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MINDING BEHAVIOR  

Peter R. Killeen 
Arizona State University 

ABSTRACT: There is a conflict of interest in behaviorism between diction and content, 
between clean speech and effective speech, between what we say and what we know. This 
article gives a framework for speech that is both clean and effective, that respects graded 
validation of hypotheses, and that favors distinction over doctrine. The article begins with 
the description of SDT, a mathematical model of discrimination based on statistical 
decision theory, which serves as leitmotif. It adopts Skinner’s distinction between tacts and 
mands, the former as responses under the predominant control of the stimulus and the latter 
as responses under the predominant control of the reinforcer. To analyze behavior is to 
understand the relative contribution of each of these loci of control, measured as d’ and C, 
respectively. SDT is then applied to causal attributions. It is shown that Skinner’s 
fundamental model of behavior, the three-term contingency, is itself a causal structure, 
with the initiating stimulus an efficient cause, the reinforcer a final cause, and the response 
and its various components the substrate upon which these act. In light of these 
correspondences, covert (mental) processes are viewed as links in a causal chain, under 
joint control of initiating and reinforcing stimuli. Their ascription is an inference, made 
with confidence when the links rise to the surface and with dubiety as they sink to the 
abyss. There exists no threshold at which the links become a different kind of thing; there 
are only gradients of clarity and confidence about what we take them to be. The host to 
these processes has a privileged but corrigible perspective on them and on the history of 
reinforcement that led to them. Skinner’s model of the operant is a useful causal model of 
many nested levels, including covert processes such as cognition. In the avatar of SDT his 
model provides a tool for qualifying verbal behavior, including descriptions of cognition. 
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Prologue: An Ism Catechism 

Stimulus 

Be-hav-ior is: 
(a) observable activity in a human or animal 
(b) the aggregate of responses to internal and external stimuli 
(c) the action or reaction of any material under given circumstances: the 

behavior of tin under heat (Flexner et al., 1987). 
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Response 

(a) Can behavior be unobservable or covert? If so, must it have the same 
physical dimensions as overt behavior, as Skinner opines and Hempel maintains? 
How can that be? Is the mind metric? 

(b) Can a stimulus–response sequence be disaggregated into internal 
stimulus–response links? What is the basic element of a stimulus–response chain? 
How quickly do the links of that chain lose their strength with distance from overt 
stimuli and responses? 

(c) Is not all action reaction? If not, Who or What is its origin? Can behavior 
be passive? Does determinism require it to be passive? What is the difference 
between action and passion? 

Stimulus 

Be-hav-ior-ism is: 
The theory or doctrine that human or animal psychology can be studied 

accurately only through the examination and analysis of objectively observable and 
quantifiable behavioral events, in contrast with subjective mental states (Flexner et 
al., 1987). 

Response 

(a) How many observers does it take to make an event objective? Must they 
agree? 

(b) What happens to the event if one observer changes his or her mind? 
(c) If the observation engenders a subjective mental state in the observer, such 

as an incipient name, must the observer disqualify himself or herself on the 
grounds of thoughtfulness? 

(d) Just how can the subjective be objectified? Can we Sanctify by Suffix, as in 
thinking behavior? 

(e) Does the casuistry work in reverse, permitting Abomination by Affix, as in 
memories of behavior? 

Epistemology vs. Ontology vs. Theology 

Catholics can do good works unobserved, ascending to heavenly splendor 
after death. But to be called a Saint the holiness must be public, and three miracles, 
inexplicable by Science, must be documented and defended against the Devil’s 
advocates. Behaviorists can do good research unobserved, ascending to valid 
generalizations after data analysis. But to be called a Scientist the research must be 
published, and three results, unexplained by Faith, must be documented and 
defended against the journal’s reviewers. Both systems have their merits. Neither 
would be viable unless the distinction between valid action and certifiably valid 
action was respected. 
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To do science merely requires that we follow good procedures, ones designed 
to keep us from fooling ourselves, from attempting to make a causal statement 
without being sure that there is an effect, or without ruling out other potential 
causes. Some scientific practices, such as use of hypothetical constructs, are 
dangerous; like knives they can cut those who wield them. The clumsy should keep 
such edges out of their house for a safer, if duller, life; skip this article, watching 
out for paper cuts when you do. The careful may proceed. 

Stimulus Discrimination Theory (SDT) 

Statistical decision theory (SDT) is a mathematical framework that is useful 
for analyzing the differential control exerted on a response by its eliciting stimuli 
and characteristic reinforcers. It has been particularized in the perceptual literature 
as signal detection theory and in the behavioral literature as stimulus 
discriminability theory (Killeen, 1992). It has been generalized to deal also with 
response and reinforcer discriminability (e.g., Davison & Nevin, 1999). Signal 
detection theory is the most familiar version of statistical decision theory. A 
psychophysicist might require a subject to report whether or not she hears a tone 
during each of an innumerable number of trials. Because the scientist understands 
the potential for biasing the tact (present or absent) by mands (implicit 
expectations concerning the demand characteristics of the experiment), she varies 
the explicit payoff for saying present. During one day’s trials she gives the subject 
ten cents for every correct present and absent and subtracts ten cents for every 
incorrect present and absent. On another day she pays 15 cents for every correct 
present, 5 cents for every correct absent, and leaves the other payoffs unchanged. 
The experimenter finds that if the stimuli are very distinct, this manipulation has 
little effect on behavior. For stimuli near threshold, however, it has a larger effect. 
Data are plotted as in Figure 1, in which the x-axis is the probability of a yes 
response in the absence of a signal (false alarm) and the y-axis is the probability of 
a yes response in the presence of the signal (hit). The probability of no responses 
can be derived by subtracting the above from 1.0. The experimental manipulation 
moves the datum from its original position on the curve toward the upper right 
corner. 

