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Introduction

People often try to change their own behavior or influence that of others.  For example, you may wish to influence the behavior of a child, friend, spouse, subordinate, boss, student, customer, or client.  Governments try to affect what populations and subpopulations of their countries do, from changing health habits (such as wearing seat belts and not smoking) to carrying out their duties as citizens (such as obeying laws and voting in elections).  Politicians try to have people vote for them, support regulations that they propose, and do certain things that they advocate such as abstaining from premarital sex or going to war.  Business people try to have you and others buy their products or use their services.  Employers and managers try to have their workers do their jobs well, improve their performance, and adapt to changing times, work, and skill requirements.  Parents try to raise their children so that they behave well, avoid violence, and perhaps don’t get pregnant.  You may try to change your own behavior, as evidenced perhaps by New Year’s resolutions, such as trying to lose weight, or breaking a bad habit such as smoking or drinking too much.

Changing behavior systematically and effectively seems to involve two matters:
(1) understanding what is causing the behavior that you wish to influence or change, and
(2) using an approach that actually influences those causes so that the behavior of concern is affected in a desired way. 
In a major British Government report concerning behavior change, “models of behavior” are cited as helping us to deal with (1) above, since such models and related theories presumably help us to understand why behavior occurs.  “Theories of change” are cited as helping us to deal with (2) above, since such theories help us to understand processes of change and how to go about affecting those behaviors that we wish to change or otherwise influence.[footnoteRef:1]   [1:  Darnton, July 2008, p. 1; also Darnton, 2008, p. 11.  Some alternative names for “models of behavior” and “theories of change” are, respectively, “concept theory” and “action theory” (MacKinnon & Luecken, 2011).
] 


There are many theories of behavior.  For example, a book by Michie and others called the ABC of Behaviour Change Theories contain descriptions of 83.[footnoteRef:2]  However, theories and models of behavior that are often cited and used as a basis for changing behavior are lacking when put to experimental tests.  For example, although a number of theories in social and health psychology assume that intentions cause behaviors, meta-analyses of experimental studies looking at the effectiveness of such theories have found that they account for only a small amount of explained variance – less than 4% when changes in intentions are linked to behavior change.[footnoteRef:3]  Other well-known theories can apparently not be tested.[footnoteRef:4]  So it seems that a better basis for understanding behavior is needed – at least better than many of the theories and models that are now commonly used by behavior change agents. [2:  Mitchie et al., 2014.]  [3:  Webb & Sheeran (2006, p.260), based on an overall r=.18.  Webb and Sheeran state that “models of attitude-behavior relations, health behavior models, and goal theories all agree that intentions are a key determinant of behavioral performance and goal attainment, and specifically mention the theory of reasoned action, the theory of planned behavior, Triandis’s model of interpersonal behavior, protection motivation theory, the transtheoretical model, control theory (based on Carver and Scheier, 1998), Locke and Latham’s theory of goal setting, and the model of action phases.
]  [4:  For example, see Ogden, 2003] 


Perceptual Control Theory seems unique in this regard.  As explained by Pfau in his recent book Your Behavior (2017), given (a) that behaviors based on using Perceptual Control Theory (PCT) have been predicted with correlations of .971 to .998 (in simple experiments at least) thus explaining 95% to 99% of behavioral variance,[footnoteRef:5] (b) that control theory has been recognized as a meta-theory and framework that can incorporate other psychological perspectives and theories,[footnoteRef:6] (c) that PCT offers explanations of behavior that seem to mark a revolution in psychological thinking, a major paradigm shift well worth considering,[footnoteRef:7] (d) given empirical evidence supporting the use of control theory techniques in change efforts,[footnoteRef:8] and (e) given that PCT meets the criteria of a good unified theory of behavior,[footnoteRef:9] it seems worthwhile to consider how PCT can be used as a framework for understanding what is causing behavior that one wishes to influence or change.   Such an understanding can then be used to help change that behavior systematically as suggested by the British Government report mentioned before.[footnoteRef:10] [5:  Marken (1986, p. 273) as described by Runkel (2005, p.94); Bourbon (1990); Bourbon (1996); also “Empirical Evidence …” (n.d.).]  [6:  Carver & Scheier (1982); Hyland ( 1989); Klein (1991), Lord & Levy, 1994; Johnson, Chang, & Lord, 2006; Webb, Sniehotta, & Michie, 2010; Sheeran & Webb (2012); and Carey, Mansell, & Tai (2014).]  [7:  Marken (2009); Mansell and Carey (2015).]  [8:  Michie, Abraham, Whittington, McAteer, & Gupta (2009, p. 690); Dombrowski et al. (2012); Febbraro & Clum (1998).  A psychotherapy technique is the Method of Levels (MOL) described by Carey (2006), Carey & Mullen (2008),  Mansell & Carey (2009), Mansell (2005), Carey (2011), and Carey, Mansell, & Tai (2014).]  [9:  Pfau (2017), pp. 213-214.]  [10:  For more information about why PCT is considered such a good theory worth considering, see Pfau, 2017, pp. 181-221.] 


