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Purpose — To formalize Watzlawick, Beavin and Jackson’s pragmatics of human communication as a level-
separated, testable axiom system suitable for second-order cybernetics, so that paradox, reflexivity and context-
dependence are treated as phenomena to be modeled rather than pathologies to be excluded.
Design/methodology/approach — We restate five classical propositions as axioms for unavoidability, meta-
inevitability, code choice, observer-dependent punctuation and relational dynamics (A1-A5), and extend them
with five interactional axioms (A6-A10) for turn-taking, repair, common ground, relevance defaults and public—
private channel separation. We derive short theorems, specify counter-models to test axiom independence, and
propose interpretive posterior entropy as an observable for code-variance and leakage effects.

Findings — The axiom set preserves Watzlawick—Bateson insights while making them empirically usable. It
explains how divergent punctuation can produce reciprocal blame, how repeated meta-signals stabilize
complementary or symmetric dyads and how code/leakage choices constrain interpretive uncertainty. The
framework applies to human—human and socio-technical (human—AlI, multi-agent) interaction.

Research limitations/implications — The paper is primarily theoretical; empirical validation requires
interactional corpora annotated for relational/meta content, timing/repair moves and code/leakage features, plus
experimental manipulations of observer segmentation. Future work can implement belief-update operators (e.g.
AGM-style) and compare entropy-based predictions across media.

Practical implications — The axioms can inform the design of dialogue protocols, training for mediation/
facilitation and human—AlI interfaces that accommodate mis-punctuation and repair. Implementing A6-A8 in
dialogue managers should reduce human—machine misunderstandings.

Social implications — By formalizing how escalation and relational locking emerge from observer-dependent
segmentation, the framework helps diagnose and pre-empt interactional pathologies in organizational,
intercultural and participatory/SDD settings.

Originality/value — The article shows that pragmatic interaction can be rendered in an observer-dependent,
second-order cybernetic calculus that yields testable predictions — something often considered impossible for
paradox-rich communication. It bridges Bateson—-Watzlawick pragmatics, conversation analysis and
contemporary systems/cybernetics.

Keywords Second-order cybernetics, Communication, Information theory, Systems theory, Social cybernetics,
Mathematical modeling
Paper type Conceptual paper

Plain language summary

This paper explains, in simple terms, how everyday communication can be described with a

small set of rules. We start from the well-known ideas of Paul Watzlawick and Gregory

Bateson, who showed that people always communicate (even when they are silent), that people

often interpret messages in relational terms (“what this says about us”), and that people often

disagree about who “started” a problem. We turn these ideas into clear, testable statements

(axioms) and show how they work together. I ‘
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K The paper also adds rules from conversation analysis, such as taking turns, repairing
55,13 misunderstandings, building common ground and keeping some information private. Together,
these rules can explain why two people looking at the same interaction can reach very different
conclusions, and why some conversations get stuck in blame or dominance patterns.

Because the rules are written in a formal way, they can be used not only for human—human
talk but also for human—AI systems. This is important today, because AI often misreads
pauses, timing or indirect signals. Our framework shows designers where these misreadings
happen and how to fix them. In short, the article offers a bridge between classic
communication insights and modern socio-technical systems.
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Introduction

Paul Watzlawick and colleagues famously articulated five propositions about human
communication that have shaped interaction research and practice for decades (Watzlawick
et al., 1967). Building in part on Bateson’s ecology of mind, where information is a “difference
that makes a difference” in systems of interacting observers (Bateson, 1972; Ruesch and Bateson,
1951), their account reframed everyday talk and silence alike as communicative acts embedded in
relational patterns. In compact form, the five “axioms™ (after Scott, 1997; Watzlawick et al.,
1967) are:

Al. One cannot not communicate

Whenever behavior is observable (e.g. speech, gesture, even silence) it can change the other’s
beliefs; in our terms, any observable behavior B_i(t) can trigger a belief update in j: Bel_j(¢) is
Jj’s beliefs at t (defined formally below).

A2. One cannot not metacommunicate

Every communicative uptake includes both content and a relationship attribution; the
relationship aspect “classifies” the content, i.e. stance/role/affect are always being conveyed
alongside semantics (a distinction anticipated in information theory by MacKay’s, 1969,
structural vs. semantic information, though without the relational focus we develop here).

A3. Communication can be analog(ical), digital, or mixed

Messages may use continuous/iconic cues (e.g. prosody, posture) “analog,” discrete symbols
(e.g. words, numbers), “digital,” or both; code choice systematically changes how much
interpretations vary across receivers.

A4. Communication is punctuated differently by sender and receiver
People slice the same stream into episodes at different cut points; these segmentation functions
lead to divergent attributions about who initiated, escalated, or responded.

A5. Communication patterns are symmetrical or complementary

Dyads tend toward balance/equality vs. difference/hierarchy; repeated meta-signals update a
relational state z_ij that stabilizes either symmetry (near zero) or complementarity (above a
threshold).

These propositions, while framed informally, anticipated key insights in formal pragmatics
regarding context-dependence, implicature, and the action-constituting nature of utterances
(Levinson, 1983).

Despite their enduring influence, these are not axioms in the strict sense. First, they mix
levels of analysis, i.e. information, semantics/pragmatics, cognitive attribution, and social
dynamics, so logical independence is unclear. Second, several propositions are difficult to
falsify or operationalize as stated (e.g. “one cannot not communicate” under what
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observability and belief-update conditions?). Third, the set interleaves descriptive claims Kybernetes
(what typically happens), normative hints (how coordination ought to proceed), and
metaphoric distinctions (digital/analogic) without specifying measurement models or proof
obligations. Finally, key constructs (e.g. “relationship aspect,” “punctuation”) are
conceptually rich but underspecified for estimation, making it hard to derive non-trivial
theorems or to test competing explanations (cf. Bateson, 1972).

We aim to go beyond Watzlawick not by discarding his insights, but by making the
Watzlawick—Bateson pragmatics explicitly formal, level-separated, and empirically testable
within a sociocybernetic frame.

We (1) sharpen definitions of agents, behaviors, message structure, segmentation
(punctuation), and relational stance; (2) restate the core claims as level-separated axioms
designed for mutual consistency and approximate independence; (3) derive theorems with
explicit proof sketches (e.g. communicativity of silence; punctuation asymmetry yielding
reciprocal blame; meta-signal accumulation stabilizing symmetry/complementarity); and (4)
propose empirical procedures for coding relational content, estimating dyadic stance, and
experimentally manipulating segmentation. The intended result is a sociocybernetic calculus
that preserves the spirit of the original program while making it cumulative, refutable, and
practically diagnostic. Our formalization demonstrates that axiomatization is possible even for
reflexive, paradoxical phenomena traditionally viewed as resisting formal treatment, and that
doing so enhances rather than diminishes their practical utility.

