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Evidence-Based Kernels: Fundamental Units of Behavioral Influence 

Abstract 

This paper describes, evidence-based kernels, fundamental units of behavioral influence 

that appear to underlie effective prevention and treatment. Identifying, classifying and evaluating 

these units could contribute to an empirically based theory of behavioral influence, facilitate the 

dissemination of effective prevention and treatment practices, clarify the active ingredients in 

existing interventions, and contribute to the more efficient development of more powerful 

interventions. Kernels have a recursive internal and external structure involving antecedents 

(discriminative stimuli), relational frames for responding involving language, discrete behavioral 

steps, and proximal consequences quickly. Kernels are parsimonious in describing how humans 

attempt to influence each other, in the larger theory of selection by consequences. Kernels 

influence behavior primarily by a four-part taxonomy: mobilizing reinforcement, altering 

antecedents, changing verbal relational responding, or changing physiological states directly. 

The paper also describes a database of kernels that is available for people to register additional 

kernels to foster the dissemination of kernels for public-health benefits and improvement in the 

practice and theory of prevention and treatment. 
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Evidence-Based Kernels: Fundamental Units of Behavioral Influence 
This paper presents an analysis of fundamental units of behavioral influence that appear 

to underlie effective prevention and treatment. We call these units kernels. They are fundamental 
since deletion of any component of the procedures would render them inert. Understanding them 
could contribute to an empirically based theory of behavioral influence, facilitate dissemination 
of effective prevention and treatment practices, clarify the active ingredients in existing 
interventions, and contribute to the more efficient development of more powerful interventions.  

The ultimate goals of treatment and prevention research are reduction of the prevalence 
of the most common and costly problems of behavior and an increase in prevalence of wellbeing. 
Current thinking about how to accomplish this assumes that we will identify empirically 
supported programs and, to a lesser extent, policies, and will disseminate them widely and 
effectively. This strategy has at least four limitations. The first is the difficulty in widely 
implementing programs with fidelity (e.g., Ringwalt et al., 2003). The second is the failure of 
this strategy to foster the use of effective practices outside the narrow confines of the program. 
The third is program costs. The fourth is the limited effectiveness of existing programs. 
Specifying fundamental units of behavioral influence addresses each of these limitations. 

The strategy of disseminating empirically supported programs leaves untouched practices 
of behavior change agents that fall outside the scope of the program. It fails to affect any of the 
practices of those who choose not to adopt a program. Teachers, clinicians, parents, healthcare 
providers, coworkers, supervisors, and many others are constantly trying to influence the 
behavior of others beneficially. If they had better information about basic behavioral influence 
strategies, they might be more successful in doing so, even if they never adopted a formally 
evaluated program. Given current evidence, it seems likely that for the near future most practices 
that influence human development will fall outside the scope of existing programs. Failing to 
improve those practices is a missed opportunity.  

Yet, there are limitations even for those adopting a program. For example, a teacher may 
apply Life Skills Training (Botvin et al., 1995) with fidelity, but that may have no impact on 
other ways the teacher interacts with students. To the extent teachers learn active components of 
a program and find them generally useful, they are more likely to use them in other situations.  

Making a set of empirically supported kernels widely available to behavior-influence 
agents would also reduce the cost of bringing about widespread use of effective practices. The 
kernels we identify are in the public domain, easy to adopt, and useful across many situations. 
Their dissemination requires no expensive materials. Training in their use can be accomplished 
much more cheaply (often simply by modeling or defining) than training in complex programs. 

Identifying the fundamental units of behavioral influence would also contribute to 
strengthening our interventions. Eddy (2006) noted that our lack of understanding of the core 
components of effective interventions hampers their development. Intervention research is not 
contributing to the extent that it could to improving our understanding of basic psychological and 
social processes that interventions must target. We do not have models of preventive 
interventions that target social or psychological processes precisely, affect those targets, and 
produce effects demonstrably mediated by their effects on these psychological and social 
processes. As a result, we have not developed a robust and generalizable theory of the key 
aspects of human functioning and the ways in which to affect those aspects. We can therefore 
say little about how to construct new interventions in new problem areas and cannot easily 
communicate to nonscientists what they might do in their own circumstances. All we can say is 
Òapply this program,Ó but often there are no evidence-based programs to apply. A theoretical 
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analysis that pinpoints specific procedures that influence behavior and psychological processes 
would stimulate research to refine and improve these component strategies and would encourage 
the creation of new and more effective programs and other practices.  

We organize the discussion of kernels in terms of a basic theoretical framework of human 
functioning and give examples of kernels across biological, behavioral, and cultural levels. We 
illustrate how this analysis can contribute both to the wider use of effective behavior influence 
procedures in society and to improvement of the efficacy of interventions.  

