontrol groups, but the diﬁ‘erencé waé small and
inconsistent‘ across doses and prdcedures. An exception is the

: substahtial differe;ice in inoperétive-lever response rates observed |
between véhicle-control rats and rats that received 1.0 mg/kg d-
amphetainine under the 16-s noni'esetting-delay procedure. Analysis of
variance of bveréll inoperat:i\}e-lever rate dai;é under‘this'.procedure

. confirmed a signiﬁcant drug effect (F = 3.493, p = .0286), and multiple
comparison teéts ;ionﬁrmed that the mean rate of inoperative :
respdnding was significantly higher for rats exposed to 10 mg/kg d-
amphetamiﬁe, but not 56 and 10.0 mg/kg, than for raits exposed to

vehicle.

Because 1.0 mg/kg d-émphetaininé increased overall rates of

responding under _éome procedures, it was of interest whether this dose
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| increased the speed of acquisition relative to \}ehiele across the first 100 o
min of the session. Tonlake this determination, regression‘lines were
fitted to the c_umul'ati‘ve responee data of individual‘subjecte;exposed to |
1.0 mg/kg via the methods described previously. Almoet all rats that
received 5.6 and 10.0 mg/kg emitted too few responses during the first
100 mm to allow for meaningful anelysis. The mean slopes for each
group':are presented in Figure 10. This figure shows that the mean‘
slope obtained under all procedures was greater for rats e:iposed to 1.0
mg/kg than for rats exposed. to vehicle. The mean slope was only‘
significantly different from vehicle under the no-wa@r (F= 12.218, p=
.0036) and 16-s nonresetting delay (F = 12.882, p=.003) procedures.
Analysis of variance confirmed a‘signiﬁcaint effect of reinforcement
-‘procedures at 1.0 mg/kg (F = 6.381, p‘ =.002). Multiple cornparisons ‘
between slopes under the no-water and reinforcement procedures at this
dose revealed that mean slopes were sigrﬁﬁcantly greater under the
immediate-re‘inforcement‘ and nonresetting-delay procedures than
‘under the no-water_procedure (p < .05), Although slopes at 1.0 mg/kg
- under the resetting delay proce(.iures were greater than slopes at this |
dose under the no-water procedure, the dJﬁ'erence between them was not

staustlcally significant (p > 05)
i ) » : . . '
Drug effects on response eﬁiclency are deplcted in F‘lgure 11. As

thlB ﬁgure shows, i in general, d-amphetamme did not substantlally

| ‘aﬁ’ect the proportlon of 1noperat1ve-lever responses under any of the
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experimental prooedures. For some g'roups, mean proportions of
inoperative-lever responses were slightty higher or lower in rats exposed
" to drug than for rats exposed to vehicle,‘but‘ none of these differences
were large. Analysis of variance on proportions of inoperative-iever |
responses at each dose of drug under each procedure failed to detect any |
significant differences in thlB measure between rats exposed to drug and‘
rats exposed to vehicle. | |
In contrast, mean proportions of responses in the deiay under the
nonr‘esetting delay procedure were substantially higher in rats exposed
“to drug than in rats exposed‘:to vehicle. Analjrses of variance on this
measure at each dose of drug confirmed a signiﬁcant drug effect under:
the 8-8 (F 3.403, p =.0313) and 16-s nonresettmg delay (F = 4.156, and p
= .0148). Multlple companson tests revealed that the proportlon of
responses in the delay was significantly thher p< .05) under the 8-8
| nonresetting delay for rats exposed to 5.6 mg/kg, but not 1.0}and 10.0
mg/kg, than for rats exposed to vehicle. Moreover, the proportion of
responses in the delay under the 16-s ‘nonresetting delay was
| slgmﬁcantly higher (p < 05) for rats. exposed to 1.0, 5. 6, and 10.0 mg/kg .‘
* than for rats exposed to vehlcle |
The mean proportlon of responses in the delay also was higher
under the 8-s resetting delay for rats exposed to drug than for rats
'exposed to vehicle. Analys1s of varlance confirmed a s:gmﬁcant drug
effect under this procedure (F 3.211,p= .0381), and multlple
companson tests conﬁrmed that the mean proportlon of responses in the

delay was significantly hlgher (p < .05) for rats exposed to 5.6 and 10.0
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mg/kg, but not 1.0‘ mg/kg, than for rats exposed to ‘Vehicle._ Rats exposed

to drug under the 16-s resettin'g-delay exhibited a slightly'higher u:tean

‘proportion of responses in the delay than rats exposed to vehicle, but |
~ these differences Were‘small and analysis of variance failed to conﬁrm )

that any of them were significant (F = 1.722, p = .1853).

