
 

 

EFFECTS OF FIXED- AND VARIABLE-RATIO TOKEN EXCHANGE 

SCHEDULES ON PERFORMANCE WITH A CHILD WITH AUTISM  

Stephanie A. Greaves, B.A. 

 

 

 

Thesis Prepared for the Degree of 

MASTER OF SCIENCE 

 

 

 

UNIVERSITY OF NORTH TEXAS 

December 2008 

 

     APPROVED: 

                                                          Sigrid Glenn, Major Professor 
                                                          Manish Vaidya, Co-major Professor 
                                                          Janet Ellis, Committee Member 

                          Richard G. Smith, Department Chair,  
                                      Behavior Analysis 

                                                          Thomas Evenson, Dean of the College 
                                              of Public Affairs and  
                                                                       Community Service  

                                              Sandra L.Terrell, Dean of the Robert 
                                                            B. Toulouse School of Graduate  
                         Studies



Greaves, Stephanie A.  Effects of Fixed- and Variable-Ratio Token Exchange 

Schedules on Performance with Children with Autism.  Master of Science (Behavior 

Analysis), December 2008, 30 pp., 11 figures, references, 22 titles. 

The research literature with nonhumans supports findings that token economies 

are a common component of training programs.   The literature suggests that the 

schedule by which exchange opportunities become available determines the 

organization of behavioral performances in token economies to a great extent.  This 

study sought to systematically document whether the dynamics observed in basic 

laboratory procedures will also be observed in a child diagnosed with autism spectrum 

disorders and whether altering schedules by which the exchange opportunities become 

available will attenuate these effects.  The participant was exposed to two conditions: 1) 

a fixed token-production schedule (FR1) with a fixed token-exchange schedule (FR5) 

and 2) a fixed token-production schedule (FR1) with a variable token-exchange 

schedule (VR5).  Results of the current study did not lend themselves to draw definitive 

conclusions that the patterns of responding observed in this experiment were in fact due 

to the change in the token exchange schedule.  
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INTRODUCTION 

A great deal of human behavior is maintained by the contingent delivery of 

consequences that are only meaningful by virtue of the relation between those 

consequences and other events. These dynamics are largely studied under the broad 

category of conditioned reinforcement. A conditioned reinforcer is “one that’s become 

effective by virtue of its relation to some other reinforcer” (Catania, 1998). Money, for 

example, is typically an effective conditioned reinforcer for a large variety of acts under 

a large variety of conditions. Money has come to be an effective conditioned reinforcer 

by its relation to other items such as food, shelter, luxury items, etc (i.e., money is 

required to acquire important commodities).  

In the world at large, the rules that govern the exchange of money for goods and 

services are collectively called an economy. Economic factors can be recreated in the 

laboratory if arranged conditions provide a set of rules that govern how and when 

conditioned reinforcers can be earned or exchanged. Such arrangements have typically 

been referred to as token economies (Ayllon & Azrin, 1968). A token economy refers to 

a set of rules describing how an organism can accumulate conditioned reinforcers that 

can later be exchanged for other reinforcers (Catania, 1998). For example, an individual 

may receive tokens contingent on completion of math problems which can then be 

exchanged for extra time at recess or a preferred snack at lunch time. The arrangement 

of token economies has proven effective in establishing and maintaining simple and 

complex behaviors in laboratory settings with a variety of species and in applied settings 

with various populations such as psychiatric inpatients, persons with mental retardation, 
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children in classrooms, delinquents, and children with autism (Catania, 1998; Gollub, 

1977; Kazdin & Bootzin, 1972).  

Laboratory research on token economies has identified distinct parts of token 

reinforcement contingencies. According to Jackson and Hackenberg (1996), a system 

of token reinforcement “consists of  a series of three successive schedules of 

reinforcement (a) one in which tokens are obtained or produced (b) one in which the 

opportunity to exchange tokens is presented and (c) one in which exchange responses 

produce the terminal reinforcer.” Production schedules refer to the rules describing how 

which tokens are produced contingent on behavior. Tokens can be produced based on 

a fixed or variable number of responses (e.g., Webbe & Malagodi, 1978) or for the first 

response after a fixed or variable amount of time (e.g., Davidson & Osborne, 1974). 