The distance of the curve away from the positive diagonal (d’) is a measure of 
how much the response is under the control of its stimulus—it measures the 
information conveyed by the response. The position of the datum along the curve 
in either direction from the negative diagonal (β) measures how much it is 
inhibited or excited by the demand characteristics of the experiment. The relative 
amount of control of a response by the stimulus is the proportion of variance in the 
response that is accounted for (i.e., reduced) by knowledge of the stimulus. The 
relative amount of control of a response by the reinforcer is the proportion of 
variance in the response that is accounted for by knowledge of the reinforcer. It 
can be estimated as the complement of the stimulus control. Several researchers 
have extended SDT to the analysis of schedule control (Alsop, 1991). 
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Figure 1. A relative operating characteristic (OC). For a fixed signal strength, 
represented by the distance of the curve from the positive diagonal, varying the 
motivation to respond yes or no can at best move the operating point along the 
curve. In this experiment this was accomplished by varying the payoff (squares) 
or the probability of presenting a signal (disks). The operating characteristic 
drawn through the data is one that preserves a constant transmission of 
information between subject and scientist (0.06 bits in this case). 

Operating characteristics such as the one shown in Figure 1 also describe the 
information conveyed by a discrimination. When the alternatives are binary, such 
as signal present or signal absent, these descriptions convey at most one bit of 
information. The treatment can be easily generalized to the much richer 
information capacity of extended text, in a graph whose coordinates are the 
information transmitted by a correct assertion and the (mis)information transmitted 
by an incorrect assertion. Increasing the precision of the report then moves 
concepts such as “information operating characteristics” increasingly away from 
the diagonal. The partitioning of the variance in the response as that attributable to 
the stimulus and that attributable to the reinforcer proceeds naturally in the 
framework of information theory. Reliable liars, whose operating point is 
somewhere below the positive diagonal of Figure 1, can convey exactly as much 
information as persistent truth-tellers; the listener need merely treat affirmative 
statements as negative ones and conversely. 

The standard explanation of these characteristics within SDT is shown in 
Figure 2. The distance between the distributions corresponds to how different, or 
discriminable, they are; the variance of the distributions shows how the perceptual 
effects of the stimuli might overlap. Discriminability is indexed by the difference 
of the means of the distributions divided by their standard deviations—d’. When 
confronted with a percept lying somewhere along the perceptual continuum, the 
observer must decide whether it arose from signal A or signal B. It is assumed that 
this decision is made by setting a criterion, C, above which all percepts will be 
called B, and below which they will be called A. This strategy hazards an error of 
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calling stimulus A “B”; the probability of such a false alarm is given by the tail of 
the left distribution that falls to the right of the criterion. The probability of 
identifying a stimulus correctly as B is given by the area under the right 
distribution to the right of the criterion; such correct responses are called hits. The 
criterion is under the control of the subject, and it is assumed to be shifted as a 
function of the payoff and the a priori probability of the stimuli. 

 

Figure 2. The processes assumed to underlie the discrimination of ambiguous 
stimuli. The separation of the distributions indicates the amount of stimulus 
control, the location of the criterion, and the nature and amount of reinforcement 
control. As the criterion moves from left to right, the areas of the two 
distributions to its right sweep out the relative operating characteristic from top 
to bottom. If there is no punishment for false alarms, the observer should move 
the criterion to the left, thereby increasing the probability of hits. 

Reinforcement contingencies can move performance along the decision axis, 
thus along the operating characteristic, without diluting the information conveyed. 
Such control by consequences is seen whenever individuals shift their criterion for 
a categorization or statement. Conservative judges who have high standards (the 
criterion set to the right) can contribute as much information about the quality of a 
performance as more liberal ones. Disagreements are often not so much about the 
nature of a stimulus as about whether or not it passes a criterion—and about 
whether the bar has been set too high or too low—not about what it was, but about 
what we should call it. The location of the criterion is a good example of a 
mediating hypothetical construct made real by its utility in describing one of the 
two key dimensions of stimulus control. C measures a disposition. 
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An SDT Analysis of Verbal Behavior 

Tacts and Facts, Mand and Demands 

The technical term tact (Skinner, 1957) refers to verbal behavior that is 
largely under the control of a stimulus, in particular to descriptions of a stimulus: 
“Fine day!” The term mand refers to verbal behavior that is largely under the 
control of a characteristic reinforcer: “Let’s play!” Many statements are a blend of 
mand and tact. Mands direct resources to the interests of the speaker. More 
powerful individuals might demand and command and remand those who are less 
powerful, but mands are typically most effective when subtle. It is common to 
mask the form of a mand in a question or statement that looks like a tact. “Would 
you mind passing the salt?” is not satisfied by a report of your state of mind. 
“Much obliged” recognizes the service and promises reciprocation. Lincoln’s 
cogent assertion “As I would not be a slave, so also I would not be a master” looks 
like a tact concerning his preferences to be unassociated with the slave trade, but it 
is much more. The first phrase evokes the woe of being a slave; it primes the 
second phrase with the negative aspects of slavery, and thereby associates 
ownership with grief. Slaves do not have choices, whereas slaveholders do, as do 
those fighting them. Once we are caught agreeing that it is bad to be a slave and 
how we would fight to avoid that plight, it is easy to infer that it is bad to be a 
slaveholder, and we might fight to avoid that injustice. This is a mand in tact’s 
clothing, emitted for effect, not information. It has a very different impact than an 
equally descriptive “Although I would live like a king, I would not be a master.” In 
one sentence, Lincoln conditioned his audience. Skinner’s chief contribution to 
psycholinguistics was to emphasize that the function of an utterance is primary and 
its form is secondary. 

Gratuitous descriptions are alarming. Try greeting a stranger—or even a 
friend—with an unbidden report of the time of day. Listeners expect verbal 
behavior to be motivated. All reports and descriptions—all tacts—are conditioned 
by the demand characteristics of the question or context that evoked them. 
Receiving information, like getting the salt, generates an obligation for the 
recipient. This is why people dislike being told something they already know, and 
are quick to devalue the information by claiming satiation for that particular bit. 
Just as diminishing the information received reduces the debt, exaggerating the 
information given inflates its value, causing rumors to grow in poignancy. 
Differentially weighting aspects of a communication makes for both an interesting 
conversationalist and for the mutability of tacts.  

