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Attempts to control various aspects of response requirements and sample 

viewing durations of sample stimuli show that an increase in both facilitates acquisition 

of conditional discriminations. Despite these attempts, few empirical data exist that 

demonstrate the relative contributions of both response- and time-dependent schedules. 

In addition, viewing opportunities of sample stimuli are present outside of the 

researchers’ control, allowing for ‘unauthorized sample viewing.’ This study employed a 

titrating delay matching-to-sample procedure to systematically control various aspects 

of response requirements and sample viewing durations to independently assess their 

relative contributions towards conditional discrimination performance. Four pigeons 

worked on a titrating delay matching-to-sample procedure in which the delay between 

sample offset and comparison onset continuously adjusted as a function of the accuracy 

of the pigeons’ choices. Results show sample viewing durations contribute most toward 

conditional discrimination performance. The data show ‘unauthorized sample viewing’ 

improved acquisition of conditional discriminations and should be a consideration in 

design of future research. 
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CHAPTER 1 

INTRODUCTION 

Control by a stimulus requires sensory contact with that stimulus.  Contact is 

regulated by observing responses toward stimuli.  This observation holds true in just 

about every circumstance in which we speak of stimulus control.     

The stimulus control research community has a fair amount of interest in 

observing behavior; it comprises a particular functional category, has important effects 

on other behavior, and has applied implications (Dinsmoor, 1985).  As Wyckoff (1969) 

demonstrated, there is a positive correlation between the amount of time engaged in 

observing behavior and stimulus control.  Wyckoff designed an experiment where birds 

had the opportunity to observe a stimulus correlated with food and a stimulus not 

followed by a schedule of reinforcement by standing on top of a pedal.  Wyckoff showed 

more time was spent engaged in observing the stimulus correlated with food-an 

increase in stimulus control.  Although a variety of preparations can be used to ask 

questions about stimulus control, the focus will be on the matching-to-sample (MTS) 

procedure and its variants. 

The matching-to-sample problem involves a conditional discrimination among 

stimuli (called comparison stimuli) based on the presence of another stimulus (called a 

sample stimulus). In a variation called identity matching-to-sample, a response to the 

comparison stimulus which is identical to the sample stimulus produces reinforcement 

(Saunders & Williams, 1998, p. 212). The standard identity matching-to-sample task can 

be described as involving two phases: the presentation phase and the test phase. The 

presentation phase begins with the presentation of a sample stimulus. A response to 
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the key on which the sample is displayed presents the comparison stimuli initiating the 

test phase. Choice of the comparison stimulus that is identical to the sample stimulus 

(designated ‘correct’ in these procedures) generates a programmed consequence, while 

an incorrect choice does not.   

In a procedure known as delayed matching-to-sample (DMTS), a delay is 

introduced between the offset of the sample stimulus and presentation of comparison 

stimuli.  With this procedure, accuracy (defined as the percent of trials with an 

experimenter-designated correct response) has traditionally been the used measure of 

performance. Percent of correct trials as the dependent measure, however, can be 

problematic as accuracy can often exceed 90-95% correct as the subject learns the 

discrimination under a fixed delay, showing a ceiling effect (see Wenger & Wright, 

1990). Wenger and Wright conclude that a titrating delay procedure is better suited to 

ascertain parameter effects because it allows for a more sensitive measure of the birds’ 

performance. In a titrating DMTS procedure (hereafter, TDMTS), the delay between 

sample offset and comparison onset adjusts as a function of the subjects’ performance 

on the task. In typical arrangements, correct responses increase, and incorrect 

responses decrease the delay between sample stimulus offset and comparison stimulus 

onset. Manipulating the ratio of corrects to incorrects required for the delay to adjust 

allows one to maintain a constant level of accuracy as the delay adjusts. 

 Researchers have demonstrated that manipulation of independent variables in 

the test phase can alter matching accuracy.  For example, reinforcer magnitude and 

probability (Brown & White, 2005); schedule of reinforcement (Nevin et al., 1963); and 
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changes to the duration of the interval between trials (Holt & Shafer, 1973) have been 

shown to affect response accuracy in DMTS procedures.  