In short, the use of Perceptual Control Theory as a framework for understanding behavior seems appropriate in order to better design and conduct behavior change.


The Basic PCT Model

Perceptual Control Theory points out that behavior is the process by which we control our perceptions.  This means that we do things to alter our perceptions, and we do so specifically to make the state of those perceptions conform to reference conditions such as goals and other preferred states that we have chosen, developed, or are intrinsic to our existence.[footnoteRef:11]  A diagram that indicates basic components of the PCT model is shown in Figure 1. [11:  Powers, 2004, p. 24.] 


In brief, as described by Mary Powers:

“A control system receives input—perceptions—from its environment.  This input is a combined function of environmental effects plus the perception of its own actions.  The input is compared to a reference state, and the difference drives the output, which is immediately and continuously perceived, along with its effect or lack of effect on the environment.  The output varies to reduce the difference between input and reference states.”[footnoteRef:12] [12:  Mary A. Powers (1994).] 


The “output” that we are interested in is, of course, the behavior produced by the output function, this behavior consisting of muscle contractions and glandular excretions such as hormones.  So, for our purposes, the terms “output” and “behavior” as indicated in the previous sentence are interchangeable.[footnoteRef:13] [13:  The emphasis here is upon muscle contractions and resulting physical movement.  Not included are other more abstract meanings of behavior as explained by Pfau (2017, p. 193) and described by Sandis (2012, pp. 6-11) which result from an observer perceiving and interpreting such movement.] 


As indicated by Figure 1, the different functions and signals affect one another, although not always in ways that common sense may predict.  That is why modeling is practiced by many PCT theorists, in attempts to better predict behavior when functions and signals are changed or to explore PCT further -- as when simulations are performed such as those conducted by the sociologist Kent McClelland to show what happens during collective control processes when two or more agents seek to control a single variable in their common environment.[footnoteRef:14]  [14:  McClelland (2006, pp. 33-41).] 



[image: Scan0008 - final]

Figure 1: General PCT Model of a Feedback Control System and Its Local Environment
Source: Powers (2008) p. 28.


For more information about PCT, see the website of the Control Systems Group at “www.perceptualcontroltheory.org” or the University of Manchester website at “www.pctweb.org”.







Implications of PCT for Behavior Change

Overview

The PCT model indicates functions, processes, and neural signals that influence behavior and perception.  Presumably, the components and relationships shown are causal.  They influence one another.  In other words, the model and related PCT theory indicate important determinants of behavior—behavior being the observed output of neural processes that control perception.  And so, if we seek to influence or change behavior, we apparently need to somehow change one or more of those determinants of behavior.

In short, we should consider each of the following components of the PCT system:[footnoteRef:15] [15:  The following summaries of these components are based on Powers (2008, pp. 29-32; 2005, pp. 35, 41-4, & 65). ] 


· The Input Function and Related Perceptual Signals -- i.e., neural currents initiated by physical phenomena outside of the nervous system.
· Reference Signals -- the reference condition or intended state for the perceptual signal.
· The Comparator and Related Error Signals -- where the perceptual signal is compared with the reference signal; any difference resulting in what is called an error signal.
· The Output Function and Related Output Quantities -- representing the means the system has for causing changes in its environment.
· The Feedback Function -- representing effects of the output on the input.
· Environmental Disturbances -- other physical phenomena that affect the input quantity.

Let’s now look at each of these functions and components in more detail and consider what might be done to identify and change them.


An Important First Step

Before taking action to possibly change the components of PCT, it is wise to understand what the present state of those components is.  Doing so can provide an informed basic for dealing with factors that are presently affecting behavior and perceptions that you wish to influence.

Another important reason for understanding the present state of PCT components is to avoid possible conflicts between what you are trying to do and the control systems that already exist in the person or persons whose behavior you are trying to change or influence.  Such conflict can occur when one tries to arbitrarily control the behavior of someone else as Marken and Carey point out in their book Controlling People (2015).  As they state:

“A Golden Rule from a control perspective would be: do unto others as they would have done themselves, or, treat others as they would have done unto themselves.”[footnoteRef:16] [16:  Marken and Carey (2015), p. 145.] 


In order to do this, you need to understand present references, capabilities, and perceptions related to the behavior you wish to change, and then then work with the person or group in ways that help them achieve perceptions that they desire. Questions such as these can help you do this.

1. What is the behavior of concern?
2. What perception or perceptions is the person/group trying to control with that behavior?
3. What is their reference or references for that behavior and resulting perception(s)?
4. What error or errors are occurring, being eliminated, or will be eliminated?
5. What else in the environment is affecting what the person or group is trying to control?
6. What side effects is the behavior having or will it have?