Kernel Definition and Examples 

An evidence-based kernel is an indivisible procedure empirically shown to produce 
reliable effects on behavior, including psychological processes (Embry, 2004). The unit is 
indivisible in the sense that it would be ineffective upon elimination of any of its components. 
Examples of kernels include timeout, written praise notes, self-monitoring, framing relations 
among stimuli to affect the value of a given stimulus, and increasing Omega 3 fatty acids in the 
diet in order to influence behavior. A kernel may increase the frequency of a behavior or it may 
make a behavior less likely. It can have its impact by altering antecedent or consequent events in 
the psychological environment of the person or it can affect behavior by directly manipulating a 
physiological function. Kernels, by definition, target a single behavior, whereas programs 
typically target multiple behaviors. 

The Example of Timeout  
One of the first kernels of behavior influence technology to be developed was timeout 

(Wolf et al., 1964). Dicky was a three-year-old boy with autism who had undergone surgery for 
cataracts. He lived in a psychiatric hospital and had frequent tantrums resulting in self-injury. In 
tribute to the late Montrose Wolf, Risley described this landmark study (Risley, 2005): 
 

After having just discovered the power of adult attention for young children, and 
realizing that the staff could not simply ignore temper tantrums, especially violent ones 
with mild self-abuse, Wolf decided to prescribe a response to tantrums that would 
minimize any social reinforcing effect of the necessary attention and counterbalance that 
reinforcement with a period of social isolation. The prescription for tantrums was to 
place Dicky, calmly and without comment, in his room until the tantrum ceased and at 
least 10 minutes had passed. When tantrums were under control and after wearing 
glasses had been hand shaped, Dicky began to throw his glasses occasionally. When the 
social isolation prescription was applied, glasses throwing decreased from about twice 
per day to zero. But the hospital staff doubted that it was due to the procedure, because 
Dicky didn't seem to mind being taken to his room; he just rocked in his rocking chair 
and hummed to himself. Because throwing glasses was both less serious and more 
reliably measured than tantrums, Wolf agreed to discontinue the procedureÑ and glasses 
throwing soon increased to the previous level. The social isolation procedure was 
reinstated, and glasses throwing decreased again to zero (pp. 281-282). 

Thus was born timeout, shown to reduce probability of a vast range of behaviors in 
hundreds of studies. Timeout is a staple of nearly every evidence-based prevention program for 
parenting (e.g., Incredible Years [Webster-Stratton & Reid, 2007]; Triple P [Sanders & Markie-
Dadds, 1996]; Parent Management Training [Forgatch et al., 2005a; b]). It is also part of popular 
culture. Shows like Nanny 911 demonstrate its use; websites giving advice to parents (e.g., 
http://www.thelaboroflove.com/forum/quality/timeout.html) describe it. Although population-
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based data on the prevalence of families and schools using timeout are not available, it appears 
that in many areas, timeout is the normative replacement for harsh methods of discipline. 

Theoretical Kernel Taxonomy 
Although simple enumeration of kernels may support effective practice, their 

contribution may be more substantial if we can organize them within a theoretical framework 
that delineates the key influences on behavior. Such a framework would facilitate generating new 
kernels and could point to overlooked procedures for influencing behavior.  

We believe kernels are understandable in terms of the operant behavior of biological 
organisms, viewed within a developmental and evolutionary perspective. Human behaviorÑ
including verbal, cognitive, and emotional functioningÑ has developed over time as a function of 
the biological capacities of the organism and the consequences to behavior. Human behavioral 
tendencies are adaptive functions of current situations and a history of consequences for 
behaving in similar situations (e.g., Biglan, 1995). 

Inspection of the apparent effective influence of kernels we identify finds them typically 
involving one of four primary processes. First, many operate primarily via provision of a 
consequent event affecting the subsequent probability of the behavior on similar occasions (e.g., 
written praise from peers or authority figures; Skinner et al., 2000). Second, a kernel may 
primarily involve an antecedent stimulus affecting oneÕs motivation to behave due to a history of 
consequences for responding to that stimulus (e.g., a teacherÕs use of a standard signal to prompt 
students to get seated; Jason et al., 1985; Wasserman, 1977). A third type primarily involves 
altering the relations that people derive among verbal stimuli in ways affecting their motivation 
(e.g., elicitation of a public commitment to effectively associate the behavior a person commits 
to a network of consequences for complying or not complying with the commitment; Chassin et 
al., 1990). A fourth involves kernels primarily altering a biological function of the organisms 
affecting behavior (e.g., supplementation of diets with Omega 3 fatty acid; Haag, 2003). 

Table 1 presents a list of kernels organized according to this theoretical taxonomy or 
framework. We categorize each kernel in terms of the primary mechanism through which it 
affects behavior, although we acknowledge that many kernels involve more than one process.  

