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Abstract
The primary goals of behavior analysis are the prediction and influence of behavior. 
These goals are largely achieved through the identification of functional relations 
between behaviors and the stimulating environment. Behavior–behavior relations 
are insufficient to meet these goals. Although this environment–behavior approach 
has been highly successful when applied to public behaviors, extensions to private 
events have been limited. This article discusses technical and conceptual challenges 
to the study of private events. We introduce a neurobiological-behavioral approach 
which seeks to understand private behavior as environmentally controlled in part 
by private neurobiological stimuli. These stimuli may enter into functional rela-
tions with both public and private behaviors. The analysis builds upon several cur-
rent approaches to private events, delineates private behaviors and private stimula-
tion, and emphasizes the reciprocal interaction between the two. By doing so, this 
approach can improve treatment and assessment of behavior and advance under-
standing of concepts such as motivating operations. We then describe the array of 
stimulus functions that neurobiological stimuli may acquire, including eliciting, 
discriminative, motivating, reinforcing, and punishing effects, and describe how the 
overall approach expands the concept of contextual influence. Finally, we describe 
how advances in behavioral neuroscience that enable the measurement and analysis 
of private behaviors and stimuli are allowing these once private events to affect the 
public world. Applications in the area of human–computer interfaces are discussed.
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A major goal of behavior analysis is the identification of functional relations that 
enable the prediction and influence of behavior (Skinner, 1953; Watson, 1913). As 
such, our scientific analyses extend from the behaviors of interest to environmen-
tal events of which they are a function. This approach has made behavior analysis 
highly successful in predicting and influencing overt, observable behaviors (Heward 
et al., 2022). Extensions to covert or private events, however, have proven more dif-
ficult and much less common (Anderson et  al., 2000; Friman et  al., 1998), which 
is problematic given that much human behavior is largely private (e.g., thinking, 
emotions).

Observable, public behaviors occur and change the environment in ways that 
are easily observed by others. The relevant stimulating environment is observ-
able and manipulable. For example, we may observe a young child who screams 
when their parent is talking to another adult and find that screams tend to produce 
parental attention. In this case, the environmental “causes” are clear, and state-
ments of functional relations are easily made. The child’s screaming is likely in a 
functional relation with various contextual variables such as deprivation of atten-
tion, discriminative stimuli including parental presence, and consequent events 
including the production of attention. This analysis affords both prediction and 
influence of the behavior of screaming. One could predict screaming will occur 
when attention is withheld yet available, and one could influence future scream-
ing by withholding or providing attention contingent on the behavior.

The philosophy of radical behaviorism assumes all behavior has a cause, 
including private behavior (Delprato & Midgley, 1992; Skinner, 1953). Private 
events differ from public events only in their detectability (Skinner, 1953, 1969). 
Although the role of private events in the analysis of behavior has been a topic of 
some debate (e.g., Anderson, 1997; Anderson et al., 2000; Baum, 2011; Palmer, 
2011, Schlinger, 2011), the predominant view is that inclusion of these events 
is important for the overall understanding of behavior (both public and private). 
Palmer (2009, 2011), for example, argues that although private events cannot 
be included in an experimental analysis, they may still be important in the over-
all interpretation of behavior provided the inferred private events are based on 
experimentally established principles. Consider a young child with a communica-
tion deficit grinding her palm into her right ear. A practitioner may be unable to 
see either the infected eardrum that is causing the discomfort or the reduction in 
pain produced by the grinding, but can nonetheless develop an actionable theory 
by inferring these private stimulations. Although the use of an otoscope would 
make the private stimulation public and accessible for experimental analysis, 
it is not required for the successful influence of palm grinding. Although some 
behavior analytic research has addressed private events (e.g., Mandavia et  al., 
2015; Moore et  al., 2022; Palmer, 2011), and researchers have called for more 
(e.g., Friman et  al., 1998), such work is dwarfed by behavior analytic research 
on public behavior. Further, attempts to incorporate private events tend to inad-
vertently imply functional relations between behavior and other behaviors (i.e., 
behavior–behavior relations) rather than between the environment and behavior 
(environment–behavior relations).
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The Problem of Behavior–Behavior Relations

To influence behavior, we must be able to manipulate the variables of which 
behavior is a function. The behavior of an organism cannot be the cause of other 
behaviors of the same organism. Even in examples of “self-control” it is the 
organism’s behavior that changes the environment to influence future behaviors. 
When a person sets an alarm to remind themselves to exercise, it is the alarm, 
among other environmental stimuli, which evokes exercising. Any attempt to 
influence behavior constitutes an alteration to the organism’s environment. Thus, 
the identification of a “cause” must begin and end beyond the organism’s own 
behavior (Hayes & Brownstein, 1986).

This is true even in the event of relatively fixed behavior chains (e.g., making 
coffee), where it may appear that one behavior (e.g., scooping coffee) causes the 
next behavior (e.g., pressing the “on” button). Although the individual responses 
in a sequence may occur with high correlation, one after the other, the ultimate 
source of control of the behavior remains in the environment. Each response in 
the sequence alters the environment, and this alteration serves as both a poten-
tial reinforcer for the prior response and a discriminative stimulus for the next 
response. The "on” button is pressed not because scooping just occurred, but 
because the environment now consists of a coffeemaker filled with coffee. A per-
son encountering a prefilled coffee maker, for example, will simply press “on” 
despite not having previously emitted scooping behavior because the necessary 
environmental events are present. Even in the instance of a seemingly unitary 
response, such as reaching for a cup of coffee, the environment is continually 
altered by incremental movements of the hand (e.g., the hand occupying a spe-
cific physical space in relation to the coffee cup) in ways that may influence fur-
ther movement.