Exchange schedules refer to the rules by which the opportunity to exchange tokens 

becomes available and, like production schedules, can be specified in terms of numbers 

of tokens or amount of time (e.g., Foster et al., 2001). The food schedule refers to the 

rules by which the terminal reinforcer is presented. These contingencies are typically 

programmed in terms of numbers of tokens required to produce the terminal reinforcer 

(though other arrangements are theoretically possible). A large number of studies have 

shown that each of these schedules separately, and in combination, influence the 

organization of behavior (e.g., Boren and Gollub, 1972; Kazdin & Bootzin, 1972; Webb 

& Malagodi, 1978). 

One finding, particularly relevant for current purposes, is the observation that the 

exchange schedule plays an important role in organizing the rate and patterning of 

behavior that leads to the production of tokens. Webbe and Malagodi (1978), for 
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example, compared the rate and pattern of lever pressing under fixed- and variable-ratio 

token exchange schedules with Long-Evans hooded rats. In the first condition, lever 

presses produced tokens on a fixed-ratio 20 schedule (FR20: Token) and opportunities 

to exchange the tokens for food pellets became available after six tokens had been 

earned (FR6: Exchange). Once initiated, the opportunity to exchange remained 

available until all available tokens had been exchanged. Once rates of responding were 

stable under these conditions, the exchange schedule was changed to a variable ratio 6 

(VR6: Exchange). In this condition, the opportunities to exchange tokens for food 

became available after an average of six tokens (range 1 – 14 tokens) had been 

earned. After response rates were stable, a return to the FR6 condition was 

implemented. Token production schedules remained at FR 20 under all experimental 

conditions. The data showed that the VR6: Exchange condition supported higher rates 

of responding relative to the FR6: Exchange condition. This difference in response rates 

was attributed primarily to an observed attenuation of the frequency and duration of 

pauses following terminal reinforcer presentations under the VR6 Exchange condition 

relative to the FR6 Exchange condition.  In other words, the fixed-ratio exchange 

conditions produced relatively more and longer pauses following the presentation of 

food than the variable ratio exchange condition.  

Foster, Hackenberg, and Vaidya, (2001) compared the effects of fixed- and 

variable ratio exchange schedules on rate and patterning of key pecks in White 

Carneau pigeons. The procedure maintained a constant token production schedule 

(FR50: Token) across all experimental conditions. Three pigeons were initially exposed 

to an ascending series of fixed ratio exchange schedule conditions (FR1:Exchange, 
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FR2: Exchange, FR4: Exchange, FR8: Exchange) and then a descending series of 

conditions in which fixed ratio exchange schedule conditions were interspersed with 

conditions with equal-value variable ratio exchange schedules (i.e., FR8: Exchange, 

VR8: Exchange, FR4: Exchange,VR4: Exchange, FR2: Exchange, VR2: Exchange, and 

FR1: Exchange). Across all comparisons, Foster et al. ensured that the number of 

responses and amount of access to grain was identical across all pair wise 

comparisons. The results showed that 1) response rates systematically declined as the 

number of tokens per exchange increased and 2) that the variable ratio exchange 

schedule condition maintained higher rates of responding relative to its fixed ratio 

exchange schedule counterpart. As with the Webbe & Malagodi (1978) study, a closer 

look at the data revealed that the increase in response rate (observed during the 

variable ratio exchange conditions) was primarily due to an attenuation in the duration of 

latencies to first response following food delivery under the variable-ratio exchange 

schedule condition relative to the fixed-ratio exchange schedule condition.  

In a second experiment, Foster et al. compared conditions with a variable ratio 

token production schedule and a fixed ratio exchange schedule (VR: Token and FR: 

Exchange) to conditions with a fixed ratio token production schedule and a variable ratio 

exchange schedule (FR: Token and VR: Exchange). The data showed that the 

conditions with variable ratio exchange schedules produced higher response rates than 

conditions with fixed ratio exchange schedules. As in Experiment 1, this was found to be 

due to a reduction in the duration of pausing prior to the first few responses following 

the exchange of tokens for food. These data, in particular, highlight the relatively greater 

influence of the exchange schedule because pause durations were longer in the 
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variable ratio token production schedule (a schedule known to produce relatively pause-

free, constant rates of responding) relative to the fixed ratio token production schedule 

(a schedule known to produce patterns of responding characterized by break and run). 