This move is especially relevant for second-order cybernetics, where observers and their
distinctions are part of the system to be described (von Foerster, 1974, 1979). Similar ambitions
can be seen in conversation-theoretic approaches to interaction (Pask, 1975, 1976) and in later
second-order formulations that treat communication as an observer-dependent construction
(Glanville, 2002, 2004). Our contribution is to show that this line of work can be rendered as a
level-separated axiom system and linked to operational measures such as interpretive entropy
(cf. Brier, 2008). What is novel here is not the general claim that interaction is observer-
dependent, but the construction of a minimal, level-separated axiom system with independence
tests, derived theorems, and operational observables for pragmatic interaction.

This contribution also speaks directly to current debates in Kybernetes on the contemporary
scope of cybernetics and systems theory. Recent work in the journal has renewed attention to
second-order operational epistemology (Roth and Sales, 2025; Saratxaga Arregi, 2025), to
efforts to bridge living, technical and socio-technical systems within a more unified cybernetic
ontology (Osejo-Bucheli, 2025), and to interaction across architecture, psychology and
technology in emerging socio-technical settings (Temizel, 2025). Our paper enters this
conversation by moving from general observer-dependence to a minimal, formal, level-
separated axiomatics of pragmatic interaction: it specifies the minimal distinctions an
observing system must track if communication is to be modeled, compared and tested across
human-human and human—AI contexts.

Paradox, reflexivity, and context-dependence are not pathologies to be ruled out (as in
classical logical-type approaches) but the very phenomena that a viable contemporary
cybernetic theory must be able to formalize and test (von Foerster, 1974, 1979).

71

Why formalization has proven difficult

Despite more than five decades of influence, Watzlawick’s five axioms have resisted
systematic formalization. A review of the literature reveals not a crowded field of failed
attempts, but rather a conspicuous absence: the axioms have been applied, critiqued, and
extended clinically, yet rarely subjected to the mathematical rigor their name suggests they
deserve. We identify three substantive attempts and patterns that reveal why formalization
remains elusive.

(1) Bateson’s deliberate abstention (1951-1972). As documented by Lutterer (2007),
Watzlawick’s axioms derive almost entirely from Gregory Bateson’s prior work on
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K cybernetic communication, schismogenesis, and logical typing. Yet Bateson himself
55,13 “abstains from a formal connection of his insights. He delivers no theory as a whole”
(Lutterer, 2007, p. 1025). Bateson’s Steps to an Ecology of Mind (Bateson, 1972) is
rich with conceptual machinery, e.g. difference, information as “news of difference,”
levels of learning, but presents no axiom system, no proof obligations, and no
falsification criteria. His resistance was philosophical: he viewed formal systems as
potentially reifying what should remain fluid, pattern-based thinking. What was
missed: By avoiding formalization, Bateson left key constructs (e.g. “logical types,”
“context”) operationally undefined, making empirical tests impossible. Watzlawick
inherited this richness but also its vagueness.

72

(2) Watzlawick et al.’s own hedged formalism (Watzlawick et al., 1967). The original
Pragmatics of Human Communication presented the axioms as “tentative” and
explicitly disclaimed completeness (Watzlawick et al., 1967, chapter 2 title, but also
2.7 Summary, p. 70). While the book invokes mathematical terminology, e.g.
“calculus,” “logical types,” “set theory,” etc., these references are metaphorical rather
than operational. The authors provide no formal semantics, no independence proofs,
and no derivation rules. As del Rio (2012, p. 343) notes in his retrospective review, “it
remains unclear how they came upon these premises,” and the formalization
“culminates” in the five axioms but proceeds no further into theorems or measurement
models. What was missed: Without explicitly specifying scope conditions, belief-
update operators, or relational dynamics, the axioms remained heuristics, powerful for
reframing clinical cases, but not constraining enough to rule out alternative
explanations or generate novel predictions beyond intuition.

(3) Systemic therapy’s pragmatic turn away from formalism (1974-2007). Following
Pragmatics, Watzlawick’s subsequent work (Watzlawick et al., 1974; Watzlawick,
1984) moved decisively toward radical constructivism and therapeutic intervention
techniques, abandoning the project of formal theory-building. The Brief Therapy
Center at the Mental Research Institute in Palo Alto prioritized what works clinically
over what can be proven formally. Meanwhile, followers diverged: Haley (1963,
1987) and the strategic therapy school operationalized interventions without
formalizing principles, while Luhmann’s (1995) social systems theory adopted
cybernetic language but built an entirely separate formal apparatus. What was missed:
The clinical success of Palo Alto methods created little incentive to formalize.
Practitioners could apply “one cannot not communicate” or “punctuation”
metaphorically in session without needing to specify Bel_j(t) or P_i functions (vide
infra). The axioms thus became therapeutic folklore, evidence-informed, yes, but not
evidence-constraining.

(4) Bavelas’s empirical disconfirmation (2025; vide infra). In a striking recent
development, Janet Beavin Bavelas, original co-author, now states that
microanalysis of face-to-face dialogue shows “some [axioms] have worked pretty
well, others do not” and that the sender-receiver model underlying them has been
“scientifically refuted” (Godat and Czerny, 2021). Her video-based conversation
research reveals communication as faster and more co-constructed than Watzlawick’s
framework assumed. However, Bavelas has not proposed a formal alternative;
instead, she calls for abandoning the axiom framework entirely in favor of moment-
by-moment empirical description. What was missed: While identifying failures,
Bavelas offers no salvage operation; no specification of which axioms fail under what
conditions, no formal counter-model, and no replacement calculus.

The pattern across attempts: Formalization has been avoided (Bateson), gestured at but not
executed (Watzlawick et al.), or abandoned in favor of practice (systemic therapy) or rejected
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empirically without formal reconstruction (Bavelas). The core obstacle appears to be that Kybernetes
Watzlawick’s most profound insights (i.e. paradox, reflexivity, context-dependence) are
precisely the phenomena that resist standard formal treatment. This obstacle is now especially
salient in the AI era, where human—AI and multi-agent systems routinely generate meta-
communication, mis-punctuation, and emergent relational dynamics that demand explicit,
testable formalisms rather than ad-hoc heuristics. Whitehead and Russell (1910-1913)
identified them as the chief culprit of problems in logic, considered them an abnormality of
language, and proposed a ’theory of logical types’ to rule them out of the language of science.
Watzlawick and Bateson insisted paradox is constitutive of human interaction. To formalize
Watzlawick is thus to formalize what formal systems classically prohibit. Second-order
cybernetics, however, requires precisely this: formalisms that can include the observer,
recursion, and meta-communication.

