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BIOINFORMATIONAL THEORY

Bioinformational Theory (BIT)

Primary Disciplinary Field(s): Cognitive Psychology, Psychophysiology, Sport Psychology
Proponents: Peter J. Lang

1. Core Principles

The Bioinformational Theory (BIT), developed primarily by Peter J. Lang in the 1970s, provides a
systematic cognitive framework for understanding mental imagery, particularly its role in emotional
processing and performance enhancement. Unlike earlier, less specific models, BIT posits that an
image is not merely a passive picture or sensation but a functional, organized structure stored in
long-term memory. This structure acts as a blueprint for physiological and behavioral responses.
According to the theory, mental images are complex information arrays composed of distinct units
known as propositions, which serve to represent the imagined event in a manner functionally
equivalent to the actual experience. This structure allows imagery to be activated and
subsequently modified, which is crucial for therapeutic applications and skill acquisition.

A central premise of BIT is that the effectiveness of mental imagery in modifying behavior, such as
enhancing athletic performance or reducing phobic responses, depends directly on the quality and
specificity of the stored information array. The theory argues that for imagery to translate into
actual performance gains, the mental simulation must be constructed vividly and realistically. This
focus on realistic simulation ensures that the neural pathways associated with the desired action
are properly activated during the mental practice session. Consequently, imagery acts as both a
stimulus and a response mechanism, requiring initial activation from long-term memory before
the cognitive schema can be intentionally modified or optimized for future use.

The theory moved the study of imagery beyond introspective reports by integrating
psychophysiological measures, seeking objective evidence that imagery practice elicits genuine
physiological changes in the body. Lang asserted that if imagery is truly a functional representation
of reality, then imagining a specific action, such as running a race or experiencing fear, should
produce corresponding physiological shifts (e.g., changes in heart rate, muscle activity, or skin
conductance). This rigorous empirical focus positioned BIT as a major theoretical foundation for
applied psychology, specifically in the fields of clinical treatment, where it underpins exposure
therapy, and sport psychology, where it is used for motor skill rehearsal.

2. Historical and Theoretical Antecedents

The development of the Bioinformational Theory emerged during a critical period in psychology
when cognitive science began to formally displace behaviorism, yet retained an emphasis on
objective, measurable responses. Lang sought to bridge the gap between purely cognitive
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concepts (like mental representation) and observable physiological outcomes. Prior to BIT, mental
imagery was often treated as a unitary, unanalyzed construct. Lang's work provided the necessary
structure, allowing researchers to deconstruct the image into manageable, empirically testable
components. This structural approach was deeply influenced by general information processing
models prevalent in the 1960s and 1970s, which viewed the mind as a processor of information
stored in propositional networks.

BIT significantly expanded upon earlier, vague notions of visualization by emphasizing the
informational content and organization of the image. Earlier theories might have simply
recommended "picturing success"; BIT, however, mandated a detailed script of the imagined
event, ensuring that all relevant sensory and motor components were included. This systematic
approach contrasted with the more holistic, subjective accounts of imagery prevalent in fields like
humanistic psychology. Furthermore, the theory incorporated principles from learning theory,
suggesting that the mental image--the information structure--can be learned, practiced, and
modified through repeated exposure and rehearsal, much like any overt behavior.

The application of psychophysiology was a transformative element of BIT. Lang's research,
particularly in fear and anxiety, demonstrated that imagining a phobic stimulus elicited measurable
physiological responses in subjects, mirroring the actual fear response. This groundbreaking
finding provided strong empirical validation that the internal, cognitive representation (the mental
image) held functional equivalence to the external stimulus, cementing the theory's name:
Bioinformational. It is the information (cognitive structure) that drives the biological (physiological)
response.

