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The accumulation of reinforcers is prevalent 
in humans and non-human animals. For exam-
ple, some animals store food, and many more 
engage in central place foraging, described in 
models of foraging such as the marginal value 
theorem (Charnov, 1976), which models the 
relationship between travel cost and time spent 
in patches. Humans also accumulate reinforcers, 
including conditioned reinforcers, such as mon-
ey, but also others like beanie-babies and toilet 
paper.  

Another example of conditioned reinforcers 
that are commonly accumulated are tokens. The 
tokens provided in token economies can serve as 
a bridge between a response and a reinforcer 
(Kazdin & Bootzin, 1972), making behavior less 
sensitive to delays to terminal reinforcement. 
Token accumulation research has often focused 
on the manipulation of the (a) token production 
schedule and (b) the exchange production 
schedule. This typically involves altering the 
relevant response requirement. Specifically, the 
token production schedule is the response re-
quirement for producing tokens, and the ex-
change production schedule is the response 
requirement for producing the opportunity to 
exchange tokens. In a study by Yankelevitz, 
Bullock, and Hackenberg (2008), pigeons’ key 
pecks were reinforced by delivery of tokens 
exchangeable for food. The token production 
schedule varied between fixed-ratio (FR) 1 and 
FR-10. Pecks to a separate key initiated an ex-
change period. The exchange production sched-
ule ranged from FR-1 to FR-250. The authors 
found that accumulation was a combined func-
tion of the token production and the exchange 
production schedules. Token accumulation was 
positively correlated with increases to the ex-
change production schedule, and negatively 
correlated to the token production schedule.  

The exchange production schedule is often 
described as a type of travel or procurement cost 
(Charnov, 1976; Hackenberg, 2018) and its effect 
on accumulation is well-documented. For ex-
ample, Killeen (1974) measured the effects of 
travel distance between the lever and food dis-
penser on the accumulation of pellets before 
consuming them. Rats’ lever presses were rein-
forced with food on an FR-1 schedule. Distance 
between the food dispenser and the response 
lever was increased across conditions. Killeen 
found that as the distance increased, the number 
of times the rats pressed the lever before travel-
ing to the pellets increased. McFarland & Lattal 
(2001) conducted a similar study in which they 
manipulated the FR food schedule and the dis-
tance between the earn and collect lever. Over-
all, accumulation was highest when the earn 
and collect levers were furthest apart, and the 
FR food schedule was at its lowest value. This 
result is consistent with the effects of distance on 
accumulation (Killeen, 1974), and the effects of 
the exchange and token production schedules 
on accumulation (Yankelevitz et al, 2008.) 

Over the past ten years, accumulation re-
search has been extended to applied behavior 
analysis and behavior therapy. This line of re-
search has focused on the preference for accu-
mulated, delayed terminal reinforcers compared 
to immediate, distributed reinforcers. DeLeon et 
al. (2014) measured the efficacy of distributed 
and accumulated backup reinforcers on task 
completion by increasing the exchange produc-
tion schedule in a token economy. Response 
rates were highest when participants were given 
access to accumulated reinforcers (i.e. several 
minutes of access to a video game) contingent 
on multiple response requirements rather than 
shorter access (i.e. thirty seconds) contingent 
upon a single response requirement. In addition 
to increased efficacy, participants also preferred 
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the former over the latter when the reinforcer 
was an activity (4/4 participants) and an edible 
(3/4 participants).  Participants typically engage 
in fewer problematic behaviors during accumu-
lated reinforcer conditions as well (Fulton et al., 
2020; Robinson & Peter, 2019) and are often suc-
cessful in skill acquisition programs (Frank-
Crawford et al., 2019). Another study assessed 
the extent to which preferences for larger ex-
change production schedules was moderated by 
the token production schedule (Falligant et al., 
2020). Preference for larger exchange production 
schedules was higher during dense token pro-
duction schedules, but reversed as the token 
production schedule was increased. These find-
ings are consistent with studies of pigeons in 
which increases to token production and ex-
change production schedules had opposing 
effects on accumulation (Yankelevitz et al., 
2008). 