Tacts are subject to authorization, which converts them into facts. Finders of 
fact are juries in the legal system, referees in the sporting system, synods in the 
religious system, and review panels in the scientific system. These bodies 
aggregate evidence, attempting to covary out demand characteristics and find 
common factors that will account for most of the variance in the decision. Was the 
death a murder? Was the pitch a strike? Is the sin mortal? Are the data reliable? 
You do the same when you read a paper such as this. How much of the variance in 
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what is said is attributable to the reinforcer and how much to the stimulus? How 
much is poetry, how much science? Where are the data? One need not be a 
postmodernist to realize that all verbal behavior is subject to both kinds of control, 
including the verbal behavior of postmodernists.  

Some kinds of verbal behavior are under especially tight control by the 
stimulus. Repeating what another person has just stated (echoics) or reading from 
text leaves little room for control by reinforcement, but emphases, timing, 
pronunciation, and repetition can still bias interpretation. A linguist once lectured 
that in many languages two negatives can make a positive, but that in no language 
do multiple positives make a negative. A student retorted in descending pitch 
“Sure, sure, sure.” Control of such prosody is enhanced by diacritical marks. 
Control is relaxed for musicians playing from a score because such performance is 
part of the interpretive arts, in which bending accuracy to achieve effect is a virtue. 
Rosen (2001) argues that “it is essentially the fundamentally unsatisfactory nature 
of notation that has allowed the monuments of Western music to survive, to escape 
the ruinous erosion of time. In fact, it is the basic antagonism of score and 
performance, of concept and realization, that is the glory of Western music” (p. 
60). True to life (score, stimulus) versus true to art (effect, reinforcement); 
semantics vs. pragmatics; d’ vs. β. 

In adult discourse it is common for a speaker to qualify a tact with an 
indication of how accurate he purports it to be: “I’m pretty sure. . .”; “Clearly. . .”; 
“As best I can recall. . .”; “I’m certain that. . .”; “All kidding aside. . .” When this 
information is lacking, the listener might query “Are you sure?”; “Is that true?”; 
“Since when?” Skinner has called such qualifiers autoclitics; we may think of them 
as the speaker’s estimates of d’. For an authoritative modern treatment of verbal 
behavior from a behavioral stance see Catania (1998); for a fresh approach see 
Hayes, Barnes-Holmes, and Roche (2001). 

There are often strong sequential dependencies in responses emitted in 
psychophysical paradigms. This is even more the case with verbal behavior. 
Strings such as “red, white, and. . .” strongly determine the last word. Skinner 
called such chunks of speech intraverbals. There is less information in such a 
string because the listener already had a good guess what the last word would be 
before it was uttered. Intraverbals are by definition redundant, thus they slow the 
rate of information transmission, giving the speaker and listener time to process the 
more informative words. Pervasive repetition of the wine-dark sea in the Odyssey 
and ya know? in vernacular gives speakers time to collect their thoughts. 
Conversation goes better when some of the words speak for others. 

Truth and Consequences 

Some demand characteristics discourage accurate tacts. “Did you break the 
cookie jar?” encourages descriptions of cats on counters, not hands in jars. Such 
contingencies move behavior off the characteristic toward the positive diagonal 
(prevarication)—or below it if the consequences of truth are too punishing (Figure 
3). Families maintain concurrent schedules of punishment for lying to keep 



KILLEEN 

132 

 

discourse above the positive diagonal (Lloyd, 2002). Courts of law severely 
penalize lies under the stimulus control of an oath (perjury). Societies promulgate 
morality tales, praising one president who could not as a child tell a lie that he 
chopped down a cherry tree, condemning another who could not as an adult tell the 
truth about more adult indiscretions. Such schedules institute a self-control 
problem: accept minor punishment now with high probability for admitting the 
misbehavior, or lie and risk major punishment later for the misbehavior plus the 
lie. 

 

Figure 3. A description operating characteristic. Statements that are under strong 
control of their eliciting stimuli are precise and are located in the upper left and 
lower right corners of the square; those that are under weak control are near the 
positive diagonal. The distance of the description from the diagonal is a measure 
of its information content. For a given accuracy of discrimination, control by 
reinforcement (i.e., demand characteristics) can move performance from the 
lower left to the upper right along a characteristic such as the curve shown. 
Perverse reinforcement contingencies can flip the operating characteristic below 
the positive diagonal, encouraging prevarication. As reports fall farther below 
the diagonal they become less truthful, approaching “barefaced lies” in the lower 
right corner, which are precise but invalid. This diagram identifies the degree of 
stimulus control of a response (i.e., its factuality, precision, or tactfulness) with 
traditional indices of discrimination such as d’ and A and information 
transmission such as T. It identifies the degree of control by reinforcement (the 
demand characteristics or mandfulness) with traditional indices of bias such as β 
or C. 

The canons of missionary priests threatened with death if they admitted to 
proselytizing permitted them talk around the truth in creative ways as long as they 
did not fall below the diagonal. Such equivocation has come to be called 
“Jesuitical.” Equivocation weights the relation between the stimulus and response 
(the “literal” truth) more heavily than that between the response and its role as a 
stimulus for the inquisitor (what is communicated). Tensions between literal 
accuracy on one hand and function in the interests of the listener, or intent of the 
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original writer on the other hand pervades the interpretation of texts, bibles, and 
constitutions, no less than love letters. It is a tension between control by stimuli 
(d’) versus control by reinforcement (C), between form and function. 

The ability of humans to misreport stimuli gets at fundamental issues of 
representation, meaning, and mind. Ask your students how they would train a 
pigeon to lie, and the best they will give you is a recipe for inconsistent or higher-
order stimulus control. To call that a lie is a lie. Concurrent reinforcement 
schedules might be the cause of lying, but they do not constitute it. Lying is 
different than failure of stimulus control or confusion because it is an operant 
characteristically reinforced by its success at misinforming or misleading others. 
For a statement to be a lie it must be the intention of the speaker to mislead, which 
begs the question of intentionality. “I didn’t know that at the time” is a standard 
cop-out when caught in a lie, one claiming poor stimulus control. “That’s not what 
I meant” is another, claiming poor control of the listener’s response. “It was a 
white lie” claims that another person, not I, benefited from the lie. 

