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 Organisms constantly face choices between responses and their consequences.  

Across a range of species and conditions, organisms prefer to make those choices 

between a greater number of alternatives as opposed to fewer or only one alternative; 

that is, they prefer free choice to restricted or forced choice.  A number of variables 

contribute to preference for free choice, such as the number and quality of available 

alternatives, and reinforcer probability and amount.  The purpose of the present set of 

five experiments was to extend previous work that has evaluated each of these 

variables.  Specifically, previous research was replicated using within-subject methods 

with adult human participants, and several procedural variations among previous 

studies were directly assessed.  In each experiment, participants made selections for 

either free or forced choice of response alternatives in the context of a concurrent-

chains schedule.  Experiments 1 and 2 examined the effect of number of alternatives 

and probability of reinforcement on preference for choice; results did not indicate 

consistent effects of either variable on preference for free choice.  Experiments 3 and 4 

were designed to test the hypothesis that a history of differential outcomes produces 

preference for free choice options.  When outcomes (amount and probability of 
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reinforcement) were better for free or forced choice, participants preferred the better 

option, but there was little carry-over of this history to conditions in which outcomes 

were equal.  Between-subject variability with respect to free choice preference was high 

in Experiments 1-4.  Experiment 5 tested the effect of presenting higher quality 

alternatives (as indicated by participants’ rankings) in free and forced choice options, 

and this is the only experiment in which consistent preference for free choice was 

exhibited when free and forced choice outcomes were equal.  Experiments 1-4 did not 

provide conclusive evidence to support and/or qualify the findings of previous research.  

These outcomes indicate a need to continue to study preference for choice of response 

alternatives and reinforcers with adult humans.    
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CHAPTER 1 
GENERAL INTRODUCTION 

A couple is undecided about the movie they will see and travels to a multiplex 

instead of a single-screen cinema; a child spends more time working on a task for which 

she can choose her reward than one in which the same reward is chosen for her; a 

squirrel inhabits a densely-wooded area rather than a residential neighborhood where 

trees are fruitful but sparse.  The common thread running through each of these 

scenarios is that the actors are choosing an option with more alternatives.  Scientific 

studies conducted in different disciplines and using a variety of procedures, measures, 

and subject populations have demonstrated the same behavioral phenomenon:  

organisms prefer more choice to less choice.  Because choice is a ubiquitous concept 

with several possible meanings, we need to define “preference for choice.”  Catania 

(1975) points out, “In the psychological vocabulary, the availability of alternatives has 

long been the basis for distinguishing among free choices and forced choices” (p. 1). 

Therefore, to prefer (free) choice is to prefer access to multiple alternatives versus a 

single or fewer alternatives.  Surprisingly, preference for choice has been observed 

across species even when response alternatives and outcomes in free and forced 

choice options are identical.  The determinants of this preference are not well 

understood and require further examination in both humans and non-humans.  The 

present set of experiments conducted with humans further evaluated the roles of 

several variables that have been shown or hypothesized to contribute to preference for 

choice:  namely, number of alternatives, current certainty of reinforcement, and past 

history of better outcomes when choosing among multiple alternatives.   
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Evidence for Preference for Choice 

The alternatives from which organisms may choose are generally of two types:  

response alternatives or reinforcers.  That is, organisms may choose among alternative 

behaviors in which to engage and/or alternative consequences of those behaviors.  

Most studies with non-humans have investigated preference for choice of response 

alternatives.  In an early study, Voss and Homzie (1970) found that rats preferred a 

major pathway of a maze that offered two subsequent minor pathways before reaching 

the goal to one that did not present a further choice between pathways.  Later studies of 

preference for choice employed a more sophisticated procedure called a concurrent-

chains schedule.   

In a simple concurrent-chains arrangement, two stimuli (called initial links) are 

concurrently available, and responding to those stimuli produces a new set of stimuli 

called the terminal links.  Responding in the terminal links then produces reinforcement.  

A schematic of a simple concurrent schedule is shown in Figure 1-1.  In studies of 

preference for choice, responding on one initial link will produce a single stimulus in the 

terminal link (typically called the “forced choice” link) and responding on the other initial 

link will produce an array of multiple stimuli in the terminal link (the “free choice” link).   

Because each initial link is associated with its own distinct terminal link, relative rates of 

responding on concurrent initial links is used as a measure of preference for the 

terminal links, either forced choice or free choice.  An organism prefers (free) choice if a 

greater proportion of its responding is allocated to the initial link associated with more 

stimuli in the terminal link.   
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In several studies using concurrent-chains arrangements, pigeons have shown 

preference for a terminal link in which two response keys are available over a terminal 

link with only one key illuminated (Catania, 1975, 1980; Cerutti & Catania, 1986, 1997; 

Ono, 2000, 2004).  Monkeys preferred free choice over forced choice when presented 

with terminal links in which reinforcement delivery was probabilistic (Suzuki, 1999).  

These experiments suggest that organisms prefer multiple alternatives to fewer.  In 

addition, Catania and Sagvolden (1980) conducted an experiment in which both 

terminal links consisted of four illuminated keys.  In the forced choice terminal link, three 

keys were red and signaled extinction and one was green and signaled reinforcement; 

in the free choice terminal link, three keys were green and one was red.  Pigeons in this 

experiment preferred the free choice link even though the number of keys in each 

terminal link was the same.  The experimenters concluded that the subjects preferred 

not just more visual stimuli, but more response alternatives (in this case more that 

would produce reinforcement).    

Research with adult human participants has demonstrated preference for free 

choice of response alternatives in undergraduate students in the U.S. (Skowronski & 

Carlston, 1982) and Japan (Suzuki, 1997, 2000).  For example, Suzuki (2000) used a 

concurrent-chains procedure in which participants chose between two initial links, one 

that led to a terminal link in which one response alternative was available and one that 

led to a terminal link in which multiple response alternatives were available.  

Participants in this study preferred both two and five terminal link alternatives versus 

one alternative.   
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Organisms also make choices between reinforcers, and research suggests that 

similar processes control preference for choice of reinforcers and response alternatives.  

Both typically developing preschoolers (Fenerty & Tiger, 2010; Tiger et al., 2006), and 

children with developmental disabilities (Fisher et al., 1997) have shown preference for 

free choice of reinforcers.  For example, Tiger, Hanley, and Hernandez (2006) used a 

concurrent-chains procedure in which the initial links consisted of different academic 

tasks.  Completing each task resulted in a different consequence, and Tiger et al. 

observed that most of the preschooler participants completed more tasks after which 

they could choose one reinforcer from an array of multiple identical reinforcers than 

tasks for which only one reinforcer was available.   

Previous research suggests that choice is a powerful controlling variable affecting 

the behavior of humans and non-humans alike.  It remains to be determined, however, 

exactly how or why choice functions in this capacity.  Although several hypotheses have 

been offered, there is limited evidence to support particular explanations regarding what 

feature(s) of choice contribute to it being preferred.  Therefore, it is not clear why 

organisms prefer to make choices among multiple response alternatives and/or 

reinforcers. 

Why is Choice Preferred? 

Preference for choice might arise in phylogenetic or in the ontogenetic history of 

organisms.  Catania and Sagvolden (1980) suggest a possible phylogenetic 

mechanism:  “an organism that chooses patches of the environment in which two or 

more food supplies are available will probably have a survival advantage over one that 

chooses patches of the environment containing only a single food supply” (p. 85).  Such 
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behavior is not necessarily a matter of an organism choosing more reinforcement over 

less.  All available food supplies could be equally rich and an organism may forage in 

only one, but environmental changes could easily threaten this food supply.  An 

organism is in danger if it chooses an area in which no alternative food source exists 

and is more likely to survive if it chooses an area in which it could switch to an 

unthreatened source with relatively little effort.  It could be hypothesized that the 

organism that chooses an area with multiple food sources is more sensitive to the 

availability of multiple alternatives, a characteristic that may have been selected in its 

evolutionary history and can be passed on to its offspring.   In addition, Catania (1980) 

points out, “To the extent that free choice provides an opportunity for more variable 

responding than does forced choice, the free choice preference is at least consistent 

with the important behavioral and biological role of variability” (p. 139).  In short, 

organisms that seek out situations in which multiple response alternatives and/or 

reinforcers are available may be more likely to survive than those that do not, and their 

progeny may then be predisposed to prefer conditions that offer choice.    

Experience within the lifetime of an organism is also likely to contribute to 

preference for choice.  Specifically, choice may be preferred over no choice if an 

organism has experiences in which the outcomes associated with the availability of 

choice are more beneficial than those associated with its unavailability.  For example, 

when organisms have access to more than one response alternative or reinforcer, it 

may be more likely that they prefer one of those alternatives compared to situations in 

which only one alternative is available.  In addition, the availability of multiple 

alternatives may better accommodate temporary fluctuations in preference or changes 
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in motivation.  In this case, the situation in which multiple alternatives are available is 

also more likely to be associated with reinforcing stimuli that are currently valued, and 

would be preferred to a situation in which fewer or only one alternative are available.   

Having had these experiences, the organism learns to prefer conditions in which 

multiple response alternatives and/or reinforcers are available, especially when a 

“better” alternative is available.   

The phylogenetic and ontogenetic processes that contribute to preference for 

choice are limited as explanations until tested.  Although empirical evaluation of the 

phylogenetic nature of preference for choice is difficult, it is possible to control and 

manipulate certain aspects of individual organisms’ environments in order to understand 

what ontogenetic experiences produce preference for choice.  Along these lines, a 

number of studies have been conducted to determine some variables in the immediate 

environment that control preference for free choice versus forced choice.    

Number of Free Choice Alternatives 

Increasing the number of alternatives in a free choice option may increase the 

likelihood that a “better” alternative is available in that option and result in an increase in 

preference for choice.  Preference for free choice over forced choice has been 

demonstrated when the free choice option contains as few as two alternatives versus 

one in the forced choice option (Catania, 1975, 1980; Cerutti & Catania, 1986, 1997; 

Fisher et al., 1997; Ono, 2000, 2004; Skowronski & Carlston, 1982; Suzuki, 1999, 2000; 

Voss & Homzie, 1970), and some studies have found that increasing the number of free 

choice alternatives produces an increase in the degree of free choice preference.   

Catania (1980) observed a systematic increase in preference for a free choice option in 

one pigeon as the number of response keys in a free choice terminal link increased 
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from two to four alternatives.  Suzuki (2000) found that human participants exhibited a 

higher preference for free choice when three stimuli were present in the free choice 

terminal link compared to two stimuli, and Suzuki (1999) observed a similar effect with 

monkeys.  Tiger et al. (2006) found that increasing the number of identical reinforcers in 

an array from which participants could choose one resulted in an increase in the 

proportion of trials in which participants chose the free choice option.    

Interestingly, there is also evidence to suggest that too many alternatives in a free 

choice option may shift preference to no choice options (Iyengar & Lepper, 2000; Shah 

& Wolford, 2007).  For example, in Experiment 1 of their study, Iyengar and Lepper 

(2000) set up displays of jams for grocery store patrons to sample.  They found that 

30% of the patrons who had sampled from an array of 6 jams went on buy a jar of jam 

compared to only 3% of the patrons who had sampled from an array of 24 jams.  Similar 

results were observed in the other two experiments by Iyengar and Lepper and by Shah 

and Wolford who used similar dependent measures.  However, both of these studies 

used indirect measures of preference, making it difficult to draw conclusions regarding 

the number of alternatives that shifts preference from free choice to forced choice.    

Certainty of Reinforcement 

When reinforcement delivery is uncertain, organisms may prefer access to multiple 

response alternatives among which to switch.  Therefore, preference for free choice 

over forced choice may be higher when reinforcement is uncertain.  Studies conducted 

by Catania and colleagues showed preference for choice under a variety of conditions 

when reinforcement delivery was certain in both the free and forced choice options.  

Suzuki’s (1999, 2000) human participants showed preference for choice when the 

probability of reinforcement across free and forced choice options was 0.4.  Similarly, 
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Ono (2004) found preference for choice in pigeons when reinforcement probability was 

0.5 in the free and forced choice options.  However, Ono (2000) observed differences in 

degrees of preference for choice depending on whether reinforcement delivery was 

certain or uncertain when he conducted an explicit test of the effect of reinforcement 

certainty using a concurrent-chains schedule.  Two groups of pigeons were exposed to 

a condition in which reinforcement delivered at the end of both free and forced choice 

terminal links was certain and another condition in which reinforcement was delivered at 

a probability of 0.5.  One group experienced certain reinforcement first and the other 

experienced uncertain reinforcement first.   Pigeons in both groups were indifferent 

between free and forced choice when reinforcement was certain.  Pigeons that 

experienced uncertain reinforcement first showed preference for the free choice option 

in that condition, but pigeons who were exposed to certain reinforcement first continued 

to be indifferent between the two options when reinforcement was uncertain.   These 

results indicate that reinforcement certainty influences free choice preference but its 

effect may be moderated by other variables (such as past experience).   

Past History with Multiple Alternatives  

Free choice is preferred even when it offers no obvious advantage over forced 

choice.  In most of the studies with non-humans cited above, whether subjects chose 

free or forced choice they were always presented with the same reinforcer (e.g. access 

to food) at the same probability (Catania, 1975, 1980; Catania & Sagvolden, 1980; 

Cerutti & Catania, 1986, 1997; Ono, 2000, 2004; Voss & Homzie, 1970).  Subjects 

preferred free choice even though neither free nor forced choice was associated with 

the availability of a more preferred reinforcer.  Humans have also shown preference for 

choice when identical reinforcers were delivered in free and forced choice options (Tiger 
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et al., 2006).  Fisher et al. (1997) yoked reinforcers in the forced choice option to the 

reinforcers that were chosen when participants were given an array of multiple 

reinforcers.  Under these conditions, participants preferred the free choice option.  

These studies indicate that preference for choice persists even when outcomes in free 

and forced choice options are identical. 

Although number of free choice alternatives and certainty of reinforcement control 

preference for choice, it is necessary to explain why these and any other controlling 

variables produce free choice preference under conditions in which free choice is no 

more beneficial than forced choice.  The explanations are likely to emerge from an 

understanding of the past history of organisms and the effect of this history on current 

behavior.  As described earlier, the most common suggestion regarding ontogenetic 

processes that contribute to free choice preference is that organisms have had a history 

in which free choice options afforded the organisms something “better” compared to 

forced choice options.  When no differential outcomes exist between free and forced 

choice options in the current environment, that past history may be used to explain 

current preference for free choice.   

The influence of past history can be appreciated by analyzing a choice between a 

free and forced choice option in the context of the operant contingencies in play.  

Consider a concurrent-chains schedule in which the free choice terminal link contains 

two or more response alternatives indicated by distinct discriminative stimuli.  For 

example, a pigeon that responds to obtain a free choice terminal link would be 

confronted with two or more illuminated response keys, each of which functions as a 

discriminative stimulus signaling that responding to the key will produce reinforcement.  
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Research on the function of discriminative stimuli has indicated that, in addition to 

occasioning responding, these stimuli function as conditioned reinforcers.  If a free 

choice terminal link contains multiple discriminative stimuli that occasion multiple 

response alternatives, it might also be said that the free choice terminal link contains 

multiple conditioned reinforcers.  Therefore, preference for a free choice terminal link 

could simply be a preference for multiple conditioned reinforcers versus the single 

conditioned reinforcer in the forced choice terminal link.  Preference for free choice of 

reinforcers – demonstrated when the free choice array consists of multiple reinforcers 

from which subjects choose one – can be explained by appealing to similar principles.  

That is, in both cases, the subject may be attracted to the free choice option simply 

because the visual array signaling free choice contains more reinforcing stimuli than the 

forced choice visual array.  

This account of free choice preference as a preference for multiple conditioned 

reinforcers does not necessarily require that the subject have any prior history in which 

free choice produced a better outcome than forced choice.  It does require, however, 

that the subject had some history with the discriminative stimuli or reinforcers in order 

for them to have been established as conditioned reinforcers.  One problem for this 

account, then, is explaining preference for choice in novel situations when particular 

stimuli have not yet been established as conditioned reinforcers.   An alternate account 

of the role of conditioned reinforcement in preference for free choice involves a process 

in which a history with differential outcomes in free and forced choice options is a key 

variable.   As Fisher et al. (1997) explain: 

From an ontogenic perspective, Catania (1980) suggested that individuals 
may prefer choice over no choice because it provides a mechanism for 
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adjusting reinforcer delivery in relation to momentary fluctuations in 
motivation…If this is true, then choice could become a conditioned 
reinforcer over time because it is often correlated with increased access to 
preferred stimuli (p. 435). 

In other words, preference for choice may not be due to the fact that subjects are 

attracted to particular stimuli that have been established as conditioned reinforcers; 

rather, the choice context itself comes to function as a conditioned reinforcer due to 

experiences in which free choice provided some better outcome than forced choice 

(either access to more preferred stimuli, as Fisher et al. suggest, or greater magnitude 

or better probability of reinforcement, etc.).  In this view, multiple stimuli do not function 

independently as conditioned reinforcers that control preference for choice, but instead 

the presence of multiple stimuli function as a unit as a conditioned reinforcer.   The 

difference is subtle but important because if the latter is the case, then preference for 

free choice is more likely to generalize to any situation (even a novel one) in which an 

array of multiple stimuli (either discriminative stimuli that occasion multiple response 

alternatives or multiple reinforcing stimuli) is present. 