The environment includes variables that exist external (e.g., a stop sign) and 
internal (e.g., feelings of nausea) to the organism, and the location of these vari-
ables does not denote a different kind of influence. “We need not suppose that 
events which take place within an organism’s skin have special properties [com-
pared to events that occur outside the skin]” (Skinner, 1953, p. 257). However, 
the search for these environmental variables can lead to seemingly nebulous and 
often diffuse causes of behavior. For example, the circadian rhythm is influenced 
by variables outside the skin (e.g., light level, caffeine, noise; Czeisler, 2013), 
but will persist in the absence of these external variables (e.g., Schwartz & Kler-
man, 2019) indicating additional sources of influence. Fully understanding the 
sleep–wake patterns of an individual requires these sources to be identified, 
and likely requires analysis of multiple sources of influence including learn-
ing history, current contextual events (internal and external), as well as genetic 
influences.

When analyzing behavior, we may indeed note the existence of behav-
ior–behavior relations, such as alarm setting and exercising, or scooping coffee 
and pressing “on.” These behavior–behavior relations, however, only enable the 
prediction of behavior—if this behavior occurs then that behavior is likely to 
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occur. This analysis does not lend itself to the influence of behavior. Not only are 
we left with the question of why the first behavior occurred, but we are unable 
to influence the behavior of interest without first influencing other behavior. The 
goal of behavior influence is impossible without an analysis that links behavior to 
an environmental (i.e., nonbehavior) event that is manipulable in principle if not 
in practice.

Further, given that behavior is always the interaction between the whole organ-
ism and a stimulating environment (Kantor & Smith, 1975, Schnaitter, 1975, Skin-
ner, 1974), to look at either separately is to enter a different domain or discipline 
than behavior analysis. To analyze only the organism (e.g., biological structures), 
for example, is perhaps to enter the domain of biology. Although biological struc-
tures interact in overall behavior, these structures are merely physical parts of the 
whole organism and any resulting analysis is perhaps mechanistic, not functional or 
contextual (Hayes et al., 1988; Morris, 1993; Moxley, 1992). Whereas a mechanistic 
analysis seeks to explain how different parts of an organism or system affect one 
another (e.g., how bicep contraction and triceps relaxation result in elbow bending), 
a functional analysis seeks to understand the history and context in which an organ-
ism behaves (e.g., what are the conditions under which elbow bending occurs and 
has occurred). Behavior analysis as a complete domain is the study of the interaction 
between both the stimulating environment and the whole organism.

Although behavior analysts have successfully applied a functional approach when 
analyzing publicly observable behavior, the analysis is underdeveloped in applica-
tion to private events (e.g., thinking). This article will describe technical and con-
ceptual challenges to incorporating private events into an analysis of behavior. We 
then discuss current conceptually systematic approaches to understanding private 
events and propose a neurobiological-behavioral analysis that coheres with and 
builds upon these approaches, emphasizes the importance of distinguishing between 
private behaviors and private stimulation, and highlights the reciprocal interaction 
between these events. We highlight the strengths of this approach through an appli-
cation example and describe how the approach can improve treatment and assess-
ment as well as advance understanding of concepts such as motivating operations. 
We then describe how neurobiological stimuli can acquire a variety of functions, 
and how the overall approach represents an expansion of the concept of context. 
Finally, we describe recent technological advances that are increasing the observ-
ability of private events, align with the neurobiological-behavioral approach, and 
extend the impact of private events on public environments.

Technical Challenges Extending Behavior Analysis to Private Events

Behavior analysis, as a natural science (Marr, 2009), adheres to the monistic posi-
tion that everything that occurs is a physical event (Boring et al., 1945, Delprato & 
Midgley, 1992). As such, all events are, in principle, detectable and open to investi-
gation. The term private events commonly refers to either behaviors or stimulating 
events that are not readily available for observation (see Skinner, 1984). We use the 
term private events when referring broadly to unseen behaviors or stimuli, but the 
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more specific terms private behaviors or private stimuli when referring individually 
to either aspect of the functional relation. In this respect, the qualifier private refers 
to an event that is currently unobservable. As an event becomes observable it loses 
the private qualifier, at least for the time being. It may yet become private again 
should detection be lost. In practice, private events are often largely undetectable or 
minimally detectable given current technological capacities. For example, although 
most smartwatches allow for the detection and measurement of heart rate, there is 
minimal equivalent technology in regard to thoughts and emotions. At some point, it 
may be possible to entirely do away with the term private. Although behavior analy-
sis is moving in that direction, we have not yet arrived.

Current technological limitations have led some to rely on verbal self-reports of 
private events. An individual can describe, with some degree of accuracy, private 
events within the skin. For example, when asked the question, “How are you feel-
ing,” an individual could accurately describe feeling nausea. In this respect, the ver-
bal report could be said to be partly under the influence of private stimulation (e.g., 
a tact; Skinner, 1957). At a practical level, practitioners may need to rely, in part, 
on verbal self-reports of private events due to the lack of reasonable alternatives. 
However, although verbal self-reports can be a reliable means to gather information 
about some private events, there are limitations. Not only can the verbal response 
come under the influence of other stimuli, leading to an inaccurate report (Skinner, 
1957), but these events may also occur without the individual’s “awareness” or abil-
ity to report.

Behavior analysts seek to identify functional relations between behaviors and 
environmental events, but either or both may be private at any given time. Func-
tional relations could exist between (1) private stimulating events and public behav-
iors (e.g., when a full bladder results in seeking out a toilet); (2) public stimulating 
events and private behaviors (e.g., when a sign reads, “last toilet for 100 miles” and 
evokes the thought, “I better use the toilet now”); or (3) private stimulating events 
and private behaviors (e.g., when the fullness of a bladder evokes the thought, “I’d 
better not drink any more water”). Situations where one or more component of a 
functional relation is private pose a problem for behavior analysis. Although private 
events may be included in the overall interpretation of behavior, these events do not 
play a role in the experimental analysis of behavior (Palmer, 2009). An experimental 
analysis requires the events be made public and available for manipulation, and this 
frequently necessitates sophisticated instrumentation that, though quickly develop-
ing, is nevertheless still limited.