Other possible questions that may be asked to probe further include:

7. What influences are there on the input function and resulting perceptions? (ex., expectations, perceptual skills, biases, …)
8. What influences are there on the references being used? (ex., priming, religious commandments, job descriptions, awareness of laws, …)  Also, does the reference conflict with other important references?
9. What internal influences are there on conducting the behavior? (fatigue, self-confidence, drugs, sickness, ….).  Conflict with other references of the person?
10. What other immediate environmental conditions are affecting what is being done? (other people; prompts such as cues; advertising, …)
11. What broader environmental influences are there on what is being done? (cultural norms, national events, government laws, …)[footnoteRef:17] [17:  See Pfau (2017), pp. 223-248 for details about asking and answering such questions.] 


The effort you put into trying to answer such questions will probably depend on the extent and importance of perceptions affected by the behavior you are trying to change or influence.  The more important those perceptions and related references are, the more effort should be taken to carefully understand the control systems involved.


Possible Ways of Changing PCT Components

At the neural level, we can differentiate between three types of change:

(a) stimulating or inhibiting neural signals sent within existing control system networks,
(b) changing the physical structure/organization of control system neurons (a learning process called “reorganization”), and
(c) establishing new control systems (which seems to occur by a person first acquiring the ability to perceive a new variable, then developing a preference for some value of that variable, and, finally, by learning how to produce the outputs necessary to control it).[footnoteRef:18] [18:  This sequence of establishing a new control system is described by Goldstein (1990) referring to Powers (1989).] 


The following sections indicate ways of effecting such changes.


1. Changing the Input Function and Related Perceptual Signals

Ways of changing the input function and related perceptual signals (usually by changing environmental disturbances) seem to include:[footnoteRef:19] [19:  As is the case with most other techniques associated with changing PCT functions, those mentioned here are actually “disturbances”, inputs not being controlled but which may affect a PCT function, or, sometimes, results of “Output Function” behavior.   They are mentioned here, however, given their close association with changing the Input Function either temporarily or more permanently.] 


· Priming (to make certain perceptions more likely or less likely to occur, such as via the provision of cues, prompts, “nudges”)[footnoteRef:20] [20:  Thaler and Sunstein (2009).] 

· Activating conscious awareness of reference signals/goals and/or error signals thereby increasing possible perception of related disturbances and controlled variables, (e.g., by means of reminders, and other more consciously perceived cues, prompts, nudges)[footnoteRef:21] [21:  Among medical professionals such as nurses, reminder systems are among the most effective methods for changing behavior according to Leeman et al. (2007, p. 194) and Grimshaw et al. (2004, pp. 23, 24, & 61).] 

· Directing attention (e.g., by means of the intensity, movement, repetition, contrast, novelty, or troubling nature of disturbances; or by Edward de Bono’s CoRT techniques/tools)[footnoteRef:22] [22:  Edward de Bono mentions the CoRT program for thinking in a chapter on perception (2009, pp. 137-155).  More information about de Bono and his programs is available online from Wikipedia and other sources.] 

· Using drugs and other “medical” techniques including psychotherapy (to affect perceptual signals, including the sensitivity/gain of neurons) 
· Changing the meaning of perceptions, including their affective aspects, (for example, using “framing” techniques[footnoteRef:23]) [23:  An interesting discussion of framing in American politics is contained in George Lakoff (2004).  Fairhurst (2011) is also a good source of information.] 

· Teaching and instruction to develop new perceptions or to change existing perceptions (such as perceptions of opportunities and obstacles, self-efficacy, risk, a political candidate, … ) 
· Arranging learning experiences for oneself or others, such as via self-study or by having others work with members of another ethnic group.
· Using advertising/marketing to shape perceptions of products, services, organizations, or people.[footnoteRef:24] [24:  “Cause marketing” is a public service variant of marketing techniques and has included campaigns such as the promoting of seat belt usage and safe sex practices.] 

· Perception management -- aimed at influencing perceptions of businesses, other organizations, governments, warfare, politics, people, fashions, the environment, …[footnoteRef:25] [25:  Elsbach (2006), for example, has written a book on organizational perception management.] 

· Propaganda -- which often overlaps with perception management.[footnoteRef:26] [26:  Shabo (2008) and Ellul (1965) are good introductions to this technique.] 

· Arrange Other Disturbances as indicated later in the “Change Disturbances” section of this paper. 

When focusing on the input and other functions, considering the type or level of perception to be changed may be helpful, since different techniques may be needed to change different types of perceptions.  Hierarchical levels of perception proposed by Bill Powers are:

· Intensity
· Sensation
· Configuration
· Transition
· Event
· Relationship
· Category
· Sequence
· Program
· Principle
· System Concept[footnoteRef:27] [27:  A good overview of these levels is contained in Runkel (2005, pp. 193-214).] 


By way of illustration, changing perceptions of “intensity” and “sensation” may be directly achieved by techniques such as the use of drugs and chemicals,[footnoteRef:28] psyco-surgery, the provision of tactile-visual substitution devices for the blind, by altering stress levels (and their related hormones), and possibly by genetic engineering. [28:  Some interesting examples of this approach include the use of bitter nail polishes such as Mavala and Orley No Bite (to help people stop biting their nails) and Disulfiram (antabuse) given to some alcoholics, causing them to throw up and suffer a hangover as soon as they start to drink alcohol (Thaler and Sunstein, 2009, p. 237).] 