The Present Study 

The purpose of the present investigation was to assess the conditions under which 

preference for choice is exhibited.  The first two experiments extended previous 

research on the role of number of alternatives and certainty of reinforcement in 

preference for choice.  Specifically, these experiments tested whether higher numbers 

of free choice alternatives and uncertain reinforcement would produce increases in free 

choice preference.  They were conducted using within-subject methods with 

undergraduate students in order to systematically replicate experiments conducted with 

non-humans, preschoolers, and individuals with developmental disabilities.  
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Experiments 3 and 4 were designed to test the hypothesis that a history of better 

outcomes in a free choice option leads to a preference for free choice when outcomes 

in free and forced choice options are the same.  These experiments also included 

conditions in which a forced choice option provided a better outcome in order to test the 

persistence of free choice preference and determine whether experiencing better 

outcomes from forced choice could lead to forced choice preference when outcomes 

were equal.  Finally, Experiment 5 evaluated the role of the availability of preferred 

alternatives as a contributor to preference for free choice.  Preference for choice was 

measured under conditions in which participants’ most preferred alternative was 

available in both the free and forced choice option, in free choice only, and in forced 

choice only.   

The procedures of Experiments 1-4 were designed to be comparable to previous 

non-human and human studies that used arbitrary stimuli and provided choices 

between response alternatives instead of reinforcers.  Participants in Experiments 1-4 

made choices between free and forced choice response alternatives that were 

represented as shapes shown on a computer screen.  Choices were made via mouse 

clicks on the shapes on the screen, and choices were repeated across multiple trials 

across experimental conditions.  Using procedures similar to those of previous studies 

facilitates comparisons between the present set of experiments and previous research.  

In addition, requiring participants to engage in repeated choices allows for a more 

sensitive measure of preference because the experimenter can observe whether 

choices change over time.  If choices remain stable, the experimenter can have more 

confidence in concluding that participants’ responses reflect their actual preferences.   
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However, the results of Experiments 1-4 suggested that the use of arbitrary stimuli may 

have limited the control over behavior of the independent variables.  Therefore, 

Experiment 5 incorporated more “naturalistic” stimuli and a more familiar choice task 

while continuing to require repeated choices between free and forced choice options.  
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Figure 1-1.  Schematic of a simple concurrent-chains schedule.  In this example, in the 

initial links, responding to the single key on the left produces a forced choice 
terminal link and responding to the single stimulus on the left produces a free 
choice terminal link.  Responding to these terminal link stimuli produces 
reinforcement.  After reinforcement is delivered a new trial begins with the 
presentation of the initial links.   

Initial links 

Terminal links Forced Choice Free Choice 

Reinforcement 

Response 
Requirement  

Response 
Requirement  

Reinforcement 

Response 
Requirement  

Response 
Requirement  
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CHAPTER 2 
EXPERIMENT 1: NUMBER OF ALTERNATIVES 

Several studies have indicated that preference for choice may be related to the 

number of alternatives available in a free choice option.  Catania (1980) presented three 

pigeons with a choice between free and forced choice terminal links under conditions in 

which the free choice link consisted of two, three, or four illuminated response keys.  

For one subject, increasing in the number of alternatives produced an increase in the 

degree of preference for the free choice link.  Suzuki (2000) conducted a comparison 

across groups of undergraduate students and observed a higher proportion of 

responding for a free choice option by participants that had five identical response 

alternatives compared to participants that had only two of those same alternatives in the 

free choice option.  Finally, Tiger et al. (2006) conducted a study in which preschoolers 

could complete either a task that gave them access to a choice of reinforcers or a task 

that gave them access to one reinforcer.  Tiger et al. found that increasing the number 

of reinforcers from which to choose resulted in a higher proportion of responding on the 

task that led to a choice of reinforcers.  This was the case both for participants that 

initially preferred a choice among five reinforcers to one reinforcer, and for participants 

who did not initially exhibit preference for choice of reinforcers.  These studies indicate 

that simply increasing the number of alternatives in a free choice option may result in an 

increase in preference for that option.   

The present experiment was designed to replicate and extend previous studies by 

evaluating the effect of changing the number of alternatives in a free choice option on a 

within-subject basis.  Catania (1980) and Tiger et al. (2006) employed within-subject 

designs, but the only studies that have manipulated number of alternatives in a free 
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choice option with adult human participants have done so on a between-groups basis 

(Suzuki, 1997, 2000).  Therefore, an ABAB reversal design was used in this study to 

determine whether participants’ preference for free choice will change when they are 

exposed to conditions in which the free choice option contains both two and five 

response alternatives.   

Certainty of reinforcement has also been shown to contribute to free choice 

preference.  Ono (2000) found that pigeon subjects exposed to certain reinforcement 

were indifferent between free and forced choice options, but pigeons exposed to 

uncertain reinforcement (without a prior history of certain reinforcement) showed a 

strong preference for free choice.  The certainty of reinforcement has differed among 

studies that have evaluated preference for choice and so it is useful to compare the 

results of these studies in order to draw conclusions about the influence of 

reinforcement certainty on preference for choice.  However, these studies have used 

different subject populations and methods so direct comparisons of their results is 

cautioned.   In the present experiment, a between-subjects manipulation was used to 

assess the role of reinforcement certainty on preference for choice.  Therefore, the 

present experiment extends previous research by directly assessing the effects of 

reinforcement certainty on preference for choice using adult human participants drawn 

from the same population and exposed to the same methods.   

Method 

Participants, Setting, and Apparatus 

 Thirty-six students (26 females and 10 males) at the University of Florida served 

as participants.  Participants were recruited from a pool comprised of students enrolled 

in General Psychology and from two sections of Applied Behavior Analysis, and they 
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received course credit in exchange for participation.  Participants’ ages ranged from 18 

to 22 years.  All participants completed the experimental task using the mouse and 

keyboard of a PC in one of two rooms containing the PC, a table, and a chair, and were 

alone in the room for the duration of the task.  The task was presented via a program 

designed in Microsoft Visual Basic 6.0.   

Experimental Design 

Participants’ preference for free versus forced choice was assessed using a 

concurrent-chains procedure.  Choices were made by moving a cursor to one of two 

options that differed in the number of visual stimuli available: only one alternative 

(forced choice) or several alternatives (free choice).  An ABAB reversal design was 

used to evaluate the effect of the number of free choice alternatives on preference for 

the free and forced choice options.  Participants were also divided into two groups 

(n=18/group) in which the probability of point delivery after selection of an alternative 

was either certain (1.0) or uncertain (0.5).  Experimental events and conditions are 

described in detail below.   

Before completing any trials, all participants were given a set of brief instructions 

describing the general structure of the experiment and telling them how to make 

responses.  As a part of these instructions, they read the following statement:    

Clicking on the circle(s) on the screen may result in the delivery of points. 
The total number of points you have earned will be displayed on the screen. 
Your goal should be to try to earn as many points as you can. At the end of 
the session the total number of points you earned will be recorded by the 
researcher. Once all data from all participants have been collected, if you 
have earned the highest total number of points you will win a $50 gift card 
to the store of your choice.  

This statement was included to help ensure that participants were sufficiently motivated 

to attend to the task and respond to earn points.  
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Concurrent-Chains Procedure 

In the choice trials of all conditions of the present experiment, a sequence of 

visual stimuli were presented on a computer screen according to a concurrent-chains 

schedule (as depicted in Figure 2-1).  In the first component of this schedule, two arrays 

of visual stimuli – small, approximately 1” diameter green circles – were shown on the 

computer screen.  One array contained one circle and the other contained multiple 

circles.  These arrays were placed above two clickable buttons labeled A and B.  Button 

A was always on the left and button B was always on the right, but the positions of the 

circle arrays were quasi-randomized across trials.  That is, sometimes one circle 

appeared above button A and multiple circles appeared above button B and vice-versa; 

neither array appeared above the same button more than two times in a row.  These 

initial arrays of stimuli are called initial links, as they are the first links in the chain of 

stimuli that eventually lead to a reinforcer.   

A fixed-ratio (FR) 1 response schedule was in place in the initial links:  a single 

mouse click to button A or B removed both buttons and the array that had appeared 

above the non-chosen button and constituted as a response for either the array with 

one circle or for the array with multiple circles.  A click to the button associated with one 

circle initiated the forced choice terminal link and a click to the button associated with 

multiple circles initiated the free choice terminal link.  In the forced choice terminal link, 

one circle was positioned randomly on the screen and a fixed-interval (FI) 5s schedule 

was in place.  That is, the first click to the circle after 5 seconds had elapsed removed 

the circle from the screen and ended the terminal link.  In the free choice terminal link, 

multiple circles were positioned randomly on the screen (without overlapping) and an FI 

5s schedule was in place.  All of the circles remained visible for the entirety of the FI 5s 
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schedule, and the first click on any of the circles after the fixed-interval elapsed 

removed all circles from the screen and terminated the link.   

At the end of every terminal link, a point was delivered, if scheduled.  When a 

point was delivered, the statement “You earned a point!” appeared briefly on the screen 

and one point was added to the participant’s point total.  The point total was displayed 

on the screen during the initial link of every trial and continued to accumulate across 

conditions.  An inter-trial interval (ITI) occurred after every terminal link, whether or not a 

point was delivered.  During the ITI, the screen remained blank for 3 seconds.  At the 

end of the ITI, a new trial began.  Each condition ended when 24 choice trials were 

completed.   

Once all the trials in a condition were completed, a new set of brief instructions 

appeared on the screen to remind the participant how to complete the task and to begin 

the next condition.  When all four conditions (either Two-Five-Two-Five or Five-Two-

Five-Two) were completed and before they left the room, participants responded to a 

brief questionnaire consisting of four questions.  These questions are listed in Table 2-1.  

Within- and Between-Subjects Manipulations 

Within-subject conditions.  All participants were exposed to both the Two and 

Five conditions.  In the Two condition, two circles were present in the initial link 

associated with the free choice option and in the free choice terminal link.  In the Five 

condition, five circles were present in the initial link associated with the free choice 

option and in the free choice terminal link.   

Between-subjects manipulation.  A between-subjects manipulation was in 

place following the completion of the FI 5s schedule in all terminal links in all conditions.  

For half of the participants (Certain group), responding on a circle after the FI 5s 
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schedule elapsed always resulted in the delivery of a point (1.0 probability of 

reinforcement) and for the other half of the participants (Uncertain group), a point was 

delivered with a probability of 0.5.   

Practice Exposure Trials   

At the beginning of each condition and before choice trials began, participants 

completed a set of 10 practice exposure trials.  These trials were included to guarantee 

that participants experienced the contingencies that were in place in the free and forced 

choice terminal links in the subsequent choice trials.  During the exposure trials, only 

one initial link was available at a time.  The button for the initial link was labeled “Click,” 

and either one or multiple (two or five, depending on the condition) circles appeared 

above the button.  One mouse click to that button initiated either a free or forced choice 

terminal link (depending on the trial type).  The contingencies in the terminal links of the 

practice exposure trials were the same as those in the choice trials.  That is, FI 5s 

schedules were in place and points were delivered during these trials at a probability of 

either 1.0 or 0.5 (depending on the participant’s group assignment).  Each set of 

practice exposure trials consisted of five free choice trials and five forced choice trials 

with their order quasi-randomized.   

Data Analysis 

Data from individual participants and data averaged across participants were 

analyzed.  For each participant, data from the last ten trials in each condition were 

compared to those from the first ten trials and to overall condition averages.  No notable 

differences/trends were observed, and so data from all trials were used to calculate 

condition proportions.  Individual data were graphed and visually assessed for trends, 

patterns and differences across conditions both within- and between-subjects.  In 
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addition, statistical analyses were conducted using proportion of free choice selections 

as the dependent measure.  These proportions were transformed prior to statistical 

analysis (except for certain t-tests as noted).  Proportions of free choice selections were 

converted using an arcsine transformation in which the arcsine was multiplied by the 

square root of the proportion.  This transformation is conducted on proportional data to 

better meet the assumptions of normal distribution and homogeneity of variance.  The 

means and standard deviations reported for statistical tests in the Results section are 

those of the transformed data (except where noted).  Means and standard deviations 

reported in Table 2-2 are of the raw, and not transformed, data.  

Results 

The results of Experiment 1 are presented in Figure 2-2.  Proportion of free choice 

selections is graphed as a function of condition.  This proportion was calculated for each 

participant by dividing the sum of free and forced choice selections by the total number 

of free choice selections.  Bars indicate the mean proportions of free choice selections 

for all participants in each condition, and individual proportions are plotted as data 

points.  The left panels show data from participants in the Certain group and the right 

panels show data from the Uncertain group; data in the top row are from participants 

with the order Two-Five-Two-Five and data in the bottom row are from participants with 

the order Five-Two-Five-Two.   

Visual analysis of these graphs indicated only a few differences between the mean 

proportions of free choice selections across the Two and Five conditions within group 

and within condition order for both the Certain and Uncertain groups.  On average, 

preference for free choice was higher in the initial Five condition compared to the initial 

Two condition for the participants in the Uncertain group who had Five first (bottom right 
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panel of Figure 2-2).  In the Uncertain group, mean proportion of free choice selections 

in the first Five condition for participants who had the Five condition first (bottom right 

panel in Figure 2-2) was higher than the mean proportion of free choice selections in the 

first Two condition for participants who had the Two condition first (top right panel).  

There also appeared to be an effect of reinforcement certainty when looking at the first 

Five conditions for the participants who received that condition first in the Certain and 

Uncertain groups (bottom row in Figure 2-2).  Preference for free choice was higher in 

the first Five condition in the Uncertain group.  In addition, mean proportions were near 

or below 0.5 for nearly all conditions in both groups.    

Analyses were conducted to reveal statistically significant results.  Condition 

means and standard deviations for all conditions are shown in Table 2-2.  A univariate 

ANOVA did not reveal any significant main effects of condition, reinforcement certainty, 

or condition order, and no significant interaction between condition and reinforcement 

certainty was indicated.  In addition, no differences determined by visual analysis were 

statistically significant according to independent samples t-tests.  A two-tailed t-test that 

used non-transformed data indicated that the only condition in which the mean 

proportion of free choice selections was statistically larger than 0.5 was the first Five 

condition in the subgroup of the Uncertain group for whom the Five condition was the 

first condition (M = .699, SD = .220), t(8) = 2.712, p = .027. 

The lack of statistically significant results in the cases in which visual analysis 

determined a difference between conditions was likely due to the large degree of 

between-subject variability observed in most of the experimental conditions across 

condition order and group.  This variability was evident by the wide spread of individual 
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proportions as reflected in the standard deviations shown in Table 2-2 and the spread of 

individual data points in Figure 2-2.   

Discussion 

The results of this experiment indicate that altering the number of response 

alternatives in the free choice option did not produce a consistent effect on selection of 

that option.  The results also indicate that certainty of reinforcement did not have an 

effect on preference for free choice.   These results differ from those of several previous 

studies in which changes in number of alternatives and certainty of reinforcement 

produced changes in free choice preference. 

Suzuki (2000) compared free choice preference across two groups, one that had 

two free choice response alternatives and another that had five free choice response 

alternatives.  In that study, mean proportion of free choice selections in the Five-Choice 

group was significantly greater than that for the Two-Choice group.  These differences 

were not reliably replicated within subject in the in the present experiment.  Only 3 out of 

18 participants in the Certain group and 3 out of 18 participants in the Uncertain group 

showed a pattern in which proportion of free choice selections was higher in both Five 

conditions compared to both Two conditions.  In addition, the fact that a difference in 

mean proportions between the Five and Two conditions was only observed across 

participants in the Uncertain group suggests that the effect of number of response 

alternatives may not be seen when reinforcement is certain.  In fact, probability of 

reinforcement was 0.4 in Suzuki’s study (but there was no comparison of number of 

alternatives under certain reinforcement in that study).   

In the present experiment, no differences in mean proportions of free choice 

selections were observed between the Two and Five conditions within the Uncertain 
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and Certain groups.  These results replicate the findings of Suzuki (1997) in which no 

differences were observed between a condition in which participants had two identical 

free choice alternatives and a condition in which a different group of participants had 

three identical free choice alternatives (with probability of reinforcement at 0.4).  In 

addition, Catania (1980) did not see a consistent parametric increase in preference for a 

free choice option when he exposed pigeons to each of four conditions in which the 

number of free choice response alternatives was increased from one to four (with 

reinforcement probability at 1.0); this increase was only observed in one out of three 

subjects in one out of three replications of the comparison.  

There is evidence that changing number of free choice alternatives is only 

effective for some individuals when that number is higher than five, which could account 

for the lack of consistent higher preference for five free choice alternatives in this 

experiment.  For example, Tiger et al. (2006) found that three out of six participants 

were indifferent between free and forced choice of reinforcers when five items were in 

the reinforcer array; preference for the choice option only increased when the number of 

reinforcers was increased to 10.  Other studies have used indirect measures of 

preference to determine the effect of number of alternatives in a choice option.  Shah 

and Wolford (2007) presented different participants with arrays consisting of different 

numbers of pens.  The number of participants that bought a pen from their array 

increased as the number of pens in the array increased.  The number of participants 

who bought a pen was highest when there were 10 pens in the array.  Similarly, 

Reutskaja and Hogarth (2009) asked participants to choose a gift box from arrays of 5, 

10, 15, or 30 boxes.  Ratings of choice satisfaction and enjoyment were highest for the 
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participants who chose from 10 boxes.  These studies indicate that, for some 

participants, five alternatives may not be enough to change their preference for a free 

choice option.   

Future research should investigate the effect of parametrically increasing the 

number of response alternatives in a free choice option on a within-subject basis.  Such 

an investigation would provide a more complete function along which number of 

alternatives changes free choice preference.  That is, it would be possible to see at 

what point changing the number of response alternatives produces free – and forced – 

choice preference.  Studies that have indirectly evaluated preference for choice have 

indicated that choice may not be preferred when high numbers of alternatives are 

available in a free choice option (Iyengar & Lepper, 2000; Reutskaja & Hogarth, 2009; 

Shah & Wolford, 2007).   