Our contribution is to accept this challenge directly: we retain paradox and reflexivity as
first-class phenomena (e.g. via T1-T3 on blame and relational lock-in, and T6 on symmetrical
escalation, and T7 on meta-communication paradoxes; vide infra) while providing the formal
scaffolding that makes them tractable for measurement and intervention.

73

Methods

Minimal formal framework

The framework below names the objects we track in interaction (agents, behaviors,
interpretations, relations) so later axioms can be stated without ambiguity and mapped to
measurements.

To turn the classic propositions into testable science, we use a lean ontology that makes the
moving parts of interaction explicit. Our design principles are parsimony (as few primitives as
possible), level-separation (information, coding, cognition, and social dynamics kept distinct),
and operationalizability (every construct must admit observation, estimation, or
manipulation). By fixing these primitives, we can restate Watzlawick’s insights as axioms
with clear independence claims and falsifiable consequences, paving the way for proofs,
metrics, and interventions.

Agents and time. Agents A = {1, ..., n} interact in discrete ticks t = 1, 2, ...

Behaviors. Each agent i produces an observable behavior B_i(t) (speech, gesture, gaze,
silence/withdrawal @, etc.).

Observation and interpretation. If agent j can observe B_i(t), they form an interpretation
M_{i—j}(t) = Lj(B_i(t), context).

Non-ontological stance. We treat observable conducts B_i(t) as action schemata that afford
readings but do not contain meaning. Meaning (including relational meaning) arises only
when an observer j applies an interpretive operation I_j within a punctuated context p_j,
yielding a situated reading M_{i—;j}(t). Thus, conducts do not “carry” arelational level; rather,
relational inferences are attributed by observers under conventions and roles. This aligns with
second-order/constructivist views where communication is constituted by selections of
observers situated in interaction.

Message structure. Each message M has:

(1) Content C(M): task/semantic proposition(s).

(2) Relational/meta R(M): stance/role/affect/rights—duty cues.
This content/relational bifurcation echoes MacKay’s (1969) foundational distinction between
structural information (what choices were made from available options, roughly our C(M))
and semantic information (what those choices mean for action and response, roughly our R
(M)). MacKay observed that the same structural signal could carry different semantic import

depending on receiver state—anticipating our observer-dependent interpretation functions I_j
and the inevitability of relational uptake (A2). While MacKay’s framework remained
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K primarily dyadic and information-theoretic, our formalization extends it by making relational
55.13 dynamics (A5) and punctuation-dependent attribution (A4) explicit operational commitments.
’ Codes and channels. m Digital = discrete/symbolic (words, numbers).

m  Analog = graded/iconic (prosody, posture, distance).
m Encodings may be mixed across channels (voice, text, gaze, timing . ..).

74 Punctuation (segmentation). Each agent has a segmentation function p_i that slices the
event stream into episodes and assigns causal/response roles.

Relational stance. For dyad (i, j), let 7_ij(t) € R encode relative dominance/affiliation (near
0 = symmetric; |z_ij | large — complementary).

Estimating z_ij(t). Empirically, z_ij(¢) is treated as a latent ordinal state inferred from meta-
signals (e.g. interruptions, compliance bids, mitigation, honorifics, repair acceptance). A
simple implementation is a state-space model (e.g. Ordinal Dynamic Generalized Linear
Models, GLMs, and Hidden Markov Models, HMMs) in which these surface cues are
observations and z_ij(t) is the hidden trajectory. This yields a time series for z_ij(t) compatible
with A5’s update rule.

Belief update criterion (communication as information). Let Bel_j(t) be j’s beliefs at t.

We say i has communicated toj at t if Bel_j(t+1) # Bel_j(t) in part due to observing B_i(t).

Belief states and update dynamics. We model each agent j’s beliefs at time ¢ as a set of
graded commitments:

Bel j(t) = {(p-1,c_1), (p-2,¢c-2),...,(p-m,c_m)}

2 <«

where p_i is a proposition (e.g. “agent i is cooperative,” “the request is face-threatening™) and
c_i €[0,1]isj’s confidence in that proposition. We say j believes p at t if (p, c) € Bel_j(t) with c
> 0 for some threshold 0 (typically 6 = 0.5, adjustable by context).

Update Operator. The function U_j : Bel X Behavior X Context — Bel maps the prior
belief state, observed behavior, and contextual features to a posterior state. Here, Bel is the
space of belief states, Behavior the space of observable behaviors, and Context task/
environmental features used by I_j.

Formally:

U_j(Bel_j(r), B_i(t), context) = Bel_j(t + 1)

where Bel_j(t+1) differs from Bel_j(t) in at least one of three ways:
(1) Confidence shift: (p, c¢) € Bel_j(t) and (p, ¢’) € Bel_j(t+1) with ¢’ # ¢
(2) Proposition addition: (p, ¢) € Bel_j(t+1) but (p, -) & Bel_j(t)
(3) Proposition removal: (p, c) € Bel_j(t) with ¢ > @ but (p, ¢’) € Bel_j(t+1) withc’ <6

U_j is a formal placeholder specifying that updates occur; empirical implementations must
estimate it from data (e.g. via regression of confidence changes Ac on features of B_i(t) and
context, or Bayesian networks calibrated to participant response patterns).

Communication criterion (Al operationalized). We say agent i has communicated to agent j
at time t if observing B_i(t) induces a non-trivial update: Bel_j(t+1) # Bel_j(¢) in the sense that
at least one confidence score changes by more than e (minimal detectable difference, e.g.
e = 0.1), or a new proposition enters above threshold ©.

Worked example: silence as communication (T1 preview)
Context: i and j are in a meeting; j asks i a direct question

Prior: Bel_j(t) = {(“i is cooperative”, 0.8), (“i has information”, 0.7)}
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Observation: B_i(t) = @ (intentional silence, no response after 3 seconds) Kybernetes

Update: U_j interprets silence in context — Bel_j(t+1) = {(“i is cooperative”, 0.3), (“i has
information”, 0.5), (“i is withholding”, 0.7), (“topic is face-threatening”, 0.6)}

Result: Multiple confidence shifts (cooperative down, new propositions added) =
communication occurred per A1, even though B_i(t) was “doing nothing.”

This example illustrates that silence is a behavior value (@ € range(B_i)), and in co-presence 75
with sufficient observability, it induces belief change—hence it communicates.

Derivation conventions

This section specifies the formal machinery we use in the rest of the paper. Readers who prefer
the big picture can skim for the bolded definitions and the summaries; the Applications and
Interventions section shows how each piece is used empirically. In brief: we define states
(beliefs, relations), operators (update, segmentation), and observables (interpretive entropy)
that let the axioms yield testable predictions.

