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Adult human Ss, reinforced for key pressing on a DRL 
5-sec schedule of reinforcement, regularly verbalized 
hypotheses about the behavioral requirements necessary 
for obtaining reinforcement. High frequencies of overt 
collateral behavior accompanied response-based 
hypotheses and low or absent rates of overt collateral 
behavior accompanied time-based hypotheses. The 
findings support the conclusion that overt collateral 
responding can be functionally equivalent to mediative 
counting during temporally spaced responding. 

Previous studies examining DRL performance in 
humans (e.g., Bruner & Revusky, 1961; Laties & Weiss, 
1962; Randolph, 1965) have reported regular 
occurrences of collateral behavior between successively 
reinforced responses. Recently, Stein & Landis (1973) 
documented the mediating role human collateral 
behavior can serve in regulating temporally discriminated 
DRL performance. In each of these studies, collateral 
behavior was expressed either overtly, as a chain of 
motor responses, or covertly, in the form of verbal 
mediators which emphasized either a time- or 
response-based self-instruction about the contingency of 
reinforcement. The present experiment examined the 
interrrelationships between overt and covert forms of 
collateral behavior and DRL performance as they 
occurred at regular intervals throughout training. 

METHOD 
Subjects 

The Ss were 10 female introductory psychology students, who 
received class credit for participation. None had had previous 
experience with DRL schedules from either coursework or other 
experiments. 

Apparatus 
The 5s were seated in a room and fitted with a headphone, 

over which continuous white noise at 60 dB (re 
.0002 dynes/cm 2 ) was presented to mask extraneous sounds. In 
front of the S was a chassis containing four adjacent telegraph 
keys, placed 9.5 em apart, each requiring a downward force of 
438 g to be electrically recorded as a response. Directly above 
each key was a separate light which could be illuminated 
remotely. A four-digit counter was mounted in the middle of the 
chassis to indicate the cumulative number of reinforcements 
(points). A series of relays, timers, and recorders located in an 
adjacent room was employed to program events and record 
responses. A one-way mirror between the programming and S 
rooms allowed continuous visual monitoring of S. 

Each keypress activated a separate channel of an event 
recorder, \vith another channel recording reinforcements. The 
second key from S's right (Key 3) was programmed to produce 
reinforcement on a DRL 5-sec schedule. Responses on the 
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additional three keys comprised the overt collateral behavior and 
had no effect on the timer governing reinforcement. 

Procedure 
Each S was run individually for 75 min. The following 

instructions were presented at the beginning of the session: 
"On the panel in front of you are four telegraph keys, a light 

above each key, and a point counter. Your task is to cumulate as 
many points as you can by pressing the keys. However, you may 
press only one key at a time with only one hand at a time. 

"When you have earned a point, the red light above the 
counter will flash and a point will register on the counter. Your 
point score is a measure of your ability to learn or solve 
problems, so try to cumulate as many points as you can. 

"As you are probably aware, a subject's thoughts about an 
experiment in which they are participating are important to take 
into account. From time to time, the lights above the keys will 
go out. At these times, please write briefly and clearly the reason 
or reasons that you responded in the manner in which you did. 
The booklet by your hand should be used, and after you write, 
please turn the page to signal you are ready to resume key 
pressing. Please wait for the lights to go on before you resume 
the task. 

"For the rust several minutes, you will not be able to earn 
points. During this period, please familiarize yourself with the 
apparatus by pressing the keys. 

"Remember you may press only one key at a time using only 
one hand at a time. Try to get as many points as you can." 

Questions were responded to with repetition of the 
instructions and evasive answers. Prior to the session, books, 
pocketbooks, watches, and jewelry were removed from S. During 
the initial 5 min of the session, no reinforcements were available. 
This allowed an assessment of S's baseline rate of responding. 
The acquisition phase consisted of 15 successive 3-min periods in 
which the DRL 5-sec contingency on Key 3 was in effect. Each 
period was separated by a 45-sec timeout period, during which S 
wrote the reasons for responding during the preceding DRL 
training interval. 

RESULTS AND DISCUSSION 
Each of the Ss' 15 verbalizations was classified as 

reflecting either a time- or response-based hypothesis 
about the reinforcement contingency. A verbalization 
was classified as time-based (T) if reference was made to 
waiting a duration of time as the essential condition for 
reinforcement, and was judged as response-based (R) if 
the verbalization referred to the necessity for pressing 
the collateral keys in order to obtain a reinforcement. If 
the Ss' statement expressed neither a time nor a response 
component (e.g., "no particular reason"), it was 
classified as "undetermined." The classifications were 
conducted by two experimentally naive judges who 
achieved an interrater agreement of 89%. 