In effect, the pausing observed was primarily organized by the exchange schedule 

requirements – fixed ratio exchange schedules produced more pausing in rates of 

production relative to the variable ratio exchange schedules.  

Results from other studies suggest that other properties of responses such as 

accuracy can also be affected by the exchange schedule in token economies. For 

example, (Boren & Gollub, 1972) found that, under fixed-interval production and fixed-

ratio exchange schedules of token reinforcement, pigeon subjects made more errors in 

the first half of the token exchange cycle than in the latter half of the cycle. These data 

were interpreted as showing that accuracy improved as the opportunity for an exchange 

approached suggesting that the parameters of the exchange schedule were relevant in 

altering the accuracy of the performance.  

Davidson and Osborne (1974) extended the findings concerning error patterns 

associated with fixed-interval token production schedules in nonhumans by investigating 

error patterns on match-to-sample task performance with typically developing children. 

Seven children were exposed to fixed- and variable-ratio token production schedule 

conditions.  Five children were exposed to fixed- and variable- interval token production 

schedule conditions. For all conditions, sessions terminated when the child earned 30 

tokens (i.e., token exchange schedule of FR30). As with the other studies cited, 

Davidson & Osborne found a greater number of errors in the first half of the token 

exchange cycle than in the second half. This was particularly true for conditions that 
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involved fixed token production schedules (fixed ratio and fixed interval). Interestingly, 

Davidson & Osborne also found an attenuation of the ‘fixedness’ of errors under 

variable token production schedules (variable ratio and variable interval).  

Given that token reinforcement systems are commonly used in therapeutic 

contexts, a finer understanding of token-related dynamics would be of great benefit in 

informing technological decisions about the use of tokens. Unfortunately, there is little 

research directly investigating token dynamics with populations with developmental 

delays or autism. 

Tarbox, Ghezzi, and Wilson (2006) investigated the effects of a token system on 

the attending behavior (eye contact) of a five-year old boy diagnosed with autism.  The 

findings provided evidence that token systems are most effective for increasing 

attending behavior in a child with autism when the back-up reinforcer is immediately 

available.  Further, the experimenters were able to increase the number of tokens 

required to reach an exchange opportunity demonstrating that the number of tokens 

required for an exchange can be increased without affecting the stability of attending.   

Charlop-Christy and Haymes (1998) examined the role of the particular stimuli 

that serve as tokens by comparing task performance of children with autism when 

typical tokens (i.e., star stickers) and obsession tokens (i.e., objects that were the focus 

of the child’s obsession) were used. Obsession with an object was defined as talking or 

writing about items before, during and after school. Based on this definition, stickers that 

depicted the objects of obsession or actual objects of obsession were used as tokens; 

these tokens were then exchanged for a variety of back-up reinforcers which may or 

may not have been the actual objects of obsession. All three children in the study 
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demonstrated an increase in correct responding when tokens related to objects of 

obsession (e.g., micro-machines) or actual items of obsession were used relative to 

when star stickers were used as the tokens.  Additionally, the investigators noted a 

decrease in aberrant behavior under the ‘obsession’ condition. 

 Although there is a small body of research devoted to the effectiveness of tokens 

as reinforcers for children with autism; to date, there have been no studies that have 

investigated the role of exchange schedules in the organization of the target behavior. 

Such information may be particularly useful given the prominence of token-economy 

type arrangements in autism intervention (e.g., token boards and other token economic 

arrangements). The present study sought to extend previous research on the 

effectiveness of token systems by asking whether variable exchange schedules will 

attenuate the likelihood and duration of pausing and increase the probability of correct 

responses relative to fixed exchange schedules in children with diagnoses of autism. 

Evidence from research with nonhumans suggests that the answer might be ‘yes’. If 

true, such a finding would lead to clear implications for practice.  
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METHOD 

Participant 

The participant was a 13- year- old girl diagnosed with autism who attended a 

day program at the Connecticut Center for Child Development.  This participant was 

selected because she had the necessary prerequisite skills to complete the 

experimental tasks including familiarity with a variety of match- to-sample tasks and a 

token economy. According to reports by her parent and her teacher, access to videos 

(the programmed reinforcer for the experimental phases) had been shown to serve as 

an effective reinforcer for a variety of behaviors in the past. The participant spoke fluent 

English and read at a kindergarten grade level. 