 

< Insert Table 1 about Here > 

Altering Consequences for Behavior 

Increasing rate or probability of behavior. Many kernels increase behavior by mobilizing 
reinforcement for the targeted behavior. These include vocal praise, written praise notes, prize 
bowls, and public posting of feedback about the rate of a targeted behavior. Each delivers 
positive consequences contingent on a behavior. In the case of public posting of feedback, it is 
necessary that the recipients of posted information in some sense want to increase the behavior.  

We put special play with parents in this category too. Special play involves adults letting 
the child lead in free play activities (Webster-Stratton & Reid, 2003). Its purpose is to facilitate 
interactions in which parents do not command, criticize, or unduly restrict activities of the child 
and allow the child to engage in fantasy play with the parent. Such interactions presumably are 
reinforcing for parent and child; the child received the undivided attention of the parent 
contingent on cooperative play, and the parent experiences cooperative and pleasant interactions 
with the child contingent on listening to the child and following the childÕs lead.  
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Decrease behavior by altering consequences. Other procedures alter consequences in 
order to decrease the frequency or probability of a behavior. Some involve ensuring that an 
undesirable behavior does not elicit reinforcement. Timeout is one such procedure. Rewarding 
behavior incompatible with the undesirable behavior is another.  

A third set of procedures (ostensibly designed to decelerate behavior rates) involves 
delivering aversive consequences for a particular behavior. These traditionally are termed 
punishment. However, many so-called punishments (e.g., lengthy grounding of teens, mandatory 
minimum sentences) have no beneficial effect in reducing the subsequent likelihood of 
undesirable behavior. Our society uses such practices extensively, and there is substantial 
evidence of the harm of doing so (Sampson & Laub, 1994). Indeed, a major challenge for many 
parenting programs is getting parents to be less punitive. Aversive consequences can reduce 
unwanted behavior when childrenÕs behavior consistently causes the consequence. However, our 
society generally overuses aversive consequences, leading to deleterious side effects such as 
unwanted hyperarousal and avoidance of the change agent. Thus, in developing procedures that 
make aversive consequences contingent on behavior, we need to evaluate them carefully to 
ensure they are effective and have few side effects. 

One example of a negative consequence affecting behavior is the use of fines. Agras et al. 
(1980) found that fines reduced water wastage among individuals but not among businesses. 
Fletcher (1995) found that fines for parking in spaces reserved for people with disabilities 
significantly decreased the behavior.  

 
Altering Behavior through Antecedents  

Many kernels work largely by establishing the functions of antecedents to behavior. A 
common example in schools is teachers establishing signals to guide transitions (Marion & 
Muza, 1998; Rosenkoetter & Fowler, 1986; West et al., 1995). For example, many teachers turn 
lights off and on to signal students to return to their seats and become quiet and attentive. Of 
course, positive consequences (e.g., praise) are involved in establishing effectiveness of the 
stimulus, but once established, the salient feature is the influence of the light on the behavior.  

Assigning students meaningful roles (Rutter, 1981), such as setting up equipment for an 
assembly, taking roll, or taking photographs used to communicate desirable school activities are 
activities that organize useful behavior. Antecedents may also include organized playground 
activities to reduce aggressive behavior and occasion various social competencies (Murphy et al., 
1983). Reinforcement follows naturally from the enactment of the role.  

In general, it would be arbitrary to classify antecedent interventions based upon whether 
they increase or decrease behavior. This is because antecedents that prompt a desired behavior, at 
the same time make troublesome behavior less likely.  

 
Altering Behavior by Influencing Relational Responding 

Tradition within psychology suggests it is unfeasible to deal with cognitive and emotional 
influences on behavior within a basic behavioral framework of antecedents and consequences. 
However, recent work on relational frame theory (Hayes et al., 2001) has shown that human 
cognitive and verbal behavior can be understood in terms of basic operant processes. To the 
extent this is true, it provides a parsimonious account of complex human functioning within a 
contextualist framework focusing on manipulable behavior influences (Biglan & Hayes, 1996).  
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Research on relational responding. There is growing evidence that a fundamental feature 
of human cognitive or verbal processes is the relating of stimuli (Barnes et al., 2000). Because 
this analysis is a recent development and likely to be unfamiliar to most readers, we will 
elaborate it here. Barnes et al. (2000) present a theoretical analysis of human relational 
responding. According to this analysis, the core feature of verbal and cognitive behavior is the 
relating of stimuli. Perhaps the most rudimentary relational responding involves naming. At the 
beginning of learning language, young children learn to say names for objects and separately 
learn to orient to objects when they hear their names. Each response is operant behavior 
reinforced by consequences such as attention, praise, and gaining of an object. After multiple 
experiences of this sort, however, a child also learns that if an object has a name, the name also 
goes with the object. In other words, they become able to derive the mutual entailment of name 
to object and object to name. Further experiences like this enable children to derive relations that 
are more complex. For example, learning that a puppy is a kind of dog and that Buddy is a 
puppy, a child is able to derive that Buddy is a dog. This ability to derive relations between two 
stimuli based on their relations with a third stimulus is combinatorial entailment.  