Effective lying requires understanding the reinforcement contingencies of the 
listener—a sophistication beyond most animals. “Only if a system has this capacity 
[for misrepresentation] does it have, in its power to get things right, something 
approximating meaning” (Dretske, 1988, p. 28). Humphrey (1992) holds that 
consciousness involves perceptual responding emancipated from immediate 
stimulus control, tantamount to Skinner’s (1969) statement that “the behavior of 
seeing without the thing seen.” But such liberation from grounding in the real 
world could be mere hallucination. It must itself come under stimulus control in 
order to be functional. In such ideation we must see that we are seeing without the 
thing seen. It is the emancipation from sensation that provides the degrees of 
freedom necessary for the chemistry of concurrent reinforcement schedules to 
rearrange tacts, to maximize benefits whether to the speaker (in the case of liars) or 
to the community (in the case of leaders). It is the reliable labeling of such 
ideations as speculative that separates the visionaries we call brilliant from those 
we call crazy. 

Be Cause 

The SDT of Causal Attributions 

Figure 3 provides a paradigm for analysis of descriptions, whether they are 
descriptions of the color of a light or descriptions of internal states. In the 
following it is used to clarify a fundamental ability, that of perceiving and acting 
on efficient causes, as manifest in the ability to learn. The ability to be conditioned 
permits animals to take advantage of the causal structure of their niche. The 
conditions that promote learning—precedence, temporal and spatial contiguity, and 
constant conjunction—also promote the attribution of causality. Humans’ interest 
in causal attributions echoes evolution’s interest in automating such attributions 
with its laws of learning. It is surprising when organisms develop superstitions 
because that suggests a breakdown in causal attribution. Can nonverbal organisms 
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discriminate whether or not their actions are responsible for a consequence? The 
capacity to learn is evidence that they can. Can they reflect on that relation? The 
capacity to make a retrospective judgment concerning the locus of causality 
suggests that they can. The relevant experiments provided food to pigeons both 
randomly in time and as a consequence of their pecking a response key. After the 
feeding, additional food was available if they could identify whether the prior food 
was caused by their peck or by the computer’s random schedule. They learned the 
task quickly. In ensuing experimental manipulations, bias was shifted. A correct 
internal attribution of causality earned more food (or less food) than an external 
ascription. In another experiment it earned food after a shorter delay in one case 
and a longer delay in the other. Judgments shifted in a manner predictable under 
the hypothesis that animals attempted to maximize payoff while discriminating 
obscure stimuli such as causal agency (Figure 4). Analyses suggested that this 
latter discrimination was based on the relative time elapsing between a peck and 
payoff; delays of more than 500 ms were generally attributed to the computer. 

 

Figure 4. The accuracy and bias in pigeons’ causal attributions. Hits are correct 
attributions of agency (“It was I who caused it, not the computer”); false alarms 
are incorrect attributions of agency. Control by stimuli is indexed by distance 
from the positive diagonal; control by reinforcement is indexed by distance from 
the negative diagonal. Bias was manipulated with differential sizes of payoffs. 
From Killeen (1978); reprinted with permission. 

These experiments demonstrate that nonverbal organisms can report their 
perceptions of causal relations, and that these reports—tacts—are affected by the 
demand characteristics of the situation. Laboratory animals can also report whether 
drugs have effects more like tranquilizers or more like energizers. The main 
difference between these cases and the discrimination of red and green lights is 
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that in the former we must take the animals’ word for what they perceived. We can 
reinforce or punish instances with known effects—that is how we establish such 
discriminations—but in probe conditions we must trust the subject. That their 
performance is similar to that when they are detecting known stimuli validates the 
process. In like manner we trust humans’ reports of internal states to the extent that 
they respond to known cases in the appropriate manner (Skinner, 1953). If there is 
obvious control by a payoff matrix that will bias judgment—the desire to look 
good or low base rates for the condition, acceptance of the reports should be 
tempered appropriately. 

The Operant is a Causal Structure 

The theoretical construct of an operant has the form of an Aristotelian causal 
explanation. Aristotle explicated the four kinds of understanding that together 
constitute comprehension. Aristotle’s four (be)causes (Hocutt, 1974; Killeen, 
2001) are: 

(1) Efficient Causes: Events that occur before a change of state and trigger it 
(sufficient causes) or events that do not occur before an expected change of state, 
and whose absence prevents the change (necessary causes). When an unexpected 
event happens, people search for sufficient causes, and when an expected event 
fails to materialize, they search for necessary causes (“Is the car out of gas, 
then?”). Efficient causes are what most people think of as cause. They include 
Skinner’s “variables of which behavior is a function.” More precise treatments of 
efficient causality speak of insufficient but necessary events in the context of 
otherwise sufficient events—the missing link approach (e.g., Mackie, 1974). A 
discarded match might cause the wildfire, but only if it lands on dry tinder in the 
presence of oxygen, etc. This context corresponds to Dretske’s (this issue) 
structuring causes and to Timberlake’s (this issue) setting conditions. 

(2) Material Causes. These are substrates, underlying mechanisms—the stuff 
one level down. The assumption that some behavior is mediated by covert 
processes such as intraverbals is an assumption about a material cause. 
Neuroscientific explanations of behavior exemplify material causes. Assertions 
that material causes are the best or only kind of explanation is called reductionism. 