Table 1 summarizes the relationships between the 
final type of verbalization and measures of DRL 
performance. At the end of training, four Ss verbalized a 
T-based hypothesis and six verbalized an R-based 
hypothesis about the reinforcement contingency. For 
each S, the final verbalization was preceded by at least 
five consecutive verbalizations (i.e., last 15 min of 
training) in the same category. All Ss except S 4 initially 
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Table 1 
Performance During Last 15 Min and Throughout DRL Training 

as Related to S's Verbalization of the 
Reinforcement Contingency 

Number of Number of 
Collateral Reinforce- Efficiency 
Responses ments Ratio 

Final Last Last Last 
Verbali- 15 15 15 

S zation Total ~Iin Total Min Total Min 

T 1306 0 186 138 .09 .94 
1 T 311 0 239 95 .41 .81 
3 T 2949 37 226 81 .41 .53 
4 T 141 13 329 118 .68 .78 
5 R 4110 1054 216 102 .27 .73 
6 R 3015 1338 159 50 .30 .88 
7 R 4311 1105 195 77 .21 .31 
8 R 4106 1680 220 105 .21 .76 
9 R 7041 3366 260 135 .36 .85 

10 R 6891 1570 350 121 .61 .95 

verbalized an R-based hypothesis. During the fust five 
blocks of training, the verbalizations from S 6 were 
classified as "undetermined," but beginning with the 
sixth block of training an R-based hypothesis was 
emitted. Ss who reliably verbalized aT-based hypothesis 
emitted substantially fewer collateral keypresses than Ss 
who verbalized an R-based hypothesis (t = 3.41, df = 8, 
p < .005. one-tailed test). However, the nature of the 
verbalization was unrelated to either the total number of 
reinforcements obtained or to the efficiency [(number 
of reinforced responses)/(total number of Key 3 
responses)] of the performance. Thus, in the course of 
responding on a DRL schedule, perceiving the nature of 
the reinforcement contingency as either time- or 
response-based was manifested predominantly in the 
frequency of overt (motor) collateral behavior, but was 
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Fig_ 1. Number of collateral responses for each S during 
successive 3-min DRL training blocks prior to and after 
verbalization of a time-based contingency of reinforcement. 
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largely unrelated to the S's adjustment to the 
reinforcement schedule 01 to the efficiency of 
performance. Also, no significant relationship emerged 
between the rate of baseline responding and the 
probability of subsequently developing a time- or a 
response-based hypothesis during training (rpb = .28, t = 
.82, df = 8, p > .05). This is in contrast to verbalizations 
about the contingency following training on fixed 
interval schedules of reinforcement, in which lower 
initial response rates were associated with the 
development of time-based hypotheses and faster initial 
response rates were related to the subsequent 
development of response-based hypotheses (Leander, 
Lippman, & Meyer, 1968). 

The specific relationship between the emergence of a 
time-based hypothesis and changes in the frequency of 
overt collateral behavior for each S fmally verbalizing a 
time-based hypothesis is depicted in the backward 
learning curves shown in Fig. 1. The zero point on the 
abscissa refers to the DRL period following which the S 
first verbalized the time-based contingency of 
reinforcement. Negative integers denote the preceding 
periods, while positive integers indicate the DRL periods 
following verbalization of a temporal contingency. As 
shown, for Ss 1,2. and 3, the transition from verbalizing 
an R hypothesis to a T hypothesis was accompained by 
an immediate reduction and, in effect, an elimination in 
the occurrence of collateral key pressing. S 4 indicated a 
T hypothesis following the first 3-min interval of 
training and, thus, there were no contrasting preceding 
periods of collateral behavior correlated with R-based 
hypotheses. However, the collateral response rates which 
accompanied the T-based hypotheses were consistent 
with those of the other Ss. Moreover, there were no 
reliable changes in either the number of reinforcements 
obtained or in the efficiency of performance that 
accompanied the shifts from an R to a T hypothesis. As 
shown in Table 1, Ss that maintained an R hypothesis 
continued· to exhibit a high rate of overt collateral 
responding, as shown during the last 15 min of DRL 
training. Together with the previous findings, these 
results add further support to the conclusion that high 
rates of overt collateral behavior, which accompanied 
the response-based hypotheses, were functionally 
equivalent to the covert time-based hypotheses in 
mediating human DRL performance. 
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