The third defining feature is the transformation of function. HumansÕ derivation of 
relations among stimuli can transform the functions of stimuli that participate in the relation. For 
example, discovering that one coin is worth more than another makes the coin more reinforcing. 
Learning that water has bacillus in it may have no impact on a child, but upon learning that a 
bacillus is a germ and that germs can you make you sick, a childÕs reaction to the water changes.  

A fourth defining feature of relational responding is arbitrary applicability. Many of the 
relations we learn arise from physical relations among stimuli. For example, smaller than and 
larger than are based on the relative size of objects. However, humans become able to relate 
stimuli in these terms even though the stimuli do not have physical features involving relative 
size. If you find that one person has a bigger heart than another person does, you may expect that 
person to be kinder, even though you understand that his heart is not literally bigger.  

For theorists accustomed to the panoply of existing cognitive constructs, which 
admittedly do a good job of predicting much human behavior, the value of this analysis may be 
obscure. Its value lies in providing a direct analysis of the specific procedures that influence 
relational responding and thereby transform the functions of stimuli.  

Increasing behavior by altering relational responding. Perhaps the simplest and most 
important procedure of this type is to augment the value of stimuli by influencing people to relate 
them to stimuli they already value. If we tell children they can stay up a half hour more if they 
get five stickers, we change their valuing of the stickers. In essence, any procedures influencing 
people to relate a stimulus with stimuli they already value make that stimulus more reinforcing.  

One example of this process is the introduction to the PeaceBuilders program (Embry et 
al., 1996). An adult asks group members to imagine what they would expect to see, hear, and feel 
moreÑ and lessÑ of in a peaceful home, school, or community. The discussion elicits 
suggestions of small actions such as hear/give compliments, withhold insults, etc. Then, the adult 
states that those who make these things happen are ÒPeaceBuilders.Ó The adult then asks, ÒWho 
could be a PeaceBuilder?Ó The answer is "all or any of us." Next, childrenÑ and adultsÑ receive 
prompts to ask, "What would a PeaceBuilder do?" or they learn to notice "PeaceBuilder 
behaviors" in each other. The process establishes the word PeaceBuilder as a valued concept and 
makes being a PeaceBuilderÑ and all behaviors later related to this conceptÑ more reinforcing.  

Another example is public commitment. When people publicly commit to engage in a 
behavior, they are more likely to follow through on the behavior (e.g., Burn & Oskamp, 1986). 
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Making a public commitment makes behavior inconsistent with that pledge increasingly 
aversive, due to expected disapproval for failing to act consistently with that commitment.  

In self-modeling, a story is created about a personÕs behavior (Hosford, 1980); the person 
typically participates in the process. The story embeds a personÕs self in a set of relations with 
desired behaviors and attributes (e.g., depicting a child as a hero at school and home for helping 
bring about peaceful behaviors; Embry et al., 1996). Or, a child may learn a series of self-help 
skills through photographs or video (Hartley et al., 1998), making the child more likely to relate 
engaging in the behavior with valued ideas, such as being a ÒPeaceBuilderÓ (Embry et al., 1996)  

Motivational interviewing (MI) may seem complex, yet we believe we cannot subdivide 
it into functionally active component parts without destroying its effects. In MI, the interviewer 
prompts a person to discuss a topic he or she generally avoids (e.g., the personÕs drinking 
patterns and difficulties associated with those patterns amid authentic goals the person 
articulates; Bernstein et al., 2005; McCambridge & Strang, 2004; Miller et al., 1988). The 
interviewer remains warm and accepting as the person talks, but asks questions designed to put 
the person in psychological contact with negative consequences of their behavior and the 
possible benefits of changing their behavior. It is clear that this process has reinforcing and 
antecedent features, but the most salient aspect of the process seems to be that it alters the way 
people relate their problematic behavior to negative consequences and possible alternatives to 
more reinforcing consequences. In other words, MI changes peopleÕs networks of relations in 
ways that make some behaviors more desirable and other behaviors less desirable.  

Decreasing behavior by altering relational responding. Some behavior-influence 
procedures discourage behavior by prompting a person to relate the behavior to aversive stimuli. 
In general, any procedure prompting someone to relate undesirable behavior to negatively 
valenced stimuli would qualify as such a procedureÑ provided there was empirical evidence of 
its effect. For example, media associating drug use with negative outcomes have sometimes been 
shown to reduce drug use (Palmgreen et al., 1995), although no adequate evidence communicates 
that cigarettesÕ harmful health effects on teens can deter smoking. Yet, a relational frame 
suggesting that youth will receive immediate social rejection from peers does affect their tobacco 
use (Pechmann & Knight, 2002; Pechmann et al., 2003). This discrepancy stresses the need for 
research to refine our understanding of how and when persuasive communications alter peopleÕs 
relational networks about targeted behaviors and thereby affect the probability of behavior.  