(3) Final Causes. The final cause of an entity or process is the reason it 
exists—what it does, what its function is. Whenever individuals seek to understand 
a strange machine and ask “What does that do?,” they are asking for a final cause. 
Given the schematic of a device (a description of mechanism) one can utilize it 
best if one is also told its purpose. Final causes are the consequences that Skinner 
meant by selection by consequences. Effects cannot, of course, bring about their 
efficient causes. Assertion that final causes are time-reversed efficient causes is the 
mistake called teleology, but a history of results can be considered to be an agent 
(Rachlin, 1992). A history of conditioning vests in a stimulus a link to the 
reinforcer; the conditioned stimulus is empowered as an efficient cause by virtue of 
its (historical) link to a final cause of importance to the organism. Explanations in 
terms of reinforcement are explanations in terms of final causes. There are many 
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final causes for a behavior; ultimate causes have to do with evolutionary pressures; 
more proximate ones might involve a history of reinforcement or intentions. A 
tension between explanation in terms of efficient causes vs. final causes is the 
subject of Enç’s (this issue) analysis of intentionality. By treating the conflict in 
terms of “wayward causal chains,” he attempts resolution by reversion to the level 
of material cause. Such transformations of domains are often efficient tactics for 
solving causal quandaries. 

(4) Formal Causes. These are analogs, metaphors, and models. They are the 
structures with which we represent phenomena and whose use permits us to predict 
and control them. Aristotle’s favorite formal cause was the syllogism. The 
physicist’s favorite formal cause is a differential equation. The chemist’s is a 
molecular model. The Skinnerian’s is the three-term contingency. All 
understanding involves finding an appropriate formal cause (i.e., mapping 
phenomena to explanations that have a structure similar to the thing explained). 
Our sense of familiarity with the structure of the model/explanation is transferred 
to the phenomenon with which it is put in correspondence. This is what we call 
understanding. 

Do formal causes concern the configuration, or form, of entities and 
processes, or do they concern our description of them? For Aristotle causes were 
different perspectives on phenomena. Each of the four causes plays a very different 
kind of conceptual role in this process. The function of some clocks is to help us 
keep time; others serve to decorate a shelf or wrist. These different functions can 
be served by identical clocks. What we use a device for is a very different kind of 
thing than the material of which it is made. Similarly, for most phenomena there 
are potentially many different efficient causes, and although it is a property of the 
phenomenon to be able to be effected by that set, no instance of the set of efficient 
causes is necessarily a part of the phenomenon. We could follow the sometimes 
ambiguous footsteps of Aristotle in alluding to formal causes as the shapes of 
things with shapes described by some geometry or algorithm, but that meaning is 
carried adequately by material causes. Instead, focus on the examples given when 
Aristotle is concerned with formal causes and you will always find analyses in 
terms of a formal representational system. Different representational systems pick 
out different aspects of the phenomenon to be understood; blueprints provide 
different information than watercolors and different again than differential 
equations. Until it is represented in a formal system, the ding an sich lurks in the 
shadows amongst all the other entities that carry the same ambiguous family name, 
an sich. Representation is the first step to understanding; but representation is not 
neutral, it frames. The Irish Intellectual might refer to the same organism as The 
Drunk Next Door, but they irredeemably participate in different understandings. It 
is not that theory contaminates facts—it creates them in interaction with all the 
other representational systems that bear on the phenomenon, consciously or 
unconsciously. Just as the function of the same clock might differ with its owner, 
the formal analysis might also differ. This is not constructivism; it is recognition 
that causality is not about a phenomenon. It is about understanding a phenomenon. 
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Aristotle’s four becauses may be called causal, reductive, functional, and 
formal, respectively. No one type of cause provides a complete explanation; 
comprehension involves getting a handle on all four types. Aristotle’s 
categorization is itself a formal model of explanation. It is a powerful logical 
partitioning of the things we should know about a phenomenon to understand it. 
Skinner made a formal causal model the core concept of his behaviorism, one in 
which triggers and functions played central roles. 

Skinner’s theory instantiates cause even while Skinner’s talk repudiates it. 
Influenced by Russell, Skinner avoided causal terminology, using in its stead 
euphemisms such as “the variables of which behavior is a function.” But much of 
the power of Skinner’s concept of the operant derives from its status as a formal 
model of a causal sequence. A stimulus is an efficient cause of a response. In 
reflexes the stimulus is powerful enough to have a high probability of eliciting the 
response; in Pavlovian conditioning less so, and in operant conditioning often less 
yet. Skinner spoke of the evocation of a response by a discriminative stimulus 
rather than its elicitation to allow for stimuli that were less potent and whose 
effects were probabilistic, but these probabilities are heavily dependent upon the 
parameters of stimulation. Reflexive responses might be increased in probability 
by potentiation, and operant ones might be increased by deprivation.  

The response is the effect of a stimulus; in operant conditioning paradigms it 
is also an efficient cause of the consequence. A pellet is delivered because the rat 
presses a lever, which triggers the dispenser. In Pavlovian conditioning the 
response need not play a causal role in bringing about the consequence. The 
resulting conditioned responses might, nonetheless, play an important instrumental 
role in affecting the value of the reinforcer, as saliva does for dry food, and 
agonistic reflexes do for social interaction. 

The typical consequence (function) of an operant is its final cause. To say that 
an event is a final cause can be confusing. Readers might envisage a result acting 
backward, or they might envisage purposive behavior. Both of these can occur (the 
former in a cybernetic or other nonlinear dynamic system; the latter in those rare 
organisms that plan for the future)—but they need not. A less prejudicial term is 
“probable consequence,” meaning a consequence that is likely in the operative 
stimulus context if a response is made. This is established by evolution or a history 
of reinforcement, or it is a goal deriving from generalization from other such 
reinforcers. 

The conjunction of all three events—stimulus, response, reinforcer—is called 
an operant. Because an operant is a description, representation, or model, it 
constitutes a formal cause (Figure 5). For reinforcement schedules there are 
multiple causal factors such as a required epoch of time that must elapse (interval 
schedules) or numbers of prior responses that must be made (ratio schedules) to 
enable a response to cause reinforcement. Figure 3 should be thought of as the first 
level of a causal description, with links to more explicit description of the relevant 
details. 