3. Stimulus and Response Propositions (S-R distinction)

The informational structure of a mental image, according to BIT, is organized into two distinct
classes of propositions: Stimulus Propositions (S-propositions) and Response Propositions (R-
propositions). The successful and effective use of imagery hinges on the accurate coding and
retrieval of these two types of information. S-propositions constitute the descriptive elements of the
imagined scene, detailing the physical environment, the objects, and the context of the event being
imagined. These include sensory information about what the imager sees, hears, smells, or feels
non-internally. For an athlete, S-propositions might include the sight of the stadium, the feel of the
specific equipment, or the sound of the crowd.

Conversely, R-propositions describe the imager's specific reactions, feelings, and actions within
the imagined scenario. These are further divided into two subsets: Somatic R-propositions,
which detail the internal physiological and emotional responses (e.g., heart racing, feeling calm,
muscle tension, breathing rate), and Behavioral R-propositions, which detail the specific motor
actions and overt behaviors performed by the imager (e.g., stepping forward, swinging a club,
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executing a dive). The critical insight of BIT is that while S-propositions set the stage, R-
propositions are the active ingredients responsible for performance enhancement and emotional
modification.

The efficacy of mental imagery training is directly correlated with the accurate inclusion and vivid
activation of the R-propositions. If an athlete imagines the environment perfectly (rich S-
propositions) but fails to include the feeling of the muscles firing or the successful execution of the
required action (weak R-propositions), the rehearsal will be ineffective. Therefore, BIT dictates that
training should heavily emphasize the internal, kinesthetic, and emotional dimensions of the
performance. By repeatedly activating the correct R-propositions, the neural networks associated
with successful performance are strengthened, facilitating motor learning and ensuring that the
body is physiologically prepared when the actual event occurs.

4. Coding and Activation Mechanisms

BIT conceptualizes imagery as stored in long-term memory as a network of interconnected
propositional statements, sometimes referred to as an "image schema.” When an individual
engages in mental rehearsal, this specific network of propositions is activated. The process of
coding refers to the quality and detail with which the original experience (or desired future
experience) is translated into these S and R propositions in memory. High-quality coding involves
detailed, accurate, and relevant information, particularly regarding the response elements
necessary for success.

The mechanism of activation is crucial. When a person intentionally recalls an image, they are
essentially retrieving and processing this propositional network. According to Lang, the image is
successfully activated when the cognitive system processes enough of the propositions to
generate a functional output--meaning that the internal simulation is strong enough to trigger the
expected physiological responses. This is the root of the "vividness" requirement mentioned in the
general definition: a highly vivid image is one in which the informational array is comprehensively
and robustly activated, leading to a state of functional equivalence with the actual performance.

Furthermore, the theory emphasizes that imagery must be controlled and directed. Since mental
imagery stored in memory can only be modified upon activation, the ability to control and adjust the
image schema during rehearsal is paramount. If an athlete imagines failing, those negative R-
propositions are reinforced. Effective practice, therefore, requires the conscious suppression of
negative propositions and the focused rehearsal of successful S-R linkages, ensuring that the
stored program in memory is optimized for positive outcomes. This controlled activation facilitates
the modification of maladaptive emotional schemas (in clinical contexts) or the refinement of motor
programs (in athletic contexts).
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5. Practical Applications in Sport and Rehabilitation

The Bioinformational Theory provides the theoretical justification for the widespread use of
mental imagery training across diverse performance domains, especially sport psychology.
Athletes are routinely trained using structured imagery scripts that are meticulously designed to
maximize R-proposition activation. This includes training athletes to adopt an internal perspective
(imagining the feeling of their own body executing the movements, thereby activating kinesthetic R-
propositions) rather than solely relying on an external perspective (watching themselves on a
movie screen). This focus ensures that the necessary physiological pathways are engaged.

In motor rehabilitation, BIT guides the use of mental practice for patients recovering from injury or
stroke. By imagining the successful execution of movements that are currently physically
impossible or painful, patients are able to maintain or even strengthen the neural pathways
associated with that motor skill. This rehearsal, grounded in the activation of R-propositions
(muscle firing, balance, coordination), facilitates neuroplasticity and accelerates physical recovery
once mobility is restored. BIT's structure ensures that rehabilitation protocols involve detailed
scripts focusing on successful movement outcomes and positive emotional responses.