Because rats. exposed to 1.0 mg/kg d-amphetamine acquired -
responding w1th1n the first 100 min of the session, the effect of this dose
.on the development of stimulus control was compared to the |
development of stimulus control in the absence of drug. As mentioned
above, rats that received 5.6 and 10.0 mg/kg‘ emitted too few responses
duringr the first 100 min to allow for nieaningful analysis. _-'The mean :
proportion of inoperative-lever responding across the first 100 min of the
session ‘for‘rats exposed to 1.0 mg/kg under each reinforcement | _

~ procedure is depicted in Figure 12. As this figure shows, thls dose did
not substantially aﬁ'ect the development of stimulus control. As in rats
.exposed to vehicle, stlmulus control developed within the first 25 min of

‘the session under the 1mmed1ate-re1nforcement procedure for rats
exposed to 1.0 mg/kg, although the mean proportion of 1noperat1veflever
responses in the latter group was slightly higher after 20 min.
Acqulsmon of stlmulus control also was evident early in the sesswn for

“rats exposed to 1.0 mg/kg under the 8-s nonresetting-delay procedure,
while under the 8- s resetting delay procedure acqu181tlon of stlmulus

control was much slower and not as complete As with rats exposed to
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vehicle under these procedure, there was no ei'idence of the acquisition
of stimulus control within 100 mm in rats exposed to 1.0 mg/kg under

16-8 resetting and nonresettmg delays
. ‘
Although the nominal reinforcement delays under the
‘ nonres_etting-delay procedure were 8 and 16 8, obtained delays were
consistently shorter. Table 1 presents the mean obtained delays for

individual subjects under each nohresetting-delay value and dose of

drug. Means and standard errors also are presented‘ for ‘each group at

 each dose of drug. As this table shows, in the absence of drug, obtained -

delays' were shorter than nominal delays. Moreover, obtained delays
were slightly shorter for rats exposed to drug than for rats exposed to

vehicle. However, analysm of variance did not indicate a mgmﬁcant

| drug effect on obtained delays with either the 8-s (F=2.438, p = .0854) or

16-s (F =2415, p 0875) delays.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 1

Ind1v1dual and Mean Obtmned Delays for Subjects Exposed to the -
‘ Indlcated Dose of d-Amphetamine and Length of .

Nonresettmg Delay
8-8 Delay 16-8 Delay
‘ _ Dose (mg/kg) Dose (mg/kg)
‘Subject C 10 56 100 C 10 56 100
1 7.03 390 486 597 901 821 11L12 824
2 610 510 447 750 994 1150 1015 1056
3 626 636 445 498 1027 961 808 842
4 746 616 609 690 927 890 100 938
5 612 712 617 484 1278 1138 784 1154
6 749 771 540 391 1110 932 823 802
7 579 59 618 533 1057 973 887 1716
8 601 566 440 58 1144 970 1143 634
Mean 653 599 525 566 1055 979 947 871
*S.E.M. 0.24 0.29 043 040 050 061

042

041

*Standard error of the mean
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CHAPTER IV
| DISCU‘SS‘ION"

The Present Findings in Relation to Prior Studies of Response
‘ Acquisition With Delayed Remforcement
Results of the present study concur with priorrepOrts that free-
operant responses‘can be acquired ‘with‘imnmdiate‘and‘ delayed |
reinforcement in the absence of shaping or autoshaping (Critchﬁeld &
Lattal, 1993; Dickinson et al., 1992; Lattal & Gleeson, 1990; Lattal &