Another variable that affects how partici-
pants behave in a token economy is token gen-
eralizability. Generalizability can be manipulat-
ed by varying the number and type of back-up 
reinforcers available for each token during the 
exchange period. According to Skinner (1953) 
behavior maintained by a generalized reinforcer 
is likely to be under the control of multiple 
states of deprivation. For example, if a student 
were to earn a token that can be exchanged ex-
clusively for potato chips, then a motivational 
operation that relates specifically to potato chips 
is required for the tokens to serve as effective 
reinforcers. However, if the student can ex-
change tokens for a large menu of items, then a 
much broader set of motivational operations 
will support the efficacy of tokens as reinforcers.  

In one of the first demonstrations of general-
ized token efficacy, DeFulio et al. (2014) assessed 
the reinforcing value of three different types of 
tokens under conditions of water deprivation: 
food tokens (exchangeable for only food), water 
tokens (exchangeable for only water), and gen-
eralized tokens (exchangeable for food or water) 
with pigeons. Subjects produced more general-
ized than specific tokens across several increas-
ing token production schedules, demonstrating 
a higher reinforcing efficacy for generalized 
tokens. A similar study extended the procedure 
of DeFulio et al. by measuring effects of in-
creased token production requirements on the 

production of generalized and specific reinforc-
ers. As the price of tokens exchangeable for spe-
cific reinforcers (food and water) increased, the 
production of generalized tokens (exchangeable 
for food or water) increased, demonstrating that 
generalized token reinforcers are substitutes for 
specific token reinforcers (Andrade & Hacken-
berg, 2017). Tan & Hackenberg (2015) used a 
similar arrangement to assess the efficacy of 
generalized token reinforcers with progressive 
ratio schedules, and preference procedures, and 
by manipulating response requirements to gen-
erate a demand function. This study similarly 
illustrated the substitutability of generalized 
tokens with specific food and water tokens.  

A key gap in human reinforcer accumula-
tion research is that the effects of generalizabil-
ity on accumulation are not well understood. At 
most, previous research on humans has shown 
how preferences for accumulated reinforcers are 
affected by one of the token component sched-
ules. Therefore, the present experiment was 
designed to investigate determinants of human 
token accumulation. Most importantly, token 
generalizability was manipulated across condi-
tions by increasing the variety of goods that 
could be purchased with tokens. In addition, the 
exchange production schedule was manipulated 
by increasing the distance between the computer 
that delivered the token production task and the 
store where tokens were exchanged for other 
items. The token production schedule was also 
manipulated. 
  

METHOD 
Subjects  

Five undergraduate students at a large 
midwestern university were recruited to partici-
pate in this study. Subjects were eligible to join 
this study if they were (1) at least 18 years old; 
(2) able to use a computer and be able to per-
form simple math; and (3) were not colorblind.  

Subjects were excluded if they are (1) are 
suspected of being under the influence of recrea-
tional drugs or alcohol before, during, or imme-
diately after any session; (2) had known allergies 
to any items included in the token exchange 
center. 
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Apparatus 
A scale was used to weight all food items to 

the gram. Hot coffee and chocolate were meas-
ured using a programmable single cup coffee 
maker set at 4 ounces. All food items were dis-
tributed using paper plates, and sports drinks 
were poured into a plastic cup. 
 
Procedure 
Design  

The study featured a single subject, repeated 
measures design. Each participant received all 
conditions. Participants completed the study 
over a minimum of seven and maximum of nine 
sessions, with no more than one session con-
ducted per day.  
 
Overview of Procedure  

Subjects earned tokens on a computerized 
paint by number task. Completing a full screen 
of mathematical problems produced one token. 
Token production requirements were manipu-
lated by altering the number of problems on 
each screen. All mathematical problems were 
simple addition, adding two numbers between 0 
and 9 (excluding 0 + 0). Each problem was con-
tained in a box on the screen. To fill each box, 
participants selected a color from an array on 
the left side of the screen which they dragged 
into the box using the computer mouse. There 
were six colors in the array, thus each color rep-
resented a three-value range of answers to the 
problem (e.g., the values 1 to 3 were represented 
by the color teal, while 4 to 6 was represented by 
green). In the present experiment, for each paint 
by number task, participants were asked to 
complete 100, 200, or 300 paint by number 
mathematical problems per screen, depending 
on the condition. The number of tokens partici-
pants accumulated were displayed as a running 
tally in top left corner of the paint by number 
screen. Participants were informed token pro-
duction requirements, distance to the store, and 
menu items available for purchase at the begin-
ning of each session. The menu was placed next 
to the participant throughout each session. 
While working on the paint by number task 
participants could pause at any time to exchange 
their tokens. All sessions lasted one hour, not 
including exchange periods. When a participant 

decided to pause their session to make an ex-
change, the researcher paused the one-hour 
timer. Timer pausing was designed to prevent 
travel time from affecting session duration. 
There was no time limit or requirement for the 
token exchange. Each subject could consume 
back-up reinforcers at any time during the ex-
perimental session, including while working on 
the task. The session timer was not paused for 
consumption. The token production schedule, 
exchange production schedule, and generaliza-
bility were manipulated as described below.  
 