The results of the present experiment also show that the certainty of reinforcement 

did not influence preference for the free choice option as was demonstrated by Ono 

(2000).  No studies with human participants have directly investigated the effect of 

reinforcement certainty on free choice preference and so it is difficult to conclude why 

reinforcement certainty did not have an effect on a between-subjects basis in this 

experiment.   

In general, the mean proportions of free choice selections observed in this study 

were lower than those observed in other studies in which reinforcement was uncertain 

(Suzuki, 1997; 2000).  One difference between the present experiment and those other 

comparable human experiments is that the participants in Suzuki’s studies earned 

points exchangeable for money.  It may be the case that participants in the present 
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experiment were not sufficiently motivated to respond, which may have contributed to a 

lack of sensitivity to both reinforcement certainty and number of free choice alternatives.     

An important finding in this experiment was the large degree of between-subject 

variability in proportion of free choice selections.  There were very few consistent 

patterns observed in the individual data, suggesting that number of alternatives was not 

a robust enough independent variable to exert control over behavior and/or that the 

experimental procedure was ineffective.  In several cases, in both groups, participants 

maintained proportions of responding for free choice at around 0.5 across all conditions.  

Responses to the post-session questionnaires indicated that several participants found 

the task boring, and when they experienced the fact that both options produced the 

same outcomes, they simply alternated responding for the free and forced choice 

options.  This indifferent responding suggests that in the absence of differential 

consequences, number of free choice alternatives is not a powerful enough variable to 

alter preference for a free choice option.   

Several participants also reported “trying to figure out the pattern” in how to 

respond, even though there was no such pattern.  This suggests that participants’ may 

have generated their own rules with regard to the task and this verbal behavior may 

have had more control over their behavior than the experimentally-arranged 

contingencies.  Several studies have found that when participants were given or 

generated their own rules with regard to reinforcement schedules, their behavior was 

insensitive to changes in those schedules.  Rather, behavior persisted in accordance 

with rules that did not match actual contingencies (c.f. Galizio, 1979; Hackenberg & 

Joker, 1994; Hayes, Brownstein, Zettle, Rosenfarb, & Korn,1986; Rosenfarb, Newland, 
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Brannon, & Howey, 1992).  It is possible that the use of arbitrary stimuli made it more 

likely for behavior to come under the control of participants’ self-instruction rather than 

the experimental task, making their behavior insensitive to the variables that were 

manipulated.  Future research with adult human participants might be more successful 

in demonstrating an effect of number of alternatives on free choice preference if more 

“interesting” real or simulated response alternatives (e.g. dishes on a menu, products in 

a grocery store, etc.) are used.   
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Table 2-1.  Experiment 1: Post-session questionnaire contents 

Question # Question text 

1 Which of the arrays did you choose more often, the one with one circle 
or the one with more than one circle?  Why? 

2 Did you prefer having more circles available?  That is, were you more 
likely to choose the array with more than one circle when there were 5 
versus when there were 2?  Why or why not? 

3 Did you enjoy earning points? 
4 Is there anything else you would like to say about this study? 

 
 
Table 2-2.  Experiment 1: Mean proportions of free choice selections (non-transformed) 

for the Certain and Uncertain groups in each condition for both condition 
sequences.   

Group Condition M 

Certain Two .519 (.238) 
 Five .477 (.388) 
 Two rep .417 (.340) 
 Five rep .588 (.376) 
   
 Five .454 (.288) 
 Two .537 (.259) 
 Five rep .500 (.277) 
 Two rep .431 (.273) 
   
Uncertain Two .426 (.200) 
 Five .458 (.359) 
 Two rep .546 (.340) 
 Five rep .565 (.367) 
   
 Five   .699 (.220)* 
 Two .542 (.375) 
 Five rep .565 (.355) 
 Two rep .569 (.389) 

Note:  Standard deviations are in parentheses.  Asterisks indicate that the mean 
proportion is significantly larger than 0.5 (p <= .05). 
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Figure 2-1.  Schematic of the concurrent-chains schedule in place during choice trials 

for all conditions in Experiment 1.  In the initial links, only buttons A or B could 
be clicked and the positions of the arrays of one or multiple circles were 
quasi-randomized.  The array of multiple circles contained either 2 or 5 circles 
depending on condition.  In this example, Button A represents the forced 
choice option and Button B represents the free choice option.  In the terminal 
links, clicks on the circles following the termination of the FI 5s schedule 
produced a point at a probability of either 1.0 (Certain condition) or 0.5 
(Uncertain condition). 

“Choose A or B” 

Initial link 

Terminal link Forced Choice Free Choice 

FI 5s  

1 pt delivered at        
1.0 or 0.5 probability 

FI 5s  

3s ITI 

FR 1  FR 1  

A B 
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Figure 2-2.  Proportion of free choice selections in the Two and Five conditions in Experiment 1.  Bars indicate proportions 
averaged across participant; data points indicate proportions from individual participants.  The dashed lines are 
reference lines set at 0.5.  Data from the Certain and Uncertain groups are in the top and bottom left and top 
and bottom right panels, respectively.  The top row shows data from participants with the condition order Two-
Five-Two-Five and the bottom row shows data from participants with the condition order Five-Two-Five-Two.
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CHAPTER 3 
EXPERIMENT 2:  REINFORCEMENT CERTAINTY 

The results of Experiment 1 did not indicate that participants for whom 

reinforcement was uncertain preferred free choice more than participants for whom 

reinforcement was certain.  However, the comparison of certain versus uncertain 

reinforcement in Experiment 1 was conducted on a between-subjects basis.  Certainty 

of reinforcement has been shown to contribute to free choice preference on a within-

subject basis.  Ono (2000) used a concurrent-chains schedule to test the effect of 

reinforcement certainty on preference for choice in two groups of pigeons.  Both groups 

were exposed to a condition in which reinforcement delivered at the end of both free 

and forced choice terminal links was certain and another condition in which 

reinforcement was delivered at a probability of 0.5.  One group experienced certain 

reinforcement first and the other experienced uncertain reinforcement first.   Pigeons in 

both groups were indifferent between free and forced choice when reinforcement was 

certain.  Pigeons that experienced uncertain reinforcement first showed preference for 

the free choice option, but pigeons that were exposed to certain reinforcement first 

continued to be indifferent between the two options when reinforcement was uncertain.    

The present experiment was a systematic replication of Ono (2000) using a within-

subject comparison with undergraduate students as participants.  As in Ono (2000), one 

group of participants was exposed to certain reinforcement first and the other was 

exposed to uncertain reinforcement first.  Unlike in Ono’s experiment, both groups 

repeated their initial condition.  Ono’s results showed that the indifference that was 

exhibited by the group of pigeons exposed to certain reinforcement first carried over to a 

subsequent uncertain reinforcement condition.  However, the pigeons exposed to 
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uncertain reinforcement first did not repeat this condition after the certain reinforcement 

condition.  This replication would have been a better test for carry-over from the certain 

reinforcement condition.  An ABA reversal design was used in the present experiment to 

expose all participants to both certain and uncertain reinforcement and to a repetition of 

their initial condition.  This extension of Ono’s study provides for a better test for an 

effect of history with certain reinforcement on preference for free choice.   

A between-subjects manipulation was employed in the free choice terminal links of 

the concurrent-chains schedule used in this experiment.  For one group of participants, 

all the stimuli in the free choice terminal link remained visible for the entire duration of 

the FI 5s schedule used in that link.  For the other group, one click on any stimulus in 

the free choice terminal link removed the other two stimuli and left only the selected 

stimulus visible for the rest of the FI 5s schedule.  This manipulation was included 

because differences in preferences observed across studies may, in part, be attributed 

to differences in the presentation of free choice visual stimuli.  Ono (2000) hypothesized 

that if the visual stimuli that appear in the free choice terminal link function as 

conditioned reinforcers, then more preference for a free choice link might be observed if 

these stimuli remain visible during the terminal link FI schedule than if they do not.  A 

test of this hypothesis is important because different studies have used different 

methods of presenting free choice terminal links.  Comparing these methods across 

groups drawn from the same population and exposed to otherwise similar experimental 

conditions allows for a better determination of the influence, if any, of these procedural 

differences.   
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Method 

Participants, Setting, and Apparatus 

 Thirty-six students (29 females and 7 males) at the University of Florida served as 

participants.   Participants were recruited from a pool comprised of students enrolled in 

General Psychology, and they received course credit in exchange for participation.  

Participants’ ages ranged from 18 to 21 years.  All participants completed the 

experimental task using the mouse and keyboard of a PC in one of two rooms 

containing the PC, a table, and a chair, and were alone in the room for the duration of 

the task.  The task was presented via a program designed in Microsoft Visual Basic 6.0.   

Experimental Design 

Participants’ preference for free versus forced choice was assessed using a 

concurrent-chains procedure.  An ABA reversal design was used to evaluate the effects 

of reinforcer probability on preference for free versus forced choice options.  Each 

participant was exposed to both of two conditions in which reinforcement was either 

certain or probabilistic; the Certain and Uncertain conditions, respectively.  Participants 

were also divided into two groups (n=18/group) in which the number of visual stimuli 

displayed after responding for an alternative in the free choice option differed.  

Experimental events and conditions are described in detail below.   

Before completing any trials, all participants were given a set of brief instructions 

describing the general structure of the experiment and telling them how to make 

responses.  As a part of these instructions, they read the following statement:    

Clicking on the circle(s) on the screen may result in the delivery of points. 
The total number of points you have earned will be displayed on the screen. 
Your goal should be to try to earn as many points as you can. At the end of 
the session the total number of points you earned will be recorded by the 
researcher. Once all data from all participants have been collected, if you 
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have earned the highest total number of points you will win a $50 gift card 
to the store of your choice.  

This statement was included to ensure that participants were sufficiently motivated to 

attend to the task and respond to earn points.  

Concurrent-Chains Procedure 

A concurrent-chains schedule was in place in the choice trials of all conditions of 

the present experiment (as depicted in Figure 3-1 and described in Experiment 1).  In 

the initial links of the schedule, two arrays of small, approximately 1” diameter green 

circles were shown on the computer screen.  One array contained one circle and the 

other contained three circles.  These arrays were placed above two clickable buttons 

labeled A and B.  Button A was always on the left and button B was always on the right, 

but the positions of the circle arrays were quasi-randomized across trials.  That is, 

sometimes one circle appeared above button A and three circles appeared above 

button B and vice-versa; neither array appeared above the same button more than two 

times in a row.  

A fixed-ratio (FR) 1 response schedule was in place in the initial links:  a single 

mouse click to either button A or B removed both buttons and the array that had 

appeared above the non-chosen button, and constituted as a response for either the 

array with one circle or for the array with three circles.  A click to the button associated 

with one circle initiated the forced choice terminal link and a click to the button 

associated with three circles initiated the free choice terminal link.  In the forced choice 

terminal link, one circle was positioned randomly on the screen and a fixed-interval (FI) 

5s schedule was in place; the first click to the circle after 5 seconds had elapsed 

removed the circle from the screen and ended the terminal link.  In the free choice 



 

44 

terminal link, three circles were positioned randomly on the screen (without overlapping) 

and an FI 5s schedule was in place.  A between-subjects manipulation was in place in 

the free choice terminal link as described below.   

At the end of every terminal link, a point was delivered, if scheduled.  When a 

point was delivered, the statement “You earned a point!” appeared briefly on the screen 

and one point was added to the participant’s point total.  The point total was always 

displayed on the screen during the initial link of every trial and continued to accumulate 

across conditions.  An inter-trial interval (ITI) occurred after every terminal link, whether 

or not a point was delivered.  During the ITI, the screen remained blank for 5 seconds.  

At the end of the ITI, a new trial began.  Each condition ended when 28 choice trials 

were completed.   

Once all the trials in a condition were completed, a new set of brief instructions 

appeared on the screen to remind the participant how to complete the task and to begin 

the next condition.  When all three conditions (either Certain-Uncertain-Certain or 

Uncertain-Certain-Uncertain) were completed and before they left the room, participants 

responded to a brief questionnaire consisting of six questions.  These questions are 

listed in Table 3-1.  

Within- and Between-Subjects Manipulations 

Within-subject conditions.  All participants were exposed to both the Certain 

and Uncertain conditions.  In the Certain condition, responding on a circle after the FI 5s 

schedule elapsed always resulted in the delivery of a point (1.0 probability of 

reinforcement).  In the Uncertain condition, a point was delivered at a probability of 0.5.   

Between-subjects manipulation.  A between-subjects manipulation was in 

place in the free choice terminal link.  For half of the participants, all three of the circles 
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remained available for the entirety of the FI 5s schedule and the first click on any of the 

three circles after the elapse of the FI schedule removed all three circles and terminated 

the link (All Stimuli arrangement).  For the other half of the participants, the first click to 

any of the three circles in the free choice terminal link (before the FI 5s schedule 

elapsed) caused the other two to disappear.  Therefore, only one circle remained 

available for the rest of the FI 5s schedule and the first click to this remaining circle after 

the elapse of the FI schedule removed that circle and terminated the link (Single 

Stimulus arrangement).   

Practice Exposure Trials 

At the beginning of each condition and before choice trials began, participants 

completed a set of 12 practice exposure trials.  These trials were included to guarantee 

that participants would experience the contingencies that were in place in the free and 

forced choice terminal links in the subsequent choice trials.  During these trials, only 

one initial link was available at a time.  The button for the initial link was labeled “Click,” 

and either one or three circles appeared above the button.  One mouse click to that 

button initiated either a free or forced choice terminal link.  The contingencies in the 

terminal links of the practice exposure trials were the same as those in the choice trials.  

That is, FI 5s schedules were in place and points were delivered at a probability of 

either 1.0 or 0.5 (if the practice exposure trials preceded Certain or Uncertain choice 

trials, respectively).  In addition, the visual stimuli in the free choice terminal links were 

presented as in either the Single Stimulus arrangement or the All Stimuli arrangement, 

depending on the participants’ group assignment.  Each set of practice exposure trials 

consisted of six forced choice trials and six free choice trials with their order quasi-

randomized.   
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Data Analysis 

Data from individual participants and data averaged across participants were 

analyzed in the same manner as in Experiment 1. 

Results 

The results of Experiment 2 are presented in Figure 3-2.  Proportion of free choice 

selections is graphed as a function of condition.  This proportion was calculated by 

dividing the sum of free and forced choice selections by the total number of free choice 

selections.  Bars indicate the mean proportions of free choice selections for all 

participants in each condition, and individual proportions are plotted as data points.  The 

left panels show data from participants in the All Stimuli group and the right panels show 

data from the Single Stimulus group; data in the top row are from participants with the 

order Certain-Uncertain-Certain and data in the bottom row are from participants with 

the order Certain-Uncertain-Certain.   

Visual analysis of these graphs indicated only a few differences between the mean 

proportions of free choice selections across the Certain and Uncertain conditions within 

and across condition order, for both the All Stimuli and Single Stimulus groups.  For 

participants who experienced the Certain condition first (top row in Figure 3-2), mean 

proportion of free choice selections in the first Certain condition was higher in the Single 

Stimulus group compared to the All Stimuli group.  In the subgroups of the All Stimuli 

group, the mean proportion of free choice selections was higher in the first Uncertain 

condition compared to the first Certain condition (top and bottom left panels in Figure 3-

2).  The mean proportion of free choice selections was higher on average in the 

Uncertain condition compared to both Certain conditions in both terminal link 

arrangements (top row).  For participants with the order Uncertain-Certain-Uncertain, no 
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differences between conditions were observed in the All Stimuli group.  For the Single 

Stimulus group, the mean proportion of free choice selections was higher in the Certain 

condition compared to both Uncertain conditions.  Overall, mean proportions were near 

or below 0.5 for nearly all conditions in both groups.   

Analyses were conducted to reveal statistically significant results.  Condition 

means and standard deviations for all conditions are shown in Table 3-2.  A univariate 

ANOVA did not reveal significant main effects of condition, terminal link arrangement, or 

condition order, and no significant interaction between condition and terminal link 

arrangement was indicated.  The only comparison that approached statistical 

significance was the independent samples t-test between the first Certain condition (M = 

.686, SD = .345) and first Uncertain condition (M = .945, SD = .214) across the 

subgroups of the All Stimuli group, t(16) = -1.905, p = .075.  A two-tailed t-test using 

non-transformed data indicated that the only condition in which the mean proportion of 

free choice selections was statistically larger than 0.5 was the first Uncertain condition 

for the participants with the order Uncertain-Certain-Uncertain in the All Stimuli group (M 

= .639, SD = .174), t(8) = 2.386, p = .044.    

The lack of statistically significant results in the cases in which visual analysis 

determined a difference between conditions was likely due to the large degree of 

between-subject variability observed in most of the experimental conditions across 

condition order and group.  This variability was evident by the wide spread of individual 

proportions as reflected in the standard deviations shown in Table 3-2 and the spread of 

individual data points in Figure 3-2.   
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Discussion 

The results of the present experiment do not replicate previous findings in which 

differences in reinforcer certainty produced differences in preference for free choice.  

Ono (2000) observed that the proportion of free choice selections by pigeons that 

experienced a condition of uncertain reinforcement first were high.  The mean 

proportion of free choice selections for participants in the present experiment who 

experienced the Uncertain condition first was close to 0.5.  However, the proportion of 

free choice selections was greater than 0.5 for eight out of nine participants who had 

Uncertain first in the All Stimuli group compared to only three out of nine in the Single 

Stimulus group.  These data suggest that preference for free choice may be higher 

when response alternatives remain available in the free choice terminal link and 

reinforcement is uncertain.   