- Metzger, 1994; Schli_nger & Blakely, 1994; Wilkenfield et al., 1992). They |
also extend the findings of prior studies with respect to the type of
reinforcer. The present study is the first to demonstrate response
acquisition With delayed water reinforcement | |
| Wllkenﬁeld et al. (1992) d1rectly compared response acqu1s1tion
under resettlng- and nonresettmg-delay procedures, and the patterns of
acquimtlon observed in the present study are consistent with their
findings in several ways. First, m the absence of drug, levels of
operative-lever resp'onding under all iminediate- and delayed-

‘ reinforcement conditions differed signiﬁcantly from levels of responding
under the‘ ne-water procedure and yoked-control procedures Second, |
the speed of operative-lever-response acquismon was slower under the

resetting-delay procedure, in that slopes of cumulatlve—response records

were _lower and less negatively accelerated under this procedure than

under the immediateéreinforcement and nonresetting-delay procedures.

48
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‘ Third overall rates of operative;lever responding under the nonresetting
procedures were h1gher under the 16-s delay than under the 8- 8 delay
Fmally, response eﬁiclency, indexed in terms of the proportion of
total responses emltted on the operatlve lever, decreased as a function of
- delay length and delay type That is, response eﬁiclency was lower with
16-s delays than with 8-8 delays, and lower under the resettmg-delay
procedure than under the nonlesettmg-delay vprocedure. Moreover,
under the nonresetting-delay procedure rates of inoperative-lever
respondmg were often equal to or greater than rates of operative
respondlng As Wllkenﬁeld et al. (1992) explamed the thher rates of -
1noperat1ve-lever respondmg,under resettlng-delay procedures may be
:1nterpreted in two ways. ~ First, 1noperat1ve-lever pressmg was
adventntlously reinforced by water dehvemes, and delays to water
dellvery were generally shorter for 1noperat1ve-1ever responses than
operative-lever responses.‘ Second, the R > t contingency reduced the
probability of operative-lever responses in the delay interval and
~ increased the probabitilty of other behavior, including responses on the |
1noperat1ve lever. ‘ | | |
Interestlngly, however, the mean proportlons of inoperative-lever
respondmg under the resettmg—delay procedure observed in the
. Wllkenﬁeld et al. (1992) study were 0.46 and 0.84 under the 8-8 and 16-s
delays, respectively. These proportions are conmderably hlgher than the
ones observed in the present study, which were 0.24 and 0.51 for the 8-s
and 16-s delays, respectively. It is possible that this difference is due, in
part, to the size of the charnbers used in the Wilkenﬁeld et al. study,
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which were considerably smaller than those used in the present study.

The probability of inoperative-lever reSponding should be inversely
related to chamber size; as chamber size decreases 'the probability of
inoperative-lever responding should increase. As the probability of
inoperative-lever responding inoreases, the likelihood of such
responding‘ being adventitiously reinforoed also increases. Thus, the
higher proportion_s of inoperative-lever‘responding observed by.
Wilkenﬁeld et al. (1992) as compared to the present ﬁndings may be due
to an interaction of adventitiously reinforcement, the R>t contingency,
“and chamber size. |
‘The present study extends the ﬁndmgs of prior studles by

examlmng another index of learmng, the development of stimulus
‘control by the lever on which responses produced water.. Although in

- the absence of drug substantial'levels of operative-lever responding
developed under all reinforcement procdedures within the first 100 min
of the session, the development of stimulus control by the operative lever
‘varied in speed and degree across procedures. Stimulus‘control“

| deVeloped rapidly vvhen reinforcement was immediate. When
reinforcement was delayed, stimulus control also developed under both
8-8 nonresetting- and resetting-delay procedures, albeit less rapidly with
the resetting delay. In contrast desplte substantial levels of operatlve-

“ lever respondmg under the 16-s delay procedures, stimulus control did -
not develop at this delay under either nonresettmg- or resettmg—delay "
procedures The present data suggest that response acquisition indexed

as increases in operatnve-lever response rate may be less disrupted by
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delayed reinforcement than resi)onse acquisition assessed 1n terms of |
the development of stimulus control by the Operative lever. Grice (1948)
prevmusly reported that delaymg relnforcement interfered with the