Conceptual Challenges Extending Behavior Analysis to Private 
Events

Skinner saw no significant difference in the nature or function of either private 
stimuli or private behavior. “A small but important part of the universe is enclosed 
within the skin of each individual and, so far as we know, is uniquely accessible to 
him. It does not follow that this private world is made of any different stuff—that it 
is in any way unlike the world outside the skin or inside another’s skin. Responses 
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to private stimuli do not appear to differ from responses to public events” (Skinner, 
1957, p. 130).

Although this conceptualization of private events is conceptually systematic, in 
practice the distinction between what constitutes private behavior and private stimuli 
is not always clear. Further, for behavior analysts largely trained in the identification 
of external sources of influence, confusion around the nature of private behavior and 
private stimuli can result in faulty analyses. One such error is a tendency to posit 
behavior–behavior relations when attempting to analyze these “small but important” 
private events.

Consider common behavioral explanations of private problem-solving. When a 
person is faced with a problem to which no solution is readily apparent the person 
may engage in problem-solving behavior. This is understood as behavior that alters 
the context of the problem by creating new discriminative stimuli or otherwise sup-
plementing or manipulating the private context. The person is then able to respond 
more successfully to this newly modified context (Axe et  al., 2018; Donahoe & 
Palmer, 2004; Skinner, 1957, 1968).

For example, a person may be provided a novel math problem that they must solve 
privately. An analysis might suggest that the person privately “tests out” a series of 
possible solutions, rejecting each until finally arriving at the correct solution and 
only then publicly stating the answer. One might argue that, through an extensive 
learning history, privately visualizing one step of solving the problem produces vis-
ualizations of the next step, and these visualizations serve as private discriminative 
stimuli for future steps. Further, privately visualizing the correct solution functions 
as reinforcement for the overall sequence of private problem-solving behaviors.

This explanation, however, is insufficient as it is built on a series of behav-
ior–behavior relations. No environmental events are invoked in the analysis. Both 
the private problem-solving and the private visualizing of the solution are behav-
iors of the same organism, but private visualizing is reinterpreted as a stimulating 
event. Contrast this with an analysis of the public problem-solving of a math prob-
lem, where a person is writing out their method. Here, we would point to the written 
products as functionally related environmental events. It is the impact of the writ-
ing behavior on the environment (i.e., the creation of a correct number written on 
paper), which functioned as reinforcement for the problem-solving. We would not 
suggest the writing of the solution (akin to private visualizing of the solution) was 
reinforcement for the problem-solving. In the analysis of private problem-solving, 
no such impact on the environment is implied.

Another example of problematic behavior-behavior explanations may be seen in 
the analysis of anxiety. Take an example of a child who was bitten by a dog, and is 
now anxious around dogs (e.g., increased heart rate, sweating, hyper-vigilance) and 
also reports becoming anxious merely thinking about dogs. An explanation might be 
put forth that the child is anxious around the physical dog due to the bite, and that 
this fear has generalized to all physical dogs. It might further be suggested that the 
thought of a dog had been previously associated with physical dogs, and therefore 
now evokes anxiety as well (e.g., Dymond et al., 2017; Kelly & Kelly, 2021). In this 
account, the function of one stimulus (pain from a dog bite) could be said to trans-
form the function of thinking about dogs, and these thoughts come to function as 
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antecedent stimuli evoking the behavior of emotional distress. The concern with this 
explanation, however, is that thinking about dogs is a response of the child, not a 
stimulus to which the child is responding. These thoughts, therefore, cannot acquire 
stimulus functions or serve directly as an influencing antecedent for further behavior 
such as anxiety.

Conceptually Systematic Approaches to Private Events

Private behaviors are fundamentally like any other behavior and must correspond 
to our understanding of behavior which is “that portion of the organism’s interac-
tion with its environment that is characterized by detectable displacement in space 
through time of some part of the organism and that results in a measurable change 
in at least one aspect of the environment (Johnston & Pennypacker, 1980, p. 48; 
emphasis added). If this change in the environment is something the organism can 
respond to, it can theoretically acquire some stimulus function given an adequate 
learning history. The environment/context includes both the private and public 
worlds, and Skinner (1969) suggests, “the skin is not that important a boundary. Pri-
vate and public events have the same kinds of physical dimensions” (p. 228). This 
being the case, consistent with behavioral theory and neuroscientific research, pri-
vate behaviors may produce private environmental changes, and these changes have 
the potential to enter into a functional relation with other behavior—private or pub-
lic. As behavior analytic extension to private events is a relatively new area, it is 
important that the analysis remains conceptually systematic. As noted by Skinner 
(1953), “confusion in theory means confusion in practice” (p. 9).

With currently available and developing technologies, particularly in neurosci-
ence, events that were once only private and inferred are increasingly made pub-
lic. As this occurs, these events become available for experimental analysis and the 
establishment of functional relations. Biological functioning has increasingly been 
incorporated into the overall interpretation and analysis of behavior. Donahoe and 
Palmer (2004), for example, present a “biobehavioral approach” that incorporates 
intra-organismic subbehavioral events (e.g., physiological events; neural activity) as 
important mediators of behavioral events. This approach suggests that “functional 
relations between the environment and behavior are supplemented with functional 
relations involving subbehavioral events” (p. 10). It is important to note that these 
events are not inferred processes but rather are established through experimen-
tal analysis. A person saying someone’s name upon seeing their face, for example, 
might be considered as behavior mediated by a combination of subbehavioral (e.g., 
experimentally identified neural activity) and environmental factors, in conjunction 
with a learning history. It would not be explained by processes such as memory, 
retrieval, or information storage, which (among other considerations) are inferred 
processes.