Changing “category” perceptions would require other approaches such as (a) priming existing neural networks or providing cues to stimulate the perception of existing categories; (b) changing the meaning of a category perception, possibly including its affective connotations and/or “importance” through techniques such as exposure to pleasant or unpleasant events or psychotherapy; or (c) developing perceptions of new categories that one has never perceived before.  For example, if we wished someone to act differently toward a minority group we might try to change the meanings of the person’s perception of that group from “enemy” or “threat” to something more neutral or to that of “friend” – by using techniques different from those used to affect perceptions of “intensity” and “sensation,” such as by having the person work with others from the minority group on a joint cooperative project.

Similarly, developing or changing a “principle” perception such as that of being an honest person and acting honestly may involve other approaches, such as long-term exposure to practices of honesty in the home, related discussions and positive consequences for honest behavior, and supportive learning experiences at school.


2. Activating or Changing Reference Signals

The main idea here is to change the reference signals a person has – signals related to one’s goals, objectives, purposes, desires, needs, duties, values, standards, moral or legal obligations, resolutions, intentions, promises, codes of conduct, roles, views of standard procedures, scripts, musical or dance scores, programs, set points, preferred states, stable states, targets, tasks, category perceptions, or other reference terms and conditions associated with the person.[footnoteRef:29]  [29:  Webb, Sniehotta, & Michie (2010, p. 1884) indicate that interventions based upon social cognition models (such as Protection Motivation Theory, the Theory of Planned Behavior, and the Health Belief Model) tend to be designed to establish or modify participants’ reference values.  See Pfau (2017, p. 33) for a more complete listing of words that indicate references.] 


Ways of changing reference signals seem to include the following techniques:

· Setting goals by oneself or with others – general or specific, appropriately challenging goals;[footnoteRef:30] SMART goals;[footnoteRef:31] intentions.[footnoteRef:32] [30:  Locke and Latham (1984, pp. 27-40) and their Goal Setting Theory (1990); indicated also by Webb, Sniehotta, & Michie, (2010, pp. 1879, 1882-3) who state that “Goal-Setting Theory suggests that two dimensions of goals influence performance: difficulty and specificity.” ]  [31:  See, for example, Michie et al., 2008, pp. 31-32.  SMART goals are Specific, Measurable, Attainable, Realistic, and Timely.]  [32:  Goal setting has consistently been shown to have positive impacts on job performance, especially when combined with feedback (Patterson et al., 2010, pp. 198 & 208).] 

· Assigning goals, such as when a manager sets a goal for an employee and explains the goal’s purpose.[footnoteRef:33] [33:  Finkel and Fitzsimons, 2011, p. 391.] 

· Observing or exposing oneself or others to what people are doing, saying, and/or thinking that may indicate the right thing to do,[footnoteRef:34] help one to adopt new goals, or inspire adoption of new standards.[footnoteRef:35] [34:  Cialdini (2009, p. 99) calls this “the principle of social proof”; also, as indicated by Webb, Sniehotta, & Michie, (2010, pp. 1879, 1882 , & 1886), the Prototype Willingness Model seems relevant, including perceptions of the prototypical person who engages in a behavior of interest.]  [35:  Finkel and Fitzsimons, 2011, p. 392.] 

· Providing or obtaining information about expected behavior/norms/standards/ procedures -- e.g., via standard operating procedure manuals, job descriptions; religious commandments and sins; using persuasion techniques – rational or heuristic approaches,[footnoteRef:36] such as by means of a likable source. [36:  The Elaboration Likelihood Model provides information about such routes to persuasion (Petty & Cacioppo, 1986; Petty & Wegener, 1999) and seems related to this behavior change technique.] 

· Reminding oneself of a reference value (such as by reflecting on, “What would Jesus do?”). 
· Changing the importance (gain) of reference signals – e.g.., via hormones/drugs, psychotherapy, meditation techniques, team competition,[footnoteRef:37] motivational interviewing. [37:  Embry and Biglam (2008), p. 80.] 

· Goal-priming, which seems to make existing goals more active.[footnoteRef:38] [38:  For example, see Moskowitz and Gesundheit (2009).] 

· Instructing/teaching/learning the proper way to do something.
· Developing plans for achieving desired perceptions and goals[footnoteRef:39] -- e.g., action planning, implementation intentions and plans,[footnoteRef:40] if/then plans, setting graded tasks[footnoteRef:41]. [39:  Several of these ideas are mentioned by Michie et al. 2008, pp. 6-7, 30-43, 54, 58, 66-69.]  [40:  Gollwitzer (1999, pp. 493-503); the Model of Action Phases as indicated by Webb, Sniehotta, & Michie, (2010, pp. 1879, 1882 , & 1883)]  [41:  Abraham and Michie, “Coding Manual… (n.d); also, Michie, Hyder, Walia, & West (2011, p.317).] 