This paper is theoretical. “Results” are theorems and corollaries derived from the axioms
within a minimal formal framework; empirical procedures are proposed as mappings from the
formal primitives to observable measures. This style of derivation follows the second-order
cybernetics insistence that distinctions are made by an observer situated in the system (von
Foerster, 1974; Glanville, 2002).

Scope Conditions. Unless otherwise stated, proofs and sketches assume:

(1) Co-presence/observability: when we assert “j observes B_i(t),” the event is publicly
observable for the relevant agents (no hidden channels), with noise bounded below a
stated threshold.

(2) Monotone belief update: Bel_j(t+1) = U_j(Bel_j(t), B_i(t), context) is well-defined
and (weakly) sensitive to new observations; if B_i(t) is informative under context,
then Bel_j(t+1) # Bel_j(t) (A1).

Definition. U_j denotes agent j’s belief-update operator, mapping prior beliefs, the observed
behavior B_i(t), and context to a posterior belief state: U_j: B X O X X — B.
Belief updates can be implemented by AGM-style operators (Alchourrén et al., 1985).

(3) Level separation: information flow (Al), meta-content (A2), code/medium (A3),
punctuation/attribution (A4), and relational dynamics (A5) are treated as distinct
assumptions; additional axioms A6-A10 are add-ons that must not contradict A1-A5.

Primitive Objects and Notation. Agents A = {1, ...,n}; behaviors B_i(t); interpretations/
messages M_{i—j}(t) = I1_j(B_i(t), context); content C(M) and relational/meta R(M);
segmentation functions p_i; dyadic relational state z_ij(t)e R; belief state Bel_j(t); timing
norms ©; repair moves p; encoding policy x_i; leakage A.

Indicator status. The variables we deploy (e.g. H_j(M), p_j(r|M), z_i_j(t)) are partial
indicators reconstructed from interpretive traces under explicit coding and punctuation
assumptions. They are not direct “measures of the relational field,” but operational summaries
that support comparative and falsifiable claims.

Relational Dynamics. When needed, we instantiate A5 with a simple state-space update

mij(t+ 1) = 7_ij(t) + f (RM_{i > j}(1))) + n-t,
where f is sign-preserving for dominance vs. leveling meta-signals and #_t ~ N(0, ¢°) i.i.d.

with 6 < K (bounded noise). Symmetry/complementarity is defined by a threshold e: | 7_ij(t)
| < € = symmetric; otherwise complementary.

Downl oaded from http://ftp. nowublishers.conm k/articl e-pdf/55/13/69/11631050/ k- 10- 2025- 2605en. pdf by guest on 25 June 2026



K Functional form. f : R - R extracts signed dominance from relational cues. A minimal
55,13 linear implementation is f(R(M)) = £_k w_k - r_k(M), where r_k are behavioral indicators
(interruptions, volume, spatial positioning, compliance resistance, etc.) and w_k are context-
specific weights estimated empirically. Mixed signals are aggregated linearly; non-linear
extensions (thresholding, interaction terms) can be tested against data.

Interpretive Posterior and Entropy. Receiver-specific posterior over relational
interpretations:

76

p_j(r [M) for r in R (R = set of relational categories), produced by I_j.

p_j(r M) = probability (posterior) that receiver j assigns to relational interpretation r given
message M. It’s a distribution over categories in R (e.g. dominance, leveling, affiliation).

Posterior interpretive entropy (discrete R: Shannon, 1948; see also Cover and Thomas,
2006):

H_j(M) = —sum_{rinR}p_j(r | M) *logp_j(r|M)

(Logs are natural by default — units “nats”; base-2 allowed — “bits”.)
Group summary (mean entropy across receivers):

H_bar(M) = (1/N) * sum_{j = .N}H_j(M)[1]

Continuous relational parameter (e.g. 7_ij):

Differential entropy: h_j(z |[M) = - [ p_j(z [M) * log p_j(x |M) dx.

Constructing R(M). In empirical applications, R(M) is instantiated from a coding scheme that
lists admissible relational readings (e.g. leveling, dominance, deference, challenge, repair-
initiation). The set is finite and predeclared for the corpus/experiment, derived from prior
literature or pilot annotation, and may include an “other/indeterminate” catch-all. This makes
the interpretation space reproducible across studies.

Estimating p_j(r|[M). We estimate p_j(r/M) from interpretive traces using Bayesian
logistic/softmax models with features of M (code, timing, leakage, punctuation). In all cases,
H_j(M) summarizes the dispersion of readings conditional on the chosen R(M), features, and
punctuation p_j.

Scope and limits. H_j(-) indexes the dispersion of possible readings after an interpretive
operation I_j under a chosen punctuation p_j. It does not measure “meaning” itself nor the
quality/viability of an interaction. Lower entropy can signal stronger constraints or tighter
conventions, but it need not be better: rigid, face-threatening patterns may have low entropy
yet poor relational outcomes. Accordingly, we use entropy for descriptive/comparative
predictions, while evaluation relies on viability criteria (e.g. sustained coordination, repair
success, facework adequacy).

Comparisons/language
“Entropy decreases/increases” = directional change in H_bar(M) between conditions while
holding C(M) and context fixed.

Partial order across codes (A3): e.g. H_bar(M | mixed) < H_bar(M | digital); we do not
assert a total order for all pairs.

Requisite interpretive variety and concentration. Because lower entropy can indicate either
efficient coordination or rigidity/dominance, we distinguish requisite from non-requisite
variety by task/context. Alongside H_j(M), we report a concentration/asymmetry indicator
(e.g. Gini or Herfindahl index over p_j(r|M); optionally KL-divergence to a context-specific
target distribution). This separates “low H” due to healthy convergence from “low H” due to
suppressive patterns, and prevents an implicit negentropic normativity.
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Leakage effect (A10): H_bar(M |)) follows an inverted-U with a minimum at A* (too little Kybernetes
or too much leakage raises uncertainty).

In applications and Table 2, entropy is used descriptively (as dispersion over a predefined
interpretation set R(M)); it is not a proxy for relational quality. We further distinguish required
vs. non-required interpretive variety for the task at hand.

Notation. We use Cambria Math font and subscripts for indices written with underscores to
ensure cross-platform rendering (e.g. B_i(t), M_{i—j}(t), Bel_j(t), #_ij(t)); Greek letters
appear as €, A, 7_t, 6. 77

Proof obligations. A theorem is considered established at the sketch level if the conclusion
follows from the stated axioms plus the scope conditions above, with any model-specific
assumptions (e.g. linear f, bounded 7_t) declared. We avoid introducing hidden assumptions
that change the force of an axiom.

Independence testing. To argue that axioms are not redundant, we exhibit (conceptually or
by toy models) counter-models in which one axiom fails while the others hold. Example: a
scripted exchange with fixed turn order (violates A6) while A1-A5 remain satisfied; or a
channel with perfect encryption of R(M) (violates A2) while A1, A3—A5 hold.