Thompson (2007) suggests that behavior is best understood as a functional system 
interacting with other functional systems, including biological systems and related 
endogenous variables. Thompson discusses several behavioral functions involving 
biological systems, including motivating operations, discriminative functions, and 
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reinforcement. For example, administration of certain drugs can function as potent 
reinforcers. However, if related brain receptors are blocked with an antagonist, the 
same drug administration ceases to function as a reinforcer, and relevant operant 
behavior undergoes extinction. This highlights the importance of consideration of 
these biological systems; a complete accounting of the drug–behavior functional 
relation would be limited otherwise.

Even when a private response of interest ultimately remains private (i.e., is not yet 
detectable by technology) it may still be possible to conduct meaningful experimen-
tal analyses by incorporating neuroscientific measures of correlated neural activity. 
Measures of event-related potentials (ERP; electrical activity in the brain evoked by 
a specific stimulus and preceding much observable behavior), for example, may be 
used as proxy measures for behavior that is otherwise unobservable (Ortu, 2012). 
The P3 wave is an ERP that is involved in decision making and evoked approxi-
mately 300 ms from the presentation of a relevant stimulus. If a person is repeatedly 
presented with math problems, for example, and required to privately select the cor-
rect answer when it is displayed on a computer screen, measurement of the P3 ERP 
would likely show evoked activity prior to any selection behavior and only when the 
correct answer was present. No P3 ERP activity would be likely in response to incor-
rect answers. Although this P3 activity should be interpreted cautiously and does 
not conclusively indicate the person is privately responding in a specific way (e.g., 
thinking “that’s the answer”), it could be a useful alternative in situations involving 
otherwise undetectable behaviors. In practice, for example, it could be used to assess 
the mathematic ability of a person for whom public selection of the correct answer 
was impaired. Further, ERPs can be observed and influenced at the individual level, 
allowing for experimental demonstration of functional relations. Although neurosci-
entific measures, such as that of the ERP, do not wholly resolve issues of privacy, 
they do lower what Palmer (2009) refers to as the “threshold of observability.”

Private events are conceptually relevant to the study of behavior. Further, these 
events are increasingly available for experimental analysis as advances in technology 
render them public. The benefits of incorporating findings from relevant disciplines, 
such as neuroscience, into an overall behavioral accounting are clear. Collaboration 
between behavior analysis and neuroscience appears to be fertile ground as the two 
disciplines are aligned in their adherence to a selectionist framework (Donahoe, 
2017; Ortu & Vaidya, 2016), are focused on the observable behavior of the individ-
ual organism (Donahoe, 2017; Schlinger, 2015), and rigorous investigations utiliz-
ing single-subject design may be conducted (Soto, 2020). Although some barriers to 
collaboration exist (Ortu & Vaidya, 2016) incorporating neuroscience findings into 
behavior analysis may be necessary for the overall future of the field (Fox, 2018).

A significant portion of important human activity is largely unseen but remains 
within the domain of behavior analysis. As behavior analysts attempt to influence 
private behavior, the environment–behavior framework should be retained. It is 
therefore insufficient to simply refer to all unseen events as “private events” with-
out further distinguishing behavior from the environment. We propose a neurobio-
logical-behavioral approach that builds upon the arguments and lines of reasoning 
offered by others (e.g., Donahoe, 2017; Donahoe & Palmer, 2004; Palmer, 2009; 
Thompson, 2007). This approach not only furthers possible collaboration between 



417Perspectives on Behavior Science (2023) 46:409–429 

behavior analysis and disciplines such as neuroscience, but also helps ensure that as 
our discipline walks boldly into the analysis of private behavior, we do so on sure 
footing.

A Neurobiological‑Behavioral Approach

Private behaviors are anything an organism does that, at least momentarily, are 
detectable to only that organism. Private stimuli include neurobiological stimuli 
that, at least momentarily, are detectable only to that organism and are distinct from 
behavior—public or private. To the extent that an organism’s biology (or novel tech-
nologies) may allow for the detection of private stimuli, these stimuli may enter into 
a functional relation with behavior. From the organism’s perspective, a nondetected 
event is not a stimulus. The biological capacity to detect a stimulus, and what is 
described as “being aware” of a private stimulus (e.g., tacting private stimuli), are 
distinct. The capacity to detect a stimulus may, however, be a requisite to “aware-
ness.” An organism need not be “aware” of a stimulus for it to have an effect. Neuro-
biological stimuli include the commonly understood vestibular, proprioceptive, and 
interoceptive stimuli, but may also include any other stimuli in the body such as 
chemical (e.g., hormones or neurotransmitters) and electrical signals.

If an event is detectable by only the organism and is not more behavior of the 
organism it is considered a private stimulus. For example, the secretion of adrena-
line by the suprarenal glands is private behavior. The adrenaline flowing through the 
body in some detectable way is a private stimulus. The actions of a neuron (e.g., gate 
opening) are private behavior. The resulting voltage-change and electrical transmis-
sion is a private stimulus. These private behaviors and private stimuli are concep-
tualized as an unending stream of constant interaction—private behaviors can alter 
neurobiological contexts, and this new context can set the stage for future private 
behavior. At a fundamental level, this unending stream of interaction is the same 
as that inherent to any analysis of public behavior. The organism is always interact-
ing with the environment and this interaction is always changing the environment in 
ways that may influence future interaction.

Neural activity and biological systems are both involved in the acquisition and 
emission of behaviors (Thompson, 2007). Biological systems influence behavior 
(e.g., hormonal levels may influence the value of reinforcers) and the experiences 
of the organism influence the biological system (i.e., developmental plasticity; Lea 
et al., 2017). Although neural stimulation may evoke behavior, other biological stim-
ulation is also part of the overall context. Further, neural activity is malleable and 
may be conditioned like other behavior (e.g., Schultz, 2007; Sommer & Schwein-
berger, 1992).