Beyond motor skills, BIT is fundamental to clinical techniques, particularly systematic
desensitization and exposure therapy. When treating phobias or anxiety disorders, clients are
asked to vividly imagine the feared stimulus (activating S-propositions) while simultaneously
generating incompatible, calming response propositions (Somatic R-propositions like deep
relaxation). By repeatedly pairing the fear stimulus with a calm physiological response in the
informational network, the maladaptive fear structure is gradually inhibited and replaced by a new,
more adaptive structure. This cognitive restructuring relies entirely on the premise that internal
informational arrays can drive and modify biological responses.

6. Measurement and Assessment

Assessing the efficacy and mechanisms of the Bioinformational Theory involves a multi-method
approach, combining self-report measures of subjective experience with objective
psychophysiological monitoring. Self-report tools, such as the Movement Imagery Questionnaire
(MIQ) or the Vividness of Movement Imagery Questionnaire (VMIQ), are used to gauge the
individual's subjective ability to generate clear, vivid, and controllable mental images, which
corresponds to the successful activation of the proposed informational array. High scores on these
measures suggest a well-developed capacity for coding and activating the required propositions.

However, the hallmark assessment method for BIT involves psychophysiological measurement.
Researchers utilize equipment to monitor bodily changes during imagery practice. For instance,
electromyography (EMG) is often used to detect minute muscle activity in the limbs being imagined
(e.qg., detecting subtle biceps activity when imagining lifting a weight). Similarly, heart rate, skin
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conductance response (GSR), and electroencephalography (EEG) are employed to verify that the
internal experience of the image is functionally equivalent to the actual experience. A successful
imagery session, according to BIT, should show a measurable, specific physiological change
corresponding to the R-propositions being rehearsed.

These objective measures provide critical support for the theory's central claim that imagery is
biologically informational. For example, studies have shown that subjects imagining running tend to
exhibit increased heart rates and specific muscle activation patterns consistent with locomotion,
while those imagining relaxation demonstrate reductions in skin conductance and heart rate
variability. This empirical verification allows researchers to distinguish between merely thinking
about an action and functionally rehearsing it, thereby validating the requirement for intense focus
on the R-propositions during practice.

7. Criticisms and Methodological Debates

Despite its significant influence and strong empirical base, the Bioinformational Theory has faced
several methodological and theoretical criticisms. One major challenge lies in the difficulty of
empirically isolating and measuring the distinct S-propositions and R-propositions in real-time.
While the theoretical distinction is clear, researchers struggle to definitively prove that a subject is
only activating one type of proposition during a complex imagery task, as they are inherently
interconnected in the memory structure. Measuring the precise "informational content” of a mental
image remains a complex methodological hurdle.

Another area of debate concerns the necessity of psychophysiological activation. While BIT
predicts that effective imagery must elicit physiological changes, some successful imagery
interventions, particularly those focusing heavily on cognitive strategies, do not always produce
strong, specific physiological responses in laboratory settings. Critics suggest that the physiological
response may be a correlate of effective imagery, rather than a necessary causal component,
implying that purely cognitive processing of the propositional array might be sufficient for
behavioral modification in certain contexts.

Furthermore, alternative theories, such as the Functional Equivalence Theory, offer slightly

different explanations for the power of mental imagery, sometimes focusing more heavily on the
shared neural structures between imagery and perception/action, rather than the specific
propositional coding. While BIT and Functional Equivalence are often considered highly
complementary, debate persists over which structural representation (propositional array vs. neural
pathway overlap) is the primary driver of performance improvement. Despite these critiques, BIT
remains one of the most comprehensive and enduring frameworks for structuring and analyzing
the cognitive and physiological impact of mental imagery.
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