Setting, Materials, and Apparatus 

Setting. The experiment took place in a 10 ft x 10 ft room furnished with a student 

desk with two chairs placed on either side of it. Also available in the room was a video 

camera, a portable DVD player, and a three drawer storage chest consisting of 

prearranged trial materials, data sheets, pencils, and three DVDs. All sessions were 

videotaped.  

Materials. One set of stimuli comprised hand-written times in hh:mm format on 

white index cards with black marker (see Figure 1).  A second set of stimuli comprised 

computer generated analog clocks showing various times pasted on white index cards 

(see Figure 1). Times used consisted of whole-hour (e.g., 12:00), quarter-past hours 

(e.g., 12:15), half-past hours (e.g., 12:30) and three-quarters-past hours (e.g., 12:45) for 

all hours of the day. Handwritten times were presented as pre-arranged trials in clear, 
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8.5 x 11 in pages consisting of 2 by 3 inch sleeves. A total of nine different stimuli were 

used in the experiment. 

Apparatus. Other materials included a 2” x 12” token board made from black 

laminated construction paper, 1” x 1” tokens constructed from white laminated 

construction paper, a 1” x 3” card with the word “Start” in a green circle and a 3” x 3” 

card with the word “movie” printed on it.  

Match-to-Sample Trial Procedures 

 The participant was required to match an analog time (sample stimulus) to a 

digital time (comparison stimulus) from an array of nine prearranged comparison stimuli. 

Upon entrance to the experiment room, the participant was given a choice of three 

movies to earn. The chosen movie was cued up on the DVD player and then paused 

and closed such that no visual or audio input was available. The token board was 

placed at the top of the desk.   

A trial began when the classroom teacher presented the start card on the desk. 

The comparison stimuli were presented on the desk immediately after the participant 

handed the start card to the experimenter. The classroom teacher then held up a 

sample stimulus and instructed, “Match.” The participant was required to take the 

sample stimulus and place it on the correct comparison stimulus.   

A correct response was defined as taking the sample stimulus from the 

experimenter and placing it on the corresponding comparison stimulus within 5 seconds 

of the instruction, “Match.” For each correct response, one token was delivered (from 

left to right as seen by participant) and the materials were cleared.  An incorrect 

response was defined as no response within 5 seconds of the instruction, “Match” or 
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placing the sample stimulus on an incorrect comparison stimulus. Upon an incorrect 

response, the classroom teacher cleared the materials.  Tokens were produced on a 

continuous schedule of reinforcement for correct match-to-sample responses, 

independent of measured latencies. 

After the participant had earned a predetermined number of tokens, the 

classroom teacher presented the exchange card.  The participant was then required to 

hand the exchange card (i.e., “movie” card) to the classroom teacher.  Upon receipt of 

the exchange card, the movie of choice was played for a predetermined amount of time 

equal to ten seconds per token.  Sessions were terminated after three or four 

exchanges. 

Pre-experimental Evaluation of Skill 

A pre-experimental evaluation of match-to-sample skills was implemented prior 

to the start of the training conditions in order to identify stimuli that engendered highly 

accurate performances.  The match-to-sample procedures described above were 

employed with the exception of the start and movie cards in a second location (i.e., 

participant’s classroom) to evaluate pre-existing skill levels in the matching task.   

The participant responded with 82% accuracy when matching analog times to 

digital times and 89% accuracy when matching digital times to analog times. Times that 

were half-past the hour and three-quarters past the hour resulted in increased errors 

during the skill evaluation; for this reason these times were not included in the 

experimental conditions (i.e., FR5 and VR5 conditions).   

Trial Start, Response Execution, and Token Exchange Training 
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A training phase was implemented to familiarize the participant with the 

requirements of the task including 1) starting a trial; 2) executing the response; and 3) 

exchanging the tokens. During this phase, both token production and token exchange 

schedules were set at FR1 (FR1 Token - FR1 Exchange).  Figure 2 shows the training 

data sheet used during these response training sessions. 