The term neurobiological-behavioral is suggested as this enhances the precision 
of the analysis. This term separates the currently ambiguous term private events into 
private stimuli (neurobiological stimuli) and private behaviors, which is necessary 
for any behavioral analysis. Further, the term “neurobiological” does not suggest a 
specific private stimulus or stimulus location. The private contextual stimuli are not 
simply neurotransmitters, nor do they reside only in a specific area. A thought does 
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not reside in the brain, nor do the private contextual stimuli in a functional rela-
tion with that thought. The neurobiological stimuli include the overall context of 
interoceptive, chemical, hormonal, and electrical signals which are detectable by the 
organism and thus may enter into a functional relation given a sufficient learning 
history.

An Application Example

When the neurobiological-behavioral approach is applied to the previous example 
of thinking about dogs and being anxious, the clarifying nature and greater preci-
sion of this approach become more apparent. Imagine again that a child is bit by a 
dog at a young age and now reports becoming anxious when seeing, hearing about, 
or thinking about dogs. The dog bite was a painful, distressing, and aversive event. 
Any stimuli occurring at the time of the bite may become associated with the event, 
acquire aversive properties, and come to produce similar distress. This includes the 
street where the bite occurred, the dog itself, the sounds of barking, and the neu-
robiological stimuli present in the body when the child was bit (e.g., blood pres-
sure, adrenaline, cortisol, dog evoked-potentials and event-related potentials). To 
the extent the presence of these neurobiological stimuli is detectable and can be 
responded to, they may acquire functions via processes such as stimulus–stimulus 
pairing and transformation of stimulus function. This is consistent with condition-
ing of any public stimuli occurring at the time of the bite, such as the dog or street. 
In the future, this newly conditioned neurobiological context may now elicit anxi-
ety just as would a physical dog. It is important to note that this context may be 
produced by myriad behaviors such as seeing the street, hearing the word dog, or 
privately thinking about a dog.

The distinction between the two explanations—(1) anxiety is caused by the 
thought of a dog (behavior–behavior relation); and (2) neurobiological stimuli were 
conditioned to elicit anxiety (environment–behavior relation)—is not merely seman-
tic or linguistic. In the neurobiological-behavioral account, the thought of a dog (pri-
vate behavior) altered the overall environmental context. One aspect of this altera-
tion was to directly produce neurobiological stimuli (private stimuli) that functioned 
to evoke distress (private and public behavior). Contrary to the behavior–behavior 
relation, the neurobiological-behavioral explanation could be experimentally con-
firmed with sufficient technology. The neurobiological stimuli associated with the 
thought “dog” could be identified as they should be consistently produced by the 
response. A functional analysis of these stimuli and anxiety behavior could then be 
conducted. If a relation was confirmed, this could be acted upon in a variety of ways 
such as counterconditioning (Keller et  al., 2020) or direct inhibition of the neural 
activity that produced the neurobiological stimuli. Although this account of anxiety 
is greatly simplified, it demonstrates how firmly adhering to an environment-behav-
ior analysis may lead to direct prediction and influence.

Particularly with advances in neuroscience applications, we are approaching 
a time when the direct influence of private events is possible. Optogenetics is an 
emerging area of research that combines both optics and genetics to enable the 
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optical control of specific action potentials within freely moving organisms (Yizhar 
et al., 2011). In optogenetics, neurons are genetically altered by introducing proteins 
into the neuron cells. These proteins, called Opsins, have light-gated ion channels, 
and a directed pulse of light can evoke neural firing that allows for direct manipula-
tion of the neural activity (Fenno et al., 2011). This, in turn, affords an analysis of 
the relation between specific neural stimuli and behavior. For example, van der Zou-
wen et al., (2021) used optogenetics to induce locomotion in mice, and could even 
increase the speed of locomotion by increasing light power.

From a neuroscience perspective, uncovering the interaction of highly specific 
brain area stimulation with behavior enables a deeper understanding of the overall 
neural system, structure, and function. From a behavioral perspective, however, the 
prospect of functional analysis and influence of private behavior is of great impor-
tance. Thinking is behavior and is evoked by neurobiological and public contextual 
stimuli. Whereas behavior analysis has largely manipulated public stimuli in func-
tional analyses of public behavior, neuroscience technologies such as optogenetics 
may enable manipulation of neurobiological stimuli, and the functional analysis of 
private behaviors.

The neurobiological–behavioral approach is consistent with the conventional 
environment–behavior analysis and interventions currently in use with public behav-
ior. It is the same analysis on a more molecular level. Any living organism is in 
a constant sequence of reciprocal interactions with the environment. Behaviors 
change the environment and are, in turn, influenced by the environment; this is true 
at the level of private behavior just as much as public behavior. Intervening on a 
neurobiological level may be considered merely “skipping steps” in the sequence. 
Rather than present a public stimulus that, through a sequence of public/private 
stimulus–response events, ultimately produces specific neurobiological stimulation 
which evokes a specific thought, it may be possible to “skip” directly to the neuro-
biological stimulation. A thought may be produced by directly producing the neu-
robiological context of which the thought is a function. The environment–behavior 
approach is conceptually preserved, but the avenues of assessment and intervention 
are expanded.

Strengths of a Neurobiological‑Behavioral Approach

Explanations of behavior are ideally significant in scope, precision, and depth. An 
analysis should have a broad degree of scope by applying to a range of cases, have 
high precision by incorporating as few analytic concepts as possible, and have depth 
by extending across other well-established scientific domains (Hayes et al., 2012). 
Although the general concept of private events has been pragmatic and enabled 
some discussion of events that have an audience of one, the term is not a techni-
cal one and does not possess high scope, precision, or depth (though some exist). 
This may partially underlie some of the challenges behavior analysis has had incor-
porating these events into the overall analysis of behavior. As suggested by Hayes 
et al. (2012) vague terms must ultimately “be anchored gradually to more technical 
accounts” and there exists an “a priori goal of analyses with precision, scope, and 
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depth” (p. 7). The neurobiological–behavior approach may be considered an analy-
sis that possesses this scope, precision, and depth. The approach has high scope in 
that it inherently treats all private stimuli similarly regardless of associated behavior 
rather than focusing exclusively on neural stimulation. The approach has high pre-
cision in that the nature of a private stimulus is clarified as a nonbehavior neuro-
biological event, rather than more behavior. Further, no additional analytic concepts 
are necessary in the approach. Finally, by eliminating behavior–behavior relations 
in explanations of private events, and situating private stimuli as neurobiologi-
cal events, cohesion and collaboration with other disciplines are improved, which 
increases overall depth.