 Researchers have also shown that variables manipulated in the presentation 

phase affect accuracy.  For example, Roberts (1972) reported that matching accuracy 

improved when he increased the opportunity to observe the sample stimulus, by adding 

response requirements.  Following key-peck shaping, each subject began in a 

simultaneous matching-to-sample procedure in which responses to the sample key 

illuminated the side key comparisons while the sample remained on. Comparison stimuli 

were presented after three responses (FR3) to the sample. After a birds’ performance 

reached 85% correct over 5 successive days, delays of 0, 1, 3, and 6-s were introduced 

between the presentation- and test-phase of each trial, followed by the experiment 

proper.  Experiment 1 was identical to the DMTS training except the subjects now 

cycled through three response requirements (FR1, FR5, or FR15) within individual 

sessions. Findings suggested that accuracy improved as the response requirement on 

the sample key increased.   

 D’Amato and Worsham (1972) noted, however, differential rates of pecking could 

increase or decreases the duration of observing by how quickly or slowly the sample-

observing response requirements are met.  D’Amato and Worsham attempted to control 

observing more precisely by programming fixed time (FT) schedules in which sample 

durations were independent of the rate at which subjects responded to the sample 

stimulus. During training, two capuchin monkeys pressed a left lever that illuminated a 

center key for a fixed time of 2-s (FT 2-s). Regardless of responses, the sample 

stimulus turned off after 2-s, followed by the presentation of comparison stimuli. 
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Following training, Phase I consisted of holding sample durations (.5, .1, & .075-s) 

constant while delays of 7.5, 15, 30, and 60-s varied within session.  During Phase 2, 

both subjects made contact with fixed time schedules of .075, .15, .45-s and delays of 2, 

120, 180, and 240-s.  The authors concluded that matching performance stood 

independent from observing opportunity. That is, the increase in sample durations did 

not improve matching accuracy.     

 Devine, Jones, Neville, and Sakai (1977) reported that longer sample durations 

improved the accuracy of MTS performance. Following training, three rhesus monkeys, 

one with a history of MTS training, completed trials where delays of .03, 4, 8, 16, and 

32-s were orthogonally combined with three fixed time schedules (.1, 2, & 4-s), yielding 

15 different delay-duration combinations, each presented once every 15 trials in a 60 

trial session. The data suggested that longer sample durations increased accuracy for 

both experienced and non-experienced subjects. Experiment 2 held sample durations 

constant across conditions. The researchers used sample durations of .1, 2, and 4-s – 

each in place for 4 consecutive days -- with delays of .03, 4, 8, and 16-s presented 

randomly within each session.  Results again showed that longer sample presentations 

provided for better matching performance across subjects.  

 Nelson and Wasserman (1978) used a fixed interval (FI) presentation schedule in 

a go-no-go procedure to study matching with pigeons. With a go-no-go procedure, a 

trial begins with the introduction of a sample stimulus, the first response to the sample 

after 5-s (fixed interval 5-s) initiates the delay period followed by one of two stimuli 

appearing on one of the side keys. On trials were the second presented stimulus is 

identical to the previous sample, the first response after 5-s turns off the keylight and 
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initiates brief grain access. On non-matching trials, the keylight extinguishes 

automatically after 5-s, resulting in a period of blackout.  Four naïve pigeons, initially 

autoshaped to peck the sample stimulus, received from 121 to 127 pretraining sessions 

of DMTS conditioning that used a 1 s delay.  Birds then were shifted to a procedure that 

contained multiple FI values of 1, 3, 6, and 12-s which varied between sessions, with 

delays (1, 10, 25, 50-s) randomly mixed within sessions. Results indicated that 

matching accuracy improved with larger sample durations.   

All this research shows that the duration and effort of observing are related to 

performance accuracy and delay tolerance.  Observing the stimulus is important, but is 

all observing opportunities during the presentation phase equally important?  Although 

some studies have treated the presentation phase as one whole piece in a matching-to-

sample procedure, minimal attention has been given to ‘unauthorized sample viewing’ 

observation of the sample stimulus. For example, Nelson and Wasserman (1978) used 

a presentation phase consisting of an FI schedule where the time between the end of 

the fixed interval and the final response (called post-FI time) fluctuated based on the 

subjects responding, allowing the obtained sample duration to be placed under the 

subjects’ control, not the experimenters. The problem of ‘unauthorized sample viewing’ 

from the post-FT time is minimized when a fixed number of responses are required to 

the sample stimulus but then another problem, unauthorized viewing of the sample 

stimulus prior to the first response, is introduced. It is possible that different sample 

latencies could produce longer or shorter viewing opportunities despite the fact the bird 

would be in the same nominal condition.   
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 To rectify this problem, Roberts and Grant (1974) developed a procedure to 

control the total viewing time of the sample stimulus more precisely.  In this procedure, 

the sample only illuminated following a response to a white stimulus on the center key 