Where are operants found?—in living organisms that have evolved particular 
nervous systems. A description of the interface between organism and environment 
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(Figure 5) is the formal cause. The physiological events underlying the operant are 
its material cause. These can be usefully represented as elements of a connectionist 
network (e.g., Burgos, 1997; Hanson & Burr, 1990; Young, 1997) or as more 
concrete firmware, but all representations of the material are themselves models 
and constitute nested levels of causal chains. We may step up a level as well as 
down one. To abstract information from the world we must be tuned to it, whether 
as simple observers or as scientific manipulators (Timberlake, this issue). The 
representations may extend to our social environment, for we surely evolved as 
social organisms. When this level of causal variables is on the table, we construct 
models that embed us in our world (Costall, this issue). A more extreme neorealist 
position embeds us in a spatio-temporal path (Tonneau, this issue). According to 
their authors, none of these positions is about how things are; they are about how 
we say things are (see Kitchener’s treatment of this position in logical behaviorism 
found in this issue). It is with such formal models that we map the ur-world and 
come as close to understanding it as understanding allows. 

We speak of extended chains of behavior in which the middle links slip out of 
public view as, among other things, mentation and emotion. These have been 
contentious as explanations of behavior. The problem is that they are often thought 
of as triggers rather than links, but when the links of a causal operant chain 
submerge from view they become hypothetical constructs, in no way different than 
overt responses unwitnessed (Leary, this issue). Calling them cognition does not 
change their nature. The issue is not the nature of the chain but the nature of our 
evidence for it. 

Cogito ex Machina 

Exercising Isms 

One of Skinner’s valid complaints about mentalisms is that they often end in 
unfinished causal sequences. Uncaused causes are scientifically otiose because 
they can be invoked ad libitum and therefore end discussion, making research 
bootless and clarification and nuance futile. As one critic of creationism said of 
attempts to force “intelligent design (ID)”—biblical explanations of creation—into 
classrooms: “It will make for a short curriculum; primarily ‘ID did it.’” The 
observation holds equally for ego, mind, or will as first causes. Explanation ending 
in unverified internal processes is one of the sins of mentalism, seldom admitted 
but often committed. Identifications of the causes of action are always an 
inference. When called upon to explain your behavior, you review the forces 
operative on you at the time, and you might say something like “I was afraid my 
boss would yell at me if I did.” We do not know what you really thought and we 
are not confident that you really thought that at the time. If we learn that your boss 
yelled at your coworker last week, we might lend credence to your account, but the 
status of your account has not changed, just our confidence in it. 
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Figure 5. The three-term contingency as a formal causal model. The close 
correlation between the formal models of conditioning and causality occurs 
because conditioning evolved to detect causal relations: the laws of 
conditioning—proximity, precedence, contiguity, and regularity—are the laws 
of causal attribution. 

We might be pleased at the verifiable reference to a punishing context from which 
your fear might have generalized, but could we be sure it was the cause, rather 
than, say, other competing schedules of reinforcement? Internal and external 
events lie on a continuum of observability and causal status. To discount the 
internal completely is to discard data. Absence of sure knowledge is not the same 
as sure knowledge of absence. 

Symmetric Strokes 

If we call ad hoc and unverified explanations referring to covert processes 
mentalisms, we can call ad hoc and unverified explanations referring to overt 
processes behaviorisms. Both occur, both are vices when they stop conversation, 
and both could be virtues when treated as hypotheses. Subjective reports of mental 
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and emotional states and processes are often the best a person can do. Behaviorists 
should strive to improve such inferences, not repudiate them. 

Exercising Cognitions 

Mind is a terrible thing to waste. Can the concept be rescued and put to 
behavioral use? It is a resource, so economic metaphors are apt. Mental misers are 
overly parsimonious, not minding until they must, as when called on to explain 
their own behavior. Profligates aver the origin of all action to be mental, asserting 
themselves free of external influence; they bankrupt the term. The prudential invest 
in mindspeak when it pays dividends. This happens when behavior is more 
predictable given knowledge of internal processes than it is without them. 
Mentation will be treated as intervening links in causal chains. Reports of 
mentations might be inaccurate or invert the causal order, but if we treat reference 
to covert processes as hypotheses about those links they become important 
adjuncts to a complete theory of behavior (Killeen, 1984). Hypotheses about covert 
processes are fallible, but who is better placed to review them and their history 
than their host? With behavioral training, accuracy in identifying causal factors 
will improve. Behaviorists can make crucial contributions to the quality of life of 
their community by exercising students in the identification and testing of the 
variables—both overt and covert—that affect their behavior. With exceptions 
(Neuringer, 1981; Roberts & Neuringer, 1998), this is rare. 

Like all operants, cognitions are subject to varying degrees of control by 
stimuli and reinforcers, acting in concert or at odds. These sources of control can 
be quantified in the framework of statistical decision theory as detectability (d’) 
and bias (C; Critchfield & Perone, 1993; Critchfield, Tucker, & Vuchinich, 1998). 
The covert operants called cognition are causal structures, chains of causality 
whose terminal links might be public, whose intervening links are private. The 
important distinction, however, is neither between internal and external nor even 
between private and public, for many overt actions go unobserved. The important 
distinction is between parsimonious, verified accounts and profligate, unverifiable 
hypotheses. The analyses of all operants require converging evidence, and in the 
case of covert operants an important part of this must inevitably arise from within 
(Stone et al., 2000). 

Catechisms are counterproductive when their antiphonies ossify as 
intraverbals. So it is with behavior in general. What oils the gears in the machinery 
of cognition to let them shift while leaving purchase for progress? What moves us 
from rigid intraverbal chains to flexible representations? How does the chemistry 
of mindfulness and cognition enter among the verbals to liberate us from the fate 
of stimulus–response zombies (Lattal & Neef, 1996; Rosenfarb et al., 1992; 
Schmitt, 2001; Skinner, as reviewed by Zuriff, 1976)? Ideas are like free radicals 
that float among the elemental links—combining, releasing, and recombining. On 
occasion they will form a strong link, minimizing the distance between 
discrimination and desire. The continual reshuffling of links (whether conscious or 
not) to minimize constraint is the heart of creative action. It is at work when we 
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think and it is at work while we sleep. Perhaps this is a reason we sleep—to dream. 
Good labeling keeps this recombination—one that is sufficiently liberated from the 
constraints of stimulus control to permit both deception and creation—from 
becoming hallucination. The products—the hypothetical constructions—must be 
labeled as just-so stories, as fantasy, as form. This ability to see when we are 
seeing and to see when we are daydreaming is called consciousness. 

