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Operant force-band differentiation by rats
using two different response topographies

MICHAEL A. KIRKPATRICK and STEPHEN C. FOWLER
The University of Mississippi , University, Mississippi

The ability of laboratory rats to differentiate the peak force of operant response was assessed
for two distinct response topographies. One group of 8 rats was trained to reach through an aper
ture in the front panel of an operant chamber and exert downward vertical pressure on a force
sensing circular disk. A second group of9 animals was similarly shaped to grasp and pull a wire
bail attached to a force transducer located outside a second chamber. Following measurement
of initial force levels during continuous reinforcement (CRF) for all responses, various force-band
requirements were imposed on both groups . Only responses whose peak force amplitude fell within
the band requirement (both lower and upper peak force criteria) were reinforced. Evidence for
force differentiation was observed in varying degrees for both response topographies, even though
the pull topography initially produced forces much higher than those emitted by the press response .
The results are discussed in terms ofboth qualitative and quantitative changes in response charac
teristics, which occurred across force requirements and topographies.

Numerous studies have demonstrated that rats can, un
der appropriate conditions, differentiate the downward
force they exert on a circular disk (Fowler, Ford , Gram
ling, & Nail, 1984; Fowler, Lewis, Gramling , & Nail,
1983; Harrell & Fowler, 1977; Nottennan & Mintz,
1965). Even in the absence of any contingency that re
wards only responses between upper and lower peak force
values (a force "band") , rats responding with the down
ward press topography will adjust their forces to approx
imate the minimum force criterion for reinforcement (e.g.,
Fowler, Gramling, & Liao, 1986; Nottennan & Mintz,
1965). However, in one study in which the downward
press topography was compared with responding in the
horizontal plane on a grasp-and-pull type manipulandum,
rats using the grasp-and-pull response needlessly exerted
forces three to four times greater than was necessary to
procure reward (Fowler et al., 1983). The authors hy
pothesized that such needless overexertion may have been
due to the rats' inability to differentiate the force of the
grasp-and-pull response , and that this apparent lack of
control may have been the result of unconditioned or
elicited components of response (see also Jenkins &
Moore, 1973). The present study was designed to assess
whether rats can differentiate the force of a grasp-and
pull type response when confronted with appropriate con
tingencies .

METHOD

Subjects
The subjects were 19 male Sprague-Dawley derived rats weighing

between 200 and 240 g upon receipt from the HoltzmanCompany. The
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animalswere housedindividually and fed ad libitum. Their body weights
were kept nearly constant by restricting water access to 3-10 min daily,
30 min after each experimental session. In the vivarium, an automatic
timer provided illumination between the hours of 8:00 a.m. and
10:30 p.m. During the course of the experiment,one animal in the press
group died from an undiagnosed illness. A second animal, assigned to
the grasp-and-pull group, failed to learn the task adequately and was
dropped from the experiment. Data for a total of 17 animals were in
cluded in all analyses.

Apparatus
The two operant chambers used in this study have been described in

detail in a previous paper (Fowler et aI., 1983). Contingencies were
programmedand data were recorded via a laboratory computer system,
which consisted of an Apple 0 and a Franklin ACE 1000 microcom
puter, each withassociated peripherals. The system's detailsare provided
in Fowler (1985). Each computercontrolled an AID converter that sam
pled the analog voltage from the transducer every 0.01 sec. From the
digitized measurements were recorded the maximum force amplitude
(peak-force) and duration of each response that met or surpassed a 4-g
threshold. Also recorded were the responserate and the number of rein
forcements obtained per session.

Procedure
Following approximately2 weeks of exposure to restricted water in

take, one group of 10 rats was shaped via the method of successive ap
proximations to reach through the aperture in the front chamber wall
and to grasp and pull a wire bail. A second group of 9 animals was
similarlytrained to reach throughthe apertureand exert downwardforce
on a press-typemanipulandum. Locatingthe operandaoutside the cham
bers encouragedrelatively uniformtopographiesand precludedthe mea
surement of any biting or bumping of the instruments as responses.