Trial-start training. A trial began when the classroom teacher presented the 

opportunity for the participant to begin the trial by placing the start card on the desk. For 

the first five trials, the primary experimenter immediately physically prompted the 

participant to take the start card and hand it to the classroom teacher. For subsequent 

trials, a correct response was defined as independently taking the card off the desk and 

handing it to the classroom teacher within 5 seconds of the presentation of the card. An 

incorrect response was defined as no response or picking up the card and performing 

an alternate action with it. 

Response execution training. Upon receipt of the start card, the classroom 

teacher instructed the participant to perform an imitation response (e.g., teacher 

clapped her hands and said, “Do this.”) or to respond to a one step instruction (e.g., 

“Stomp your feet.”). These instructions were chosen via teacher report because the 

participant had been observed emitting these responses with 100% accuracy across 

different settings and with different instructors. A correct response was defined as 

performing the action within 5 seconds of the instruction. An incorrect response was 

defined as no response or performing an alternative action within 5 seconds of the 

instruction.  If the participant did not begin responding within 2 seconds of the 

instruction, the primary experimenter would have physically prompted the participant to 
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respond, but the participant did not require prompting to respond to the instructions at 

any point during this training phase.  

Token exchange training. When the correct response was emitted, the classroom 

teacher delivered one token on the token board, followed by the movie card on the desk 

with one hand extended. For the first five trials, the primary experimenter immediately 

physically prompted the participant to take the movie card and hand it to the classroom 

teacher. For subsequent trials, a correct response was defined as independently taking 

the card off the desk and handing it to the classroom teacher within 5 seconds of the 

presentation of the card. An incorrect response was defined as no response or picking 

up the card and performing an alternative action with it. Upon receipt of the movie card, 

the classroom teacher played the chosen movie for 20 seconds.   

The participant was considered trained when the she responded independently 

and correctly for 5 consecutive trials across 3 consecutive sessions across all response 

requirements (i.e., exchanging the start card, responding to the instruction, and 

exchanging the movie card). The participant met all training criteria after 3 sessions.   

Interobserver agreement (IOA) data were collected for 100% of the training 

sessions for all three training components (i.e., trial start, response execution, 

exchange).  Data collected in-vivo by the experimenter and classroom teacher was 

compared. An agreement was scored if data collected matched (e.g., an agreement 

was scored if both the experimenter and classroom teacher scored either a “P” or “I” on 

any given component). IOA was calculated by dividing the number of agreements by the 

number of agreements plus disagreements and multiplying by 100%.  

Experimental Conditions 
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All experimental conditions entailed the match-to-sample procedures as 

described above. The participant spent a minimum of 8 sessions in each experimental 

condition.  The second condition (i.e., VR exchange schedule) was implemented after 

the participant’s responding was deemed stable which was defined as no more than a 

variation of one inaccurate match-to-sample per session response.  

During experimental conditions, data were collected on trial start accuracy and 

latency, match-to-sample response accuracy and latency, and exchange response 

accuracy and latency (see Figure 4). For the trial start and movie card exchange 

latencies, the classroom teacher used a timer to count the seconds from when the start 

or movie card made contact with the desk to when the card made contact with the 

teacher’s hand. To calculate the latency for the matching-to-sample responses, a timer 

was used to count to the seconds from when the instruction and sample stimulus were 

presented to when the sample stimulus made contact with the comparison stimulus.  

Interobserver agreement (IOA) data were collected for 33% of sessions for each 

experimental condition (see Figure 3).  These data were collected by the experimenter 

either in-vivo or via video tape after the completion of the session.  IOA was calculated 

by dividing the number of agreements by the number of agreements plus 

disagreements and multiplying by 100% for accuracies and latencies of each condition 

(i.e., trial start, match-to-sample response, exchange). For accuracy, an agreement was 

scored if data collected by the experimenter and classroom teacher both indicated a 

correct or incorrect response for any given response.  For latencies, an agreement was 

scored if data collected by the two observers concurred on the exact number of seconds 

(i.e., durations collected by both observers had to be identical). 
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FR5 exchange schedule. During the FR5 exchange condition, the exchange 

opportunity was presented (i.e., the movie card was placed on the desk) after the 

participant had collected 5 tokens. The classroom teacher started the movie upon 

receipt of the movie card; the movie was played for 50 seconds – 10 seconds for each 

of five earned tokens. Sessions were conducted every school day, with a total of four 

exchange cycles scheduled per session.   