· Reviewing progress toward goal achievement and adjusting goals if necessary.
· Using the Method of Levels – a psychotherapeutic technique aimed at eliminating conflict and distress.[footnoteRef:42] [42:  Described by Carey (2006), Carey and Mullan (2008), Mansell and Carey (2009), Mansell (2005), Carey(2011) , and Carey, Mansell, and Tai (2015).] 

· Using other forms of psychotherapy – e.g., by which the patient and therapist agree on the goals of treatment as well as tasks and/or plans to achieve those goals.[footnoteRef:43] [43:  Ford (1989), whose approach is based on control theory, is an example.] 

· Establishing or changing laws, regulations, policies, taxes.

“Activating and changing reference signals” means either (a) stimulating or changing reference signals and related values that already exist in some way, or (b) establishing reference signals and related values that do not already exist.  For example, in an organization where an employee is not performing as he or she should, changing the person’s behavior may be as simple as informing (or reminding) the person about what he or she is expected to do and/or when he is expected to do it.[footnoteRef:44]  [44:  Mager & Pipe (1984, pp. 106-7, 115-17; 1997, & pp.34-36).  
] 


Again, Powers hierarchy of perceptions may be helpful here, since changing reference signals for a particular “principle,” for instance, may involve different techniques than changing reference signals for a particular “program,” “category,” “sequence,” or “sensation.”  For example, establishing reference signals for a sequence such as “putting on a condom before having sex” or “checking the oil in an automobile” means establishing a proper way of doing things in a certain order, perhaps with appropriate practice.  Establishing a principle, such as, in chess, “play for the center of the board,” would involve the development of many more concepts, sequences, and programs including how to occupy the center, how to control it, how to influence it indirectly, and when the principle should be discarded.


3. Changing the Comparator and Related Error Signals

Ways of changing error signals (at least signals that one is consciously aware of) seem to include:

· Mindfulness and reducing the standard or importance of those error signals – a technique developed, for example, by meditation[footnoteRef:45] and/or some psychotherapeutic approaches (including non-judgmental acceptance and/or non-attachment frames of mind).[footnoteRef:46] [45:  Gamow (2006) is a good introduction to such meditation techniques.]  [46:  Therapeutic approaches emphasizing mindfulness include Mindfulness-Based Stress Reduction (MBSR), Mindfulness-Based Cognitive Therapy (MBCT), Dialectical Behavior Theory (DBT), and Acceptance and Commitment Therapy (ACT) (Mars & Abbey 2010; Keng, Smoski, & Robins, 2011). ] 

· Reflection upon and associated reduction or increase of the standard/importance of error signals being perceived.
· Heuristics/rules of thumb -- for example, “Relax, take 3 deep breaths, then consider what is happening” or “When angry, count to ten” or “Use nasal breathing when aroused.”[footnoteRef:47]  [47:  Embry & Biglan (2008, pp. 85 & 88).] 


According to PCT, error signals are changed by altering either perceptual signals or reference signals.  I would like to suggest another way – by changing the importance of error signals after they are experienced and detected.  That is, it seems possible to change the importance of error signals once they are detected (such as when we are disturbed by seeing something that we feel is not right or when we otherwise have an uncomfortable feeling), by reflecting on the feeling caused by the error signal and realizing the unimportance, lesser importance, or greater importance of what is being perceived.  One way of developing such an ability (at least one that I know of) is vipassana meditation, which, among other things, helps increase non-judgmental awareness of what one is perceiving.  Folk sayings regarding a decision to be made or action that one is considering taking, such as “take three deep breaths” or “sleep on it overnight,” seem related to this idea of changing the importance of error signals detected.[footnoteRef:48] [48:  This idea of changing the importance of an error signal also seems related to the technical concept of changing the gain of the error signal.
] 


If an error signal is considered to be especially important, there is an increased likelihood that action will be taken to reduce that signal especially if other more important error signals either (a) will not occur if action is taken, or (b) do not exist at that moment that can be reduced if action is taken at that time.  If an error signal is regarded as less important or if its importance is reduced, presumably there is less chance that action will be taken to affect the signal.  If such is the case, reducing the importance of error signals as suggested here will reduce the likelihood or extent of related behavior occurring.


4. Changing the Output Function and Related Output Quantities

The idea here is to more directly influence or change the selection, performance, or extent of either your or someone else’s behavior, in a desired way.  Such change will presumably occur only if (a) the person is physically and mentally willing and able to perform the desired behavior and either (b) the behavior actually results in the reduction of error signals or (c) the behavior is expected to produce error signal reduction.

The following techniques may be used to affect the output function and output quantities:[footnoteRef:49] [49:  Even though most of these techniques are disturbances or other environmental inputs, they are mentioned here given their close relationship to changing the Output Function and resulting behavior.
] 


· Developing knowledge and skills needed to perform the desired behavior/output, for example, by: 

· Teaching/instructing the person and/or arranging relevant experience (e.g., via  behavioral rehearsal, role play in a simulated setting, stress management, time management techniques).
· Self-study.
· Observing other people; showing what other people are doing.
· Trial and error experimentation by the person.