A neurobiological–behavioral approach may improve the analysis and treatment 
of behavior by clarifying the distinction and interaction between private stimuli 
and private behavior. An example might again be in the treatment of anxiety. One 
common intervention is systematic desensitization wherein a person is repeatedly 
and systematically exposed to the anxiety provoking stimuli (Head & Gross, 2009). 
Although most agree private responding occurs during the exposure, it is often 
assumed that a reduction of the public responses will also reduce associated pri-
vate responses (Friman et  al., 1998). By identifying neurobiological stimuli (e.g., 
event-related potentials) and private responses associated with public anxiety behav-
ior, practitioners may target a range of members of the “anxiety” response class, 
such as private biased attending to anxiety evoking stimuli (Carlson, 2021; Gupta 
et  al., 2019). Future anxiety may be mitigated by counterconditioning or teaching 
someone how to respond to neurobiological stimuli associated with anxiety. Further, 
advances in neuroscience and the neurobiological–behavioral approach could allow 
for more nuanced or detailed measurement. In addition to measuring large-scale 
anxiety behaviors such as running away, and mid-level behaviors such as heart rate, 
reductions in neural responses to anxiety provoking stimuli could also be measured.

A neurobiological–behavioral approach may also result in a more thorough analy-
sis of current behavior analytic concepts such as motivating operations. At present, 
motivating operations are largely identified through knowledge of extended environ-
mental–behavior events (e.g., when did the person last eat; what was said to them 
earlier in the day). However, there are likely correlated neurobiological stimuli 
occurring in the moment that may be available for analysis to suggest or confirm 
current motivational effects. For example, if someone has not eaten in a day there 
are likely establishing and evocative effects related to food and food-producing 
behavior. This may be identified through knowledge of the timing of the last food 
consumption. It may also be determined by measuring neurobiological stimuli asso-
ciated with the private response of “hunger,” such as a collapsed stomach, low blood 
glucose levels, the presence of the digestive enzyme alpha-amylase, a headache, 
or the hormone ghrelin. Blood glucose levels, for example, are considered a reli-
able biomarker of hunger, and decreases in blood glucose often precede increases in 
behaviors such as requesting food and subjective reports of hunger (Campfield et al., 
1996). As an alternative, reports of satiation tend to fluctuate with levels of salivary 
alpha-amylase (an enzyme that begins food digestion) indicating the detection of 
this enzyme may provide information on levels of satiation (Harthoorn, 2008). Fur-
ther, salivary alpha-amylase also appears associated with food preferences (Tarragon 
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et  al., 2018), so detection may also suggest which types of foods will function as 
potent reinforcers. Both blood glucose and salivary alpha-amylase can be inexpen-
sively, simply, and quickly measured in real time with a blood sugar monitor or col-
orimetric enzyme assay. Although perhaps unnecessary for general practitioner use, 
this information may be useful in situations where more precise levels of motivation 
were sought, where the food-consumption history of the organism was unknown, or 
to determine whether food presentation functioned as an abolishing operation.

It is important to note that levels of blood glucose and salivary alpha-amylase 
do not guarantee the presence or absence of a food-related motivating operation. A 
person’s hunger response to blood glucose levels may be conditioned and is at least 
partly influenced by their learning history (Ciampolini & Bianchi, 2006; Stevenson 
et al., 2023). Further, a stronger relation between levels of salivary alpha-amylase 
and levels of hunger is found in overweight individuals relative to those with aver-
age weight (Moreno-Padilla et al., 2020), which may also indicate some condition-
ing effect. These findings are consistent with neurobiological-behavioral approach 
predictions and highlight the reciprocal nature of behavior and neurobiological con-
texts and the importance of individual functional analysis.

Acquired Stimulus Functions

Neurobiological events can acquire a variety of stimulus functions. As antecedent 
stimuli, these events may acquire eliciting effects, discriminative effects, or function 
as motivating operations. For example, if someone thinks about biting into a sour 
lemon, this may alter the context by producing neurobiological stimuli that are in a 
functional relation with salivation. In theory, any response that produces a similar 
neurobiological context may also elicit salivation. Skinner suggests something simi-
lar regarding anxiety when he notes that if public stimulation can produce anxiety, it 
would be possible for any bodily condition (i.e., neurobiological context) to be con-
ditioned to also elicit anxiety at a later point. “The condition felt as anxiety begins to 
act as a second conditioned aversive stimulus” (Skinner, 1989, p. 7).

Discriminative effects of private stimuli have been documented, such as in drug 
discrimination (e.g., Kangas & Maguire, 2016). In a typical drug discrimination 
procedure rats may be trained to differentially respond to one of two levers based 
on the interoceptive stimulation produced by a drug. For example, rats may be pro-
vided fentanyl prior to some training sessions, and responding to one lever (drug 
lever) is reinforced with food. Prior to other training sessions, rats may be provided 
a saline solution and responding to a different lever (saline lever) is also reinforced 
with food. After sufficient training, the rats learn to discriminate between levers 
depending on whether fentanyl was previously delivered or not. In such a situation it 
would appear the private interoceptive stimulation provided by the fentanyl acquired 
discriminative properties related to lever pressing. Further, as might be expected, the 
discriminative function of the private stimulation may generalize across other nar-
cotics (Kangas & Maguire, 2016). Humans, for their part, can learn to discriminate 
between drug and placebo conditions, and between different drugs based on the sub-
jective experience associated with the drug (Stoops, 2022). For example, if someone 
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is given either cocaine or a placebo, they can accurately discriminate at a later point 
whether they are under the influence of cocaine or not. Everyday examples abound 
as, for example, a person simply stating, “I feel sick” based on the subjective experi-
ence of nausea.