For the first five sessions following shaping, all theanimalswere main
tainedon a CRF schedulethat providedreinforcement forevery response
that reachedor exceededa constant4-g threshold. Thereafter, reinforce
ment was provided only for responses that fell within a specified band
of forces. Each group was exposed to various force-band requirements
throughout the experiment, as outlined in Table I . The use of markedly
disparateforcebands for thetwo topographies wasbased on priordemon
strations that Weber's law applies to force emission in rats just as it
does in humans (Fowler, 1987; Notterman & Mintz, 1965). The first
force bands imposed were positioned to include part of the distribution
of forces spontaneously produced by each group of animals under the
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Table I
Contingencies for both Press and Grasp-and-Pull Topographies,

Number of Sessions, and Proportion of Reinforced Responses
Under Each Force-band Requirement

Force Grams for Weber
Band Band Sessions % in Band Fract ion

Press

Band I 20-25 15 18.2 .25
Band 2 30-36 8 20.6 .20
Band 3 35-42 14 24.2 .20
Band 4 10-15 28 32.7 .50

Grasp-and-Pull

Band I 100-125 15 31.2 .25
Band 2 100-120 8 26.4 .20
Band 3 100-120 14 27.3 .20
Band 4 20-30 28 20.4 .50

no-band CRF condition, and were chosen to be approximately equal
in difficulty according to Weber's law (i.e . , press: 5 g120 g = .25;
grasp-and-pull: 25 glloo g = .25).

RESULTS

An Ftest for the force emission prior to force-band im
position showed a difference in mean peak force between
the two topographies under CRF [F(8,7) = 23 .91 ,
p < .000 1]. This large peak force difference between
press and grasp-and-pull topographies was consistent with
Fowler et al . (1983).

With respect to force-band differentiation training, a
split-plot factorial analysis of variance (SPF-ANOVA) for
peak force revealed significant main effects for topogra
phy [F(1,15) = 512 .06, p < [OO5סס. , band [F(4 ,60) =
63.39 , p < ,[OO5סס. and the topography X band inter
action [F(4,60) = 22.25, P < [OO5סס. . Mean peak forces
tended to "track" the band requirements as they changed.
Note especially in Figure I that the 20-30-g force band
(Band 4) for the grasp-and-pull topography produced a
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dramatic reduction in peak force, compared with the
lOO-120-g band . In addition, the grasp-and-pull group
continued to emit many responses with forces beyond the
upper band limit, as evidenced by the mean of the peak
force distributions , which lay near 40 g for the Band 4
condition.

DISCUSSION

Initial differences between press and grasp-and-pull groups in the ab
sence of any explicit force requirement (other than the 4-g threshold)
support previous findings that the pull topography encourages unneces
sari1yhigh forces (see e.g., Fowler et al. , 1983). Rats in the grasp-and
pull condition initially produced forces almost six times greater than
the press rats did, despite the identical4-g threshold. When faced with
appropriate contingencies, however, animals responding with either
topography were able to differentiate their peak forces . The close prox
imity in magnitude of the force emitted to the force required supports
the visually apparent " tracking" of the requirements seen in Figure I.
Additionally , the clear reduction in force by the pull animals under the
relatively low-force 20-3O-gcondition suggests that they can reduce the
magnitudes of their peak forces to levels far below those observed in
the absence of externally imposed force requirements. Nevertheless , the
decrease in the proportion of reinforced response s for the pull group ,
when lower forces were required, suggests that the grasp-and-pull
topography is not conducive to the same degree of control as was dis
played by the press group under similar low-force conditions (see Ta
ble I) . In contrast to the pull group, the press rats increased their propor
tion of reinforced responses with each new band , irrespective of the
fact that the first three bands were of increasing magnitude, while the
last was markedly lower . The diminished success of the pull subjects
occurred despite efforts to maintain comparable task difficulty across
topographies by keeping the absolute force requirement proportional
to the size of the difference limen in accordance with Weber's law.

The across -topography variation in differentiation may depend upon
differences in the neuromuscular involvement associated with thedifferent
planes of force emission. Alternatively , the grasping encouraged by the
grasp-and-pull type operandum, but uncharacteristic with the press-type
arrangement , may produce more salient proprioceptive feedback, which
in tum may elicit unconditioned components of response that interfere
with differentiation (Jenkins & Moore, 1973). Such unconditioned ten
dencies may be related to burrowing or scratch reflexes (Fowler,
Filewich , & Leberer, 1977), or to the animals ' use of flexion to draw
prey or food objects to the mouth.

Figure 1. Mean peak force for press (rtrSt series) and pull (sec
ond series) topographies acrossall CCIIIditiom. Vertkal bars represent
standard error of the mean. The upper and lower force-band re
quirements for each band are given in Table 1.
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