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Fig. 1. Detection of contamination by ra-
dioactive P*-orthophosphate. To each strip
of DEAE-cellulose, formate form, char-
coal eluate (3300 counts per minute) of
alkaline hydrolysate of P*-RNA was
added. The separation of CMP and AMP
after irrigation with 0.05M formic acid
is shown by a. The paper was then cut
at about 7 cm from the origin and irri-
gated in opposite direction with 4M formic
acid; b shows GMP and UMP separation;
¢ and d indicate the same separation in the
presence of 140 and 660 counts per
minute of P*-orthophosphate, respectively.

time, the adenylic acid had moved
about 4 to 6 inches, and uridylic and
guanylic acids about 1 inch. The paper
was dried at 25°C and was cut midway
between the zones of adenylic acid
and of the still unseparated guanylic
and uridylic acids. The cut end of the
upper piece was clamped on the Kurtz-
Miramon frame and the paper was
irrigated in the reverse direction with
4M formic acid. Guanylic acid mi-
grated about twice as fast as uridylic
acid and the former fluoresced under
ultraviolet light when the paper was
wet with 4M formic acid. The chro-
matograms could be removed from the
tank for 2 to 3 minutes for observation
without detriment to the separation of
the nucleotides. The time for the first
separation in 0.05M formic acid was
about 2% hours, and for the second
about 45 minutes. Each ribonucleotide
was eluted after chromatography with
1M ammonium bicarbonate. Because
the latter sublimes readily, the nucleo-
tides were thus free of extraneous salt
(7). Radioactivity was measured by
means of a Forro gas-flow Geiger tube
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with a 0.8 mg/cm® window for paper
strips and a Tracerlab gas-flow Geiger
counter with a 0.9 mg/cm*® window for
planchets.

Shown in Fig. 1 is the separation of
ribonucleotides from the alkaline hy-
drolysis of RNA labeled with P*-ortho-
phosphate (8). Contaminating radio-
active orthophosphate was readily de-
tected since it migrates to a position
intermediate between uridylic and
guanylic acids (Fig. 1, ¢ and d). In the
absence of such contamination, the
radioactive zones correspond exactly
with the ultraviolet-absorbing zones.
The chromatography was usually per-
formed on strips of DEAE-cellulose
about 1 inch wide so that the zones
could not be wider than the window
of the Geiger tube of the strip counter;
narrower strips are too easily torn
when wet.

Radioactive ribonucleosides were de-
tected after chromatography in 0.05M
formic acid since all four migrate more
rapidly than cytidylic acid.

The quantitative distribution of ra-
dioactive phosphorus among the nu-
cleotides which had been separated by
DEAE-cellulose paper was determined
and compared with that on a chromat-
ogram prepared from a column of
Dowex-1 according to the method of
Cohn and Bollum (7). Table 1 shows
that results with the paper method are
comparable to those from the ion-ex-
change column.

This procedure would probably be
adequate also for the determination of
base ratios as measured spectrophoto-
metrically, if the DE-20 papers were
carefully cleaned for the purpose. For
determining such ratios based on radio-
activity, the method is satisfactory and
convenient without modifications.

K. BRUCE JAcoBsoN
Biology Division, Oak Ridge National
Laboratory*, Oak Ridge, Tennessee
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Force of Response during
Ratio Reinforcement

Abstract. Sharp decline in response force
after reinforcement and progressive force
elevation over a sequence of unreinforced
responses were observed for subjects in a
fixed ratio lever-press situation. It is sug-
gested that these systematic variations in
force level may provide, through feedback,
discriminable cues for behavioral regula-
tion.

When a simple motor response is
maintained with a schedule of inter-
mittent food reinforcement, a charac-
teristic and stable pattern of response
frequency typically develops (Z). Fixed-
ratio (FR) is a major class of such
reinforcement schedules, involving the
reinforcement of every Nth response.

Recent research (2) has shown that
properties of behavior such as the peak
force of response emission will be great-
er in magnitude and more  variable
during extinction than during continu-
ous reinforcement. Since fixed-ratio
schedules combine the experimental
operations of reinforcement and extinc-
tion, peak force of response during re-
inforcement of this type was examined
in order to determine if systematic
changes in this response property oc-
curred during the schedule perform-
ance.