Model classes. Where beneficial, we reference: (1) dynamic epistemic logic/action-model
updates for A1-A2; (2) information-theoretic proxies (e.g. Bayesian surprise) as empirical
indicators of belief change; (3) linear/switching state-space models for z_ij(t) under A5; (4)
signaling-game intuitions for A3/A10 regarding code choice and leakage. For A4 and A7, we
draw on conversation-analytic insights regarding turn design and repair organization
(Heritage, 1984; Schegloff et al., 1977), operationalizing sequential structures as
observable punctuation and repair moves.

Operationalization map. Each axiom/theorem is paired with candidate measures and
manipulations (latency bands for A6; repair initiation rates for A7; grounding moves for A8;
relevance deviations for A9; paralinguistic/physiological proxies for A in A10). These
proposals are not part of the proofs but are provided to enable falsification.

Statistical posture. When empirical tests are run, we anticipate entropy/variance
comparisons for A3/A10, mixed-effects models for timing (A6) and repair (A7), and state-
space estimation for z_ij(t) (A5). Uncertainty is reported with confidence/credible intervals;
preregistered hypotheses are encouraged to avoid researchers’ degrees of freedom.

Limitations. The framework deliberately abstracts from: (1) multi-party interactions
beyond dyads, (2) higher-order beliefs (“I believe that you believe that I believe ... »), (3)
power structures embedded in institutional roles, and (4) cultural variation in pragmatic norms.
These abstractions maintain tractability while preserving generalizability across domains
(therapy, negotiation, organizational communication). Extensions addressing these factors
must maintain level separation. Empirical validation will therefore depend on corpus-specific
coding schemes, explicit construction of R(M), observer-dependent punctuation assumptions
p_j, and model-specific estimators for p_j (r [M) and z_ij(t).

Results

Axioms (A1-A5): revised from Watzlawick et al

Here we recast the five classic “axioms” as genuine axioms: level-separated, weak enough to
admit counter-models, and strong enough to yield non-trivial theorems. Rather than restating
Watzlawick’s propositions verbatim (Watzlawick et al., 1967), we specify minimal
commitments about observability, interpretation, coding, segmentation, and a tractable
relational state so that each claim has measurable antecedents and falsifiable consequents. The
axioms below are therefore not descriptive slogans but constraints on models:

A1 fixes when behavior counts as communication (via belief update).
A2 makes relational content co-present with semantics.

A3 bounds interpretive variance by code choice.
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K A4 localizes attribution to agents’ punctuation.
55,13 A5 links meta-signals to the evolution of dyadic stance.

Taken together, they form the smallest set we found that preserves the spirit of the original program
while enabling proofs, metrics, and experimental interventions (cf. Bateson, 1972). Readers
mainly interested in implications may skim the axiom statements and jump to the Theorems and
78 the Applications section; each axiom is re-referenced there with concrete tests and examples.
Al. Unavoidability (in co-presence). If j can observe B_i(t), then Bel_j(t+1) # Bel_j(t)

Silence/inaction is still a behavior that can update beliefs.

A2. Meta-inevitability. For any uptake M, the receiver’s interpretation includes a relational/
meta dimension R(M) alongside content C(M). There is no purely content-only uptake:
relational stance is inferred/attributed by participants from the action schema and context.

A3. Multi-code realizability. Any message can be realized in digital, analog, or mixed
codes; code choice constrains interpretive variance across receivers.

Ad4. Subjective punctuation. Agents’ segmentation functions p_i may differ; thus, the same
behavior stream can be parsed into different causal/response episodes. Here “context” is not a
pregiven environment but an operative punctuation by participants—an enacted narrative of
“before/after” that grounds attributions of initiation, causality, and responsibility.

Why it matters: Divergent punctuation predicts rational reciprocal blame and escalation
risk (see T2/T6).

Triferentiation Mapping: Responding to a reviewer’s triad—position (role/asymmetry/
legitimacy), function (sequential job: regulating/repairing/closing), and sense (symbolic
horizon)—maps in our framework to: position < relational state z_ij(t) and rights/obligations;
function < timing/turn-taking and repair (A6—A7); sense <> content frames C(M)and code/
medium choices (A3, A10).

Ab. Relational patterning (over repeated interaction). Statement. For dyad (i, j) engaged in
repeated interaction (T > T_min, where T_min is a minimum threshold for pattern formation,
typically T_min >3 exchanges), the relational state z_ij(t) € R encodes relative dominance/
affiliation. At time ¢, the dyad is classified as:

(1) Symmetric if |z_ij(t)| < e (near equality)
(2) Complementary if |x_ij(t)| > € (hierarchical)

The relational component R(M) of each message updates z_ij over time according to:
mij(+ 1) = 2gj(t) + TR (M{i = j}(1))) + -1

where f extracts dominance/leveling signals from R(M) and #_t is bounded noise.
Scope conditions:

(1) Repeated Interaction Requirement: A5 applies only when agents interact multiple
times (T > T_min). For one-shot exchanges, z_ij is undefined or fixed at initial value
7_ij(0) with no update dynamics.

(2) Observable Meta-Signals: Updates to z_ij require that R(M) contains extractable
dominance/affiliation cues. If R(M) is systematically encrypted or suppressed
(violating A2), z_ij remains constant.

(3) Relational Memory: Agents must maintain some representation of prior interactions
for pattern stabilization. Amnesia or complete context loss resets z_ij to baseline.

Why these conditions matter: Without repeated interaction, terms like “stabilization” and
“pattern” are meaningless, i.e. a single exchange cannot exhibit a pattern. The counter-model
in Counter-Model 5 (Table 1) shows that one-shot communication satisfies A1-A4 but not A5,
confirming that relational dynamics are a distinct commitment requiring temporal depth.
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Table 1. Summary axiom independence: counter-models table Kybernetes

Axiom Counter-model Key feature Al A2 A3 A4 A5
Al fails  Zero observability (encryption)  No belief update possible X I I d 4 I
A2 fails  Pure task-bot No relational layer 4 X I 4 7
A3 fails  Fixed-code constraint Only one encoding v I X v I
A4 fails  Synchronized protocol p_i = p_j enforced I I I X I
A5 fails  One-shot exchange No relational history N A A " ¢ 79

Operationalization under scope: Empirical tests of A5 should:
(1) Use dyads with T > 3-5 exchanges minimum

(2) Track z_ij(t) via continuous ratings or behavioral proxies (turn-share, interruption
rates) across time

(3) Test whether manipulating R(M) (e.g. injecting dominance vs. leveling cues)
predictably shifts z_ij trajectories

(4) Verify stabilization: after sufficient T, |z_ij(t)| should cross and remain above/below &
threshold

Levels. Al (information), A2 (semantics/pragmatics), A3 (coding/medium), A4 (cognition/
attribution), A5 (social dynamics). Designed to be consistent and as independent as possible.