Physiological Interventions 
Finally, some procedures affect behavior primarily physiologically. For centuries, 

humans altered their health and mood by manipulating physiological states. Anthropological and 
archeological literature is replete with examples (Spindler 1995; Lalramnghinglova, 1999; Rajan 
et al. 2002; Rodrigues, 2006). Hunters and gatherers often consume plants with stimulant 
properties, apparently because it confers an advantage during tasks such as hunting, which 
require sustained effort and attention. Modern humans have similar reasons for using caffeine.  

The impact of Omega 3 fatty acid is a particularly important example of a physiological 
kernel (Olafsdottir et al., 2005). Aside from epidemiological research on the relationships of 
Omega 3 fatty-acid (n3) to a wide variety of causes of morbidity and mortality (Hibbeln, 2001),  
experimental and quasi-experimental studies find supplementation of Omega 3 reduces violent 
aggression among men (Gesch et al., 2002). Its use also reduces depression or bipolar disorder 
(Mischoulon & Fava, 2000; Stoll et al., 1999; Sund et al., 2003) and other health or public health 
concerns, such as low birth weight and offspring IQ (Helland et al., 2003). Although not yet 
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proven, Omega 3 may even alleviate some of the problems that have been associated with 
poverty, since poorer people have diets lower in Omega 3 (Egeland et al., 2001; Liu et al., 2004).  

Other interventions that seem to affect behavior through direct impact on physiology 
including deep breathing, shown to reduce anxiety, arousal, and aggression among all ages 
(Appels et al., 1997; DiFilippo & Overholser, 1999; Peck et al., 2005; Sharma et al., 2005; 
Suzuki et al., 2000). Zinc supplementation may reduce or moderate ADHD symptoms (Arnold et 
al., 2005; Bilici et al., 2004). We include Òrough and tumbleÓ play, as it has been shown to 
reduce childrenÕs aggressive behavior (Bjorklund & Brown, 1998; Paquette, 2004; Pellegrini, 
1992; Shannon et al., 2002) and the mechanism appears to involve alteration of brain chemistry 
(Panksepp et al., 2003; Siviy et al., 1996; Taylor et al., 1986). 

The distinction between biological and environmental interventions is not absolute. 
Certainly, any environmental manipulation impacts biological functioning. Here we refer to 
interventions with their influence apparently through direct-manipulation biological processes as 
opposed to those that work through those traditionally called behavioral or psychological. Note 
we have excluded pharmacotherapy. Although pharmacological agents may alter behavior and 
meet our definition, the substantial literature on these influences merits separate discussion.  

Prevention scientists, oriented toward the implementation of programs, may overlook 
physiological interventions. Publications about these kernels are not in journals devoted to 
behavioral science but more likely to appear in medical, public health, or specialty journals. 
However, the evidence for them suggests that treatment and prevention scientists should pay 
greater attention to the reciprocal relationships between physiology and behaviors.  

 
Empirical Evidence Supporting Kernels 

We define kernels as procedures empirically shown to affect a behavior. Following the 
Society for Prevention Research Standards of Evidence (Flay et al., 2004), our criteria for 
empirical support include randomized controlled trials and interrupted time-series designs in 
which a procedureÕs impact is evaluated on a repeated measure of target behavior. Most kernels 
have been evaluated via interrupted time-series designs, although some, such as Omega 3 impact, 
have been mostly in randomized trials. Some evaluated kernels using both methodologies. 

Many kernels result from interplay between basic and applied research. Variable interval 
contingency management kernels (e.g., Mystery Motivator, Prize Bowl) have roots in animal lab 
research (Ferster & Skinner, 1957), then with humans (Majovski & Clement, 1977). This was 
followed by clinical studies using interrupted time series (Henderson et al., 1986; Leibowitz, 
1975; Libb et al., 1973; Madaus et al., 2003; Moore et al., 1994; Robinson & Sheridan, 2000; 
Snell & Cole, 1976) and then by formal, randomized control trials (Petry et al., 2004; 2005). 

Physiological kernels have a similar scientific trajectory. For example, the understanding 
of Omega 3 (n-3) has roots in early epidemiological or forensic inquiries showing differences 
among individuals with diseases or disorders (Anderson & Connor, 1989; Gudbjarnason et al., 
1991; Lieber et al., 1969; Rudin, 1981). Initial epidemiological findings (Hibbeln, 1998; 2001; 
2002) prompted precision-oriented laboratory studies (Hibbeln et al., 1998; Hibbeln & Salem, 
1995) and larger epidemiological inquiries. All this work led to clinical trials evaluating Omega 
3 supplementation (Nemets et al., 2002; Sund et al., 2003; Zanarini & Frankenburg, 2003). 