The procedure involved a modifica-
tion of the conventional fixed-ratio
programming, which typically has sin-
gle reinforced responses separated by
sequences of fixed numbers of unrein-
forced responses. In order to observe
progressive behavioral changes that
might occur during reinforcement, se-
quences of several reinforced as well
as unreinforced responses were used.
By the convention of specifying the
number of reinforced responses with a
roman numeral, and the number unre-
inforced with an arabic numeral, a
fixed-ratio schedule involving cycles of
four successively reinforced responses
and 12 successively unreinforced re-
sponses is designated FR(IV)-12. With-
in the respective sequences each cycle
position is identified by the appropriate
numeral.

The subjects were male albino rats
of the Wistar strain, approximately 110
days of age at the beginning of experi-
mentation. The animals were main-
tained under a food deprivation regi-
men, and food pellet reinforcement for
a lever-press response was employed
(2). A peak force of at least 2.5 g was
required for all responses. Continuous
reinforcement (approximately 250 re-
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Fig. 1. The mean peak force of response during modified fixed ratio performance. The

roman numerals indicate reinforced,
positions of the cycle.

sponses) was conducted prior to fixed-
ratio training.

Figure 1 shows the mean peak force
of response at each ordinal position of
the fixed-ratio cycles for four different
animals, each under a different sched-
ule. Each of the schedules required 12
unreinforced responses within a cycle.
The number of reinforced responses
varied with the subjects, as indicated
in Fig. 1. The means are based on 20
to 25 cycles (20 to 25 responses for
each ordinal position). The data rep-
resent the 12th consecutive day’s per-
formance on the particular schedule.

All subjects, regardless of the num-
ber of reinforced responses, show the
same trend: The first reinforcement
(position 1) is followed by a sharp drop
in the mean peak force of response. So
long as reinforcement continues, the
force remains at a low level. Over the
sequence of nonreinforced responses,
there is a progressive elevation in the
mean peak force. The standard devia-
tions of the peak force distributions
for each ordinal position (not shown)
were correlated with the magnitude of
the means.

The systematic changes in the peak
force of response within the fixed-ratio
cycle were consistently present over the
12 days of conditioning. They have also
been observed for these and other sub-
jects with sequences of six and 24 un-
reinforced responses. In general, the
longer the unreinforced sequence, the
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and the arabic indicate unreinforced, ordinal

higher the level of force that was
achieved. Conversely, longer reinforced
sequences (with number of unreinforced
responses held constant) tended to pro-
duce less extreme force elevation at
the end of the cycle (see Fig. 1).

It is interesting to note that despite
the frequent reinforcement of responses
manifesting high peak forces (position

I), a subsequent force decline persists.

In the cycle positions following each
reinforced response (II through 1) the
force levels displayed are of the order
of magnitude each animal produced
during stable continuous reinforcement
performance. The occurrence of rein-
forcement appears to set the occasion
for an immediate return to this former-
ly reinforced level of responding. An
earlier study (3) has shown that the
Wistar rat’s level of force emission can
be brought under the control of an
exteroceptive cue (presence or absence
of light).

The control exerted by pellet delivery
in the present study appears to be
analogous to the cueing function served
by the light. As was true of the light in
the earlier study (3), pellet delivery

during fixed-ratio reinforcement pro- -

vides a stimulus condition following
which a particular level of response
force was formerly reinforced (during
continuous reinforcement). It is there-
fore possible that the pellet delivery
during fixed-ratio reinforcement pro-
vides a discriminative basis for the ob-

served force decline, effectively a re-
turn to the response force levels charac-
teristic of continuous reinforcement
performance.

The force elevation after nonrein-
forcement appears comparable to “an
increase in the vigor of behavior imme-
diately following non-reward,” reported
by Amsel (4) for the performance of
rats in a double runway situation. Not-
terman and Bilock have shown that
nonreinforced responses during discrim-
ination training are characterized by
higher forces than the reinforced re-
sponses (5). In the fixed-ratio schedule
this increase in force provides a sys-
tematic correlate of cycle position.
Ferster and Skinner (I) propose that
the number of responses an organism
has emitted during a fixed-ratio cycle
comes to serve a discriminative func-
tion. Obviously, they are not referring
to any ‘“cognitive” operation of count-
ing (6). It is possible that the “count-
ing” under such circumstances reflects
the animal’s discrimination of its own
level of force emission (7). Systematic
variations in behavior such as have been
demonstrated for force during fixed-
ratio responding may well provide the
basis for the cohesive nature of larger
and more complicated behavioral units.
Even in such an apparently homogene-
ous chain of responses as those which
occur during this type of reinforcement,
variations along a discriminable dimen-
sion (force) are found (8).

DonaLp E. MiNTZ
Department of Psychology, Princeton
University, Princeton, New Jersey
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