(hereafter, an initiating stimulus). Experiment 1 began after the observing response 

requirement was slowly increased to 20. During the experiment proper, each session 

consisted of forty-eight trials: twenty-four trials with 20 responses required on the 

sample and twenty-four trials during which sample durations were fixed at values of .5, 

1, 2, 4, & 8-s. Delays of 0 and 1 split each type of trial set to compare different fixed 

time schedules. The results matched Devine et al. (1977) and Nelson and Wasserman 

(1978), showing that accuracy improved as sample presentation schedules lengthened 

in duration.     

 Finally, Foster, Temple, Mackenzie, DeMello, and Poling (1995) conducted 

research in which both the sample duration and response requirements were fixed.  

Initially, researchers trained six hens to stop pecking a sample stimulus following a .5 s 

tone.  Following pre-training, completion of an FR5 within 5-s concluded the 

presentation phase; the trial terminated if the subject did not meet both the time and 

response criteria programmed by the experimenter. Following 62 days of training, 

researchers arranged 28 sessions where completion of an FR3 within 5-s ended the 

presentation phase; following this, an increase in the delay was programmed from .25-s 

to 1.5-s over 42 sessions.  The delay remained at 1.5-s for the experiment proper where 

researchers arranged 13 different conditions using response requirements of 0, 1, 3, 7, 

and 10 and fixed time schedules of 2, 5, and 10-s.  Results indicate performance 
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became more accurate when both the sample duration and response requirements 

increased.  

 To summarize, researchers have attempted to control various observing 

opportunities during the presentation phase in an MTS preparation to understand the 

role of sample viewing durations and observing-response requirements on the accuracy 

of performance. These experiments have suggested that both the number of observing-

responses made to the sample stimulus and the amount of time spent in the presence 

of the sample stimulus are directly related to accuracy in MTS tasks. However, the 

relative contributions of each of these IVs remains less than well understood. In 

addition, the influence of ‘unauthorized’ viewing times, during latency to start sample-

observing or during the post-FI period, remains poorly understood. The goal of the 

present study was to employ procedures to systematically control different parts of the 

presentation phase to independently assess their contribution to accuracy in the 

TDMTS task.  
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CHAPTER 2 

METHODS 

SUBJECTS 

 Three white Carneau pigeons (birds 16, 659, and 660), maintained at 80% of 

their free-feeding weight, served as subjects. All birds had a history of DMTS 

performance in prior experiments. All birds remained housed in a temperature- and 

humidity-controlled vivarium on a 14:10 hour light/dark cycle.  Experimental sessions 

occurred 6 days a week and began between 9am -10am; exceptions occurred if the 

bird’s weight before the session differed from the 80% free-feeding value by more than 

+/- 15 grams.   

APPARATUS 

 The experimental chamber was sound- and light-attenuated and measured 30 

cm high, 80 cm long, and 30 cm deep.  An exhaust fan, mounted on top of the chamber, 

provided ventilation and generated white noise which helped reduce the influence of 

events happening outside the experimental chamber. The intelligence panel consisted 

of a house light, three horizontally-spaced 2.5 cm plexiglass keys (MED PC Model 

#ENV-135M) and a square opening (5 cm) for access to a food hopper (Model #ENV-

205M). The hopper contained mixed grain and was located 2 cm above the floor and 5 

cm below the center key. The two side keys were located 10 cm to the left and to the 

right of the center key, and could be illuminated with red or yellow hues via Industrial 

Electronics in-line projectors (IEEE Model #ENV-130M). A computer running MED-PC® 

software (Ver. 4.0, Med Associates, St. Albans, VT) managed all stimulus 

presentations, response detection and contingencies of reinforcement.  
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Dependent Variable 

 In a standard DMTS procedure, the delay between sample offset and 

comparison onset is arranged by the experimenter.  In the TDMTS procedure used in 

this study, the delay was adjusted as a function of individual subject’s performance. 