Dominant use of interrupted time-series designs in developing kernels deserves further 
comment. It reflects not only an arbitrary methodological preference but an incremental, 
inductive, bottom-up strategy to build effective behavior influence practices. Kernels are of 
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necessity simple steps targeting a behavior one can easily measure repeatedly. It is thus easy to 
implement interrupted time-series designs. Single-subject studies are quite robust in terms of 
reducing threats to validity (Sidman, 1960) and in answering questions of whether a particular 
medication, procedure, or process is efficacious in changing a person or small group of persons 
(e.g., family, classroom, organization; Dadds et al., 1984; Greenwood & Matyas, 1990; Mayer et 
al., 1983; McGrath et al., 1987; Reagles & O'Neill, 1977). Such interrupted time-series designs 
are not limited to evaluating individuals but are often the experimental design of choice for 
evaluating policy impact on large or important social issues (Briscoe et al., 1975; Geller, 1973; 
Hayes & Cone, 1977; Wagenaar et al., 1988). Interrupted time-series designs can be effectively 
summarized via effect sizes and meta-analyses (Campbell, 2004; Stage & Quiroz, 1997).  

Prevention and treatment research increasingly focuses on randomized trials, which is 
appropriate, given the need to determine effect sizes and generalizability of interventions 
developed thus far. Yet, there is no doubt room to improve the efficacy of our interventions 
(Biglan et al., 2006). Kernels are one source for strengthening those interventions. More 
generally, the success of the single case, experimental, and incremental strategy that has led to 
most existing kernels suggests that expanded use of this strategy in situations involving behavior 
influence could lead to steady improvement in our ability to influence successful development. 
Such a strategy would be similar to the continuous quality improvement strategy developed by 
Deming (1982) and adopted with such success by the Japanese auto industry (Halberstam, 1986).  

An important limitation on current understanding about kernels is that we have relatively 
little information about situations in which they will be effective and those in which they will not 
be effective. Further research should explore the range of situations in which given kernels work 
and seek to develop a theory of the relationship between situations and the efficacy of kernels.  

 
The Utility of Kernels 

Disseminating Effective Behavior Influence Practices  

If our ultimate public health goal is to minimize the prevalence of behavioral and 
psychological problems and improve wellbeing, then increasing the prevalence of effective 
behavior influence practices is essential. Disseminating kernels will be an important supplement 
to current reliance on program dissemination for achieving this outcome.  

Efforts to increase the use of complex evidence-based programs through mandates and 
training have not yielded many benefits (Hallfors & Godette, 2002; Hallfors & Iritani, 2002), and 
coercion to use them often generates counter-control (Sidman, 1999; Unnever et al., 2004). By 
contrast, it is possible to disseminate kernels more readily than to disseminate multicomponent 
programs. Kernels have most features Rogers (1995) identified as important in fostering 
dissemination. He observed that people are more likely to adopt and implement a practice that is 
simple and easily tested, its effects readily observed, it appears to offer an advantage over 
existing practices, and it addresses an important problem compatibly with existing practices.  

Most kernels are quite simple, consisting of an easily tested, low-cost activity. Moreover, 
it is usually possible to observe their immediate impact on a personÕs behavior; it does not 
require statistical analysis of groups of individuals. As a result, the person who tries a kernel is 
likely to observe immediate benefit, which will likely reinforce its use. Finally, exhibited by the 
examples of kernels we provide, most affect behaviors important to change agents.  



 Evidence-based kernels 11 

In addition, as noted above, even if empirically supported programs were widely 
disseminated, the vast majority of behavior-influence interactions in society would fall outside 
the scope of existing programs. For example, programs may teach social competencies to avoid 
aggressive behavior (Taylor et al., 1999) but cooperative games (e.g., Murphy et al., 1983) can 
structure student interactions in ways that minimize prompts to engage in aggression. If kernels 
were widely disseminated to behavior-influence agents (e.g., teachers, therapists, youth leaders, 
human service workers, and parents), it could result in effective behavior support practices being 
much more widely used than if we waited for these agents to generalize good practices from 
programs in which they were trained to use in specific situations. 

Glasgow et al. (1999) proposed the RE-AIM framework for thinking about the long-term 
public health effects of interventions. They point out that the benefit of practices is a function of 
their Reach times Efficacy of the practices. However, even an intervention with the potential to 
reach many and be quite efficacious will have limited impact over time, unless it is Adopted, 
Implemented, and Maintained. We believe kernels provide important supplements to 
dissemination strategies because their readily observed benefits (efficacy) make them likely for 
adoption and maintenance and because they will substantially increase the reach of beneficial 
behavior influence practices because so many kernels are appropriate to so many situations.  