Ono (2000) also found that proportion of free choice selections decreased from the 

uncertain to the certain condition.  The results of this experiment do not replicate these 

findings.  Proportions of free choice selection decreased from Uncertain to Certain in 

only 7 of 18 of the participants in both terminal link groups.  Most participants in the All 

Stimuli group were indifferent in the Certain condition that followed Uncertain, but the 

degree of decrease was not close to that observed by Ono.  This is primarily because 

the mean proportion of free choice selections was already close to 0.5 in the initial 

Uncertain condition in that group (even if it was statistically significantly higher than 0.5).  

In addition, six out of nine of the participants in the Single Stimulus group showed 

higher preference for free choice in the Certain condition that followed Uncertain 

(bottom right panel of Figure 3-2).  Post-session questionnaires reveal that these 

participants perceived that the free choice option provided more points than the forced 
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choice option (although this was not scheduled to be the case).  This perception may be 

the result of having just experienced a condition in which reinforcement was uncertain; 

when reinforcement was certain, the first option that “paid out” might then be 

consistently preferred even though its outcomes were not better than the other.  This 

does not explain why participants in the All Stimuli group would not also prefer free 

choice when reinforcement was certain.   

Participants who experienced the Certain condition first (top row of Figure 3-2) 

were, on average, indifferent between the free and forced choice options, though the 

ranges of individual data indicate a large degree of between-subject variability.   Seven 

out of eight participants in the Single Stimulus group had proportions of free choice 

selections above 0.5 in the initial Certain condition.  On average, proportions of free 

choice selections were close to indifference, but indifference between forced and free 

choice was not consistently observed across participant.  Ono (2000) observed that 

subjects that experience certain reinforcement first remained indifferent when exposed 

to uncertain reinforcement.  Although mean proportions of free choice selections did not 

differ from each other between the initial Certain and Uncertain conditions for either 

terminal link group, the individual data reveal a great degree of between-subject 

variability.  In fact, 11 out of 18 participants who experienced Certain first had a higher 

preference for free choice in the Uncertain condition that followed Certain.   

The main finding in this experiment was the large degree of between-subject 

variability in proportion of free choice selections.  There were some patterns observed in 

the individual data.  For example, for 7 out of 18 the participants in both terminal link 

arrangement groups who experienced Certain first, preference increased from Certain 
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to Uncertain and then decreased again from Uncertain to the Certain replication.  For 

half the participants in the Single Stimulus group, preference increased from Uncertain 

to Certain and then decreased from Certain to the Uncertain replication.  However, 

these patterns were not consistent across all participants, and the actual proportions of 

free choice selection differed greatly across participants in all subgroups, making it 

difficult to draw conclusions about the effect of reinforcement certainty at the group 

level.   

A large number of participants reported on the post-session questionnaires that 

they were seeking patterns or tricks to figure out how they should respond to the task.  

This suggests that, similar to Experiment 1, participants’ own verbal behavior may have 

guided their behavior and made them insensitive to the experimentally-arranged 

contingencies.  As in Experiment 1, it is possible that the use of arbitrary stimuli made it 

more likely for behavior to come under the control of participants’ self-instruction rather 

than the experimental task.  Future research with adult human participants might be 

more successful in demonstrating an effect of reinforcer certainty on free choice 

preference if more “interesting” real or simulated response alternatives (e.g. dishes on a 

menu, products in a grocery store, etc.) are used.   
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Table 3-1.  Experiment 2: Post-session questionnaire contents 

Question # Question text 

1 When you had to choose between two arrays of green circles, which of 
the arrays did you choose more often, the one with one circle or the one 
with more than one circle?  Why? 

2 When there was more than one circle available, did you think there were 
enough to choose from? Why or why not? 

3 In the case where there were more than one circle to click, did you like 
the fact that clicking on one made the rest go away?  Why or why not? 

3b In the case where there were more than one circle to click, did you like 
the fact that they all remained available when you were clicking them?  
Why or why not? 

4 Sometimes you always earned a point for clicking, and sometimes you 
didn't.  Did your preference for one circle vs. more than one circle 
change depending on whether you always got a point or not?  Why or 
why not? 

5 Did you enjoy earning points? 
6 Is there anything else you would like to say about this study? 

 
 
Table 3-2.  Experiment 2: Mean proportions of free choice selections (non-transformed) 

for the All Stimuli and Single Stimulus groups in each condition for both 
condition sequences.   

Group Condition M 

All Stimuli Certain .446 (.254) 
Free Choice Uncertain .603 (.309) 
 Certain rep .492 (.347) 
   
 Uncertain   .639 (.175)* 
 Certain .598 (.210) 
 Uncertain rep .576 (.275) 
   
Single Stimulus Certain .517 (.304) 
Free Choice Uncertain .576 (.299) 
 Certain rep .532 (.415) 
   
 Uncertain .487 (.186) 
 Certain .599 (.383) 
 Uncertain .500 (.282) 

Note:  Standard deviations are in parentheses.  Asterisks indicate that the mean 
proportion is significantly larger than 0.5 (p <= .05). 



 

52 

 
 
Figure 3-1.  Schematic of the concurrent-chains schedule in place during choice trials 

for all conditions in Experiment 2.  In the initial links, only buttons A or B could 
be clicked and the positions of the arrays of 1 or 3 circles were quasi-
randomized.  In this example, Button A represents the forced choice option 
and Button B represents the free choice option.  In the terminal links, clicks on 
the circles following the termination of the FI 5s schedule produced a point at 
a probability of either 1.0 (Certain condition) or 0.5 (Uncertain condition).

“Choose A or B” 

Terminal link 

Initial link 

Forced Choice Free Choice 

FI 5s  

1 pt delivered at        
1.0 or 0.5 probability 

FI 5s  

3s ITI 

FR 1  FR 1  

A B 
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Figure 3-2.  Proportion of free choice selections in the Certain and Uncertain conditions in Experiment 2.  Bars indicate 

proportions averaged across participant; data points indicate proportions from individual participants.  The 
dashed lines are reference lines set at 0.5.  Data from the All Stimuli and Single Stimulus groups are in the top 
and bottom left and top and bottom right panels, respectively.  The top row shows data from participants with 
the condition order Certain-Uncertain-Certain and the bottom row shows data from participants with the 
condition order Uncertain-Certain-Uncertain.
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CHAPTER 4 
EXPERIMENT 3: AMOUNT OF REINFORCEMENT 

Researchers have hypothesized that a history of differential outcomes associated 

with free choice can lead to preference for free choice even when outcomes between 

free and forced choice options are the same.  However, few studies have directly tested 

this hypothesis.  Skowronski & Carlston (1982) did so to a limited extent.  They 

designed a pill dispenser that was automatically or ostensibly manually controlled.  

When the dispenser was on auto, either sweet or bitter edible, chewable pills were 

dispensed to participants from two bottles without control by the participants.  When the 

machine was switched to manual, a left and a right switch allowed participants to 

“choose” from which bottle a pill was dispensed.  In reality, both the left and right bottles 

contained a mixture of pills and the pill type that was dispensed was predetermined.  

Participants were exposed to both auto (no choice) and manual (choice) conditions, but 

the outcomes of those conditions were manipulated across participant.  When asked 

whether they wanted auto or manual control in two final choice trials, the participants 

whose experience with “choice” was associated with better outcomes reported higher 

preference for the manual (choice) option.  Karsina, Thompson, and Rodriguez (2011) 

arranged a concurrent-chains schedule in which free choice terminal link selections 

were differentially reinforced.  Participants experiencing this condition were more likely 

to choose the free choice link in subsequent conditions in which free and forced choice 

links produced the same reinforcement.  Both of these studies suggest that preference 

for free choice may be a result of a history of better outcomes as a result of choosing a 

free choice option.   
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Skowronski & Carlston (1982) and Karsina et al. (2011) also included conditions in 

which the forced choice option provided a better outcome, and they found that this 

experience produced a decrease in preference for the free choice option (though it 

should be noted that the carry-over from the condition in Karsina et al. in which 

selection of the forced choice option was differentially reinforced was less robust than 

the carry-over from the condition in which free choice selection was differentially 

reinforced).   Additionally, Fisher, Thompson, Piazza, Crosland, and Gotjen (1998) 

found that their participant deferred a choice of reinforcers when a no choice option was 

associated with the delivery of more highly preferred reinforcers.  These results and 

those cited above indicate that preference for a free or forced option can be altered by 

presenting better outcomes in either the free or forced choice option.  They also suggest 

that a history of better outcomes for either free or forced choice may influence 

preference for those options in subsequent conditions in which the outcomes provided 

in both options is the same.  The present experiment extends this previous research by 

using the amount of reinforcement available in the free and forced choice options as the 

independent variable.   

Although Skowronski & Carlston (1982) showed some influence of “better” 

outcomes, they did not provide their subjects with repeated choices between free and 

forced choice (nor was the “choice” option really a free choice option), and they did not 

manipulate the outcomes in the free and forced choice options within subject.  A within-

subject comparison may better demonstrate control by the independent variable, as 

shifts in preferences within the same participant may be a more compelling measure of 

the effect of the independent variable.  Karsina et al. (2011) used a within-subject 
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design but they also had a few methodological problems.  First, the condition in which 

free choice selection was differentially reinforced was the first condition following 

baseline for all participants.  This prior exposure may have contributed to the less robust 

preference observed for forced choice following the conditions in which forced choice 

selection was differentially reinforced.  Furthermore, a subtle procedural point may 

make a large difference when extrapolating the results of this study.  Specifically, the 

actual dimensions of reinforcement delivered in the free and forced choice options were 

always the same (1 point).  The experimenters manipulated the schedule of 

reinforcement, but not the outcome of selecting free or forced choice per se.  That is, 

though reinforcement was delivered on a denser schedule when either free or forced 

choice selections were differentially reinforced, the features of the reinforcer delivered in 

both options were identical.  Therefore it could be argued that neither the free or forced 

choice option provided a differential outcome; that is, when it was delivered, 

reinforcement in both options was of the same quality.   

The present experiment was designed to address some of these procedural 

issues.  First, all participants were exposed to conditions in which the outcomes 

delivered in the free and forced choice options were the same, a condition in which 

outcomes were better in the free choice option, and a condition in which outcomes were 

better in the forced choice option.  Additionally, the order of exposure to these 

conditions was manipulated across participants such that some were exposed to the 

“free choice better” condition first and others were exposed to the “forced choice better” 

condition first.  The present experiment was designed to observe carry-over effects 

resulting from exposure to better outcomes in both the free and forced choice options.   
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The outcomes provided in the free and forced choice options were determined by 

manipulating the amount of reinforcement that was available contingent on responding 

to stimuli in the free and forced choice options.  Therefore, choosing either the free or 

forced choice option in these conditions resulted in a qualitatively different reinforcer, 

not the same reinforcer delivered on a different schedule.  This manipulation may be a 

more direct analogy to the types of histories that are proposed to influence preference 

for free choice – that is, that free choice often allows for a selection of a qualitatively 

better or more preferred alternative.   

An additional between-subjects manipulation was used in the conditions in which 

the outcomes in the free and forced choice options were the same.  For one group of 

participants, the alternatives available in the free and forced choice options in this 

condition were all identical.  For the other group, the alternatives in the free choice 

option differed with respect to amount of reinforcement available, but the highest 

amount of reinforcement was available in both the free and forced choice options.  This 

manipulation was conducted in order to determine whether the alternatives from which a 

selection is made would have any influence on preference for free versus forced choice 

when neither of those options produces a better outcome than the other.   

Method 

Participants, Setting, and Apparatus 

 Forty students (21 females and 19 males) at the University of Florida served as 

participants.  Participants were recruited from a pool comprised of students enrolled in 

General Psychology, and they received course credit in exchange for participation.   

Participants’ ages ranged from 18 to 25 years.  All participants completed the 

experimental task using the mouse and keyboard of a PC in one of two rooms 
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containing the PC, a table, and a chair, and were alone in the room for the duration of 

the task. The task was presented via a program designed in Microsoft Visual Basic 6.0.   

Experimental Design 

Participants’ preference for free versus forced choice was assessed using a 

concurrent-chains procedure.  An ABACA reversal design was used to evaluate the 

effects of reinforcer amount on preference for free versus forced choice options.  Each 

participant was exposed to three conditions in which the amount of reinforcement 

delivered in the free and forced choice options was equal, higher in the free choice 

option, or higher in the forced choice option; the Baseline, Free Better, and Forced 

Better conditions, respectively.  Participants were also divided into two groups 

(n=20/group) in which the configuration of stimuli in the free and forced choice options in 

the Baseline conditions differed.  Experimental events and conditions are described in 

detail below.    

Before completing any trials, participants were given a set of brief instructions 

describing the general structure of the experiment and telling them how to make 

responses.  As a part of these instructions, they read the following statement:    

Clicking on the rectangles(s) left on the screen may result in the delivery of 
points.  The rectangles will be different colors (red, green, blue, yellow) and 
each color corresponds to the number of points you can earn by clicking on 
the rectangles. The total number of points you have earned will be 
displayed on the screen.  Your goal should be to try to earn as many points 
as you can. PLEASE NOTE:  You may have to click a rectangle more than 
once before a point is earned. At the end of the session the total number of 
points you earned will be recorded by the researcher.  Once all data have 
been collected, if you have earned the highest total number of points you 
will win a $50 gift card to the store of your choice.  

This statement was included to ensure that participants were sufficiently motivated to 

attend to the task and respond to earn points.  
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Concurrent-Chains Procedure 

A concurrent-chains schedule was in place in the choice trials of all conditions of 

the present experiment (as depicted in Figure 4-1 and described in Experiments 1 and 

2). In the initial links of the schedule, two arrays of small, 0.8” x 1” rectangles were 

shown on the computer screen.  One array contained one rectangle and the other 

contained three rectangles.  The colors of these rectangles were yellow, blue, green, or 

red and the method by which these colors were determined is described below. The 

rectangle arrays were placed above two clickable buttons labeled A and B.  Button A 

was always on the left and button B was always on the right, but the positions of the 

rectangle arrays were quasi-randomized across trials.  That is, sometimes one 

rectangle appeared above button A and three rectangles appeared above button B and 

vice-versa; neither array appeared above the same button more than two times in a 

row.  Additionally, four smaller, 0.4” x 0.6”, yellow, blue, green, and red rectangles were 

constantly visible along the top of the screen during the initial links.  These rectangles 

were lined up horizontally and next to each rectangle was the label “= [X] pts” with the 

number of points shown depending on the color next to which the label was positioned: 

yellow = 5 pts, blue = 4 pts, green = 3 pts, and red = 2 pts.   

A fixed-ratio (FR) 1 response schedule was in place in the initial links:  a single 

mouse click to either button A or B removed both buttons and the array that had 

appeared above the non-chosen button, and constituted as a response for either the 

array with one rectangle or for the array with three rectangles.  A click to the button 

associated with one rectangle initiated the forced choice terminal link and a click to the 

button associated with three rectangles initiated the free choice terminal link.  In the 

forced choice terminal link, one rectangle was positioned randomly on the screen and a 
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fixed-interval (FI) 5s schedule was in place.  The first click to the rectangle after 5 

seconds had elapsed removed the rectangle from the screen and ended the terminal 

link.  In the free choice terminal link, three rectangles were positioned randomly on the 

screen (without overlapping) and an FI 5s schedule was in place.  All three of the 

rectangles remained visible for the entirety of the FI 5s schedule and the first click on 

any of the three rectangles after the elapse of the FI schedule removed all rectangles 

from the screen and terminated the link.   

At the end of every terminal link, points were delivered with a probability of 1.0.  

When points were delivered, the statement “You earned [X] points!” appeared briefly on 

the screen and the amount of points earned was added to the participant’s point total.  

The number of points earned depended on the color rectangle that was chosen, as 

described below.  The point total was always displayed on the screen during the initial 

link of every trial and continued to accumulate across conditions.  An inter-trial interval 

(ITI) occurred after every point delivery.  During the ITI, the screen remained blank for 3 

seconds.  At the end of the ITI, a new trial began.    

When a condition ended, a new set of brief instructions appeared on the screen 

to remind the participant how to complete the task and to begin the next condition.  

When all five conditions (either Baseline-Free Better-Baseline2-Forced Better-Baseline3 

or Baseline-Forced Better-Baseline2-Free Better-Baseline3) were completed and before 

they left the room, participants responded to a brief questionnaire consisting of four 

questions.  These questions are listed in Table 4-1.  

Within-Subject Conditions 

Baseline condition.  All participants completed three replications of the Baseline 

condition.  Each Baseline condition consisted of 24 choice trials.  In all of these trials, 



 

61 

the highest number of points available in the free and forced choice options was held 

constant.  The method by which the stimuli in the Baseline conditions were arranged in 

order to keep amount of reinforcement the same in both options differed across group, 

and these methods are described in more detail below.    

Free Better condition.  The Free Better condition consisted of 24 choice trials.  

In this condition, only the free choice option contained the alternative associated with 

the highest number of points.  That is, of the three rectangles in the free choice option, 

one was always yellow (worth five points) and the other two rectangles were two 

different colors: either blue (four points), green (three points), or red (two points).  The 

colors of the non-yellow rectangles were programmed such that each participant was 

exposed to each possible combination of yellow plus two other colors eight times.  The 

same color did not always appear in the same position on the screen in the free choice 

initial link arrays and terminal links.   