‘ development of stimulus control in rats performmg a visual
“ dlscnmmatlon, which is consistent with the present ﬁndmgs In ‘
contrast to these ﬁndmgs, however, he found substantlal eﬁ‘ects with
delays as short as 2 s. |
| It is convenient to consider the two pnmary measures of response
‘v acquisition in the present study, overall level of operatlve-lever
respondmg and level of operatlve-lever responding relative to
moperatlve-lever respondxng, as measures of remforcement control and
‘stlmulus control respectlvely, and we have made this dlstmctlon
~ Michael (1993), however, has pomted out that such contrasts are |
oversimpliﬁed because they "imply the absence of stimulus controlwhen
behavior‘change is accomplished by reinforcement” (p. 78). It is pehaps
‘best to view the two idices of ‘ learning in the present studyas. |
representative of different forms of the function-altering effects of water
deliveries. On the one hand water deliveries establish an evoCative
relatlon between general features of the chamber and lever pressmg in
| ‘general; acqmsltlon of this functron is indexed by changes i in rate of
lever pressing. On the other hand, water dehvenes establish an
evocatlve relation between speclﬁc features of the operative lever and
responses on 1t acqmsmon of this functlon is indexed by changes in the _
proportion of moperatwe respondmg. In light of the present findings, it

| appears that acquisition of the former relation is less disrupted by

— e — e s . o—
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v delayed remforcement than is acqulsmon of the latter relation.
Cntchﬁeld and Lattal (1993) were correct in assertmg that recent
ﬁndl_ngs of response acquisition with delayed_ remforeement '‘prompt
skepticism toward traditional assumptions . .. that substantial
‘reinfozjcement delay preven_ts response acquisition (§.382)." Clearly,
respoxlse acquisitien can occur:with delayed reinfercement;' Hewever,
Schli_hger and Blakely ( 1994) bmade the astute vrecommendation that what
| is needed is a thorough analyéis of the variables that contribute to:
acquisition with delayed reinforcmeht. ‘The present‘ findings suggest
that it will be impertant to discern the relativev contribution of such -
variables to different aspects of acduis‘ition. '
The Present Fmdmgs in Relatlon to Pnor Studles
of Drug Effects on Learmng
The major way in which the current study extends prior

inveétigations of response acquisition with delayed reinforcement is by

. examxmng the effects of a drug, d-amphetamme, that is known to
1nﬂuence response acqmsmon under other free-operant assays. In the
present study, the lowest dose (1.0 mg/kg) of the drug elther had no eﬁ'ect :
on or enhanced rates of operatlve-lever pressmg and, thus, acqu151t10n
In contrast, higher doses typically produced an initial general reduetlon

| in‘lever-pressing. - Nonetheless, overall rates of operative-l_ever pressing
at these doses were as high as, or higher than, thoee observed with
vehicle. ‘Th‘us, response acquisition was observed under all
reinforcement procedures at all drug doses, insofar as overall rates of

‘ operative-lever pressing were substantially higher in the presence of
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drug_ 'imder the reinforcement procedures than under thel-no-vrater and .
yoked-contr01 procedures. | | .
o However; the other index'}of acquisitiOn, the development of
~ stimulus control, was not affected by 1.0 mg/kg d-amphetamine,
Although the mean proportion of inoperative-lever responses v‘#as ‘
shghtly lower at the begmmng of the session under the 1mmed1ate- .
‘ relnforcement and nonresettmg-delay procedures, substantlal
1ntersub3ect vanablhty in this measure made the effect amblguous.
Hence, it did not appear that 1.0 mg/kg affected substantlally the
‘development of stlmulus control. The initial general dlsruptlon of lever ‘
pressing by 5.6 and 10.0 mg/kg precluded any straaghtforward analysls |
| of the effects of these doses on the development of stimulus control .
 These findings are consistent with those of prior studies of the
effects of d-amphetarnine on repeated acquisition of behavioral chains.
‘Generally, dnder this assay (a) low doses of d-amphetamine either have
no effect on or slightly enhance accuracy (learning) and response rates,
(b) moderate‘ doses sometimes reduce accuracy without affectihg ‘
respOnse rates, and (c) high"doses reduce both accuracy and response
rates (Evans & Wenger, 1990, 1992; Harting & McMillan, 1976; Paule &
McMillan, 1984; Thompsori, 1974). Moreover, drug effects on the course
of acqhisition in the present study were similar to the effects obser\}ed :
under repeated ‘a‘cquisition procedures. As m the present study, low
- doses of d-amphetamine have been shown to have no effect on or
increase vﬁthin-session accuracy (learning) under repeate}d acciuisitior:.