VR5 exchange schedule. During the VR5 condition, the opportunity for token 

exchange was made presented on a variable-ratio 5 schedule (range 3-8). The 

classroom teacher started the movie upon receipt of the movie card; the movie played 

for variable durations dependent on the number of tokens just earned. Sessions were 

conducted every school day with a total of three exchanges per session. 
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RESULTS 

 The participant mastered the training portion of the experiment in three sessions 

(i.e., she did not require additional prompting after the five initial prompted trials to 

correctly use the start card, respond to an instruction, or correctly use the movie card).   

The participant completed a total of 15 sessions per experimental condition. Data 

from the last eight sessions of each condition were analyzed. 

Trial Start Accuracy and Latencies 

The participant did not make any errors exchanging the start card to begin the 

match-to-sample trials under either experimental condition.  Figure 5 shows the average 

start latencies at each ordinal position in the fixed-ratio and variable-ratio exchange 

conditions. That is, the graph presents average latency to start trials when 0 or 1 or 2 

(etc.) tokens had been earned. During the FR5 conditions, the latency to start trials 

decreased as the number of earned tokens increased. By contrast, during the VR5 

condition, start latencies increased as the number of earned tokens increased until 4 

tokens had been earned. Latencies to start trials, under the FR5 exchange schedule, 

averaged 2.05s ranging from 1.86s - 2.25s and, under the VR5 schedule, averaged 

2.12 ranging from 1.95s – 2.56s. Figure 6 shows that the overall average start latency 

was longer during the VR5 condition (2.12s) compared to the start latencies of the FR5 

condition (2.05s).   

IOA data indicated an agreement of 100% for accuracy of trial start responses 

and a mean agreement of 83% for trial start latencies.  

Match-to-Sample Response Accuracy and Latencies 
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Figure 7 depicts error position for each experimental condition. Under the FR5 

condition, a total of seven errors were made in the last eight sessions.  Three of the 

errors occurred after 4 tokens had been earned, while the remaining errors occurred 

when zero,  two and three tokens been earned. Under the VR5 condition, the participant 

made a total of eight errors.  Two errors were made when no tokens had been earned, 

two errors occurred when 1 token had been earned, three errors occurred when two 

tokens been earned and one error occurred when 4 tokens had been earned.  

Figure 8 shows the average response latencies for both experimental conditions 

across ordinal position in the exchange schedules. Average response latencies in the 

FR5 condition were 3.404s with a range of 3.14s – 3.57s. Average response latencies in 

the VR5 condition were 3.07s and ranged from 2.86s – 3.75s.  Figure 9 shows that the 

overall average response latency was longer during the FR5 condition (3.404s) relative 

to the response latencies in the VR5 condition (3.18s).   

IOA data indicated a 100% agreement for accuracy of match-to sample 

responses and a mean agreement of 80% for MTS response latencies. 

Exchange Accuracy and Latencies 

 The participant did not demonstrate any errors exchanging the movie card under 

either experimental condition. Figure 10 and 11 display the average exchange response 

latencies per session and overall average response latencies. Exchange response 

latencies do not differ significantly between the two conditions; exchange response 

latencies under the VR conditions (overall average of 1.75s) were longer than those in 

the FR5 condition (overall average of 1.66s) by 0.09s. 
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IOA data indicated an agreement of 100% for accuracy of exchange responses 

and a mean agreement of 78% for exchange response latencies. 
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DISCUSSION 

 This study sought to extend the generality of findings from non-human research 

by examining the impact of exchange schedules in a token economy with a child with 

autism by manipulating the schedule by which opportunities became available to 

exchange tokens.  The results of the current study do not allow any definitive 

conclusions about the effect of token exchange schedules on the responses of the child 

with autism.  

For example, the participant was only negligibly quicker to start the trials during 

the FR5 condition than during the VR5 condition; a difference of 0.073s overall. Under 

the FR5 condition, start latencies decreased as the number of tokens present 

increased, while start latencies increased as the number of tokens present increased 

under the VR5 condition. In addition, there was not a significant difference in the total 

number of errors on the match-to-sample trials exhibited by the participant between the 

two conditions. The errors demonstrated did not lend themselves to any particular 

pattern (i.e., errors were generally evenly distributed across positions).  