Axiom independence: counter-models

Having established the five core axioms, we now demonstrate their logical independence.
How to read this section: each construction shows exactly one axiom failing while the others
hold, confirming non-redundancy. To verify that A1-A5 are not redundant, we exhibit counter-
models where each axiom fails independently. Table 1 summarizes the results; below we
sketch each construction.

Counter-model 1: Al fails, A2-A5 hold. Scenario. Perfect encryption with zero
observability.

Setup. Agents i and j interact via a channel where all behaviors B_i(t) are encrypted such
that j observes only noise indistinguishable from baseline. Formally: j’s observation function
returns constant noise regardless of B_i(t).

Why Al fails. Since j cannot distinguish B_i(t) from background, no belief update occurs:
Bel_j(t+1) = Bel_j(t). Communication criterion violated.

Why A2-A5 hold.

(1) A2:If amessage were interpretable, it would still carry R(M). The encryption blocks
interpretation, not the structure of messages.

(2) A3: Messages could still be encoded digitally/analogically; the encryption is
downstream of encoding.

(3) A4: Each agent still has segmentation functions P_i, P_j (even if useless under
encryption).

(4) Ab: Relational state z_ij(t) could still be tracked (though it wouldn’t update without
observable meta-signals).

Conclusion. A1 is independent, i.e. it’s the only axiom requiring actual observability for belief
update.

Counter-model 2: A2 fails, A1, A3-A5 hold. Scenario. Pure task-bot communication with
no relational layer.
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K Setup. Two Al systems exchange database queries in a formal language where R(M) is
55,13 structurally undefined, i.e. only C(M) exists. Example: “SELECT * FROM users WHERE
id = 5” has content but no stance, rights-duties, or affect encoding.
Why A2 fails. No relational component R(M) exists or can be extracted. Messages are
purely propositional.
Why A1, A3-A5 hold.

80 (1) AI: Belief updates still occur (about database state).

(2) A3: Queries use digital encoding (symbolic language).

(3) A4: Systems could segment the query stream differently (e.g. treating nested queries
as single vs. multiple episodes).

(4) Ab5: Not applicable to this pair (no dyadic relational state for bots), but if we insisted on
tracking 7z_ij, it would remain at 0 (purely symmetric) since no meta-signals exist.

Conclusion. A2 is independent, i.e. relational content is not logically necessary for information
transfer.

Counter-model 3: A3 fails, A1-A2, A4-A5 hold. Scenario. Fixed-code constraint—only one
encoding available.

Setup. Agents communicate via a channel that supports only digital encoding (e.g. text-only
chat with no formatting, no timing information, no paralinguistic cues). Alternatively: only
analog (e.g. pure pantomime with no discrete symbols).

Why A3 fails. Messages cannot be realized in multiple codes, i.e. the claim “any message
can be realized in digital, analog, or mixed codes” is false. Only one realization exists per
message.

Why A1-A2, A4-A5 hold.

(1) AIl: Belief updates still occur from text messages.

(2) A2: Text still carries R(M) (e.g. “Please help” vs. “Help me” vs. “HELP” convey
different stances even in pure text).

(3) A4: Agents can segment text streams differently.
(4) A5: Meta-signals in text (e.g. formality, brevity) still update z_ij(t).

Conclusion. A3 is independent, i.e. it’s possible to have communication without multi-code
realizability.

Counter-model 4: A4 fails, A1-A3, A5 hold. Scenario. Synchronized punctuation via shared
protocol.

Setup. Agents interact under a rigid protocol that enforces identical segmentation.
Example: formal debate with explicit turn labels (“Opening statement,” “Rebuttal 1,” etc.)
where both agents must use the same episode boundaries. Formally: p_i = p_j by design.

Why A4 fails. The axiom claims agents’ segmentation functions may differ. In this counter-
model, they cannot differ, i.e. p_i = P_j is enforced, so the possibility of divergence is
eliminated.

Why A1-A3, A5 hold.

(1) A1: Belief updates occur from observing turns.
(2) A2: Each turn carries relational content (e.g. deference, challenge).

(3) A3: Turns can be encoded digitally (written) or with mixed codes (spoken with
prosody).

(4) A5: Meta-signals accumulate (e.g. repeated interruptions in one direction —
complementarity).
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Conclusion. A4 is independent, i.e. identical punctuation is consistent with all other axioms. Kybernetes

Counter-model 5: A5 fails, A1-A4 hold. Scenario. One-shot exchange (T = 1)

Setup. Two strangers exchange a single message and never interact again. For example: a
tourist asks a passerby for directions, receives an answer, and they part ways. Since T=1<T_
min, A5’s scope conditions are not satisfied—there is no repeated interaction for relational
pattern formation.

Why A5 fails. The axiom explicitly requires T > T_min (repeated interaction) for relational
dynamics to apply. With only one exchange, the relational state z_ij has no trajectory to evolve
along and cannot stabilize into symmetric or complementary patterns. The update equation
z_ij(t+1) = #m_ij(t) + f(R(M)) + #_t is never iterated, so terms like “stabilization” and
“pattern” are undefined. A5’s central claim, i.e. that repeated meta-signals push |z_ij| across
threshold & cannot be tested with a single data point.

Why A1-A4 hold.

(1) A1 (Unavoidability): The single message still updates beliefs. The tourist’s Bel_j(t)
changes from uncertainty about directions to knowledge of the route.

81

(2) A2 (Meta-inevitability): The message carries relational content R(M). Even “Turn left
at the corner” conveys stance (e.g. helpfulness, formality level, patience/impatience
via tone).

(3) A3 (Multi-code realizability): The direction can be given digitally (words),
analogically (pointing gesture), or mixed (words + gesture + prosody).

(4) A4 (Subjective punctuation): Each agent could segment the encounter differently. The
tourist might view it as “I initiated by asking,” while the passerby might view it as
“They interrupted my walk, I responded.”

Conclusion. A5 is independent because it requires temporal depth (repeated interaction) that
A1-A4 do not mandate. One can have communication (A1), with relational content (A2), using
various codes (A3), segmented differently by participants (A4), without any relational pattern
formation (A5), i.e. simply by restricting to T = 1.

These counter-models establish that no axiom is derivable from the others. Each makes a
distinct commitment: Al (observability for update), A2 (relational inevitability), A3
(encoding flexibility), A4 (punctuation variability), A5 (relational dynamics over time).
Together they span the minimal constraints needed to capture Watzlawick’s original insights.