proce'dures, while moderate to high doses decrease within-gession
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‘accuracy, although acquisitibn still occurs (e.g., Evans & Wenger, 1992).
While}5.6 aind ‘10.0."mg/kg slowed response acquisitidh in the pres‘ent‘
study'; these doses produced a general'dismptiOn of levér-pressing undéij
all pi'ocedures by increasing stereotypies incoinpai;ible with lever
pressing, an effect of d-amphetamine that is well documented (Seiden,
Sabol, & Ricaurte,_;1993). The presént results, like prior ﬁndings with
the repeated acquisition procedure, provide general suppori for the
‘conclusion Qf Evans and Wenger (1992) with fegard to amphetamine and
“other stimulants: "[T]here is no detﬁmental effect of these psychomotor |
stimulants on 'leai‘iling' until (ioses which produce a géneijal behavioral
disruption are achieved" (p. 636). | |
| " The present results aré inqbnsistent with the effects of d-
‘amphetamine on response acquiéition under‘ some other assays. For‘ v
example, Robbins (1978) erhployed procedures (described above) similar
to th‘e' ones used in the present study and found that respoiise acquiéiti(in
v‘vith“conditioned reinforcément did not occur w1th any dose of d-
amphetamine. One :potential reason for the épparenﬁ difference in the
| effects of d-ampetamine reported by Robbins and those obtained in the
preseht study is that different types of conéequ'enceé (conditioned
i'einforcér versus unconditioned reinforcer) wére arrangeci in the two
‘ sttidies. Because drug effects are known to be consequence-dependent
~ under éert‘ain ‘cond:itions of response maintenance (Barrett,_-1981), drug:'
foects on responSe acquisition alsci may be coxisequence-deﬁendent.
An intéresting finding of the present study was i;hat the effects of
d-amphetaniine differed across cielay value and delay type. Drug- |
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- induced increases in overall rate of ‘operativve-le‘ver respending were
generally greater under the nonresetting-delay proeedure than under
the immediate-reinforcement and resetting-delay procednres. |
.Mereover, such increases were greatest under the 168 nenresetting
delay. Increases in overall rates of respending are likely due to the
drug’s"ability to inerease locomotor activity (Seiden et al., 1993). Such
activity might well lead to operation of the levers, and that the drug can
increase lever pressmg in the absence of any remforcement
contmgenmes is evident in Figure 7. For example, 1.0 mg/kg
substantially 1ncr_eased rates of lever pressing under the no-water
procedure relative to vehicle.  Thus, any apparent enhancement of
learning under the present procedures may be the result of generalized
increases in locomotor activity. “However, it ‘.is not clear Why d-
amphetamine ‘incr'eased ovérall responSe rates to a greater degree
under the 16-s nenresetting-delay procedure than any other procedure.
The faliure of d-amphetamine to increase ‘operative-lever

responding substantially under the resetting-delay nrocedure islikely
duetothe R>t contmgency Prior studies have shown that this |
contmgency pumshes established operants (Zeiler, 197 1, 1976, 1979), and

“d amphetamme charactenstically does not increase behavior
suppressed by punishment (Seiden et al,, 1993). There is, howeyer,
evidence to suggest that amphetamines increase rates of operative-leve'r
respending under resetting-delay procedures that arrange delays longer

than those employed in the present study. Fdr instance, Dews (1960)

reported that methamphetamine increased rates of key pecking in
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pigeons maintained under a 100-s resetting-delay procedure. 'I“hus‘, the ®
extent to which d-amphetamine enhances the acquisition of lever
presssmg under a resettlng-delay procedure may depend on the length

of the delay. | '

Itis well documented that most drugs, 1nclud1ng d-
amphetamme, disrupt behavior to a greater extent when stimulus
control is weak than when iti is relatively strong (Picker & Negus, 1993;
Poling, 1986; Thompson, 1978). In the present stud&, stimulus control_a_s
indexed by the proportion of overall inoperative-lever respo’nding was
weaker under the delayed-reinforcement procedures than under the