Forced Better condition.  The Forced Better condition consisted of 24 choice 

trials.  In this condition, only the forced choice option contained the alternative 

associated with the highest number of points.  That is, the rectangle in the forced choice 

option was always yellow (worth five points).  The three rectangles in the free choice 

option were three different colors: one each blue (four points), green (three points), and 

red (two points).  The same color did not always appear in the same position on the 

screen in the free choice initial link arrays and terminal links.   

Between-Subjects Manipulation 

In the Baseline conditions, the highest amount of points available in the free and 

forced choice options was held constant, but the method by which the stimuli in the 

Baseline conditions were arranged differed across group.  For one group (the Identical 
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Colors group), all the rectangles in both the forced and free choice options were the 

same color.  Therefore, the amount of points available was exactly the same no matter 

which alternative was chosen in either the free or forced choice option.  Each color 

(yellow, blue, green, and red) was presented six times in quasi-randomized order. 

For the other group (the Mixed Colors group), a yellow rectangle was present in 

both the forced choice and free choice option in all trials.  Therefore, both options 

contained an alternative associated with the highest amount of points (five).  The other 

two rectangles in the free choice option were two different colors: either blue, green, or 

red (four, three, or two points, respectively), and each participant was exposed to each 

possible combination of yellow plus two other colors eight times.  The same color did 

not always appear in the same position on the screen in the free choice initial link arrays 

and terminal links.   

Data Analysis 

Data from individual participants and data averaged across participants were 

analyzed in the same manner as in Experiments 1 and 2. 

Results 

The results of Experiment 3 are presented in Figure 4-2.  Proportion of free choice 

selections is graphed as a function of condition.  This proportion was calculated by 

dividing the sum of free and forced choice selections by the total number of free choice 

selections.  Bars indicate the mean proportions of free choice selections for all 

participants in each condition, and individual proportions are plotted as data points.  The 

left panels show data from participants in the Identical Colors group and the right panels 

show data from the Mixed Colors group; data in the top row are from participants with 

the order Baseline-Forced Better-Baseline-Free Better-Baseline and data in the bottom 
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row are from participants with the order Baseline-Free Better-Baseline-Forced Better-

Baseline.   

Visual analysis of these graphs indicated that selection of the free or forced choice 

option was directly affected by the presence of the alternative that provided the highest 

amount of points: when the highest amount of points was only available in the free 

choice option, participants selected free choice more and when it was only available in 

the forced choice option, participants selected forced choice more.  Mean proportion of 

free choice selections varied when the highest amount of points was available in both 

the free and forced choice options.  There did not appear to be any carry-over effects in 

the Baseline conditions that followed the Free Better and Forced Better conditions.  

Overall, mean proportions were higher in the initial Baseline conditions compared to the 

second and third Baseline conditions.  Mean proportions were also higher in the Forced 

Better and initial Baseline conditions in the Identical Colors group compared to the 

Mixed Colors group.  Mean proportions of free choice selections were near or below 0.5 

for all but one Baseline replication and all Forced Better conditions in both baseline 

arrangement groups.  Mean proportions were higher than 0.5 for one initial Baseline 

condition in the Identical Colors group and all Free Better conditions in both groups.   

Analyses were also conducted to reveal statistically significant results.  Condition 

means and standard deviations are presented in Table 4-2.  A univariate ANOVA 

indicated significant main effects of condition, F(1, 148) = 523.20, p < .001 and  

baseline arrangement, F(1, 36) = 4.145, p = .049.  As evident in Figure 4-2, mean 

proportion of free choice selections was directly driven by the availability of the highest 

amount of points (looking at the Free Better and Forced Better conditions).  Mean 
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proportion of free choice selections did not differ from Baseline 2 to Baseline 3 in either 

condition order in either baseline arrangement group.  Mean proportion of free choice 

selections in each initial Baseline condition was higher than the mean proportion 

collapsed across each subsequent Baseline 2 and 3 condition.  Independent-samples t-

tests indicated that this difference was significant at the p = 0.05 level in the following 

cases:  the Identical Colors group who had Forced Better first (M = .958, SD = .271 and 

M = .556, SD = .381, top left panel in Figure 4-2), t(28) = 2.971, p = .006; the Mixed 

Colors group who had Forced Better first (M = .678, SD = .210 and M = .404, SD = 

.355, top right panel in Figure 4-2), t(27) = 2.649 p = .013; and the Mixed Colors group 

who had Free Better first (M = .709, SD = .194 and M = .459, SD = .350, bottom right 

panel in Figure 4-2), t(27.6) = 2.512 p = .018.     

The main effect of baseline arrangement was driven by differences in the Forced 

Better and initial Baseline conditions across baseline arrangement.  No differences 

between initial Baseline conditions were observed within baseline arrangement group, 

and so these proportions were averaged and those means were compared across 

baseline arrangement.  The mean proportion of free choice selections was significantly 

higher in the initial Baseline conditions in the Identical Color group (M = .861, SD = 

.297) compared to the Mixed Colors group (M = .693, SD = .197), t(38) = 2.108, p = 

.042.  No differences were observed between the Forced Better conditions within 

baseline arrangement and so these proportions were averaged and those means were 

compared across baseline arrangement.  The mean proportion of free choice selections 

was significantly higher in the Forced Better conditions in the Identical Color group (M = 

.280, SD = .275) compared to the Mixed Colors group (M = .052, SD = .115), t(25.4) = 
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3.43, p = .002.  No differences were observed between Free Better conditions within or 

across baseline arrangement.   

A two-tailed t-test using non-transformed data was conducted to determine 

whether mean proportions of free choice selections were significantly different from 0.5 

in any conditions. The results of this test are presented in Table 4-2 and indicate that 

several of these differences were statistically significant.   

Discussion 

The results of the present experiment indicate that amount of reinforcement has a 

direct effect on preference for free or forced choice.  When the highest amount of 

reinforcement was available in only the free or forced choice option, preference shifted 

to that option.  These results support those of previous studies in which differential 

outcomes for selecting a free or forced choice option produced shifts in preference 

toward that option (Fisher et al., 1998; Karsina et al., 2010; Skowronski & Carlston, 

1982; Suzuki, 1997).  When amount of reinforcement was controlled (in the Baseline 

conditions), there was considerable between-subject variability in preference for free 

choice.   

Only 3 out of 20 participants in the Identical Colors group and 5 out of 20 

participants in the Mixed Colors group showed a pattern in which preference for free 

choice increased in the Baseline 2 or 3 condition that followed Free Better and 

decreased in the Baseline 2 or 3 condition that followed Forced Better.  On average, 

preference for free choice either stayed the same as or decreased from Baseline in both 

baseline arrangements groups in the Baseline 2 conditions that followed Forced Better.  

However, this same pattern was also observed in the Baseline 2 conditions that 

followed Free Better, indicating that the decreases following Forced Better were likely 
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not due to carry-over from the Forced Better condition.  In addition, there were only 10 

out of 40 participants for whom preference for free choice increased compared to 

Baseline in the Baseline 2 or 3 conditions that followed Free Better.  All of these results 

indicate that brief exposure to the Free Better and Forced Better conditions did not 

produce consistent effects on free choice preference in the Baseline 2 and 3 conditions. 

The present experiment was designed to test the hypothesis that preference for 

free choice results from a history in which free choice options provided better outcomes.  

Such a history may result in the availability of multiple alternatives coming to function as 

a conditioned reinforcer.  Free choice options may then be preferred even when they do 

not currently provide a better outcome than forced or no choice options.  The Free 

Better and Forced Better conditions of the present experiment were designed to 

simulate conditions under which a free or forced choice option would come to function 

as a conditioned reinforcer.  The Baseline 2 and 3 conditions were implemented to test 

whether either option would continue to be preferred if it had been in a preceding Free 

Better or Forced Better condition, but there was no carry-over of preference.  It is 

possible that the exposure to the Free Better and Forced Better conditions in this 

experiment was not long enough to allow the free or forced options to come to function 

as conditioned reinforcers; if the options do not function as conditioned reinforcers, then 

shifts in preference toward those options in conditions in which outcomes are equal 

might not occur.   

Overall, mean proportions of free choice selections during all Baseline conditions 

were either near or below 0.5 indicating either indifference between free and forced 

choice or preference for forced choice.  However, on average, there were differences 
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between the initial Baseline conditions and Baselines 2 and 3 in all condition order 

subgroups in both baseline arrangements.  Some carry-over effects from the Free 

Better and Forced Better conditions were observed in Baseline conditions for some 

participants, but 24 out of 40 participants showed an overall decrease in preference for 

free choice in Baselines 2 and 3 compared to their initial Baseline condition.  These 

results differ from those of Skowronski and Carlston (1982) who found that participants 

preferred the option in which they had had success when they were told that past 

“successes” (i.e. better outcomes in a free or forced choice option) would have an effect 

on later choice trials.  Some participants in that study were told that past successes 

would not have an effect on later choice trials, and under these conditions, preference 

for the free and forced options were not different from each other.  These results are 

more similar to those of the present experiment.   

Skowronski and Carlston (1982) noted that “…breaking the link between 

perceptions of past control and future expectancies reduces the effects of past 

outcomes on the desire for choice” (p. 700).  In the present experiment, reinforcement 

was certain and outcomes were the same for free and forced choice selections during 

all Baseline conditions.  Though participants experienced conditions in which the free 

and forced choice options produced better outcomes, these conditions were easily 

discriminable from those in which they provided the same outcomes (e.g. free choice 

stimuli were different).  Participants also had initial exposure to the Baseline condition in 

which outcomes between free and forced choice were the same.  For these reasons, 

participants may have quickly learned that neither the free or forced choice option 

produced a better outcome during Baseline conditions.  This experience would account 
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for indifference between the free and forced choice options.   Conducting this 

experiment using uncertain reinforcement might make the discrimination between 

Baseline and the other two conditions less clear, and might lead to some carry-over 

from the Free Better and Forced Better conditions and/or higher preference for free 

choice during Baseline conditions.   

Reponses to post-session questionnaires reveal some other reasons why 

preferences were near or below 0.5.  In the Mixed Colors group, the forced choice 

option always contained the yellow rectangle that was worth the highest amount of 

points (except in the Free Better condition).  Responses by some participants in this 

group suggest that seeing the yellow rectangle on its own in the forced choice option so 

often may have given an impression that the forced choice option was always the better 

one, even during Baseline conditions in which the yellow rectangle was also present in 

the free choice option.  In addition, several participants reported that they preferred the 

forced choice option because having the yellow rectangle in isolation made it easier to 

identify the best alternative.  In the Identical Colors group, many participants reported 

that they preferred the forced choice option because having only one rectangle in the 

terminal link reduced the effort required to produce points.  These responses suggest 

that at least some participants’ behavior during Baseline conditions was not affected by 

previous exposure to the Free Better and Forced Better conditions but rather other 

features of the procedure.   

Statistical tests indicated a main effect of baseline arrangement that was driven by 

the differences between the initial Baseline and Forced Better conditions across 

baseline arrangement groups.  These results are similar to those of Suzuki (1997) who 
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compared preferences between free and forced choice options using conditions in 

which the free choice option contained two or three identical stimuli (all worth 10 points) 

and in which the free choice option contained one stimulus worth 10 points and two or 

three other stimuli with a lower point value.  Suzuki found that preference for free choice 

was higher in the conditions in which identical stimuli were available in the free choice 

option.  Suzuki’s comparisons were made within subject, but they are supported by the 

findings in the present experiment.  In the present experiment, the free choice options in 

the Baseline conditions in the Mixed Colors group contained one rectangle worth the 

highest amount of points and two other stimuli with lower values.  The free choice option 

in the Baseline conditions in the Identical Colors group contained three identical 

rectangles.  Based on findings of their own study, Hayes, Kapust, Leonard, Rosenfarb 

(1981) observed:  “if the probability of choosing A or B given a choice of A and B is 

about equal then the organism will prefer the choice of A and B over either alone…if the 

probability of selecting A given choice of A and B is nearly zero then the organism will 

prefer B alone over the choice of A and B” (p. 6).  In the context of the present 

experiment, participants in the Mixed Colors group preferred the yellow rectangle alone 

(forced choice) to a choice between the yellow rectangle and two lower valued 

rectangles (free choice).  

Responses to the post-session questionnaires also provide reasons why the 

Mixed Colors group may have preferred the forced choice option in the Baseline and 

Forced Better conditions more than the Identical Colors group.  As stated above, some 

Mixed Colors participants’ responses suggested that more exposure to the yellow 

rectangle in isolation may have given an illusion that the forced option was always the 
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better choice.  Participants in the Identical Colors group were only exposed to one 

condition in which the forced choice option alone contained the yellow rectangle and in 

which lower-valued rectangles appeared in the free choice option; participants in the 

Mixed Colors group were exposed to four conditions in which the yellow rectangle was 

in the forced choice option and at least two lower-valued rectangles were in the free 

choice option.  However, this amount of exposure was not present for the Forced Better 

conditions that directly followed the initial Baseline conditions.  It is possible that for the 

Mixed Colors group, the initial Baseline exposure to the single yellow rectangle in forced 

choice and lower-valued rectangles in free choice was enough to shift preference more 

strongly toward forced choice compared to the Identical Colors group who did not have 

this initial exposure.  

As in Experiments 1 and 2, a major finding of the present experiment was the 

great deal of between-subject variability with regard to free choice preference, 

particularly in the Baseline conditions.  The range of initial Baseline preference was 

wide, suggesting that participants likely entered the study with different pre-

experimental preferences for free choice.  Just as was the case in Experiments 1 and 2, 

the present experiment used arbitrary stimuli, and it is possible that any relevant history 

that may otherwise contribute to free choice preference was not generalizable to these 

experimental conditions.  Data and responses on post-session questionnaires also 

suggest that the arbitrary stimuli and certain reinforcement may have caused behavior 

to come under the control of variables other than those being controlled in the 

experiment.  Some participants provided responses that suggested their behavior was 

controlled by perceived patterns that weren’t programmed.  Other participants indicated 
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that they were indifferent between the free and forced choice options because they 

(accurately) perceived that neither option was better or that they chose arbitrarily or in 

an alternating pattern because they were bored with the task. 

Future attempts to evaluate the effects of exposure to differential outcomes in free 

and forced choice options can be improved in several ways.  It may be more likely to 

see effects if choices are among more “real-life” real or simulated response alternatives 

rather than the arbitrary stimuli.  Future studies might also find more robust results if 

choices are made among reinforcers rather than response alternatives.  Fenerty and 

Tiger (2010) conducted a study in which four participants were given choices between a 

choice of tasks, a choice of reinforcers, no choice of either, and a control (in which 

reinforcement was not delivered).  They found that none of the participants preferred 

choice of tasks over no choice of tasks, but three of four exhibited their highest 

preference for choice of reinforcers.  In addition, the fact that reinforcement was certain 

in the present experiment may have made it easier to learn that neither free nor forced 

choice was a “better” option in the Baseline conditions.  Preference for free choice 

and/or carry-over from experience with better outcomes could be more likely if 

reinforcement is uncertain and it is not as easy to learn that free and forced choice 

outcomes are the same.  Finally, if the goal of an experiment is to evaluate carry-over 

effects of exposure to conditions in which free or forced choice options provide better 

outcomes, longer exposure to those conditions may be necessary.   
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Table 4-1.  Experiment 3: Post-session questionnaire contents 

Question # Question text 

1 When you had to choose between the two arrays of rectangles, which of 
the arrays did you choose more often, the one with one rectangle or the 
one with three rectangles?  Why? 

2 In the case of the array of three rectangles, did you think that three 
rectangles were enough to choose from? Why or why not? 

3 Did you enjoy earning points? 
4 Is there anything else you would like to say about this study? 

 
 
Table 4-2.  Experiment 3: Results of two-tailed t-test evaluating whether mean 

proportions of free choice selections (non-transformed) are different from 0.5.   

Group Condition        M         t Sig. 

Identical Colors Baseline .638 (.198) 2.192 .056 
Free Choice Forced Better .179 (.199) -5.089   .001* 
 Baseline2 .288 (.252) -2.667   .026* 
 Free Better .975 (.079) 19.000   .000* 
 Baseline3 .396 (.308) -1.071 .312 
     
 Baseline .488 (.269) -0.147 .887 
 Free Better .963 (.060) 24.222   .000* 
 Baseline2 .304 (.304) -2.040 .072 
 Forced Better .071 (.168) -8.084   .000* 
 Baseline 3 .333 (.354) -1.491 .170 
     
Mixed Colors Baseline .404 (.189) -1.599 .144 
Free Choice Forced Better .025 (.053) -28.500   .000* 
 Baseline2 .183 (.201) -4.994   .001* 
 Free Better 1.00 (.000)           --       --  ** 
 Baseline3 .271 (.292) -2.480   .035* 
     
 Baseline .429 (.184) -1.215 .255 
 Free Better .963 (.093) 15.715   .000* 
 Baseline2 .258 (.249) -3.068   .013* 
 Forced Better .004 (.013) -119.000   .000* 
 Baseline3 .258 (.272) -2.809   .020* 

Note:  Standard deviations are in parentheses.  Degrees of freedom were 9 for every 
condition.   
*The mean proportion is significantly higher or lower than 0.5 (p <= .05). 
**A statistical test could not be performed. 
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Figure 4-1.  Schematic of the concurrent-chains schedule in place during choice trials 

for in the Mixed Colors Baseline conditions in Experiment 3.  In the initial 
links, only buttons A or B could be clicked and the positions of the arrays of 1 
or 3 rectangles were quasi-randomized.  In this example, Button A represents 
the forced choice option and Button B represents the free choice option.  In 
the terminal links, clicks on the circles following the elapse of the FI 5s 
schedule produced points at a probability of 1.0.  The number of points 
earned depended on the color of the rectangle that was selected in the 
terminal link. 