Phase 1: Token Production Schedule Manip-
ulation 

The FR token production schedule began at 
FR-100 and was increased by 100 responses 
across sessions, to a maximum of FR-300. Ex-
change production schedules and generalizabil-
ity were held constant at their lowest values 
across these sessions. All subjects started on an 
FR-100 which increased each subsequent ses-
sion. Any participant who failed to accumulate 
tokens at FR-100 or FR-200 was moved immedi-
ately to the next experimental phase instead of 
experiencing higher token production sched-
ules.   
 
Phase 2: Exchange Production Schedule Manip-
ulation 

The exchange production schedule was ma-
nipulated by increasing the walking distance 
required to exchange tokens. One distance was 
used per session. Token exchange centers were 
at the following locations: (a) next to the partici-
pant’s work space, in the same room as the 
paint-by-number game (labeled the “No Walk” 
condition); (b) in the opposite corner of the ex-
perimental room (participants will have to stand 
up and move approximately 3 m to exchange 
their tokens, labeled the “Short Walk” condi-
tion); (c) across the hall, approximately 10 m to 
another room, labeled the “Long Walk” condi-
tion.  The token production schedule and token 
generalizability were held constant during all 
exchange production schedule manipulations.  
 
Phase 3: Token Generalizability Manipulation 

For this phase token production and ex-
change production values were set based on the 
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results of the prior phases. Specifically, values 
were selected such that the minimum amount of 
accumulation would be expected. These values 
(FR-200 token production and “No walk”) were 
held constant across the three session of this 
phase. For the first session tokens could be ex-
changed for any of eight different snacks. Seven 
different kinds of salty chips (e.g., potato chips, 
Doritos®) were included on the menu, along 
with Welch’s® fruit snacks. The second session 
included 15 items. Eight of these were identical 
to the eight offered in the previous session. The 
additional items included chocolate, breakfast 
cookies, juice, a sports drink, fruit-flavored can-
dy, popcorn, and cheese-flavored crackers. The 
final condition included 19 items on the menu. 
Trail mix, beef jerky, coffee, hot chocolate were 
added to the 15 items included in the prior ses-
sion.  
 

Data Analysis 
The primary outcomes in this study were 

the number of tokens spent and number of to-
kens available at each exchange period. The 
number of tokens available was measured to 
account for participants that do not spend all 
available tokens during a given exchange. Mean 
tokens spent and % multiple exchanges were 
calculated and averaged across all participants. 
Mean tokens spent was calculated by averaging 
the number of tokens spent for each condition, 
for each participant. A multiple exchange was 
any instance in which a participant spent more 
than one token during an exchange period.  
 

RESULTS 
Figure 1 contains the mean number of to-

kens available, tokens spent, and the percentage 
of exchanges during each condition where the 
participant spent more than one token. Exclud-
ing TA06, participants made multi-token ex-
changes at least 50% of the time across all condi-
tions. For example, 100% of TA02’s exchanges 
were of at least two tokens across all experi-
mental conditions.  However, multiple exchang-
es were more sensitive to manipulations for 
participants who spent their tokens more fre-
quently (i.e. TA05 & TA06).  

In general, participants’ mean tokens avail-
able was more sensitive to all three manipula-

tions than mean tokens spent. Three of five par-
ticipants’ tokens available decreased as the to-
ken production schedule increased. However, 
one participant showed a reverse trend. Exclud-
ing TA08, whose accumulation was insensitive 
to all manipulations, mean tokens available in-
creased as the exchange production schedule 
increased. Tokens spent increased for three par-
ticipants as exchange production schedule in-
creased. During exchange production manipula-
tions accumulation was highest in the Long 
Walk condition.  