Comparison of behavioral parenting skills training programs with a strategy of 
disseminating behavior influence skills to parents may help to illustrate this point. Behavioral 
parenting skills programs are largely composed of kernels, for example, timeout, praise, and 
special play. Parents who go through such programs learn a number of important behavior 
influence strategies. However, the reach of these programs is quite limited, because of their cost 
to administer and the cost in time and money to participants. The media version of Triple-P 
(Sanders et al., 2000) reflects the recognition that a population-based impact may be greater if 
large numbers of parents can be reached with specific kernels of effective parenting practice.  

In sum, in addition to empirically supported programs coming into wider use, we foresee 
the spread of kernels into the repertoires of many change agents in situations for which no 
programs have been designed.  

 
Reducing the Cost of Beneficially Influencing Behavior  

Evidence-based programs tend to be costly. The National Registry of Effective Programs 
and Practices (http://modelprograms.samhsa.gov/template.cfm?page=nrepbutton) provides cost 
information. Typical direct costs for program developers include material production, training, 
licensing, continuing consultation to adopters, monitoring of results, and program improvement. 
Then, there are Òhidden costsÓ such as venues, staff time for training, temporary staff 
replacement to cover duties, and administrative costs. For example, a model universal program 
that reduced observed aggression on the playground by about 10% (Grossman et al., 1997) 
requires 17.5 hours of direct instruction per pupil, plus indirect costs for material and training of 
teachers. Thus, a school with 25 teachers may have to spend $12,000 to $15,000 for materials, 
staff training, staff timing, and (possibly) substitute teachers. A cost of $500 per teacher per 
universal program is unexceptional. Therapeutic model programs (e.g., Ogden & Halliday-
Boykins, 2004; Szapocznik & Williams, 2000) can cost between $80,000 and $200,000 
depending on the nature of licensing requirements, training, materials, supervision, monitoring, 
and staffing. If multiple evidence-based programs are required, costs per problem (e.g., tobacco, 
alcohol, violence, bullying, or mental illness) can bring the total to hundreds of thousands of 
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dollars in direct and indirect costs per setting. These funds are not typically available to schools, 
human service agencies, groups and others charged with prevention and treatment. There is no 
reason to expect that there will be a surge in such funds at a local, state, or federal level anytime 
soon. Clearly, if program adoption is the only avenue to large population effects, progress will be 
slow and costly.  

Kernels provide a low cost alternative to the program dissemination strategy. Because 
most kernels are simple, written descriptions or videos can readily aid their dissemination. 
Because all are in the public domain, they are available without charge, in mass media or via the 
worldwide web. Indeed, as described above, we have begun a website that describes kernels and 
invites others to register kernels. 

The fact that kernels are in the public domain discourages certain types of profit-
motivated dissemination. For example, despite strong evidence of its efficacy for diverse 
problems, a pharmaceutical company would have little incentive to market Omega 3 (fish oil) for 
the treatment of bipolar disorder, post-partum depression, depression, developmental disabilities, 
or aggression.  

There are, however, viable business models that would motivate dissemination of kernels. 
It is possible to make access to information about kernels a commodity sold on the Internet at 
low cost. Indeed, videoÕs modeling kernels could be available through iTunes, amazon.com, or e-
bay. Alternatively, some kernels could be available at drug stores, supermarkets, or other natural 
venues or ÒplacesÓ as the social marketing literature phrases access. Small businesses and other 
employers, local governments, and other potential beneficiaries of kernels might well become 
bulk purchasers or distributors of kernels that have an impact on health, safety, competitiveness, 
bottom-line, and other important outcomes. Kernels appear to favor a potential mass rather than 
limited ÒboutiqueÓ market for prevention and treatment, which is a relatively new concept for 
behavioral scientists. A recent randomized comparison study of treatments for methamphetamine 
addiction, a notoriously difficult problem plaguing many states and localities during the last 
decade, highlights this potential. The study compared treatment as usual, the MATRIX Model 
(an evidence-based program) and a simple contingency management kernel that involved 
rewards for ÒcleanÓ urine samples (Rawson et al., 2006). The study showed that the evidence-
based kernel, which is quite low cost in terms of staffing, training, and funds had better or equal 
results to the evidence-based program developed by the same scientists and collaborators (Obert 
et al., 2000). 

 
Improving the Effectiveness of Prevention and Treatment Practice and Theory  

Our analysis of kernels points to a number of ways that research and practice of 
prevention and treatment could gain strength. First, we hope to facilitate the analysis of existing 
empirically supported programs. We can examine programs to identify components that are 
kernels and then point to ways in which adding kernels could strengthen existing programs. 