“Choose A or B” 

Initial link 

Terminal link Forced Choice Free Choice 

FI 5s  

5, 4, 3, or 2 pts 
delivered at 1.0 

probability 

FI 5s  

3s ITI 

FR 1  FR 1  

A B 
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Figure 4-2.  Proportion of free choice selections in the Baseline, Forced Better and Free Better conditions in Experiment 3.  
Bars indicate proportions averaged across participant; data points indicate proportions from individual 
participants.  Data from the Identical Colors and Mixed Colors groups are in the top and bottom left and top and 
bottom right panels, respectively.  The top row shows data from participants with the order Baseline-Forced 
Better-Baseline-Free Better-Baseline and the bottom row shows data from participants with the condition order 
Baseline-Free Better-Baseline-Forced Better-Baseline.
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CHAPTER 5 
EXPERIMENT 4: PROBABILITY OF REINFORCEMENT 

This experiment was conducted as a companion to Experiment 3 and therefore its 

design had, in general, the same rationale and design as Experiment 3’s.  The primary 

difference between these two experiments was the dimension of reinforcement along 

which the “better outcome” was manipulated.  In this experiment, the free and forced 

choice options provided either the same or a better probability of reinforcement delivery.   

Method 

Participants, Setting, and Apparatus 

Forty students (32 females and 8 males) at the University of Florida served as 

participants.  Participants were recruited from a pool comprised of students enrolled in 

General Psychology and from two sections of Applied Behavior Analysis, and they 

received course credit in exchange for participation.  Participants’ ages ranged from 18 

to 22 years.  All participants completed the experimental task using the mouse and 

keyboard of a PC in one of two rooms containing the PC, a table, and a chair, and were 

alone in the room for the duration of the task. The task was presented via a program 

designed in Microsoft Visual Basic 6.0.   

Experimental Design 

Participants’ preference for free versus forced choice was assessed using a 

concurrent-chains procedure.  An ABACA reversal design was used to evaluate the 

effects of reinforcer probability on preference for free versus forced choice options.  

Each participant was exposed to three conditions in which the probability of 

reinforcement delivered in the free and forced choice options was equal, higher in the 

free choice option, or higher in the forced choice option; the Baseline, Free Better, and 
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Forced Better conditions, respectively.  Participants were also divided into two groups 

(n=20/group) in which the configuration of stimuli in the free and forced choice options in 

the Baseline conditions differed.  Experimental events and conditions are described in 

detail below. 

Before completing any trials, participants were given a set of brief instructions 

describing the general structure of the experiment and telling them how to make 

responses.  As a part of these instructions, they read the following statement:    

Clicking on the rectangles(s) left on the screen may result in the delivery of 
points.  The rectangles will be different colors (red, green, blue, yellow) and 
each color corresponds to the probability of earning 5 points by clicking on 
the rectangles.  For example, one of the colors may correspond to a 0.75 
probability of earning points.  This means that there is a 75% chance that 
clicking that rectangle will result in the delivery of points. The total number 
of points you have earned will be displayed on the screen.  Your goal 
should be to try to earn as many points as you can. PLEASE NOTE:  You 
may have to click a rectangle more than once before a point is earned. At 
the end of the session the total number of points you earned will be 
recorded by the researcher.  Once all data have been collected, if you have 
earned the highest total number of points you will win a $50 gift card to the 
store of your choice.  

This statement was included to ensure that participants were sufficiently motivated to 

attend to the task and respond to earn points.  

Concurrent-Chains Procedure 

A concurrent-chains schedule was in place in the choice trials of all conditions of 

the present experiment (as depicted in Figure 5-1 and described in Experiments 1, 2, 

and 3).  In the initial links of the schedule, two arrays of small, 0.8” x 1” rectangles were 

shown on the computer screen.  One array contained one rectangle and the other 

contained three rectangles.  The colors of these rectangles were yellow, blue, green, or 

red, and the method by which these colors were determined is described below. The 

rectangle arrays were placed above two clickable buttons labeled A and B.  Button A 
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was always on the left and button B was always on the right, but the positions of the 

rectangle arrays were quasi-randomized across trials.  That is, sometimes one 

rectangle appeared above button A and three rectangles appeared above button B and 

vice-versa; neither array appeared above the same button more than two times in a 

row.  Additionally, four smaller, 0.4” x 0.6”, yellow, blue, green, and red rectangles were 

constantly visible along the top of the screen during the initial links.  These rectangles 

were lined up horizontally and next to each rectangle was the label “= [X]” with the 

probability of earning  points shown depending on the color next to which the label was 

positioned: yellow = 0.8, blue = 0.6, green = 0.4, and red = 0.2.   

A fixed-ratio (FR) 1 response schedule was in place in the initial links:  a single 

mouse click to either button A or B removed both buttons and the array that had 

appeared above the non-chosen button, and constituted as a response for either the 

array with one rectangle or for the array with three rectangles.  A click to the button 

associated with one rectangle initiated the forced choice terminal link and a click to the 

button associated with three rectangles initiated the free choice terminal link.  In the 

forced choice terminal link, one rectangle was positioned randomly on the screen and a 

fixed-interval (FI) 5s schedule was in place.  The first click to the rectangle after 5 

seconds had elapsed removed the rectangle from the screen and ended the terminal 

link.  In the free choice terminal link, three rectangles were positioned randomly on the 

screen (without overlapping) and an FI 5s schedule was in place.  All three of the 

rectangles remained visible for the entirety of the FI 5s schedule and the first click on 

any of the three rectangles after the elapse of the FI schedule removed all rectangles 

from the screen and terminated the link.   
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At the end of every terminal link, five points were delivered with a probability that 

depended on the color of the rectangle that had been selected (as described below).  

When points were delivered, the statement “You earned 5 points!” appeared briefly on 

the screen and five points were added to the participant’s point total.  The point total 

was always shown during the initial link of every trial and continued to accumulate 

across conditions.  An inter-trial interval (ITI) occurred after every terminal link, whether 

or not points were delivered.  During the ITI, the screen remained blank for 3 seconds.  

At the end of the ITI, a new trial began.  Each condition ended when 24 trials were 

completed.   

When a condition ended, a new set of brief instructions appeared on the screen 

to remind the participant how to complete the task and to begin the next condition.  

When all five conditions (either Baseline-Free Better-Baseline2-Forced Better-Baseline3 

or Baseline-Forced Better-Baseline2-Free Better-Baseline3) were completed and before 

they left the room, participants responded to a brief questionnaire consisting of four 

questions.  These questions are listed in Table 5-1.  

Within-Subject Conditions 

Baseline condition.  All participants completed three replications of the Baseline 

condition.  Each Baseline condition consisted of 24 choice trials.  In all of these trials, 

the highest probability of earning points in the free and forced choice options was held 

constant.  The method by which the stimuli in the Baseline conditions were arranged in 

order to keep probability of reinforcement the same in both options differed across 

group, and these methods are described in more detail below.   

Free Better condition.  The Free Better condition consisted of 24 choice trials.  

In this condition, only the free choice option contained the alternative associated with 
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the highest probability of earning points.  That is, of the three rectangles available in the 

free choice option, one was always yellow (0.8 probability of reinforcement) and the 

other two rectangles were two different colors: either blue (0.6 probability of 

reinforcement), green (0.4 probability of reinforcement), or red (0.2 probability of 

reinforcement).  The colors of the non-yellow rectangles were programmed such that 

each participant was exposed to each possible combination of yellow plus two other 

colors eight times.  The same color did not always appear in the same position on the 

screen in the free choice initial link arrays and terminal links.   

Forced Better condition.  The Forced Better condition consisted of 24 choice 

trials.  In this condition, only the forced choice option contained the alternative 

associated with the highest probability of earning points.  That is, the rectangle in the 

forced choice option was always yellow (0.8 probability of reinforcement).  The three 

rectangles in the free choice option were three different colors: one each blue (0.6 

probability of reinforcement), green (0.4 probability of reinforcement), and red (0.2 

probability of reinforcement).  The same color did not always appear in the same 

position on the screen in the free choice initial link arrays and terminal links.     

Between-Subjects Manipulation 

 In the Baseline conditions, the highest probability of earning points in the free 

and forced choice options was held constant, but the method by which the stimuli in the 

Baseline conditions were arranged differed across group.  For one group (the Identical 

Colors group), all the rectangles in both the forced and free choice options were the 

same color.  Therefore, probability of earning points was exactly the same no matter 

which alternative was chosen in either the free or forced choice option.  Each color 

(yellow, blue, green, and red) was presented six times in quasi-randomized order. 
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For the other group (the Mixed Colors group), a yellow rectangle was present in 

both the forced choice and free choice option in all trials.  Therefore, both options 

contained an alternative associated with the highest probability of reinforcement (0.8).   

The other two rectangles in the free choice option were two different colors: blue, green, 

or red (0.6, 0.4, or 0.2 probability of reinforcement, respectively), and each participant 

was exposed to each possible combination of yellow plus two other colors eight times.  

The same color did not always appear in the same position on the screen in the free 

choice initial link arrays and terminal links.   

Data Analysis 

Data from individual participants and data averaged across participants were 

analyzed in the same manner as in Experiments 1-3. 

Results 

The results of Experiment 4 are presented in Figure 5-2.  Proportion of free choice 

selections is graphed as a function of condition.  This proportion was calculated by 

dividing the sum of free and forced choice selections by the total number of free choice 

selections.  Bars indicate the mean proportions of free choice selections for all 

participants in each condition, and individual proportions are plotted as data points.  The 

left panels show data from participants in the Identical Colors group and the right panels 

show data from the Mixed Colors group; data in the top row are from participants with 

the order Baseline-Forced Better-Baseline-Free Better-Baseline and data in the bottom 

row are from participants with the order Baseline-Free Better-Baseline-Forced Better-

Baseline.     

Visual analysis of these graphs indicated that selection of the free or forced choice 

option was directly affected by the presence of the alternative that provided the highest 
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probability of earning points: when the highest probability of earning points was only 

available in the free choice option, participants selected free choice more and when it 

was only available in the forced choice option, participants selected forced choice more.  

However, the difference in mean proportion of free choice selections between the Free 

Better and Forced Better conditions depended on baseline arrangement:  differences 

between these conditions were greater in the Mixed Colors group compared to the 

Identical Colors group.  Mean proportions varied when the highest probability of earning 

points was available in both the free and forced choice options.  With one exception 

(bottom right panel), mean proportions of free choice selections did not differ between 

the three Baseline conditions in both condition orders in both baseline arrangement 

groups.  There did not appear to be any carry-over effects in the Baseline conditions 

that followed the Free Better and Forced Better conditions.  Overall, mean proportion of 

free choice selections was near or below 0.5 for all but two Baseline replications and all 

Forced Better conditions in both groups.  Mean proportions were higher than 0.5 for two 

Baseline conditions in the Identical Colors group and all Free Better conditions in both 

groups.   

Analyses were also conducted to reveal statistically significant results.  Condition 

means and standard deviations are presented in Table 4-2.  A univariate ANOVA 

indicated significant main effects of condition, F(1, 148) = 14.533, p < .001 and baseline 

arrangement, F(1, 36) = 1.866, p = .004.  This test also indicated a significant 

interaction between condition and baseline arrangement, F(4, 148) = 5.256, p = .001.  

As evident in Figure 4-2, mean proportion of free choice selections was directly driven 

by the availability of the highest probability of earning points (the Free Better and 
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Forced Better conditions), but the degree of difference between the Free Better and 

Forced Better condition was larger in the Mixed Colors group.  Mean proportion of free 

choice selections in the Forced Better conditions did not differ within baseline 

arrangement and so these proportions were averaged and those means were compared 

across baseline arrangement groups.  The mean proportion of free choice selections 

was significantly higher in the Forced Better conditions in the Identical Color group (M = 

.562, SD = .423) compared to the Mixed Colors group (M = .225, SD = .240), t(30.1) = 

3.107, p = .004.  No statistically significant differences were observed between Free 

Better conditions within or across baseline arrangement.   

The main effect of baseline arrangement and the interaction between condition 

and baseline arrangement was also driven by differences between the Baseline 

conditions within and across baseline arrangement group.  Overall, no statistically 

significant differences were observed between the initial Baseline conditions in any 

condition order in either baseline arrangement.  In addition, no statistically significant 

differences were observed between Baseline 2 and Baseline 3 in any condition order in 

either baseline arrangement.  With one exception, the mean proportion of free choice 

selections did not differ between any of the Baseline replications in either group.  The 

difference between the initial Baseline (M = .812, SD = .355) and the collapsed average 

of Baselines 2 and 3 (M = .426, SD = .372) for participants in the Mixed Colors group 

who had Free Better first (bottom right panel of Figure 5-2) was statistically significant, 

t(28) = 2.715, p = .011.  Finally, comparisons were made between the collapsed mean 

proportion of free choice selections of the initial Baselines and the collapsed mean 

proportion of Baselines 2 and 3 across baseline arrangement.  The difference between 
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initial Baseline conditions was not significant, but the collapsed mean proportion of free 

choice selections in Baselines 2 and 3 was higher in the Identical Colors group (M = 

.864, SD = .390) compared to the Mixed Colors group (M = .514, SD = .346), t(78) = 

4.250, p < .001.   

A two-tailed t-test using non-transformed data was conducted to determine 

whether mean proportion of free choice selections was significantly different from 0.5 in 

any conditions. The results of this test are presented in Table 5-2 and indicate that 

several of these differences were statistically significant.   

Discussion 

The results of the present experiment indicate that probability of reinforcement has 

a direct effect on preference for free or forced choice.  When the highest probability of 

reinforcement was available in only free or forced choice, preference shifted to that 

option.  These results support those of previous studies in which differential outcomes 

for selecting either forced or free choice resulted in shifts in preference toward that 

option (Fisher et al., 1998; Karsina et al., 2010; Skowronski & Carlston, 1982; Suzuki, 

1997).  However, the difference in preference between the Free Better and Forced 

Better conditions was affected by baseline arrangement.  When probability of 

reinforcement was controlled (in the Baseline conditions), there was a great deal of 

between-subject variability with regard to preference for free choice.  Only a few 

participants (mostly in the Mixed Colors group) showed a pattern in which preferences 

increased in the Baseline condition that followed Free Better and decreased in the 

Baseline condition that followed Forced Better.   

In the Identical Colors group, no consistent effects of exposure to the Free Better 

or Forced Better conditions were observed.  For 7 of 10 participants, preference for free 
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choice was higher in Baseline 2 than Baseline when Baseline 2 followed Free Better, 

but the same number of participants also had higher preference for free choice in 

Baseline 3 when it followed Forced Better.  Only 5 of 10 participants showed lower 

preference for free choice in Baseline 2 following Forced Better and none of them had 

higher preference than Baseline in Baseline 3 following Free Better.  In the Mixed 

Colors group, there were only 2 of 20 cases in which preferences increased from 

Baseline following Free Better and decreased from Baseline following Forced Better.  

All of these results suggest that brief exposure to the Free Better and Forced Better 

conditions did not produce any consistent effect on free choice preference in the 

Baseline 2 and 3 conditions.   

As was the case with Experiment 3, the present experiment was designed to test 

the hypothesis that preference for free choice results from a history in which free choice 

options provided better outcomes.  Such a history may result in the availability of 

multiple alternatives coming to function as a conditioned reinforcer.  The Free Better 

and Forced Better conditions of the present experiment were designed to simulate 

conditions under which a free or forced choice option would come to function as a 

conditioned reinforcer.  The Baseline 2 and 3 conditions were implemented to test 

whether either option would continue to be preferred if it had been in a preceding Free 

Better or Forced Better condition, but there was no carry-over of preference.  It is 

possible that the exposure to the Free Better and Forced Better conditions in this 

experiment was not long enough to allow either the free or forced option to come to 

function as a conditioned reinforcer; if the options do not function as conditioned 
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reinforcers, then shifts in preference toward those options in conditions in which 

outcomes are equal might not occur.   

Statistical tests indicated a significant main effect of baseline arrangement that 

was driven by the differences between the Forced Better and Baseline 2 and 3 

conditions across baseline arrangement groups.  Based on findings of their own study, 

Hayes et al. (1981) observed:  “if the probability of choosing A or B given a choice of A 

and B is about equal then the organism will prefer the choice of A and B over either 

alone…if the probability of selecting A given choice of A and B is nearly zero then the 

organism will prefer B alone over the choice of A and B” (p. 6).  In the context of the 

Baseline conditions in the present experiment, participants in the Mixed Colors group 

preferred the yellow rectangle alone (forced choice) to a choice between the yellow 

rectangle and two lower valued rectangles (free choice).   Similarly, a few participants in 

the Mixed Colors group indicated on post-session questionnaires that their preference 

for forced choice during Baseline was driven by avoiding the lower-valued rectangles in 

the free choice option; the forced choice option was viewed as a more “dependable 

source of points.”  Because the rectangles in the free and forced choice options were 

the same in the Identical Colors condition, neither the free or forced choice option was 

clearly the better source of reinforcement.   

Additional responses to the post-session questionnaires suggest why participants 

in the Mixed Colors group may have preferred the forced choice option more during the 

Forced Better and Baseline 2 and 3 conditions.  It seems that more exposure to the 

yellow rectangle in isolation may have given an impression that the forced option was 

always the better choice:  participants in the Identical Colors group  were only exposed 
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to one condition in which the forced choice option alone contained the yellow rectangle 

and in which lower-valued rectangles appeared in the free choice option; participants in 

the Mixed Colors group were exposed to four conditions in which the yellow rectangle 

was in the forced choice option and at least two lower-valued rectangles were in the 

free choice option.  However, this amount of exposure was not present for the Forced 

Better conditions that directly followed initial Baseline.  It is possible that for the Mixed 

Colors group, the initial Baseline exposure to the single yellow rectangle in forced 

choice and lower-valued rectangles in free choice was enough to shift preference more 

strongly toward forced choice compared to the Identical Colors group who did not have 

this initial exposure.  