-immediate- reinforcement procedure. Thus, it is interesting that d- |
amphetamine did not disrupt a‘cquisition to any greater degree‘ under .’
the delayed-reinforcement procedures than under the immediate- |
remforcement procedure No dose of the drug mcreased the mean
overall proportlon of inoperative-lever pressing (i.e., decreased stlmulus

| control) to a greater extent under the delayed-relnforcement procedures

.than under the immediate remforcment procedure Moreover, although
the development of stimulus control under the delayed-reinforcement

dprot:edures was'slower, it was not di‘srupted by 1.0 mg/kg signiﬁcantly
more than under the lmmedlate-remforcement procedure. - Thus, the |
relatlve degree to which stlmulus control develops dunng condltlomng

does not appear to modulate the effects of d-amphetamine on response

acquisition.
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Procedural Issues

Even though procedures like those used in the present study
| appear to provxde a tenable assay of drug effects on the acquisitlon of
free-operant behavmr, such procedures have two related hmitatnons
First, because acqmsmon is studled during a single sessron in each
subJect between-subJects expenmental deslgns are necesmtated
Behavior analysts have repeatedly emphasized that such demgns are
generally inferior to vvithin-subject arrangements (e.g., Johnston &
‘Pennypacker, 1993; Poling, Methot, & LeSage; 1995; Sidman, 1960),
although such ‘designs are necessary to address some experimental
questions.‘ Second, because between-subjects variability under such
procedures is relatively large, greater nunibers of subjects (as ‘well as |
- statistical data analysis) may be needed to reveal the effects of
independent variables. Fortunately, the subjects in the present study
were ,subsequently used in a semester-long undergraduate’ learning
laboratory, whioh mimimized wastage of valuable animals. |
Although betvveen subjects variability‘under the present assay is
| somewhatprobleniatic, prior studies have suggested that sorne of the
uncontrolled var'iance‘in response ‘acquisition niay be accounted for
statistically For instance, Stolerrnan (1971a, b) found that measures of
‘behavior during magazme traimng, such as latencles to procure the |
reinforcer, were mgmﬁcantly correlated w1th the subsequent rate of
lever_ pressing during acqusition (r = 0,70, p <.001). It is possible,
therefore, to account for a portion of the variability in response rates -

‘duringvacquisition by using measures of behavior during magazine
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training as covariates, thus mcreasmg the preclslon of detectmg the
- effects of drugs and other vanables on response acqmsmon
" The aforementioned llmltatlons notw1thstand1ng, there are some
advantages to the, present assay. It appears to be sensitive to and allows :
for rapid as‘sessment of drug eﬂ'ects,‘ even when those effects are
1rrever81ble Moreover, it examines how drugs affect the provenance of '
operant responding, whmh few other assays do. The present data
suggest that the assay may be useful to behavioral pharmacologists and
. toxicologists, but further research is necessary to determine its full |
potential. For ins_tance, whether drugs from different classes (e.g.,“
neuroleptics, anxiolytics) produce differential effects on response

acquisition with delayed reinforoement will need to be determined.
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Title of Project:

' 'The information included in this IACUC applicatiyon is accurate to the best of my knowledge. All

. personnel listed recognize their responsibility in complying with university policies governing the care and
use of animals. : ' ] s :

I declare iﬁét all experiments involving live animals will be performed under my stpervision or that of

another qualified scientist. ‘Technicians or students involved have been trained in proper procedures in
animal handling, administration of anesthetics, analgesics, and euthanasia to be used in this project. -

If this project is funded by an extramural source, I certify that this applicaﬁon adcurately refiects all
procedures involving laboratory animal subjects described in the proposal to the funding agency noted

“above.
An)igmposed revisions to or variations from the animal care and use data Will be promptly forwarded to
the IACUC for approval. ‘ ‘ ;

) ' Disapproved <" Approved Approved with the provisions listed below
}?:rovisions or Explanations: |

T—¢ -85
D

3
Date - )

JIACUC Chairperson Final Appmvﬂ ‘ — ‘ : ‘ >
Approved IACUC Number.. 25 -0r0/

Rev. 392 | |
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