Finally, there is reason to believe that neurobiological events can function as 
motivating operations. For example, if a hungry person for whatever reason imagi-
nes their food covered in flies and feces, the neurobiological stimuli produced by this 
private behavior may function as an abolishing operation and result in a decrease in 
both the value of the food and the likelihood of eating. Although these effects are 
not entirely due to the neurobiological stimuli, those stimuli are an important part of 
the overall context in which the effects occur.

A consideration of the neurobiological stimuli functioning as motivating opera-
tions may be critical for individuals with genetic disorders such as Prader-Willi syn-
drome. Prader-Willi affects multiple biological systems (Driscoll et  al., 2023) and 
is associated with a variety of physiological and behavioral characteristics, includ-
ing extreme overeating. In individuals with Prader-Willi syndrome, the consumption 
of food does not appear to act as an abolishing operation; instead, the establishing 
effect for food is nearly always present. This appears partly related to the genetic 
disorder’s impact on the hypothalamus (among other physiological systems), which 
releases hormones including those that regulate feeling full (Driscoll et al., 2023). 
These neurobiological stimuli can act as motivating operations that influence other 
behaviors that have produced access to food in the past, such as pica, food stealing, 
or aggression. Attempts to assess and treat these behaviors in an individual with 
Prader-Willi may be furthered by a more complete consideration of neurobiological 
stimuli.

Neurobiological stimuli may also function as consequences and can poten-
tially exert either reinforcing or punishing effects. The consumption of narcotics, 
for example, induces a neurobiological context that may subjectively be referred 
to as “feeling high.” Depending on the neurobiological stimulation produced by 
the drug, these sensations may alter the future frequency of drug consumption. A 
“pleasant high” may result in future drug use, whereas an “unpleasant high” may 
decrease drug use. As an alternative, if a person has a headache and takes ibupro-
fen, the resulting change in neurobiological context may result in someone saying 
their headache is gone, and the person may be more likely to take ibuprofen in the 
future. Direct influence of these neurobiological contexts as reinforcers is also possi-
ble. For example, Witten et al. (2011) provided rats with optogenetic enhancements 
and placed the rats in chambers with two identical nosepoke ports. Responding to 
one port was differentially reinforced on a fixed-ratio 1 schedule via direct, internal, 
optogenetic (light-pulse) activation of the dopaminergic system. No other differen-
tial consequences were provided. During training, responding increased towards the 
lever associated with dopamine-mediated positive reinforcement. This responding 
decreased during extinction trials and again increased during a reacquisition phase. 
Advances in our understanding of the involvement of dopaminergic systems in the 
process of reinforcement afford more complete explanations regarding how pre-
dicted, unpredicted, and omitted reinforcer delivery differentially affects responding 
(Schultz, 2007).
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It is important to note that verbal behavior may play an influential role in the 
overall understanding of neurobiological contextual influence. The neurobiological-
behavioral approach suggests that both public and private verbal behavior can pro-
duce changes to the environment (public and/or private) that may acquire stimulus 
functions. With public verbal behavior, for example, a person may say something 
aloud that produces physical vibrations to which another person may respond. Part 
of responding to these physical vibrations inevitably produces neurobiological con-
texts as part of the overall sequence of events described as “hearing.” Private ver-
bal behavior, on the other hand, does not produce physical vibrations. Provided the 
content of the speech is similar, however, and given a sufficient verbal history, the 
private verbal behavior would be expected to produce neurobiological contexts that 
are like those produced when hearing words spoken aloud. Thus, verbal behavior, 
whether spoken privately or publicly, could produce similar neurobiological con-
texts that may evoke similar responding.

A Continuum of Private–Public Contextual Influence

In the end, behavior is always partly a function of current contextual events. This 
includes both private and public stimuli, which together represent 100% of an organ-
ism’s context. Recognizing the functional effect of private stimuli does not mean that 
behavior occurs independently of the public environment. Neurobiological stimuli 
are merely a part of an organism’s overall environment, which also includes public 
stimuli. The neurobiological-behavioral approach does not give way to mentalistic 
explanations of behavior, nor does it simply reduce behavior to neural or biological 
functioning. Including neurobiological stimuli simply provides for a more complete 
functional analysis of behavior. The neurobiological-behavioral approach does, how-
ever, suggest that the contributive contextual effects of private and public stimuli 
are not static—contextual influence can and does shift, and at any given moment the 
influence of private stimulation on a given behavior may be more or less than that 
of public stimulation. This shifting contextual influence may be capitalized upon to 
exert desired behavioral influence.

If, for example, a person wanted to engage in a private brainstorming activity, 
they might find it advantageous to increase the contextual influence of private stimu-
lation. This might be accomplished by actively trying to decrease public environ-
mental influence such as by turning off music with spoken words, closing their eyes, 
or removing distracting sights and sounds. As the influence of public and private 
contexts always combines to 100% of the organism’s context, decreasing the relative 
influence of the public environment could increase the influence of the private envi-
ronment. On the other hand, a person attempting to “be more mindful and focused 
on the moment” might find it advantageous to decrease overall private contextual 
influence. Acceptance and commitment therapy often incorporates just such mind-
fulness activities when teaching people to respond to current contingencies (Hayes, 
2016). The goal might be to decrease private contextual influence to increase public 
contextual influence—the present moment. The combined influence of both public 
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and private contexts is always 100%, but at times it may be advantageous to adjust 
the ratio.