Specifically, the delay increased by 1 s following two consecutive correct responses and 

decreased by 1 s following one incorrect response. These parameters held the subject’s 

accuracy constant at 66.67% while allowing the delay between sample offset and 

comparison onset to adjust continuously.  The stable titrated delay values (displayed in 

seconds) in a given condition served as the main dependent measure.  

Procedure 

 Subjects were exposed to daily sessions consisting of 72 quasi-random trials. 

Each condition remained in effect for a minimum of 20 sessions and until the means of 

the titrated delay values for 10 consecutive individual sessions fell within +/- 25% of the 

running 10-session mean. A trial began with the onset of illumination on the center key.  

After the time- and/or response-requirement on the sample key was satisfied, the 

sample key turned off and, after an adjusting delay during which all lights in the 

chamber were off, the comparison stimuli were presented. The comparison stimuli, 

uniform wash of a red or yellow hue, were counterbalanced across the two side keys. A 

single response to the comparison stimulus that matched the sample stimulus 

extinguished the key lights and produced a 2.5 s illumination of the hopper light and a 

2.5 s access to grain.  A single response to the key not matching the sample stimulus 

resulted in a 2.5 s darkening of all chamber lights.  Following a correct or incorrect 

response, a 10 s intertrial-interval (ITI) was programmed before the next trial could start.  
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Presentation Phase  

Experimental conditions (a) and (b) were arranged in order to asses the relative 

contributions of observing responses made to the sample and the amount of time spent 

in the presence of the sample on accuracy.  Experimental conditions (b), (c), (d), and (e) 

were arranged in order to evaluate the influence of ‘unauthorized’ viewing times, during 

latency to start sample-observing or during the post-FI period on matching accuracy 

(see Figure 1):   

(a) FR8 

 It was necessary, during the FR8 condition, for the birds to peck the 

sample eight times before the sample key darkened.     

(b) Response initiated fixed interval (RIFI)  

 During the RIFI condition, the duration of the FI was yoked to the median 

of the last 10 mean sample durations from each subjects’ individual FR8 

condition. The FI timer was response-initiated and began after a response to 

the sample key. A peck to the sample key after the FI duration had elapsed 

darkened the key and initiated the delay.  No consequences were 

programmed for pecks to the sample key during the FI.        

(c) Response initiated fixed interval with limited sample (RIFIsL) 

 This phase replicated the RIFI condition except a green initiating stimulus 

illuminated the center key before the presentation of the sample stimulus.  A 

response to the initiating stimulus turned it off and illuminated the sample 

stimulus, beginning the FI schedule.   

(d) Response initiated fixed time with limited sample (RIFTsL) 
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 The RIFTsL phase was similar to the RIFIsL condition except a fixed time 

rather than a fixed interval schedule operated during the presentation phase.  

That is, the sample stimulus was turned off when the FT value elapsed 

regardless of responses on the sample key. No consequences were 

programmed for pecks to the sample stimulus during the fixed time schedule.    

(e) Response initiated fixed time (RIFT) 

 The RIFT phase is similar to the RIFI condition with the exception that a 

response at the end of the interval was not necessary.  
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CHAPTER 3 

RESULTS 

The following analyses are limited to data collected during the last ten, stable, 

sessions of each condition for each subject.  

Figures 1 and 2 shows birds’ performance displayed as the titrating delay, 

obtained sample duration, and responses to the sample stimulus.  Specifically, Figure 1 

shows the summary means (bars) and standard deviations (error bars) of the titrated 

delay values during the last 10 sessions from each condition to which the subjects were 

exposed. The left column of Figure 2 shows the mean obtained sample duration for all 

conditions. The bars are further subdivided to show sample latencies and post fixed 

interval (post-FI) durations as constituents of the overall duration of the sample.  The 

right column of Figure 2 shows the mean number of observing responses during the 

sample duration for all conditions. 