Additional axioms (A6-A10): timing, repair, common ground, cooperation, channels

The original five axioms describe inevitability, meta-content, coding, punctuation, and
relational patterning. Many interaction failures, however, hinge on temporal coordination,
repair mechanisms, shared context, default cooperativity, and the gap between public signals
and private states. We therefore propose the following additions. Each axiom is framed to be
(1) level-compatible with A1-A5, (2) operationalizable for measurement, and (3) weak
enough to admit counter-models (so independence tests are possible).

These organizational axioms (timing, repair, common ground, relevance default, public—
private channels) connect directly to coding schemes and experimental manipulations used in
conversation analysis and human—AI interaction, as detailed in the empirical agenda.

A6. Turn-taking and timing (temporal coordination). Statement. There exist timing norms
O(latency bands, overlap tolerances) such that, for observable turns B_i(t), deviations from @
increase the posterior variance of I j(-) over C(M) and R(M), and alter floor-rights attribution.

Intuition. Timing is not just packaging; it shapes who has the floor and thus the relational
interpretation.

Operationalization. Measure response latencies and overlaps; model their effect on (a)
comprehension error rates and (b) perceived dominance/affiliation.

Independence Note. A6 can fail (e.g. fully scripted exchanges) while A1-A5 hold.
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K A7. Repairability (error-handling). Statement. If agent j’s uncertainty about C(M) or R(M)

55.13 exceeds a threshold 7 after observing B_i(t), then (in the absence of inhibiting costs) there
’ exists an admissible repair move p such that B_j(t+1) = p(M{i—j}(¢)) reduces that
uncertainty.

Intuition. Systems of interaction include built-in mechanisms to fix misunderstandings
(clarifications, repeats, reformulations).

Operationalization. Annotate repair initiations/resolutions; estimate uncertainty reduction
pre/post repair.

A8. Common ground (context maintenance). Statement. Let CG(t) denote mutually
presupposed propositions at time t. Successful uptake requires either (1) C(M) C CG(t) or (2)
an update move p that revises CG to CG(t+1) 2 C(M) without contradiction.

Intuition. Content uptake is constrained by what is already mutually believed; when content
outruns CG(t), grounding moves are needed.

This axiom builds on Clark and Brennan’s (1991) grounding model, which specifies how
conversational partners establish mutual understanding through grounding acts
(acknowledgments, repairs, expansions). Their framework has been extended to human-Al
interaction (Brennan, 1998; Skantze, 2021) to address the challenge that artificial agents often
lack human-like common ground accumulation—leading to failures our A8 predicts:
utterances interpretable in isolation but unintegrable into dialogue context. Stalnaker’s (2002)
presupposition logic provides formal machinery for modeling CG(t) as a context set (possible
worlds compatible with mutual assumptions); our A8 can be instantiated using Stalnaker’s
update rules, where grounding moves p are context-change potentials that eliminate
incompatible worlds. This formalization is especially valuable for socio-technical systems
(human-AI, multi-agent), where CG(t) may be asymmetric or incomplete and grounding
failures trigger repair cascades (A7).

Operationalization. Code presupposition triggers/grounding moves; track acceptance vs.
challenge.

A9. Relevance/cooperation (defeasible default). Statement. By default, agents choose
contributions that maximize expected relevance given current goals and CG(t); violations are
licensed by context and are themselves informative about R(M).

Intuition. Gricean cooperativity is not an axiom of truthfulness but a prior about design.

Contemporary formal accounts refine this cooperativity principle: relevance theory
(Sperber and Wilson, 1986/1995) formalizes how communicators optimize for cognitive
effects relative to processing effort, providing a decision-theoretic basis for the relevance
default we posit in A9. Game-theoretic pragmatics (Franke and Jager, 2016) extends this
further by modeling speakers and hearers as Bayesian rational agents playing signaling games,
where interpretive variance (central to our A3) emerges from equilibrium selection under
different cost structures and common priors. These frameworks provide natural
operationalizations for our “expected relevance” and show how A9’s defeasibility follows
from context-dependent utility functions rather than categorical rules.

Operationalization. Manipulate task goals; test whether off-topic or over-informative
messages shift R(M) (e.g. perceived dominance, withdrawal).

A10. Public vs private channels (signaling vs state). Statement. Each agent has a private
state S_i(t) (beliefs, intentions, affect). Public signals M are generated from S_i(t) through an
encoding policy «_i. Leakage A (e.g. prosody, micro-expressions) causes partial, sometimes
unintended, mapping of S i into R(M).

Intuition. Misalignment between what is signaled and what is privately held is common—
and diagnostic.

Operationalization. Combine content analysis with paralinguistic/physiological measures
to estimate A; test attribution errors when «_i is strategic.

82
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Short consequences and test points. Kybernetes

(1) From A6: Latency dominance effect. Short, frequent entries into the floor should
increase |7_ij| (toward complementarity).

(2) From A7: Repair deficit pathology. Suppressing repair (raising costs) should raise
misattribution rates and escalate blame chains.

(3) From A8: Grounding bottleneck. Introducing new terms without grounding should 83
raise failure-to-uptake probabilities, even with perfect coding.

(4) From A9: Relevance as meta-signal. Irrelevance raises the probability that R(M) is
interpreted as disengagement or dominance (context-dependent).

(5) From Al0: Leakage asymmetry. Increased leakage A reduces plausible deniability;
strategic encodings with low A increase interpretive variance across receivers.

Independence test kit for A6-A10

A6. Turn-taking and timing.  Counter-model (A6 false; A1-A5, A7-A10 hold). Scripted,
latency-free chat where turns are queued and delivered at fixed ticks regardless of response
time (no floor competition; overlaps impossible). Belief updates, meta-content, punctuation,
and 7 dynamics still operate; repair (A7) is available, common ground (A8) updates, etc.

Positive model (A6 true adds unique predictions). Same content and codes, but manipulate
inter-turn latencies/overlap permissions. Prediction unique to A6: latency/overlap shifts
attributions of floor rights and perceived dominance, even when C(M), R(M), and p_i are held
constant.

Falsification Signature. If varying latency bands doesn’t change floor attribution or
dominance judgments (given power to detect), A6 is redundant.

A7. Repairability. Counter-model (A7 false; others hold). Channel prohibits
clarification (no backchannels; repair moves rejected by design). Everything else (A1-AS6,
A8-A10) intact.

Positive model (A7 true adds unique predictions). Introduce low-cost repair operators p;
misinterpretations drop conditional on repair with no change to code or timing.

Falsification Signature. If enabling repair moves doesn’t reduce uncertainty/
misunderstanding (holding A3/A6 constant), A7 is not independently needed.

A8. Common ground. Counter-model (A8 false; others hold). Zero shared lexicon/
frames; all content is novel and cannot be integrated into a shared set CG(t). Agents still update
beliefs (A1), infer relational stance (A2), use codes (A3), segment (A4), and ;; evolves (A5),
but content uptake routinely fails.