· Affecting selection of a desired behavioral output, by:

· Priming desired behavior.
· Providing environmental cues, signs, and other prompts, sometimes including showing what other people are doing or sending follow-up letters.
· Obtaining support and encouragement from others.[footnoteRef:50] [50:  Michie, Rumsey, Fussell, Hardeman, Johnston, Newman & Yardley (2008, pp. 8, 40, 55, & 67-68).
] 

· Providing relevant information (e.g., about consequences of behaviors; opportunities and resources available; by using advertising & marketing techniques; via consultation or therapy).
· Doing a cost-benefit analysis of changing and not changing the behavior.[footnoteRef:51] [51:  Ibid, pp. 24-27, & 65.] 

· Evoking positive and negative feelings about alternative behaviors.
· Increasing one’s self-efficacy/confidence in successfully carrying out the desired behavior, and/or by increasing confidence to change (sometimes requiring the development of skills needed to perform certain actions).[footnoteRef:52]  [52:  Bandura (1997); as also indicated by Webb, Sniehotta, & Michie, (2010, pp. 1879, 1882 , & 1884 5) in their discussion of “social cognition models”; and in Michie, Rumsey, et al. (2008, pp. 28-29).  Changing “self-efficacy” actually refers to “changing perceptions of self-efficacy”, which means that techniques aimed at changing self-efficacy could be put under “Changing the Input Function and Related Perceptual Signals” rather than under “Changing the Output Function” as is done here.
] 

· Cognitive restructuring (refining beliefs about the causes and consequences of the desired behavior).
· Using the Premack principle (where the opportunity to perform a desired behavior is made contingent on performing a less-desired behavior).[footnoteRef:53] [53:  Embry and Biglan (2008, p. 82).] 

· Providing or developing a structure or guidelines to guide decisions and behavior (e.g., default choices, checklists, implementation plans, action plans, if-then plans, planning tools and programs, decision trees, suitable architecture).[footnoteRef:54] [54:  Thaler & Sunstein (2009, pp. 96-99).
] 

· Decreasing or increasing one’s “energy levels” or mental “resources” (by carrying out other activities requiring self-control, by administering drugs, or by other means).

· Changing output quantities (or at least the intensity/extent/stamina/continued production of those quantities), by:

· Prior physical exercise and practice.[footnoteRef:55]  [55:  Including the practice of self-control, as reported by Mark Muraven (2010), Muraven, Baumeister, & Tice (1999), and  Vohs et al. (2009).] 

· Bolstering or decreasing self-control “resources”.[footnoteRef:56] [56:  Based on the Strength Model of Self-Control (Baumeister, Bratslavsky, Muraven, & Tice, 1998; Muraven, Tice, & Baumeister, 1998) as indicated by Webb, Sniehotta, & Michie, (2010, pp. 1879, 1882 , & 1883-1884) ] 

· Nutritional changes (including glucose supplements)[footnoteRef:57] [57:  Gailliot et al. (2007); Webb, Sniehotta, and Michie (2010, p. 1884).] 

· Drugs (ex., for ADHD, depression, and other mental disorders; caffeine effects on muscular work and sustained intellectual effort; disinhibitory effects of alcohol).[footnoteRef:58] [58:  Grilly and Salamone (2012).] 


Changing output signals and the behavior associated with those signals is a somewhat familiar area of psychology – and so, the behavior-change techniques discussed above are well known to many change agents.  However, the causes of behavior that is changed are interpreted in a different way using PCT.  That is, PCT interpretations are that behavior is changed by a person in order to achieve perceptions sought or desired by the person.  In the common psychological language of today, such desired perceptions are sometimes called “positive consequences” and are often considered to be incentives that stimulate action – with the provision of such perceptions being called providing “positive consequences,” providing “incentives,” or providing “reinforcement.”   Similarly, (using PCT concepts again), behavior signals and the behavior associated with those signals may be changed by a person seeking to avoid perceptions that lead to error signals or increases in error signals, such perceptions being avoided or reduced being called, in the common jargon, “unpleasant,” “negative consequences,” “disincentives,” or “punishment.”
 
An important point to remember is that when changing the output function, the intent of a successful change intervention should not be to change the person’s behavior per se, but to change his or her resulting perceptions such that the person’s error signals are reduced so that his or her goals or other references are either better achieved, fully achieved or maintained.


5. Changing Perceived Feedback

The main idea here is to arrange or provide feedback or change the feedback that someone is receiving and aware of – again, ultimately, to help the person produce desired perceptual signals, thereby reducing or avoiding error signals.  This feedback is aimed at helping the person or persons perceive the consequences of their behavior in order to help them better control desired perceptions.

Ways of changing feedback about the effects of one’s behavior include:

· Developing self-monitoring skills of behaviors and outcomes, for example, by using a behavior change diary,[footnoteRef:59] by keeping a tally each time something is done, or listening to media recordings of oneself. [59:  Michie et al. (2008, pp. 44-51 & 67).] 