Mean tokens spent and available increased 
as generalizability increased for two of five par-
ticipants (TA06, TA07). Three of five partici-
pants increased the number of multi-token ex-
changes as generalizability increased. The re-
maining two participants made multi-token 
exchanges across all generalizability manipula-
tions. Overall, accumulation was highest, and 
multi-token exchanges were most prevalent, in 
the 19-item menu condition. 
 

DISCUSSION 
In this study, token accumulation was pri-

marily a product of the exchange production 
schedule. Three of five participants had an im-
mediate increase in accumulation when moving 
from the Short Walk to the Long Walk condi-
tion, while four of five participants increased 
their accumulation by the Long Walk condition. 
The effects of generalizability on accumulation 
were not substantial. Two participants increased 
their accumulation as generalizability was in-
creased, with the largest increase in the token 
19-item condition. Overall, participants’ accu-
mulation was unaffected by the token produc-
tion schedule. One participant (TA08) was in-
sensitive to all experimental contingencies. 

The positive relationship between exchange 
production schedule and accumulation ob-
served in this study is consistent with previous 
research on reinforcer accumulation (Yankele-
vitz et al., 2008; Killeen, 1974). The method used 
to manipulate the exchange production response 
requirement in the present study was similar to 
the method used by Killeen, though Killen’s 
procedure did not incorporate tokens. In con-
trast, the present study and the Yankelevitz 
study both featured token economies, but differ-
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Figure 1 
Token accumulation across all conditions. 

.  
Note. Primary outcome variables for all study participants across all conditions. The left y-axis corresponds to the 
data paths with circle and square symbols, which represent mean tokens spent and mean tokens available for each 
participant, respectively. The right y-axis corresponds to the data path with triangle symbols and shows the percent 
of all exchanges in which more than one token was exchanged 
 

 
ed in the method used for manipulating the 
exchange production response requirement.  

The lack of relationship between token pro-
duction schedule and accumulation is not con-
sistent with prior research. Yankelevitz et al. 
(2008) found an orderly decrease in accumula-
tion as the token production schedule increased  

 
from an FR-1 to an FR-10. In the present study, 
there were no observed accumulation trends 
across participants. TA06 was the only partici-
pant to have an immediate decrease in accumu-
lation from the FR-100 (1.33/exchange) to FR-
200 (1.0/exchange). In opposition to the predict-
ed effect, a linear increase in accumulation was 
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observed with TA07 as the production schedule 
increased.  

A procedural difference between Yankele-
vitz et al. and the present study may explain the 
lack of token production schedule effect. Two 
participants did not run an FR-300 token pro-
duction schedule because their accumulation 
had already been eliminated at the FR200 level 
(e.g., TA06). As a matter of efficiency, the FR300 
condition was not conducted since that condi-
tion tends to reduce accumulation. Since they 
did not run an FR300 schedule, their low levels 
of tokens spent at each exchange did not con-
tribute to the overall participant mean for the 
FR300. Not including these sessions likely in-
creased the mean tokens spent and % multiple 
exchanges on the FR-300 schedule, which would 
have then been like the results on the FR-200 
schedule.  

Another important difference between this 
study and Yankelevitz et al. is that the magni-
tude of FR schedules used in this study were 
much higher. The FR-100 schedule produced 
low baseline accumulation, which led to a floor 
effect. It is possible that the parameter space 
within which humans would accumulate tokens 
on this task lies below the FR 100 response re-
quirement. Perhaps more importantly, all token 
production manipulations were done with the 
smallest exchange production response re-
quirement. Accumulation may be much more 
sensitive to token production schedule changes 
in the context of a larger exchange production 
schedule. 

A possible limitation of the present study 
was that container size appeared to be a deter-
minant of participants’ behavior. For example, 
participant TA08 spent two tokens at a time 
during most sessions. Informal conversation 
with this participant indicated that the reason 
for this was that two tokens roughly equaled an 
individual-sized bag of chips. Thus, the spend-
ing of tokens may have been under the partial 
antecedent control of the commercial packaging 
of the food items on the menu. Chips were ex-
changed at the rate of one token for 14 grams, 
but this was roughly equivalent to one-half of a 
bag, which may have led to self-generated rules 
such as, “two tokens equals a bag.” Further, 
participants observed the weighing of the food 
products on the scale. Such issues could easily 

be avoided in future studies by, for example, 
using larger bags of snacks rather than single 
serving bags. Consideration of stimulus control 
related to commercial packaging, and proce-
dures designed to eliminate it should be a de-
sign consideration in future human operant 
studies of token systems.  

