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SHIMIZU, S. AND K. HASHIMOTO. A logic circuit for identifying and reinforcing operant response durations. 
PHARMAC. BIOCHEM. BEHAV. 6(1) 141-143, 1977. - A simple circuit useful for the study of response duration and 
timing response in operant behavior in rats was described. Important features of the circuit include: a logic function to 
identify respondings with the preregistered duration, elimination of the premature reinforcement by the feeder operation 
during lever-pressing behavior, reinforcement after the complete release of the lever, simple design and inexpensive 
construction. Experimental results with and without the present circuit were also given. 
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THE strength of  an operant  has long been evaluated in 
terms of  the probabi l i ty  of  occurrence.  It is now recog- 
nized, however ,  that  the quant i ta t ive  propert ies  in which 
and organism presents a response (force,  durat ion,  etc.) or, 
response topographies  are also dependent  variables in 
operant  behavior [1 ,2] .  More recent ly ,  Shimizu and his 
col laborators  [3, 4, 5, 6] observed with rats under  the 
cont inuous  re in forcement  and response durat ion schedules 
that  the response durat ions of  lever-pressing behavior give a 
stable behavioral  baseline, and are sensitive to the effects  of  
behavioral ly active drugs." In the response durat ion schedule 
which also has a character  of  tempora l  discriminat ion,  it is 
necessary that  the response durat ion of  the l imited t ime- 
band is ident i f ied and reinforced.  For  such an exper imenta l  
design focused on the durat ion of  lever pressing, electric 
current is s imultaneously applied to the pellet feeder  with 
release of the operant  lever by the rat, since otherwise the 
sounds of  feeder  opera t ion  and food presenta t ion on the 
pellet  cup during the behavior of  the rat in terrupt  and 
shorten the response duration.  In order to ident i fy  the 
response durat ion and to el iminate these secondary factors 
by arranging events fol lowing lever pressing as shown in Fig. 
1, a simple circuit  with logic funct ion  was designed and 
constructed.  The whole circuit  is composed  of  Texas 
Ins t ruments  SN type TTLs [7] ,  and its diagram is presented 
in Fig. 2. 

The gate 1 of  the circuitry is enabled by lever pressing of  
the rat to pass the pulse train f rom the clock-pulse 
generator,  which is counted  at the BCD counter  1, and is 
compared at the magni tude compara to r  1 with the mini- 
mum cri terion of  the response durat ion preregistered at the 
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FIG. l. Schematic illustration showing the temporal inter- 
relationships among lever pressing, feeder operation and rein- 

forcement. 

input  B by thumbwhee l  switches through 10-1ine-to-4-1ine 
encoders. Criterion of higher accuracy may be accom- 
plished by connect ing  more companra tors  in cascade. When 
the response durat ion reaches equal to the min imum 
criterion, the ou tpu t  A=B of the compara tor  1 turns to high 
level, and the ou tpu t  Q of the J-K flip-flop 1 is inverted 
f rom low to high to remain at the same level unti l  the end 
of  lever-pressing behavior.  Consequent ly ,  the gate 2 is 
enabled and passes the clock-pulse to count  at the BCD 
counter  2. When the response durat ion equals the maxi- 
mum cri terion of  the response, the ou tpu t  A=B of the 
compara to r  2 turns to high level, and the ou tpu t  Q of the 
flip-flop 2 is inverted f rom high to low level. The ou tpu t  Q 
of the monos tab le  mul t iv ibrator  1 is triggered by the 
transit ion f rom high to low level of the input  A from the 
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FIG. 2. Logic circuit diagram used for identifying, recording, displaying and reinforcing response durations. The integrated circuits included 
are Texas Instruments SN type TTLs. The power supply of +SV (~4 200 mA is required. 
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FIG. 3. Timing diagram of data inputs of the gate 3, input A and 
output Q of the multivibrator l. Broken line indicates a sequence by 
an unreinforced response over the maximum criterion of the 

duration. 

gate 3, the state of  which is decided by lever pressing, and 
the ou tpu t  Q and Q of  the fl ip-flop 1 and 2, respect ively 
(Fig. 3). The downward  t rans i t ion of the ou tpu t  Q of the 
flip-flop 2 also opera tes  as a reset-pulse for the multi-  
v ibrator  I, and makes the t ransi t ion at A ineffect ive to 
avoid an abort ive response  due to p remature  r e in fo rcement ,  
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FIG. 4. Relative frequency distributions of response durations of 
lever pressing during a 10-min performance under (A & B) the 
2.0-3.0 sec response duration schedule, and (C & D) the continuous 
reinforcement schedule. In A and C, the present circuit was used, 
and in B and D, electric current was simultaneously applied with the 
beginning of lever pressing. Note wide distributions in A and C, and 
skewed histograms in B and D. The extremely high probability of 
occurrence in the class of 2.0-2.2 sec in B, and the shift of 
distribution to shorter durations in D show contaminated effects of 
premature reinforcement of lever-pressing behavior. Filled area 
indicates the reinforced response durations. The class intervals of 
the histograms are 0.2 sec in A and B, and 0.1 sec in C and D, 

respectively. 
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when lever pressing exceeds the max imum cri terion of  the 
duration.  The ou tpu t  pulse of  TTL level f rom the multi-  
vibrator  1 is amplif ied to a working voltage at the amplif ier  
circuit  for  driving the convent ional  pellet  feeder.  Thus, only 
the qualif ied response is re inforced on release of  lever 
pressing of  the rat. Af te r  each response, the response 
durat ion is displayed and recorded through an 8-bit-bistable 
latch, and the whole circuitry is reset to the initial state by 
a pulse f rom Q of  the mul t iv ibra tor  2 for the fol lowing 
response. Provided that  the min imum and max imum 
criteria are set to 0 and off,  respectively,  the circuit  is 
available for  the con t inuous  re inforcement  schedule. For  
circuit  isolation f rom mechanical  noise caused by f requent  
contac t  of  the microswitch,  an SR latch is inserted be tween 
an operandum and the circuit ,  and feeder-generated electri- 
cal noise is absorbed through an at tached circuit  composed  
of diodes, condensers  and resistors. 

Figure 4 shows the relative f requency distr ibutions of 
response durat ions under  the cont inuous  re inforcement  and 
response durat ion schedules using the present circuit, and 
those under  the same schedule condi t ions  with immedia te  
re inforcement  after  the beginning of  lever pressing. 

Al though sets of  logic modules  available on the market  
could probably  do the similar procedures,  the present 
circuit will provide simpler and less expensive solut ion to 
achieve the same purpose.  Use of the circuit  for two years 
yielded no trouble and easy handling. 
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