Advances in Technologies: Neuroscience and Brain–Computer 
Interfaces

Advances in behavioral neuroscience (Ortu & Vaidya, 2016) allow measurement 
and analysis of brain activity down to the level of a single neuron. These analyses 
allow for both the prediction and influence of precise neural activity, and experi-
mental analysis offers support for behavioral interpretations of private events. For 
example, whereas private behaviors such as listening or auditory imagining were 
once inferred, there is growing support for their existence as observable instances 
of subvocal behavior (Schlinger, 2008, 2009). Further, behavioral explanations of 
“remembering” have been supported at the neural level with advances in the under-
standing of feedback systems in the prefrontal cortex (Donahoe, 2017).

A neuron is a specialized cell that can transmit information in the form of electri-
cal and chemical signals to other cells. In a resting neuron, a voltage-gate maintains 
a negative charge. When a stimulus evokes a response, at a neural level there is a 
rapid change in voltage along the neuron’s membrane. Positively charged ions rush 
into the membrane causing depolarization and repolarization that propagates down 
the length of the axon. This is known as an action potential and plays a critical role 
in overall organism functioning. From a neurobiological-behavioral perspective, the 
actions of the neuron (e.g., opening and closing of voltage gates) may be considered 
behavior, whereas the positively and negatively charged ions (e.g., sodium, potas-
sium, chloride) and the overall voltage, may be considered stimuli.

These observations have enabled once private stimuli and behaviors to affect the 
public world via brain–computer interfaces (BCIs). BCIs harness neural activity to 
effectively control the actions of external devices (e.g., a robotic arm). Research on 
BCIs began with animal trials as early as the 1960s and moved to human trials soon 
thereafter (Shih et al., 2012). In an early demonstration, Elbert et al. (1980) showed 
that providing a person with biofeedback on their neural activity (slow cortical 
potentials) enabled the person to change those potentials to control the movements 
of a digital rocket on a television screen. BCIs allow a person to privately respond 
(e.g., "think” about moving their arm) and thereby cause events in the environment 
outside of the skin (e.g., control the movements of a robotic arm). Further, like any 
public behavior, there is a reciprocal effect as these environmental actions can have 
a selecting effect on the private responding. Private responses that more effectively 
control the robotic arm are more likely to occur again.

Although BCI technology is still in development and not widely available, there 
are a range of foreseeable applications. In medical fields, BCIs can enable a person 
to effectively communicate with the world in ways that do not rely on typical neuro-
muscular pathways. This holds significant promise for individuals with severe motor 
disabilities or neuromuscular diseases or injuries (Mak & Wolpaw, 2009), and may 
enable independence in a variety of ways ranging from controlling robotic prosthe-
ses (Hochberg et al., 2012) to synthesizing speech from neural signals (Pandarinath 
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& Ali, 2019). Commercial applications also exist such as BCI-enabled videogames 
or industrial uses. Finally, BCIs may enable the expansion of the range of available 
senses. Hartmann et  al. (2016), for example, embedded a microstimulation-based 
neuroprosthesis into the brains of rats, which effectively enabled infrared light to 
stimulate whisker neurons in the somatosensory cortex. Following training, the rats 
were able to navigate an infrared environment to locate water reinforcement. Given 
that rats have no evolutionary history of sensing infrared light, these findings dem-
onstrate possible applications of BCIs as well as the surprising malleability of sen-
sory systems and the selection of new responses to private stimulation.

As noted by Skinner (1953, p. 282) “the line between public and private is not 
fixed. The boundary shifts with every discovery of a technique making private 
events public.” Previously private responding (e.g., actions of the neuron) and previ-
ously private stimulation (e.g., voltage changes) have become public events, at least 
when observed. The resulting technologies and applications demonstrate the impor-
tance of understanding the entire context within which an organism responds.

Skinner suggests, “a behavioral analysis has two necessary but unfortunate 
gaps—the spatial gap between behavior and the variables of which it is a function 
and the temporal gap between the actions performed upon an organism and the 
often-deferred changes in its behavior. These gaps can be filled only by neurosci-
ence, and the sooner they are filled, the better” (Skinner, 1988, p. 470). Some of 
these gaps are now closing, and fields are merging.

Conclusion

The range of neurobiological stimuli that may influence behavior is unknown. Just 
as some stimuli in a public context may be irrelevant to a particular behavior, so may 
some neurobiological stimuli. Other disciplines, such as biology and neuroscience, 
may help clarify this to further enhance the overall analysis of behavior. Given that a 
neurobiological event is a physical and directly manipulable one, a neurobiological-
behavior analysis is a verifiable hypothesis. As Skinner (1984) notes, “whenever it 
becomes possible to say what conditions within the organism influence the response 
‘I am depressed,’ for example, and to produce these conditions at will, a degree of 
influence and prediction characteristic of responses to external stimuli will be made 
possible” (p. 548). To determine whether some neurobiological context was in a 
functional relation with a behavior, one could systematically induce the neurobio-
logical context to confirm (Soto, 2020).

Skinner (1999) suggests, “a comprehensive set of causal relations stated with the 
greatest possible precision is the best contribution which we, as students of behav-
ior, can make in the co-operative venture of giving a full account of the organism 
as a biological system” (p. 316). The neurobiological-behavioral account is a step 
in this direction, and advances in technology are making finer-grained analyses 
possible. It is assuredly not necessary to analyze all behavior through a neurobi-
ological-behavioral lens. Radical behaviorism has squarely adopted a pragmatic 
approach to science—the truth of any theory lies in its usefulness in accomplishing 
the goals of the science (Moore, 2008). Our goals are the prediction and influence 
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of behavior (Skinner, 1953). There may be times when a molar analysis allows us 
to better achieve these outcomes (Baum, 2011). At other times, however, such as 
in the case of predicting and influencing private behaviors, a more focused neuro-
biological-behavioral approach may prove more suitable. In both situations, how-
ever, the analysis must include both the organism and the nonbehavior environment. 
A neurobiological-behavioral approach conforms with current analytic tradition, 
reduces behavior–behavior explanations, and provides greater clarity to the nature, 
influence, and interaction of private behaviors and private stimuli.
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