· Providing performance feedback, for example, to workers through supervisor verbal feedback, performance appraisal, 360-degree feedback, asking people directly, comparing progress to other people, arranging regular practice with feedback (ex., police officers on a pistol range), by means of briefing meetings, awards, public recognition, or by using mystery shoppers.[footnoteRef:60]  [60:  Mager and Pipe (1984, 1997); Embry and Biglan (2008).  An example of research in this area is Patterson (2010) who, in a review of human resource (HR) initiatives for the UK National Health Service, found that feedback leads to a significant improvement in job performance.  Feedback combined with participative goal setting is even more effective (pp. iii, 124, 198, 199, 241).] 

· Using technology such as hybrid car dashboard displays that indicate fuel efficiency, thereby encouraging drivers to change their behavior; vehicle activated speed signs; biofeedback; GPS devices; buzzers; computer warnings; pedometers.
· By conducting program evaluations to obtain information about how goals are being achieved and what needs to be changed.

At least some people feel that such feedback may well be the best and most powerful way to help improve job performance and change behavior with the least amount of resources invested.[footnoteRef:61]   [61:  Thaler & Sunstein, 2009, p. 92; Jacobs, Shibano, and Emerson, 1988] 

Feedback helps keep learners as well as competent employees directed toward desired goals, reminds people of things to do, lets them know how they are doing, stimulates effort, and helps maintain high levels of motivation.[footnoteRef:62]  In fact, improvement of performance usually does not occur unless someone obtains feedback on how he or she is doing. [62:  Larson (1984, p. 42); Jaworski and Kohli (1991, pp. 192-3).] 



6. Changing Disturbances and Other Environmental Inputs

The main idea here is to change external conditions in order to affect what the person perceives and, via such perceptions, to affect his or her perceptual function, reference signals, error signals, output function, and/or feedback function.  Most of the behavior change techniques previously mentioned involve changing or arranging disturbances or other environmental conditions and so the following is a partial repetition of techniques indicated before.  

Ways of changing disturbances and other environmental conditions not mentioned before or worth mentioning again include:

· “Social control”[footnoteRef:63] methods such as: [63:   A number of techniques listed here are from Chriss (2007), Williams (2001), Embry and Biglan (2008), and Grimshaw et al. (2004).  The term “social control” is in quotation marks since whether someone can actually control another person is open to question, except by overwhelming force.] 


· Informal techniques: pats on the back, smiles, kisses, hugs, praise, complements; giving recognition of achievement; expression of disappointment or anger from a parent or others, corrections; frowning, glaring or staring at someone; verbal insults, scolding, silent treatment, the cold shoulder, time-outs, withdrawal of friendship, ignoring, shunning, avoiding, excluding, rejecting, expulsion; assaulting, beating; expulsion, ostracism.
· Organizational techniques: provision of orientation and training, reminders, feedback, pay raises, bonuses, public recognition (ex., employee of the month awards), incentive programs, employee assistance programs, standard operating procedure manuals, protocols, reprimands, demotion, transfer, termination.
· Medical techniques: drug or alcohol rehabilitation programs; campaigns to reduce smoking and other health behaviors; psychological examination, counseling, therapy, psychoanalysis, drug treatments, admittance to a mental hospital; nutrition changes.
· Legal techniques: laws; rewards, such as tax breaks and deductions; taxes; penalties provided by the state for violations of criminal, administrative, or civil law; restraining orders; Anti-Social Behavior Orders (as used in the UK and Ireland); use of force by the police; fines, home confinement, mandated community service, imprisonment, exile, and death.
· Religious and Supernatural techniques: commandments, moral precepts, sermons, Sunday school, religious publications, “love bombing,”[footnoteRef:64] excommunication, the concept of sin and its consequences, rewards and punishments individuals receive upon their death. [64:  “The practice of some cultic movements to shower new recruits or prospects with extra love and attention.  Seen by some as an unethical persuasion tactic designed to hinder critical thinking regarding the pros and cons of joining or remaining with the group,” from http://www.apologeticsindex.org/100.html#lovebombing, 27 May 2009.] 


· Facilitate the behavior: remove temptations such as unhealthy food from access by someone who wishes to diet; provide checklists, signs, cues, prompts, color coding, information, helpful tools and technologies (such as calculators, computer programs, GPS systems); guide or encourage desired behaviors using suitable architecture, facilities and infrastructure (such as bike paths if you want to encourage bike use); provide social support, for example, where friends and colleagues complete other tasks, such as cooking suitable meals or offering childcare, that enable a person to perform desired behavior.[footnoteRef:65] [65:  Mischie et al (2008).] 


· Remove obstacles interfering with or preventing desired behaviors or performance.  For example, at the workplace, obstacles may include a lack of time to do what you want the person to do, a lack of authority, a lack of tools, a lack of information (including information about job expectations and feedback about how the person is doing), a shortage of resources, too many distractions, poor lighting, uncomfortable surroundings, the intrusion of too many phone calls or less important but more immediate problems.[footnoteRef:66]  For teenagers, an obstacles to “safe sex” could include a lack of easily available condoms. [66:  Mager & Pipe (1984, pp. 105-117; 1997, pp.34-37, & 125-40).] 