Finally, the latencies for the exchange responses across sessions varied 

minimally; exchanges during the VR5 condition were only slightly faster than under the 

FR5 conditions (a difference of 0.092s). In sum, three of four dependent measures were 

substantially unchanged as a function of exchange schedule requirements.  

One of the dependent measures, latencies to respond to comparison stimuli on 

MTS trials, was different.  The VR5 condition produced quicker response times on the 

match-to-sample trials relative to the FR5 condition; a difference of 0.34 s overall. 

Interestingly, the difference was in a direction consistent with the results from studies 



 

19 
 

with nonhuman participants. That is, variable ratio exchange schedules produced faster 

responding (albeit slightly) relative to the fixed ratio exchange schedules.  

Despite the small but consistent difference in response times, the results of this 

study do not permit any definitive conclusions regarding the role of exchange schedules 

in token economies programmed with children with autism. There are several limitations 

to this study that should be addressed in future research designed to study this 

phenomenon further.  

First, only one child with autism participated in the experiment. To demonstrate a 

trend that may be attributable to most or some children with autism, patterns of 

responding under different reinforcement conditions with multiple participants would 

need to be further investigated.  

Second, the stimulus available for exchange used in the present study was a 

single item (movie) as opposed to a menu of back-up reinforcers typically used in token 

economies and applied settings. In the present study, the stimulus available for the 

exchange of tokens was selected based on teacher report of most often chosen 

reinforcers; however, future investigations into this area should incorporate a full menu 

of back-up reinforcers upon the exchange of the tokens to ensure that the child is truly 

receiving a reinforcer for the accumulated tokens and not just a preferred item. 

Third, error patterns in this study did not lend themselves to successful analysis.  

Response accuracy was above 98% for the entirely of the experiment. Davidson and 

Osborne (1974) concluded from their own experiment that a minimum number of errors 

appear necessary to occur before an error pattern can successfully be observed. The 

number of errors displayed under each condition did not vary significantly (seven errors 
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during the FR5 condition compared to eight errors during the VR5 condition). In 

addition, error tendencies when zero tokens were present were identical in each 

condition (i.e., two errors in each). 

Fourth, the number of experimental phases implemented in the study was 

limited.  Two phases (FR5 and VR5) where the token exchange schedule was the 

independent variable were executed. Additional phases with a larger ratio (e.g., VR8, 

FR8) or a return to FR5 and then VR5 again would have lent themselves to further 

analysis of response patterns. This would allow for a definitive conclusion that the 

patterns of responding observed in this experiment were in fact due to the change in the 

token exchange schedule. 

Although the current study is limited in immediate implications to the field, future 

research should further analyze response patterns based on the two schedules of 

reinforcement in effect with token economies (i.e., production and exchange schedules).  

Due to the utility of token economies with individuals with autism spectrum disorder as 

well as typically developing learners, consistent patterns of responding based on the 

either the production or exchange schedule of token systems would be a valuable 

resource for student programming. The implications for this type of discovery are vast in 

applicability and can affect student progress in areas of skill acquisition and behavior 

reduction. For example, if it is true that children with autism exhibit similar response 

patterns to those described by Foster et al. (2001), a system of reinforcement based on 

these findings should increase a child’s rate of learning by decreasing response 

latencies and reducing error patterns in addition to decreasing rates of problematic 

behaviors. 
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Future research should also analyze the effects of the two schedules of 

reinforcement present in token economies when teaching skill acquisition as opposed to 

the maintenance of skills, as these are the conditions under which the majority of tokens 

systems are used in applied settings.    

The investigation into the schedules present under token economy conditions 

certainly warrants further research. The implications of such research are far too 

advantageous to disregard. Reinforcement production schedules make up a large body 

of research in the field and it is not unknown that these schedules can predict, maintain 

and change behavior based on effective implementation. It is necessary to employ the 

same critical analysis to the second schedule of reinforcement that is present in such a 

widely-used system for teaching children with autism: the token economy. Learners and 

practitioners stand to benefit from such an analysis. 
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Figure 1. Match-to-sample stimuli.