In general, in the Identical Colors group, mean proportion of free choice selections 

did not differ across Baseline conditions.  This was also the case in the subgroup of the 

Mixed Colors group that had Forced Better first (top right panel of Figure 5-2).  

However, there was a difference from Baseline to Baselines 2 and 3 in the other Mixed 

Colors subgroup, and, on average, mean proportion of free choice selections was 

higher in Baseline in the Identical Colors group.  These results can be compared to 

those of Experiment 3 in which mean proportion of free choice selections decreased 

from Baseline to Baselines 2 and 3 in all condition order groups in both baseline 

arrangements.  Those decreases were discussed as being partly caused by the 

certainty of reinforcement that allowed participants to quickly learn that neither the free 

nor forced option provided a better outcome in the Baseline conditions.  In the present 

experiment, this decrease was only observed in for one group of participants.  

Importantly, in both subgroups of the Identical Colors group, mean proportion of free 
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choice selections remained near or above 0.5.  These data suggest that the quick 

discrimination and shift in preference toward forced choice in all groups in Experiment 3 

and in one group in the present experiment did not occur with many of the participants 

in the present experiment.  It is likely that this was due to the uncertainty of 

reinforcement.  Because reinforcement was uncertain, it was not as easy for 

participants to learn that neither the free or forced choice option provided a better 

outcome, especially when all stimuli were identical and there was no extended exposure 

to a single and clearly best alternative (as in the Mixed Colors group as discussed 

above).   

The univariate ANOVA indicated a significant interaction between baseline 

arrangement and condition in the present experiment.  This result is partly due to the 

differences in Baseline preference just discussed.  However, individual data indicate 

that the preferences of several participants in the Identical Colors group did not change 

across any conditions.  Though, on average, preferences shifted toward free and forced 

choice in the Free Better and Forced Better conditions, for six out of twenty participants 

in the Identical Colors group, preferences did not differ by more than 0.08 between 

these conditions.  There were no participants in the Mixed Colors group or in either 

baseline arrangement group in Experiment 3 that showed this pattern of responding.   

It is likely that the uncertainty of reinforcement in the present experiment caused 

participants to be less sensitive to the availability of the best alternative.  Several 

participants in the Identical Colors group reported that they preferred the free choice 

option because they felt that having three rectangles available made it more likely that 

one would “pay off,” even though only one rectangle could be chosen.  In reality, there 
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was no better chance of a participant earning points whether they chose the free or 

forced choice option.  This misinterpretation of the task could account for higher 

preferences for free choice, on average, in the Forced Better and Baseline conditions.  

It does not account for the lower, more variable responding in the Free Better condition 

(compared to the same group in Experiment 3).  It appears that because reinforcement 

was uncertain, participants did more “sampling” of the free and forced choice options 

during the Free Better and Forced Better conditions rather than simply choosing the 

option with the highest value.   

Although individual proportions of free choice selections were more variable than 

in Experiment 3, mean proportions in the Free Better and Forced Better conditions were 

closer to expected values in the Mixed Colors group compared to the Identical Colors 

group.  As discussed above, participants in the Mixed Colors group were given initial 

exposure to a condition in which a single yellow rectangle was pitted against a yellow 

rectangle plus two lower-valued rectangles.  This exposure may have shifted preference 

toward an isolated yellow rectangle because it was easier to identify the best stimulus.  

Therefore, when that stimulus was available only in the free or forced choice option, 

participants selected the option that contained that rectangle.  The participants in the 

Identical Colors group had Baseline exposure in which both the free and forced choice 

options contained only yellow rectangles, and most of them chose both the free and 

forced choice options during Baseline.  Some participants continued to sample both 

options even when the yellow rectangle was available only in the free or forced choice 

option, though the reasons for this behavior are not clear.   
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As in the previous three experiments, there was great deal of between-subject 

variability with regard to free choice preference, particularly in the Identical Colors group 

and in the Baseline conditions in the Mixed Colors group.  The range of initial Baseline 

preference was wide, suggesting that participants entered the study with different pre-

experimental preferences for free choice.  Just as in the previous experiments, the 

present experiment used arbitrary stimuli, and it is possible that any relevant history that 

may otherwise contribute to free choice preference was not generalizable to these 

experimental conditions.  Data and responses on post-session questionnaires also 

suggested that some participants misinterpreted the probability of reinforcement, 

generated their own rules about how best to earn points, and then followed those rules.  

Some participants indicated that they chose arbitrarily or in an alternating pattern 

between the free and forced choice options because they were bored with the task.  

Future attempts to evaluate the effects of exposure to differential outcomes in free 

and forced choice options can be improved in several ways.  It may be more likely to 

see effects if choices are among more “real-life” real or simulated response alternatives 

rather than the arbitrary stimuli.  For example, to examine the effect of probability of 

reinforcement, a gambling simulation could be designed in which participants choose 

between two “slot machines:” one with one lever (forced choice) and one with multiple 

levers (free choice).  It is also possible, as suggested by the results of Fenerty and Tiger 

(2010),  that future studies might find more robust results if choice is among reinforcers 

rather than response alternatives.  Finally, if the goal of an experiment is to evaluate 

carry-over effects of exposure to conditions in which free or forced choice options 

provide better outcomes, longer exposure to those conditions may be necessary.   
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Table 5-1.  Experiment 4: Post-session questionnaire contents 

Question # Question text 

1 When you had to choose between the two arrays of rectangles, which of 
the arrays did you choose more often, the one with one rectangle or the 
one with three rectangles?  Why? 

2 In the case of the array of three rectangles, did you think that three 
rectangles were enough to choose from? Why or why not? 

3 Did you enjoy earning points? 
4 Is there anything else you would like to say about this study? 

 
 
Table 5-2.  Experiment 4: Results of two-tailed t-test evaluating whether mean 

proportions of free choice selections (non-transformed) are different from 0.5.   

Group Condition        M           t  Sig. 

Identical Colors Baseline .521 (.223) .297 .773 
Free Choice Forced Better .321 (.258) -2.192 .056 
 Baseline2 .458 (.314) -0.421 .684 
 Free Better .708 (.323) 2.041 .072 
 Baseline3 .496 (.299) -0.044 .966 
     
 Baseline .533 (.153) 0.689 .508 
 Free Better .854 (.193) 5.812   .000* 
 Baseline2 .667 (.246) 2.143 .061 
 Forced Better .350 (.346) -1.369 .204 
 Baseline 3 .625 (.296) 1.336 .214 
     
Mixed Colors Baseline .396 (.251) -1.313 .222 
Free Choice Forced Better .108 (.115) -10.783   .000* 
 Baseline2 .375 (.208) -1.901 .090 
 Free Better .908 (.105) 12.251   .000* 
 Baseline3 .342 (.262) -1.912 .088 
     
 Baseline .508 (.302) 0.087 .932 
 Free Better .879 (.132) 9.055   .000* 
 Baseline2 .296 (.216) -2.983   .015* 
 Forced Better .083 (.135) -9.785   .000* 
 Baseline3 .204 (.287) -3.261   .010* 

Note:  Standard deviations are in parentheses.  Degrees of freedom were 9 for every 
condition.  Asterisks indicate that the mean proportion is significantly higher or lower 
than 0.5 (p <= .05). 
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Figure 5-1.  Schematic of the concurrent-chains schedule in place during choice trials 

for in the Mixed Colors Baseline conditions in Experiment 4.  In the initial 
links, only buttons A or B could be clicked and the positions of the arrays of 1 
or 3 rectangles were quasi-randomized.  In this example, Button A represents 
the forced choice option and Button B represents the free choice option.  In 
the terminal links, clicks on the circles following the elapse of the FI 5s 
schedule produced 5 points at a probability that depended on the color of the 
rectangle that was selected in the terminal link.

“Choose A or B” 

Initial link 

Terminal link Forced Choice Free Choice 

FI 5s  

5 pts delivered at     
0.8, 0.6, 0.4 or 0.2 

probability 

FI 5s  

3s ITI 

FR 1  FR 1  

A B 
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Figure 5-2.  Proportion of free choice selections in the Baseline, Forced Better and Free Better conditions in Experiment 4.  
Bars indicate proportions averaged across participant; data points indicate proportions from individual 
participants.  Data from the Identical Colors and Mixed Colors groups are in the top and bottom left and top and 
bottom right panels, respectively.  The top row shows data from participants with the order Baseline-Forced 
Better-Baseline-Free Better-Baseline and the bottom row shows data from participants with the condition order 
Baseline-Free Better-Baseline-Forced Better-Baseline.
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CHAPTER 6 
EXPERIMENT 5: AVAILABILITY OF PREFERRED ALTERNATIVES 

A common hypothesis regarding the origins of free choice preference is that 

organisms demonstrating preference for free choice have had experiences in which a 

free choice option has been differentially associated with access to more preferred 

alternatives.  This history may then generalize to new choice situations, even when 

neither a free or forced choice option provides a better alternative.  The present 

experiment was a partial test of this hypothesis.  Participants were required to rank a list 

of cuisine types in order of preference, and those rankings were used to manipulate the 

availability of a more preferred alternative in two conditions.  In one, the higher ranked 

alternative was available only in the free choice option and in another, the higher ranked 

alternative was available only in the forced choice option.  Therefore, preference for the 

free versus forced choice option as a function of the availability of a more preferred 

alternative was directly observed.  In addition, an initial baseline condition evaluated 

preference for free versus forced choice when neither option provided access to a more 

preferred alternative.   

The conditions in this experiment are unique from other studies that have 

assessed preference for choice of response alternatives in one important way.  The 

stimuli in this study were designed to be “naturalistic” compared to the “generic” stimuli 

used in other studies in which adult humans were participants (including the previous 

four experiments in this dissertation).  Familiar stimuli were included in order to assess 

whether preference for free choice would be affected by the type of stimuli in the free 

and forced choice options.  Organisms prefer free choice even under conditions in 

which neither a free or forced option provides a better alternative.  This may be because 
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the free choice context itself has been established as a conditioned reinforcer due to 

history in which free choice has produced better outcomes.  If preference for free choice 

is maintained by conditioned reinforcement, then it is likely that contexts that are more 

similar to those that an organism may have confronted in the natural environment will 

support higher degrees of free choice preference.  It is likely that an undergraduate 

student has had an extensive history with choosing the type of cuisine that s/he would 

like to eat, and so an experiment that models this choice may be a better test of the 

effect of past history on current preference for free choice than one using more generic 

and less meaningful stimuli.  

Method 

Participants, Setting, and Apparatus 

 Twenty-four students (13 females and 11 males) at the University of Florida 

served as participants.  Participants were recruited from a pool comprised of students 

enrolled in General Psychology and from two sections of Applied Behavior Analysis, 

and they received course credit in exchange for participation.  Participants’ ages ranged 

from 18 to 21 years.  All participants completed the experimental task using the mouse 

and keyboard of a PC in one of two rooms containing the PC, a table, and a chair, and 

were alone in the room for the duration of the task.  The task was presented via a 

program designed in Microsoft Visual Basic 6.0.   

Experimental Design 

At the beginning of their session, each participant was instructed to imagine that 

s/he was traveling to a new city for one night and told that s/he would be given a 

number of scenarios in which s/he would choose to which side of a new town to travel to 

eat dinner.  Before each set of choices, participants conducted a preference ranking of 
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nine different types of cuisines.  After each preference ranking, participants were given 

a set of choices between the East and West side of town.  The choices were presented 

in the context of a concurrent-chains procedure.  An ABC design was used to evaluate 

the effects of alternative preference on preference for free versus forced choice options.  

Each participant conducted three preference rankings (one prior to every condition) and 

was exposed to three conditions in which the alternative with the highest ranking was 

present in both the forced and free choice options, the free choice option only, or the 

forced choice option only; the Baseline, Free Better, and Forced Better conditions, 

respectively.  Experimental control was demonstrated by counterbalancing the order of 

exposure to these conditions across groups such that 12 participants were given the 

order Baseline-Free Better-Forced Better and the other 12 participants were given the 

order Baseline-Forced Better-Free Better.  Experimental events and conditions are 

described in detail below.   

Preference Ranking 

At the beginning of each condition, participants were prompted to complete a 

preference ranking.  During each preference ranking, participants were shown a list of 

nine different types of cuisines with each type named as follows (including parenthetical 

remarks): American (BBQ/Burgers), Chinese, Indian, Italian (not including pizza), 

Japanese (including sushi), Mediterranean (e.g. Greek), Mexican, Pizza, Tapas.  The 

cuisines were listed vertically and were presented in the same order (alphabetically) for 

every ranking for every participant.  Participants were given the following instructions: 

Below is a list of different types of cuisines. Thinking only about the type of 
food (and not particular restaurants), rank these cuisines in order of your 
preference of them with 1 being your favorite and 9 being your least 
favorite. Do not give the same ranking to more than one item (i.e. give each 
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type of food a different number from 1-9).   Click "Finished" when you are 
done ranking. 

A text box was positioned in front of each cuisine name and participants entered one 

number between 1 and 9 into each text box to indicate the order of their preferences.  If 

a number was repeated, a text box was left incomplete, or an entry other than a digit 

between 1 and 9 was made, an error message prompted the participant to correctly 

complete the ranking.   

Once the ranking was finished, the program advanced to the set of choice trials 

for that condition.  The alternatives presented in the choice trials were based on the 

rankings made immediately prior to that set in order to ensure that the alternatives 

presented in the choice trials reflected the participants’ most recent preferences (that is, 

to attempt to accommodate any momentary changes in cuisine preference).  

Concurrent-Chains Procedure 

A concurrent-chains schedule was in place in the choice trials, as depicted in 

Figure 6-1.  Participants were given the following instructions prior to completing the 

choice trials: 

You are staying in a new city for one night and you are trying to decide 
where to go for dinner.  All the restaurants in the city are similarly priced 
and have been reviewed equally well.  You also have to travel the same 
distance to get to both places (you are going by cab and the ride will cost 
the same no matter what). On one side of town, there is an area with three 
restaurants all located in close proximity.  On the other side of town, there is 
only one restaurant.  When you click 'START,' you will be given several sets 
of choices between the East and West side.  Each choice between East 
and West should be made independently, only considering the options in 
that trial.  That is, each choice should be considered the choice you would 
make for that one night; in other words do not make your choices as if they 
are consecutive.  

Another set of brief statements provided general instructions on how to respond in the 

concurrent-chains schedule.   
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In the initial links of the concurrent-chains schedule, two arrays of approximately 

2” x 0.5” rectangle-shaped buttons were shown on the computer screen.  One array 

contained one button and the other contained three buttons.  These arrays were placed 

above two additional clickable buttons labeled EAST and WEST.  EAST was always on 

the right and WEST was always on the left, but the positions of the button arrays were 

quasi-randomized across trials.  That is, sometimes one button appeared above EAST 

and three buttons appeared above WEST and vice-versa; neither array appeared in the 

same position more than two times in a row.  Each of the buttons in the arrays was 

labeled with the name of one of the cuisines that had appeared in the preference 

ranking.  The procedures by which each label was determined are described in the 

description of experimental conditions below.   The buttons in the arrays were slightly 

dimmed during the initial links to indicate that they could not be clicked in that link. 

A fixed-ratio (FR) 1 response schedule was in place in the initial links:  a single 

mouse click to either EAST or WEST removed the EAST and WEST buttons and the 

array that had appeared above the non-chosen button, and constituted as a response 

for either the array with one alternative or for the array with three alternatives.  A click to 

the button associated with one alternative initiated the forced choice terminal link and a 

click to the button associated with three alternatives initiated the free choice terminal 

link.  The button(s) that remained on the screen in the terminal links were no longer 

dimmed, indicating that they could be clicked.  In the forced choice terminal link, the 

single alternative remained in its original position on the screen and a second FR 1 

schedule was in place.  One mouse click to the button removed it from the screen and 

ended the terminal link.  In the free choice terminal link, the three alternatives also 
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remained in their original positions on the screen and an FR 1 schedule was in place.  

One mouse click to any of the three buttons removed all three buttons from the screen 

and terminated the link.  An inter-trial interval (ITI) occurred after every terminal link.  

During the ITI, the screen remained blank for 3 seconds.  At the end of the ITI, a new 

trial began.      

When a condition ended, a new preference ranking was conducted and followed 

by a set of instructions to remind the participant how to complete the task and to begin 

the next set of choice trials.  When all three conditions (either Baseline-Free Better--

Forced Better or Baseline-Forced Better- Free Better) were completed and before they 

left the room, participants responded to a brief questionnaire consisting of four 

questions.  These questions are listed in Table 6-1.  

Experimental Conditions 

Baseline condition.  In the Baseline condition, the alternative with the highest 

ranked preference was available in both the free and forced choice options.  In the free 

choice option, each of the three alternatives was labeled as a different cuisine.  The 

configurations of these alternatives were prearranged to be some combination of the 

cuisines that were ranked 2-5 in the immediately preceding preference ranking.  The 

alternative in the forced choice option was matched to the alternative in the free choice 

option that had the highest ranking.  For example, if a configuration was programmed 

such that the alternatives in the free choice option were the cuisines ranked 2, 4, and 5, 

the alternative in the free choice option would be the cuisine ranked 2.  The 

configurations were prearranged such that nine included the cuisine ranked 2 as the 

highest preference alternative and in the other nine, the cuisine ranked 3 was the 

highest preference alternative.  The order of trials drawn from the 18 pre-programmed 
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configurations was randomized for each participant.  The Baseline condition ended 

when 18 choice trials were completed. 