Cities of the Interior 

Parable 

By experimenting I find that red wine gives me a headache, and thankfully 
white wine does not, so thereafter I reduce my intake of merlot. That is science. A 
good friend tells me that it is not the red wine, but its histamines—invisible way-
stations between the sip and the sob—that cause the headache. I try antihistamines 
before the wine and notice a difference. That is science too. Neither would be 
publishable in JEAB without objectively observable and quantifiable behavioral 
events, but here the object of interest is a subjective mental state, is it not? Perhaps 
not (Rachlin, 1985). Most researchers (but not I the next day) would be satisfied 
with contingencies that caused me to reduce my complaints significantly, reverse 
my verbal behavior to the ilk of “No, seriously, it didn’t bother me at all,” and 
perhaps “I’ll have another glass of that red.” Thus, subjects are objectified whether 
or not they are satisfied. How does one infer when such verbal behavior is under 
the control of contingencies of reinforcement, exerted by friends or 
psychotherapists, and when it is under the control of covert stimuli? What, in 
essence, caused me to say “I’m fine”? 

Links and Causes 

Mental, subjective, or “covert” events are often correlated with objective 
events, but the behavioral tradition tells us that it is a fallacy to take such 
correlation as indicative of a causal link between them. This caveat is voiced 
asymmetrically. It is not so bad to assume that the sudden onset of a red light is the 
cause of my saying to myself “Whooa, better stop for this one.” It is untoward, 
however, to assert that the above verbalization is the cause of my hitting the 
brakes. Indeed, in this instance the behaviorist can point to the signal and aver 
“hypothesis mentis non fingo.” Why use subjective events as predictors when 
objective ones are available? There is no good reason to—it is unparsimonious 
(Uttal, 1998). 

Sometimes, however, such objective events are not available or they are not 
as good a predictor of behavior as subjective events. The longer the delay between 
a stimulus and response, the greater the gap in behavior that can be filled with 
hypothetical covert processes. Whether or not Nature abhors vacuums, many 
philosophers and scientists do. It is sometimes said that the requirement for cause 
to be contiguous with its effect is archaic, that causes can leap physical and 
temporal distances to achieve their effects. Most often this is heard after a failure 
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to execute a successful analysis of the links in a causal chain. In many 
experimental paradigms stimulus control falls to chance after a delay of 20 
seconds, beyond which action at a temporal distance fails. Other times, stimulus 
control is evident over much longer epochs. What is the difference? If in the latter 
case subjects said they represented the stimuli as locations in a walk through a 
dining hall, can we admit these images as causal links? With action at a distance 
available as an easy explanation, their invocation remains unparsimonious and 
self-report remains but one step above self-abuse. The subjects are appealing to 
processes located elsewhere, measured in different dimensions (the mind’s 
meanders are not metric) which themselves need explanation before they can be 
admitted as causes. On the other hand, Skinner might say that using the method of 
loci to represent a list is covert verbal behavior, something behaviorists often 
practice in the privacy of their mental chambers. What evidence would Skinner 
need to behaviorize such mentation? 

Stimulus: May I Call Intermediate Links in a Chain of Events Causes? 

If I throw a ball into a glass door that breaks, we can say that the impact was 
the cause of the breakage or we can say that my throwing the ball into it was the 
cause of its breakage…but can we say that my reasons for throwing the ball, or my 
anger, were causes? Can we say that a 1 mm deformation in the glass was a cause 
of a 2 mm deformation, which was the cause of a crack, which. . .etc? 

Contemplation. The term cause is reserved for particular situations. It is 
improper to call the early part of an event the cause of a latter part of the same 
event. The position and momentum of the ball 1 foot before the door is not taken to 
be a cause of its position and momentum 6 inches in front of the door (although 
there would be nothing terribly wrong with speaking that way; it is eschewed 
because it is redundant). This convention forms the core of a reanalysis of action 
by molar behaviorists (Rachlin, 1994); the proper unit of analysis might be an 
extended pattern or process when these hang together naturally or when the 
aggregates are cemented together by conditioning. 

The term cause is usually granted to links in a causal chain which themselves 
are unpredicted but which are good predictors of an effect. If a ball hits a tree 
which caused it to bounce into the door, I would be relieved of some responsibility. 
Because responsibility is often conserved, it would be shifted from my limbs to 
those of the tree. Indeed, I look around for alternative agents or other exculpation 
before reporting the accident. Multiple factors are involved in causal scenarios, and 
philosophers have developed a vocabulary for them (e.g., “insufficient but 
necessary events in the context of otherwise sufficient events”). I try to find one of 
those that works better than “I just wasn’t thinking about what I was doing,” an 
admission which, I have learned, seldom helps. Blame, closely associated with 
causal status, quickly seeks reasons for the mind’s truancy. 

Response. Intermediate links can be called causes if they are better predictors 
of an effect than are their own, or other, causes. This is especially the case if their 
own causes predict them only poorly and if the subsequent links of the chain run 
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off with high probability. An insult might have caused anger that precipitated the 
violent throw. While the insult might have predictably caused anger, it would not 
have predictably caused the throwing of a ball into a glass door, and is thus 
attenuated as a cause. Although histamines are part of red wine, they are a better 
predictor of headaches than the wine itself, and they are properly called a cause of 
the headache, even though they are unobservable and occur as part of a chain that 
starts with hand on a glass, and ends with a hand on a head. 

Stimulus. What if you were looking the other way and could not see the 
misbehavior? 

Response. That should change nothing but the confidence you have in your 
inferences, based on my report and other evidence. Do you trust me? Because a 
chain is unobserved or unobservable is no reason not to assign causal status to its 
links, but only to do so more cautiously. Epistemological difficulties do not 
warrant ontological distinctions. 

Stimulus. What if you were a marriage counselor listening to my wife report 
this incident from memory? 