A second potential limitation of this study 
was that the order of conditions was identical 
for all participants. All participants underwent 
each condition in the same order. This leaves 
open the possibility of an undetected sequence 
effect. For example, the No Walk condition may 
have served as an “anchor” for the short walk 
and long walk conditions (Tversky & Kahne-
man, 1974). A participant may have made accu-
mulation decisions based on the magnitude of 
the first schedule. Counterbalancing could be 
used in an attempt to wash out sequence effects, 
but such a technique would also obscure any 
sequence effect rather than revealing it. The 
effects of condition sequencing on accumulation 
could be addressed in future studies by directly 
comparing a limited number of alternative se-
quences.  

Research on reinforcer accumulation has 
significant applied value and may improve the 
quality of token economies as interventions. For 
example, in one study that used token systems 
to promote appropriate behavior, participants 
who save their tokens show performance de-
cline over time (Winkler, 1973). In Subramaniam 
et al. (2017), however, the authors found that 
participants who held a higher balance during a 
therapeutic workplace intervention for adher-
ence to naltrexone also tended to have higher 
rates of heroin and cocaine abstinence.  Alt-
hough the conclusions of these studies indicate 
opposite effects, they both indicate that there are 
conditions under which accumulation can medi-
ate the effects of token interventions. It is thus 
possible that interventions that target accumula-
tion specifically could improve overall outcomes 
in clinical applications of token economies. Giv-
en the robust effects of token component sched-
ules on accumulation, these variables would be 
strong candidates for inclusion in future studies 
designed to investigate accumulation as a medi-
ating variable in token economy interventions.  

Generalized reinforcers are part of everyday 
human life and come in many forms ranging 
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from verbal behavior to money (Skinner, 1953). 
We join Tan & Hackenberg (2015) in the view 
that despite the obvious translational value of 
generalized reinforcement studies, the literature 
remains limited. Generalizability of tokens did 
not produce a robust effect in the present study. 
Nevertheless, the possibility remains that gener-
alizability may moderate the relationship be-
tween performance and accumulation. For ex-
ample, the incentives used in Subramaniam et 
al. were paychecks, which are highly general-
ized reinforcers. Participants were able to save 
large sums of money during that study to pay 
for high cost bills such as rent. However, in 
Winkler et al. (1973) the tokens participants 
were working towards were restricted to privi-
leges, meals, and beverages in an inpatient ward 
in which basic needs were met independent of 
the participants’ performance.  It is possible that 
participants were saving their tokens in that 
study partially because the relevant motivation-
al operations fairly weak. This could serve to 
enhance the effects of the component schedules 
on accumulation and is also consistent with the 
reduction in earning responses observed in the 
study. Thus, a parametric analysis of the effects 
of token production schedule, exchange produc-
tion schedule; and token generalizability on 
accumulation is warranted. This would consti-
tute a systematic replication of Yankelevitz et al. 
(2008), with human participants and the addi-
tion of a token generalizability manipulation. 

The relationship between the token ex-
change schedule and token accumulation also 
warrants further study. Yankelevitz et al. (2008) 
held the token exchange schedule constant at 
FR-1 when manipulating token production and 
exchange production schedules. In applied set-
tings, the token exchange schedule is typically 
the number of tokens required to purchase a 
backup reinforcer. Increasing the token ex-
change schedule may promote accumulation. 
However, the price of the items was not experi-
mentally manipulated in the current study. In-
creasing the token exchange schedule by simply 
increasing the cost of all backups would inflate 
accumulation by requiring participants to save 
more tokens to spend them. However, pos-
sessing a number of tokens that is greater than 
one but less than the minimum necessary to 
purchase the least costly backup item should not 

be conceptualized as accumulation. Although 
price is a common independent variable in the 
field of economics, the effects of the token ex-
change schedule on accumulation has yet to be 
explored in an operant framework.  

The present study was the first investigation 
of token generalizability and accumulation with 
human subjects and one of the first to indicate 
that the relationship between generalizability 
and accumulation merits further inquiry. Addi-
tionally, this study provides additional support 
for the exchange production schedule findings 
from Yankelevitz et al. (2008) This finding could 
have translational value, especially if saving 
undermines the effectiveness of token-based 
interventions. 
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