· Increase chances of the desired behavior occurring by:

· Priming perceptions, reference values, and/or behavior.
· Promises and signed behavioral contracts.
· Incurring reciprocation.[footnoteRef:67] [67:  Cialdini has interesting chapters on this approach (2007, pp. 17-36; 2009, pp. 18-50).] 

· Using default choices (since people tend towards the status quo).
· Stress management/emotional control training, meditation, massage.[footnoteRef:68] [68:  Designed to reduce anxiety, stress, negative emotions or control mood or feelings that may interfere with performance of the behavior or increase positive emotions that might help with performance of the behavior (Abraham and Michie, “Coding Manual…, n.d; Michie et al., 2011, p.1493); Embry and Biglan (2008, p. 84); Gamow (2006).] 

· Using technology, such as “forcing functions,”[footnoteRef:69] computer programs, speed monitoring awareness trailers that show drivers their car speed. [69:  Thaler and Sunstein (2009, pp, 90-92) explain that a “forcing function” requires a person to do something first in order to get what they want – such as removing their ATM card in order to get their cash.  Other technology examples include the use of different nozzles for diesel fuel and gasoline, e-mail programs that ask “Did you forget your attachment?”, and buzzers that activate if a driver doesn’t fasten his or her seat belt.] 


· Other (Unclassified) Approaches:  Policies, mass media programs, changing economic conditions.

Behavioral change techniques of the types suggested here involve the arrangement of environmental conditions so that desired perceptions occur when targeted behavior occurs.  Such techniques are aimed at influencing PCT functions and related signals mentioned before (i.e., the input function and perceptual signals, reference signals, the comparator and error signals, the output function and output quantities, and/or feedback).


The Bottom Line: Using PCT to Guide Behavior Change Efforts

Whether you desire to change your own behavior or that of another individual, group of people, or a large population, a consideration of PCT can help to guide your change efforts.  That is:

· When seeking to change a person or group’s behavior, first try to analyze the present condition of the following PCT components concerning behavior you wish to influence or change:

(a) The Input Function and Related Perceptions (what is perceived)
(b) References (preferred states, goals, purposes, desires, ….)
(c) Error Signals (and their importance) 
(d) The Output Function (behavior selection and abilities).
(e) Feedback (external and internal feedback perceived)
(f) Environmental Disturbances and Other Influences (triggers; barriers; opportunities, information, instruction, tools needed, social support, ….).

· Then consider to what extent and how each of the above should be changed so that desired perceptions and related references are achieved.  Keep in mind that, to avoid conflict, the desired perceptions and related references should be compatible to both the change agent and the target person or persons being influenced.

· When doing so, keep in mind that the intent of a successful change intervention should not be to change the person’s behavior per se, but to change his or her resulting perceptions so that the person’s goals or other references are either better achieved, fully achieved, or maintained at a desired state.  In other words, the intent of the change intervention should be to eliminate, reduce, or avoid a person’s error signals.

Also, it seems worth noting that:

· The behavior change techniques mentioned before are worth considering when attempting to change PCT loop functions and neural signals, since each has been shown to be effective in influencing resulting perceptions and behavior, at least under certain conditions.

· Such behavioral change techniques are environmental disturbances or other environmental inputs.   That is, environmental disturbances and other inputs are the only way we have of affecting behavior other than the use of “internal” processes such as meditation, reflection, imagination, and other thought processes – internal processes which, however, initially depend on external disturbances and experiences for development of the skills and concepts involved in carrying out those processes.  In short, environmental disturbances and other inputs are usually needed to change PCT loop functions and signals.

· Simply activating existing neural networks may activate routine (habitual) behavior but does not permanently change that behavior.  Changes in one or more underlying control loop components are needed to produce significantly new patterns of behavior.

· As modeling and experience with complex systems has shown, one can’t always predict exactly what will happen when changing one or more aspects of a system including feedback loop systems as described by PCT.  Sometimes one simply needs to try doing different things until the perceptions (i.e., results/behavior) that one wants are achieved.  And so, pilot try-outs of change interventions are advisable.

· More research is needed to determine which behavior change techniques are especially effective in changing loop functions, signals, and associated behavior.[footnoteRef:70]   [70:  Michie and Prestwich (2010) present a Theory Coding Scheme that can be used to help ensure that PCT-based interventions are actually theory-based and well-tested.] 


In short, it seems appropriate to (a) use Perceptual Control Theory as a framework for understanding the causes of behaviors that one wishes to influence, and then (b) use that understanding to help develop behavior change interventions aimed at helping others achieve desired perceptions while also avoiding inter- or intrapersonal conflict.[footnoteRef:71] [71:  See Chapter 7 of Marken and Carey (2015) for details about conflict and respectfully influencing others.] 



A Postscript

Those interested in “popularizing” PCT may wish to systematically use some of the above-mentioned techniques to change the perceptions, reference levels, and behaviors of target individuals, groups, and populations as a way of influencing those targeted to do things such as test for controlled variables, conduct courses on PCT, or use PCT as a framework for research and intervention efforts. 
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