12:00 
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Experimental Condition Training Sheet 
P= prompted I= independent                
 
Mastery = 15 @ 100% (5 per day across three consecutive days) 
 
* First five trials are immediately prompted by experimenter (no opportunity for error) 
 
Date Trial Start Response Exchange 
 1 P P P 
 2 P P P 
 3 P P P 
 4 P P P 
 5 P P P 
 6 I      P I      P I      P 
 7 I      P I      P I      P 
 8 I      P I      P I      P 
 9 I      P I      P I      P 
 10 I      P I      P I      P 
 11 I      P I      P I      P 
 12 I      P I      P I      P 
 13 I      P I      P I      P 
 14 I      P I      P I      P 
 15 I      P I      P I      P 
 16 I      P I      P I      P 
 17 I      P I      P I      P 
 18 I      P I      P I      P 
 19 I      P I      P I      P 
 20 I      P I      P I      P 
 21 I      P I      P I      P 
 22 I      P I      P I      P 
 23 I      P I      P I      P 
 24 I      P I      P I      P 
 25 I      P I      P I      P 
 26 I      P I      P I      P 
 27 I      P I      P I      P 
 28 I      P I      P I      P 
 29 I      P I      P I      P 
 30 I      P I      P I      P 
 
Figure 2. Trial start, response execution, and token exchange training.
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Treatment Implementation Data Collection                              
Date:_______________ 
Condition:__________ Session:__________ 
 

Treatment Step  X 1  X 2  X 3  X 4 
Places start card __ __ __ __ 

__  
__ __ __ __ 
__  

__ __ __ __ 
__  
__ __ __ __ 
__  

__ __ __ __ 
__  
__ __ __ __ 
__  

__ __ __ __ 
__  
__ __ __ __ 
__  

Places page 
immediately following 
start card transfer 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

Instructs “match” while 
handing sample 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__ 
 __ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

Collects accuracy data __ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__ 
 __ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

IOA data- accuracy __ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

Delivers token if 
correct 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__ 
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

Remove pages 
(immediately following token 
delivery, incorrect response or 10 
s of no response) 

__ __ __ __ 
__ 
__ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

__ __ __ __ 
__ 
 __ __ __ __ 
__ 

__ __ __ __ 
__  
__ __ __ __ 
__ 

Places movie card at 
appropriate token 
placement 

    

Starts movie within 5 s 
of being handed card 

    

Plays movie for 
appropriate duration 
 (10 s per token) 

    

 
Figure 3.  Interobserver agreement data sheet.
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Condition:  ( FR5 or VR5)       Participant: XX           Date:_____________ AM or PM 
+ or – or for accuracy (record times if incorrect) 
Trials Component X 1 X 2 X 3 

1 Start    
Response    
Accuracy    

2 Start    
Response    
Accuracy    

3 Start    
Response    
Accuracy    

4 Start    
Response    
Accuracy    

5 Start    
Response    
Accuracy    

6 Start    
Response    
Accuracy    

7 Start    
Response    
Accuracy    

8 Start    
Response    
Accuracy    

9 Start    
Response    
Accuracy    

10 Start    
Response    
Accuracy    

11 Start    
Response    
Accuracy    

12 Start    
Response    
Accuracy    

13 Start    
Response    
Accuracy    

14 Start    
Response    
Accuracy    

 
Figure 4. Experimental session data sheet. 
 
 
 
 
 

 
-For each trial, record latency 
in sec for start, response & 
exchange in appropriate trial 
# box 
 
- For each trial, record 
accuracy (+/-) 
 
-Present “movie” upon 
delivery of indicated # of 
tokens next to each X 
   - Each token = 10s movie  
 

EXCHANGE LATENCY 
 
X 1: _____ 
 
X 2: _____ 
 
X 3: _____ 

Total Session Duration: 
 
_________________ 
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Figure 5. Average start latencies for FR5 and VR5 condition. 
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Figure 6. Overall average start latencies. 
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Figure 7. Position of match-to-sample response errors per # tokens present.  
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Figure 8. Average response latencies for FR5 and VR5. 
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Figure 9. Overall average response latencies.  
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Figure 10. Average exchange response latencies. 
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Figure 11. Overall average exchange response latencies. 
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