Second, the analysis makes it possible to construct new interventions by putting together 
a set of kernels that all appear relevant and useful for the behavior influence situation that the 
change agent is dealing with. Of course, researchers who would submit such programs to 
evaluation via randomized trials could do this, but practitioners could also do it. The practitioners 
may not have the wherewithal to evaluate thoroughly a program they create. However, since the 
kernels have already undergone evaluation, the practitioners could have greater confidence in the 
efficacy of the program.  
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Third, our theoretical analysis of kernels also may help to develop new kernels. In 
essence, the framework suggests that, in any instance requiring altered behavior, it will pay to 
examine systematically if it is possible to alter consequences or antecedents for the behavior, if it 
is possible to influence relational responding in ways that change the value of relevant behaviors, 
and finally, whether physiological interventions could alter the probability of behavior. A 
thorough understanding of existing kernels would contribute to the success of this effort.  

Fourth, prevention and treatment scientists could do a great service by mapping kernels 
onto risk and protective factors. There is a large amount of literature on the relationships between 
risk and protective factors and problematic outcomes. For instance, much research points to early 
antisocial behavior, school bonding, and inadequate parental monitoring as predictors of various 
adverse outcomes (Arthur et al., 2002; Dekovic, 1999; Duncan et al., 2000). A problem is that 
many of these risk factors are not actionable in clear ways. For example, although the risk and 
protective literature suggest that Òschool bondingÓ and perceived opportunities for prosocial 
involvement are important targets, this evidence, by itself, does not point to specific strategies 
for altering either construct. At the same time, there are kernels from the scientific literature that 
do seem to affect these constructs. Examples include the percentage of students with meaningful 
roles in a day, the square footage of student work displayed on the walls, the number of peer-to-
peer positive written notes, the caught-you-being good notes, or positive notes home (Embry, 
1997; Embry et al., 1996; Lewis et al., 1998; Mayer et al., 1983; Rutter, 1981). Articulating the 
kernels relevant to each risk or protective factor would provide practitioners with more precise 
guidance as to which kernels are most useful for altering key risk and protective factors. It could 
support efforts to influence behavior such as the health behavior goals specified by Healthy 
People 2010 (http://www.healthypeople.gov/).  

Fifth, identifying kernel-like practices may foster the diffusion of beneficial behavior 
influence practices in society. This has already happened in some cases, such as with Omega 3. 
Epidemiological studies show that proxy measures of Omega 3 consumption predict many 
important prevention and treatment outcomes such as reductions in cardiovascular diseases, 
depression, and homicide across or within nations (Hibbeln, 2001, 2002; Hibbeln et al., 2006; 
McGrath-Hanna et al., 2003; Tanskanen et al., 2001). At the same time, intervention studies 
show that such changes in the consumption of Omega 3 have clear benefit in reducing these 
types of adverse conditions (Freeman et al., 2006; Gesch et al., 2002). We urge that 
epidemiologists use existing evidence about kernels to examine whether kernels are occurring 
naturally in social systems and are benefiting the populations. Such research would strengthen 
the link between epidemiology and intervention research and practice, at the same time that it 
strengthened empirically based theory about human development.  

 
A Database Repository of Kernels 

In the interest of fostering the dissemination and further development of kernels, we have 
initiated a database repository of kernels (http://www.earlyadolescence.org). It contains the 
kernels listed in Table 1 and enables people to describe additional kernels and the empirical 
evidence regarding their effects. The database allows the user to search for specific kernels or to 
identify a behavior and search for kernels that are relevant to influencing the behavior. We are 
hopeful that this repository will provide detailed information about how kernels influence 
behavior, the circumstances in which they work or do not work, iatrogenic effects, potential 
combinations, variations of kernels related to cultures or other establishing conditions, and 
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proximal and distal behavioral effects. In time, the database will have hyperlinks to citations in 
PsychInfo or PubMed. We expect that this repository of kernels will help to reduce the cost of 
beneficially influencing behavior as well as in improving the efficacy of prevention and 
treatment practice and theory. 

 
Summary 

Kernels are fundamental units of behavior-influence technology. They provide a wealth 
of resources for those who are trying to influence human behavior in beneficial ways. The four 
primary mechanisms of kernels are providing consequences for behavior, establishing antecedent 
stimuli for behavior, altering peopleÕs relational framing about targeted behaviors, and altering 
physiology that affects behavior. Understanding the range and effectiveness of kernels could 
contribute to the public health goals of decreasing the prevalence of problems and increasing 
wellbeing. It could provide behavior influence agents with a wider array of effective practices. It 
could clarify the active components of existing programs. It could lead to the development of 
new programs that are composed entirely of effective kernels. Finally, it could contribute to the 
development of an empirically based theory of behavior influence that is consistent with current 
knowledge of risk and protective factors and clarifies the mechanisms through which behavior 
influence occurs.  
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