For Bird 16 Figure 1 shows the average adjusted delay was 20-s during the fixed 

ratio (FR8) condition. When the median sample duration was yoked from the FR8 

condition onto the response initiated fixed interval (RIFI) phase, the titrated delay held at 

19-s.  The left column of Figure 2 shows the obtained sample duration increased from 

20-s to 35-s and  the right column shows the mean number of observing responses 

decreased from 8 to 5; suggesting Bird 16 used less effort to obtain the same amount of 

reinforcer as the FR8 condition.  Furthermore, the light grey bars under the left column 

show sample latency made up 68% of the obtained sample duration during the FR8 

condition and 77% during the RIFI condition; suggesting more time was spent in the 

presence of the sample stimulus during the latency period rather than during the yoked 
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duration and post-FI time.  When the sample latency period was removed, Figure 1 

shows the titrating delay decreased during the response initiated fixed interval with 

limited sample (RIFIsL) condition (8 s) and the response initiated fixed time with limited 

sample (RIFTsL) condition (9.1 s).  The left column of Figure 2 shows time spent in the 

presence of the sample decreased to 6-s during the RIFIsL condition and remained 

constant during the RIFTsL phase.  The right column shows the number of responses to 

the sample stimulus remained constant (5); suggesting that the time before the first 

observing response is not behaviorally neutral but rather may involve the subject 

engaging with or observing the sample stimulus. 

For Bird 659, Figure 1 shows the adjusted delay settled at a lower value (4.4-s) 

during the FR8 condition. The delay maintained around 5-s during the RIFI and RIFIsL 

conditions and decreased to 2.5-s under the RIFTsL phase.  The left column of Figure 2 

shows the obtained duration remained stable at 7-s across the FR8 to RIFI condition.  

Time spent in the presence of the sample decreased to 4-s during the RIFIsL condition 

and a further decrease to 2.5-s is observed during the RIFTsL condition.  The right 

column shows a decrease in number of observing responses from 8 to 6 during the RIFI 

condition relative to the FR8 condition.  Responses to the sample then decreased to 5 

during the RIFIsL condition and a further decrease is observed (less than one response) 

during the RIFTsL phase; suggesting removal of the post-FI time and sample latency 

period affected the number of responses made to the sample and duration of the 

sample stimulus.  During the response initiated fixed time (RIFT) condition, Figure 1 

shows the highest titrated delay value (6.5-s), the left column of Figure 2 shows the 

highest obtained duration (10.5-s) with sample latency making up 78% of the duration, 
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the right column shows the lowest mean number of observing responses (.94).  Taken 

together, these data suggest the bird is observing the sample stimulus more toward the 

beginning of the presentation phase rather than the later.    

For Bird 660, the titrating delay settled around 11-s under the FR8 condition, but 

decreased to 8-s during the RIFI phase.  Results of the RIFIsL condition reveal a further 

decrease to almost a 5 s mean adjusted delay, and the RIFTsL condition produced the 

lowest adjusted delay for bird 660, averaging 3.5-s across the last 10 sessions.  The left 

column of Figure 2 shows that the obtained sample duration remained stable at 8-s 

during the RIFI condition relative to the FR8 condition.  Time spent in the presence of 

the sample decreased to 3.5-s during the RIFIsL condition, and then maintained at 2.8-s 

during the RIFTsL condition.  Sample latency made up 55% and 51% of the obtained 

duration during the FR8 and RIFI conditions, respectively.  The right column shows 

mean number of observing responses decreased from 8 to 6.5 during the RIFI condition 

relative to the FR8 condition.  The number of observing responses remained stable at 7 

during the RIFIsL condition compared to the RIFI condition, and then decreased to 2.5 

during the RIFTsL condition; suggesting sample duration and the number of responses 

made to the sample were dissociable features of the birds observing behavior, making it 

possible to isolate the contributions of responses to the sample stimulus from the time 

spent in the presence of the sample stimulus.   

Fig 3 shows a pair-wise comparison of titrated delays in all of the conditions to 

which the subjects were exposed.  Birds 16 and 660 did not complete the RIFT 

condition. The left most column shows a comparison between the FR8 condition from 

which the sample durations were yoked against the RIFI condition. The adjusting delay 
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decreased from 11-s to 8-s for bird 660 and remained constant at 20-s and 5-s for birds 

16 and 659, respectively.  These data suggest the yoked sample duration had variable 

affects on the birds matching performance. 