Response. How biased do you think she is? What additional evidence can you 
bring to bear? Are the attitudes (based on characteristic payoffs, both personal and 
imputed, for action and attribution) that she and I bring to court more important 
than the actual behavior? Discriminability (d’, recognizing fallibility of memory 
and the risks of its confabulation) and bias (C, inferred from other verbal behavior) 
interact here, as in all discriminations. 

Morals. Intermediate links in a causal chain can be called causes if they are 
unpredicted but predictive of subsequent events. If they are well predicted by their 
predecessors they can be called links in a causal chain. If they are unobserved, their 
status does not change, just our confidence in assigning that status. In making such 
an assignment, other causal factors such the motivations for initiating an act and 
for reporting it must be considered. Correlations of conditions are key to causal 
attribution. 

Stimulus. But is it not a sin to say that correlation implies causation? 
Contemplation. If it walks like a duck, quacks like a duck, swims like a duck, 

and ducks like a duck. . .there is a decent chance that it is a duck. These data, all 
correlated with canonical descriptions of duckness, reduce the credible “hypothesis 
space” for the object. Of course, such categorizations are always corrigible. This is 
as true of causal attributions as it is of such categorical ones. Correlation is to 
causation as smoke is to flames. Smoke might be noted before flames, but does not 
cause the flames; either can be present without the other, but that a common cause 
lurks somewhere is highly probable. Correlations are evidence of causation, even 
though the correlates might not be causes of one another or the direction of 
causation might be obscure. In this case a hypothetical construct called combustion 
is invoked as a common cause. It is a hypothetical construct because it is the 
principal component of a number of correlated effects—smoke, heat, light—all 
predictors of rapid oxidation of a substance. . .but no one of those predictors is 
necessary for that process to occur. 
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Parable. A horn blares, tires screech, metal thuds, glass shatters, and you infer 
“traffic accident.” Perhaps you collect additional data. You turn to see one car 
entangled with another. What happened? It could be a fallacy to infer that the 
sounds you heard caused the other sounds you heard; correlation does not entail 
causation. It is not a fallacy, however, to infer that a collision occurred and that the 
collision caused many of the other sounds and sights. The inference of “collision” 
would not be a fallacy even if you had not seen the entanglement; it would only be 
somewhat less certain. The correlation of cues makes the case. Approaching sirens 
clinch it. 

Meaning. It is often a virtue to infer causality from correlation, but the devil 
can trick us. 

Parable, Part II. A psychology major in your car did not turn to see the 
entanglement, and sagely counsels you avoid inferring a collision or calling 
authorities. She is getting subjective “hearsay” from you, a report of your 
impressions. While she respects you, she does not wish to jeopardize the 
behavioral discipline she is just acquiring in PSY 320. Well, she has a lot to learn, 
but in what manner is she wrong? By the time of this dialog you have left the scene 
and no confirmation is available from bystanders. You have a subjective datum 
(memory of the entanglement) that she lacks, and other people who have similar 
memories are not available to be queried. Her only mistake is in being too 
conservative in inferring a particular cause given a multiplicity of effects (the 
sounds, your response). If she had the chance to confer with other bystanders while 
the memory was still fresh in their minds (when their verbal behavior was still 
under the immediate control of their visual behavior) she would have allowed your 
conclusion. Had she credited your verbal report, recognizing that you are not a 
hysterical person, the evidence might have crossed her threshold for action. Lives 
might have been saved. Eyewitness testimony is notoriously fallible—especially so 
when the eye is turned inward—but it is not necessarily false, nor to be disbelieved 
in principle. Where does dubiety stop? Just how much data does one need to 
decide, to act? Wise decisions are biased to take into account the payoffs and 
punishments that are operative. 

Koan. If a tree falls in a forest and there is no one there to hear it but you, did 
it make a sound? 

The Fallacy Fallacy. Fallacies are lines of reasoning that are fallible—not 
necessarily wrong, just not reliably correct. “Post hoc ergo propter hoc” is a 
fallacy because sometimes what comes after was not caused by what went before. 
Stereotyping is a fallacy because not all exemplars of a category have a relevant 
attribute in common. The argument from authority is a fallacy because not all 
authorities have expertise in the situation at hand. Believing that lines of reasoning 
such as these fallacies are always wrong is itself a fallacy (the fallacy fallacy). 
Lines of reasoning such as these are often right—that is why we must be warned 
about them. Our history conditions us to use them, and we must be counter 
conditioned to guard against mindless use of them. Sophisticates must be counter 
counter conditioned so they are not hamstrung by the correctives learned in a 
sophomore course on critical thinking. 
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Morals. Inferences can be mistaken without being fallacies; failure to draw an 
inference can be likewise mistaken. All inferences are risky; all failures to make an 
inference are risky; all data are fallible; data collection reduces risk; aggregations 
of data support inferences to the extent that they are correlated with one another 
and with the event in question (Norwick, Choi, & Ben-Shachar, 2002). Sagacious 
conclusions are tempered by the expected costs and benefits of the decision. 
Making inferences about occurrences is thus a statistical decision problem. This is 
as true of events that are seen as it is of memories of those events. Evaluations of 
all descriptions are strengthened by corroborating data and by consideration of the 
demand characteristics under which they were collected. One maximizes d’, sets C, 
and proceeds. 

Intervening links in a causal chain might be public, private, or occult; 
different audiences, same show. As Leary (this issue) has noted, whereas mind and 
consciousness are historical constructions, so too is behavior, as are all other 
scientific terms. The constructions constitute the exercises through which we come 
to understand the world. 

Bene Diction 

Good behaviorism, like good religion, requires both Faith and Acts. It 
requires Faith that (1) not all evidence that is corrigible is corrupt, (2) bias, which 
must exist in organisms that are sensitive to reinforcement, validates rather than 
impedes behavioral analyses, and (3) mind—our perception of our perceptions—
can be mysterious without being mystic. It requires Acts, because science, like the 
operant, is a causal structure, an ever-evolving recipe for improving the 
correlations between stimuli, responses, and consequences and how we talk about 
them. Without Acts there could be neither cause nor consequence. Wise actions are 
informed by both causes and consequences but determined by neither alone. 
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