Free Better condition.  In this condition, the alternative with the highest ranked 

preference was available only in the free choice option.  In the free choice option, the 

three alternatives included the cuisine ranked 1 in the immediately preceding preference 

ranking plus two different cuisines from the rankings 2 through 5.  Combinations of 

these alternatives were pre-programmed, but the order in which they were presented 

was randomized for each participant.   The alternative available in the forced choice 

option was a cuisine ranked between 2 and 5.  Each of these cuisines was presented 

five times with the order of presentation randomized.  The Free Better condition ended 

when 20 choice trials were completed.   

Forced Better condition.  In this condition, the alternative with the highest 

ranked preference was available only in the forced choice option.  The alternative in the 

forced choice option was always the cuisine that the participant had ranked 1 in the 

immediately preceding preference ranking.  In the free choice option, each of the three 

alternatives was labeled as a different cuisine.  The configurations of these alternatives 

were prearranged to be some combination of the cuisines ranked 2 through 5.  

Combinations of these alternatives were pre-programmed, but the order in which they 

were presented was randomized for each participant.   The Forced Better condition 

ended when 20 choice trials were completed. 

Data Analysis 

Data from individual participants and data averaged across participants were 

analyzed in the same manner as in Experiments 1-4. 
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Results 

The results of Experiment 5 are presented in Figure 6-2.  Proportion of free choice 

selections is graphed as a function of condition.  This proportion was calculated by 

dividing the sum of free and forced choice selections by the total number of free choice 

selections.  Bars indicate the mean proportions of free choice selections for all 

participants in each condition, and individual proportions are plotted as data points.  

Data in the top panel are from participants with the order Baseline-Forced Better-Free 

Better and data in the bottom panel are from participants with the order Baseline-Free 

Better-Forced Better.   

Visual analysis of these graphs indicated that, on average, when preference for 

cuisine was controlled (in Baseline) participants chose the option in which three 

alternatives were available more than the option in which one alternative was available.  

Selection of the free or forced choice option was directly affected by the presence of the 

participants’ most preferred cuisine:  when that cuisine was only available in the free 

choice option, participants selected free choice more and when it was only available in 

the forced choice option, participants selected forced choice more.  The mean 

proportion of free choice selections was higher than 0.5 in all Baseline and Free Better 

conditions and lower than 0.5 in both Forced Better conditions.   

Analyses were also conducted to reveal statistically significant results.  Condition 

means and standard deviations are presented in Table 6-2.  A univariate ANOVA 

indicated a main effect of condition, F(2, 44) = 42.42, p < .001, and a significant 

interaction between condition and condition order, F(2, 44) = 4.25, p = .021.  This 

interaction was driven by the differences in proportion of free choice selections between 

participants for whom the Forced Better condition followed Baseline and those for whom 
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it followed the Free Better condition.  An independent-samples t-test indicated that the 

mean proportion of free choice selections was higher in the Forced Better condition that 

followed the Free Better condition (M = .656, SD = .395) compared to the mean 

proportion in the Forced Better condition that followed Baseline (M = .324, SD = .362) at 

a statistically significant level, t(22) = -2.156, p = .042.  There were no differences 

between the Baseline or Free Better conditions depending on condition order group.   

Finally, a two-tailed t-test using non-transformed data indicated that the mean 

proportion of free choice selections was significantly different from 0.5 in all conditions 

except the Forced Better that followed Free Better.  The mean proportion of free choice 

selections was higher than 0.5 in both Baseline conditions, t(11) = 3.916, p = .002 and 

t(11) = 2.968, p = .013, and both Free Better conditions t(11) = 14.326, p < .001 and 

t(11) = 10.018, p < .001.  The mean proportion of free choice selections was lower than 

0.5 in the Forced Better condition that followed Baseline, t(11) = -4.774, p = .001.   

Discussion 

The results of this experiment provide support for the hypothesis that preference 

for free choice may be the result of a history in which free choice options better 

accommodate momentary preferences.  Participants’ preferences for free and forced 

choice were directly driven by the availability of the cuisine that was ranked highest in 

the preference ranking that immediately preceded the Forced Better and Free Better 

conditions.  All but three participants that preferred free choice during Baseline shifted 

preference toward the forced choice option when their most preferred alternative was 

only available there.  These results support those of Fisher et al. (1998) and Suzuki 

(1997).  Fisher et al. found that participants that had previously preferred free choice of 

reinforcers to experimenter choice of reinforcers allocated more responding to the 



 

102 

experimenter choice option when that option resulted in the delivery of a higher quality 

reinforcer than the free choice option.  Suzuki observed that participants who had a 

choice between free choice alternatives that delivered 10, 15, or 15 points and a forced 

choice alternative that delivered 10 points preferred free choice more than participants 

with the same forced choice alternative and three free choice alternatives that all 

delivered 10 points.  That is, preference for choice was higher in the condition in which 

the free choice option provided a better outcome than the forced choice option.   

The high degree of preference for the free choice option in Baseline may indicate 

that many participants came into the experiment with a history in which free choice 

options allowed for more access to better outcomes and/or the accommodation of 

changing preferences.  This conclusion is supported by participants’ responses to the 

post-session questionnaire.  Participants were asked, “Did you like having an option 

available in which there was more than one restaurant to choose from?  Why or why 

not?”  Most participants responded that they liked having the opportunity to change their 

mind.  This suggests that participants recognized that the free choice option would be 

better able to accommodate changes in preference, and this self-report is likely due to a 

history in which such changes have been accommodated when multiple alternatives 

were available.  Of course, such a history was not specifically tested for in this 

experiment so it is not possible to definitively conclude that it is what contributed to the 

high degree of Baseline preference for free choice.   

 The results of the present experiment indicate that the presence of a more 

preferred alternative strongly affected free and forced choice preference.  However, 

preference for free choice was higher in the Forced Better condition that followed Free 
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Better compared to the Forced Better condition that followed Baseline.  These results 

suggest that although preference may shift to a forced choice option when a more 

preferred alternative is available there, there may still be cases in which the free choice 

option is preferred.  In addition, higher preference in the Forced Better condition that 

followed Free Better suggests a possible carry-over effect.  That is, having had a brief 

history in which the free choice option contained the more preferred alternative may 

have produced higher preference for free choice in the subsequent Forced Better 

condition.  There was no similar carry-over effect of the Forced Better condition when it 

was followed by the Free Better condition.   

These results are similar to those found by Karsina et al. (2011).  They found that 

even when selection of a restricted choice option was differentially reinforced, the 

degree of preference for that option was not as high as the degree of preference for a 

free choice option when its selection was differentially reinforced.  In addition, the 

experimenters found that when free choice selection was differentially reinforced, 

preference for free choice persisted in a subsequent equal outcome condition.  

However, preference for restricted choice did not persist in the equal outcome condition 

that followed differential reinforcement of restricted choice selection.  These results and 

those of the present experiment suggest that preference for free choice is more robust 

than preference for forced choice, perhaps because of a longer pre-experimental history 

in which free choice has provided better outcomes.  This hypothesis could be better 

tested in future studies by repeating the Baseline condition following the Forced Better 

and Free Better conditions  to determine whether preferences from either of these 

conditions carry over to a subsequent Baseline condition.   
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 A major finding of this experiment that differs from the other four experiments in 

this dissertation is that preference for the free choice option in Baseline was high and 

between-subject variability was low.  It is likely that this finding is due to the nature of 

the procedure used in this experiment.  Specifically, whereas the other four experiments 

in this dissertation included arbitrary and possibly irrelevant stimuli, the present 

experiment included scenarios and stimuli that are likely to be similar to those 

experienced by participants in their real lives.  Catania (1980) observed:  

If preferences among alternatives change from moment to moment, a free 
choice preference may develop as the organism learns that momentarily 
preferred alternatives are always available in free choice terminal links.  A 
preference based on such learning might be manifested even over sessions 
in which free choice and forced choice reinforcers were perfectly matched.  
It is reasonable to speculate that such learning, based on history of free 
choices and forced choices, might generalize across a variety of 
experimental and extraexperimental settings (138). 

It is likely that the more realistic nature of the present experimental task allowed for 

better generalization of participants’ pre-experimental histories and therefore better 

evaluation of free choice preference.    

The present experiment was designed to test the hypothesis that preference for 

free choice is due to a history in which free choice options have been differentially 

associated with access to more preferred alternatives.  The results of this experiment – 

both the choice data and questionnaire responses – support this hypothesis.  This 

hypothesis can continue to be tested by conducting additional experiments in which the 

independent variable is some feature of an alternative the value of which can be 

changed, such as amount, quality, duration, preference, etc.  Finally, future studies of 

free choice preference should use more “realistic” choice scenarios that would allow for 
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better generalization of participants’ pre-experimental histories as well as better 

generalization of experimental results. 
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Table 6-1.  Experiment 5: Post-session questionnaire contents 

Question # Question text 

1 How did you decide whether to choose the East or West side of town? 
2 Did you like having an option available in which there was more than 

one restaurant to choose from?  Why or why not? 
3 Did your preference rankings change at all through the course of the 

study?  Why or why not? 
4 Is there anything else you would like to say about this study? 

 
 
Table 6-2.  Experiment 5: Mean proportions of free choice selections (non-transformed) 

in each condition for both condition sequences.   

Condition M 

Baseline   .764 (.233)* 
Forced Better .188 (.227) 
Free Better   .917 (.101)* 
  
Baseline   .687 (.218)* 
Free Better   .846 (.120)* 
Forced Better .417 (.299) 

Note:  Standard deviations are in parentheses.  Asterisks indicate that the mean 
proportion is significantly larger than 0.5 (p <= .05). 
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Figure 6-1.  Schematic of the concurrent-chains schedule in place during choice trials 

for all conditions in Experiment 5.  In the initial links, only buttons EAST or 
WEST could be clicked and the positions of the arrays of 1 or 3 cuisine 
alternatives were quasi-randomized.  In this example, EAST represents the 
forced choice option and WEST represents the free choice option.  In the 
terminal links, one click to an alternative terminated the link. 
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Figure 6-2.  Proportion of free choice selections in the Baseline, Forced Better and Free 

Better conditions in Experiment 5.  Bars indicate proportions averaged across 
participant; data points indicate proportions from individual participants.  The 
top panel shows data from participants with the order Baseline-Forced Better- 
Free Better and the bottom row shows data from participants with the 
condition order Baseline-Free Better-Baseline. 
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CHAPTER 7 
GENERAL DISCUSSION 

The purpose of the present investigation was to better understand the conditions 

under which preference for free choice is exhibited.  All experiments were designed to 

replicate or add to previous experiments conducted with non-humans, preschoolers, 

individuals with developmental disabilities, and typically developing adults.  Experiments 

1 and 2 extended previous research on the role of number of alternatives and certainty 

of reinforcement.   Results of these experiments did not indicate consistent effects of 

either variable on preference for free choice.  Results of Experiments 3 and 4 indicated 

that when outcomes were better for free choice, participants, on average, preferred free 

choice and when outcomes were better for forced choice, they preferred forced choice.  

In conditions in which outcomes for free and forced choice were the same, only some 

participants’ preferences appeared to be affected by experience with better outcomes.  

There was no strong evidence that brief histories of differential outcomes for free or 

forced choice influenced preference when outcomes were the same.  Results of 

Experiment 5 indicated a direct effect of the availability of a preferred alternative on free 

and forced choice preferences.  In addition, this is the only experiment in which 

consistent and relatively high preference for free choice was exhibited in an initial 

condition in which free and forced choice outcomes were equal.   

Limitations 

The procedures of Experiments 1-4 were designed to be comparable to previous 

non-human and human studies that used arbitrary stimuli and provided choices 

between response alternatives instead of reinforcers.  Although these procedures allow 

for better cross-species and cross-study comparisons, in the present experiments there 
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were several drawbacks to these procedures.  Because the stimuli were arbitrary, they 

were relatively meaningless to participants.  In many cases it seemed that this resulted 

in participants imposing their own “meanings” onto the task.  The experimental tasks 

were simple:  click A or B then click on a shape to deliver points.  However, many 

participants reported in post-session questionnaires that they were looking for patterns 

or “tricks” to earning points.  Many described rules that they generated and then 

followed even though they were unrelated to the actual experimental contingencies.  

Other participants stated that the tasks were boring and tedious and admitted that they 

were responding arbitrarily or inattentively.  It is likely that more “meaningful” or relevant 

tasks that evaluate the same variables studied in these experiments would be better 

suited to study preference for choice with adult humans.       

Another major limitation of the first four experiments was the large degree of 

between-subject variability.  This variability made data analysis difficult, and challenged 

the ability to draw general conclusions about the effects of the independent variables.  

This variability is possibly due to differing pre-experimental histories with regard to free 

choice preference.  Some participants reported that they liked fewer options because 

they required less effort or provided less distraction.  It is likely that at least some of 

these participants also prefer restricted choice in their own lives.  However, if we 

assume that participants do prefer free choice in their own lives, why wouldn’t that 

preference generalize to initial baseline conditions in the present experiments?  I 

believe that the procedural design contributed to this lack of generalization.  For 

instance, participants may prefer multiplexes to single-screen cinemas or large menus 

to small ones, etc., but whatever contingencies produce free choice preference under 
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these sorts of conditions may be absent when choices are between identical shapes on 

a computer screen.  The task in Experiment 5 was more similar to the choices that 

participants would make in their own lives, and baseline preferences for free choice 

were highest and least variable in this experiment.  The results of Experiment 5 support 

the use of more relevant, familiar, and realistic tasks to study free choice preference.   

Future Directions 

The outcomes of the present experiments indicate that there is more work to be 

done in the area of preference for choice.  Evaluations of the variables under study in 

each of these experiments are still incomplete but remain relevant.  Improvements in 

the methodologies of the present experiments would help address some lingering 

problems and questions regarding free choice of response alternatives.  Organisms also 

make choices between reinforcers, and little research in this area has been conducted 

with adult humans.  The results found by Fenerty and Tiger (2010) suggest that choice 

of consequences of responses may be more important than choice of the responses 

themselves.  The present experiments could easily be designed to evaluate the effect of 

each of the independent variables on preference for free choice of reinforcers rather 

than response alternatives.  

Other problems in the area of preference for choice remain to be studied.  For 

example, the role of punishment on preference for free choice has been relatively 

overlooked.  The results of previous studies and of Experiments 3 and 4 in this 

dissertation indicate that providing better outcomes for free or forced choice shifts 

preference in the direction of the better option.  However, in few studies have free or 

forced choice been associated with a loss of reinforcement or presentation of an 

aversive stimulus.  Many researchers have hypothesized that preference for free choice 
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is shaped by ontogenetic histories in which free choice has been associated with better 

outcomes.  A lack of such history could result in a lack of free choice preference.  

However, it is also possible that preference for free or forced choice is shaped by 

experiences in which free or forced choice is associated with negative outcomes.  As 

Lockhart (1979) points out, it is possible for organisms to choose wrong: “to limit, rather 

than maximize one’s reinforcement, or worse yet, to expose oneself to punishment 

contingencies” (p. 27).  Free choice might be surrendered if choosing wrong is more 

likely in a free choice option.  Evaluating the role of a history of punishment would 

provide fuller picture of the types of ontogenetic histories that contribute to free choice 

preference or lack thereof.   

Another important issue that remains to be sorted out is the nature of what it 

means to have (and therefore prefer) free choice.  Martin, Martin, Yu, and Fazzio (2006) 

observe that choice can be defined both in terms of the behavior of choosing, as well as 

in terms of the presence of multiple alternatives (reinforcers or response alternatives).   

Therefore preference for free choice can be described both as a preference for multiple 

alternatives and as a preference for the behavior of choosing itself, and the two are 

likely to be confounded.  For example, Schmidt, Hanley, and Layer (2009) designed an 

experiment that controlled for the number of alternatives in free choice and no choice 

reinforcer arrays.  This control was implemented to eliminate the influence of the 

presence of more reinforcers in the free choice array.  In the choice terminal link, an 

array of five identical reinforcers was made available from which participants could 

choose one.  In the no choice terminal link, the same array was shown, but the 

experimenter chose the reinforcer.  Participants consistently preferred the choice option, 
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and Schmidt et al. (2009) concluded that their results supported previous research in 

which different numbers of stimuli were available in the free and forced/no choice 

options.  However, the distinction between preference for free choice of alternatives and 

preference for the opportunity to choose are not distinguishable here.  Other studies 

that have observed preference for free choice include similar confounds between 

preference for the availability of multiple alternatives and preference to choose or 

control the delivery of consequences (Dixon & Tibbetts, 2009; Karsina et al., 2010; 

Thompson, Fisher & Contrucci, 1998).  This is an interesting aspect of research on 

preference for free choice that remains to be disentangled.   

Conclusions 

Choice is a ubiquitous feature in the existences of most organisms and many 

researchers have found that organisms prefer conditions in which they have access to 

more versus less choice.  A number of variables modify this preference, including the 

number of and preference for available alternatives, and various features of 

reinforcement, including amount and probability.   Preference for choice is the result of a 

combination of phylogenetic and ontogenetic processes, and understanding both is 

important to understanding how and whether individual organisms come to prefer 

multiple alternatives and the behavior of choosing itself.  Identifying the conditions under 

which more choice is preferred to less (and vice versa) has important implications for 

psychologists, economists, marketers, educators, politicians, and any other group 

interested in explaining and controlling why and how organisms make choices.   
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