The middle two panels present two comparisons: between RIFI and RIFIsL and 

RIFT and RIFTsL. These comparisons allow us to isolate the effects of sample latency 

more directly. The RIFI-RIFIsL comparisons display a decrease from 19-s to 8-s in the 

titrating delay for Bird 16 and a decrease from 8-s to 5-s in the delay in for Bird 660.  

There was no change in the titrated delay in these conditions for Bird 659. The RIFT-

RIFTsL comparison shows a decrease from 6.5-s to 2.5-s in the titrating delay for Bird 

659.  These panels show that removing the opportunity to view the sample stimulus 

during the sample latency period showed the biggest and most systematic decreases in 

titrated delays in 3 out of 4 cases.  There was no change in the fourth case – Bird 659’s 

performance in the RIFI and RIFIsL conditions.  

The rightmost panels present two comparisons: between the RIFI and RIFT 

conditions and between the RIFIsL and the RIFTsL conditions. These comparisons 

allow us to isolate the role of post-FI viewing opportunities on titrated delay values. The 

RIFIsL-RIFTsL comparisons show a decrease from 5-s to 2.5-s in the mean titrating 

delay for Bird 659 and a decrease from 5-s to 3-s in the titrating delay for Bird 660. The 

RIFI-RIFT comparison shows that Bird 659’s adjusted delay increased from 5-s to 6.5-s 

when the post-FI was removed from the presentation phase.   

These comparisons suggest that subjects may be responding to and viewing the 

sample stimulus toward the beginning rather than the end of the presentation phase.  

Specifically, comparisons between Columns 2 and 3 and Columns 4 and 5 confirm that 
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‘unauthorized sample viewing’ during latencies to peck the sample key had a greater 

effect on the adjusted delay values than ‘unauthorized sample viewing’ during the post-

FI time.  These findings represent a novel contribution to the literature and future 

research will be focused on replicating and extending these effects to ensure that they 

are reproducible and general. 
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CHAPTER 4 

DISCUSSION 

In conclusion, results suggest viewing times contribute most toward matching 

performance and show that subjects may be observing the sample more during the 

initial part of the presentation phase rather than toward its end.  Two points can be 

drawn from the latter observation.  First, if the results are viewed strictly within the 

matching-to-sample paradigm, stimulus control alone does not provide an accurate 

account of matching performance (i.e. the more time spent observing, the more a 

correlation between that stimulus and reinforcement).  Because the control exerted from 

the sample latency differed from the post fixed interval (post-FI) time, it is possible that 

each part of the presentation phase of a matching-to-sample procedure served a 

particular function for observing behavior.  For example, Roberts (1972) did not account 

for sample latency and its role in a matching-to-sample paradigm.  If the average 

sample latency time was moved to the end of the response requirement and a decrease 

in stimulus control was observed, it is possible other mechanisms are regulated by 

observing behavior, possibly at the neural level.  Second, if we view the latter 

observation in terms of time spent during the sample latency compared to post-FI, the 

results are in line with a general account of stimulus control.  Due to individual 

performances, each bird had more opportunity to observe the sample during the latency 

period rather than during the post-FI time.  Based on the amount of time engaged with 

the sample, a stimulus control account of the birds observing behavior would predict 

greater decrease in accuracy when the sample latency is removed. 
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Future research should attempt to control the exact time the organism attends to 

the sample stimulus.  That is, procedures measuring the exact amount of time the 

stimulus falls upon the organisms’ receptors are still open for investigation.  

There are several weaknesses in this study that preclude any strong statements 

about the birds’ performance under these procedures. In particular, not all birds were 

exposed to all conditions, none of the conditions was replicated, and the planned 

parametric manipulations, in which the sample duration would have been explicitly 

manipulated, were not run.  Despite these obvious limitations, the study confirms 

existing findings regarding the role of sample viewing on performance accuracy and 

provides some results towards the contributions of ‘unauthorized sample viewing’ on 

conditional discrimination performance.   
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Figure 1.  Schematic of experimental conditions in chronological order. 
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Figure 2.  Summary means of titrating delay values. 
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Figure 3.  Summary mean obtained duration and summary mean responses. 
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Figure 4.  Pair-wise comparisons of summary mean titrated delays. 
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