Positive model (A8 true adds unique predictions). Prime a shared glossary or seed CG(t);
with identical messages, uptake rises and need for repair (A7) falls—even if timing (A6) and
code (A3) remain unchanged.

Falsification Signature. If establishing CG(t) doesn’t improve uptake beyond what A3/A7
can explain, A8 is not adding independent bite.

A9. Relevance/cooperation. ~ Counter-model (A9 false; others hold). Agents optimize an
adversarial or random objective (produce off-goal turns by default). A1-A8, A10 still
function; you will observe communication and relations, but baseline contribution design is
non-cooperative.

Positive model (A9 true adds unique predictions). With the same task and CG(t), cooperative
priors yield systematically shorter paths to task goals and different default interpretations of
ambiguous acts (e.g. off-topic contributions read as affiliative rather than hostile).

Falsification Signature. If flipping the contribution prior (cooperative <> non-cooperative)
doesn’t change relevance ratings, uptake, or inferred R(M) (controlling A3/A8), A9 is
dispensable.
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K A10. Public vs private channels (leakage) ..  Counter-model (A10 false; others hold).
55,13 Perfectly sealed encoding: public M is a deterministic function of content; relational state and
private affect never leak (fix A = 0). A1-A9 remain true; you still get belief change, coding,
punctuation, 7 dynamics, but no differential effect of paralinguistic/side channels.
Positive model (A10 true adds unique predictions). Vary A by constraining channels (text-
only < audio-video < audio-video + physiological). Predict the inverted-U in posterior
84 interpretive entropy H vs. A, and leakage-driven shifts in perceived sincerity/dominance at
fixed C(M) and code (A3).
Falsification signature: If manipulating leakage leaves H and R(M) unchanged once A3 is
controlled, A10 is redundant.

Core theorems (with short proofs)

In this theoretical paper, the named theorems (T1-T7) constitute our primary results. Now we
are ready to demonstrate that the axioms are not merely redescriptions but generators of
testable consequences. The following theorems translate everyday phenomena, such as
silence, disagreements about “who started it,” and stable dominance/equality patterns, into
entailments of A1-Ab5, accompanied by explicit proof sketches. Each proof is intentionally
minimal: enough to show that the conclusion follows from the axioms plus mild regularity
assumptions, and precise enough to suggest operational measures and interventions. Together,
they illustrate our program: move from compact axioms to falsifiable predictions and,
ultimately, to experimental designs that can adjudicate between competing models of
interaction. Readers can skip the algebra and still follow the practical reading indicated after
each theorem.

T1. Communicativity of silence. Claim. In co-presence, intentional silence/withdrawal by i
communicates to j.

Proof sketch. Let B_i(t) = @ (silence/withdrawal) be observable to j in context where a
response was expected. By the belief representation (§Methods), agent j holds prior beliefs
Bel_j(t) including propositions about i’s cooperativeness, engagement, and stance.

In context (e.g. j asked a direct question), the absence of expected behavior carries
information. Specifically, j’s update operator U_j must revise confidence scores:

(1) Propositions like (“i is cooperative”, c¢) — (“i is cooperative”, c — §) where d > ¢
(2) New propositions may enter: (“i is withholding”, ¢’) with ¢’ > 6
(3) Or: (“topic is face-threatening”, ¢'') with ¢’ > 0

Since |Ac| > € for at least one proposition, we have Bel_j(t+1) # Bel_j(t). By Al’s
communication criterion, agent i has communicated. The content of the communication
(refusal, disengagement, disapproval) depends on context, but the fact of communication
follows necessarily from observability + belief update. n
T2. Punctuation asymmetry = reciprocal blame. Claim. If segmentation functions p_i #
p_Jj, there exist behavior streams where each agent rationally attributes escalation to the other.
Proof sketch. Construct a three-step sequence:

(1) t=1:B_i(1) = micro-snub (e.g. curt response)
(2) t=2:B_j(2) = brusque reply
(3) t= 3:B_i(3) = defensive statement

Agent i’s segmentation: p_i cuts the stream at t = 2, treating B_j(2) as initiation. Thus i’s
beliefs update:

(1) Bel_i(before t = 2) = {(“j is cooperative”, 0.7)}
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(2) Observe B_j(2) — Bel_i(after t = 2) = {(“j initiated hostility”, 0.8), (“j is Kybernetes
uncooperative”, 0.7)}

(3) B_i(3) is framed as defensive response
Agent j’s segmentation: p_j cuts at t = 1, treating B_i(1) as initiation. Thus:
(1) Bel_j(before t = 1) = {(“i is cooperative”, 0.7)}

(2) Observe B_i(1) — Bel_j(after t = 1) = {(“i initiated hostility”, 0.8), (“i is
uncooperative”, 0.7)}

85

(3) B_j(2) is framed as defensive response

From A4, each agent’s attribution follows from their segmentation function applied to the
same objective stream. Since content C(M) is constant but segmentation differs, the divergent
blame attributions are rational consequences of p_i # p_j, not evidence errors. n

T3. Meta-signals lock in symmetry or complementarity. Claim. Repeated dominance/
submission meta-signals push |z_ij| above/below &, stabilizing complementary/symmetric
patterns.

Proof sketch. Let the relational state evolve by:

mij(t+ 1) = m_ij(t) + f(R(M_{i = j}(1))) +n-t

where f extracts the dominance/leveling signal from the relational component R(M), and #_t is
bounded noise.
For each message M_{i—j}(t), agent j updates beliefs about the relationship:

(1) Dominance displays — Bel_j includes (“i is asserting control”, c¢) with high ¢ - f(R
M))>0

(2) Leveling/affiliation cues — Bel_j includes (“i seeks equality”, ¢) — f(R(M)) < 0
Over repeated interactions (T iterations), if dominance displays predominate:

(1) E[f(R(M))] > & for some & >0

(2) By linearity and bounded noise: E[z_ij(T)] ~ n_ij(0) + T-6

(3) For sufficiently large T: |z_ij(T)| > € (crosses complementarity threshold)

Conversely, if leveling predominates (E[f(R(M))] < 0), #_ij(T) — 0, stabilizing
symmetry (|z_ij| < €).

From A5, the relational pattern (symmetric vs. complementary) is determined by
accumulated meta-signals R(M) over time, which shape participants’ beliefs about relative
standing and are reflected in the state variable z_ij.

Optional formalization. Use dynamic epistemic logic for belief updates (A1-A2) and a
simple linear state-space model for z_ij dynamics (A5). B

T4. Early-anchor vulnerability (A6+A8). Claim. If an early message set CG(t_0) with an
incorrect anchor and turn-taking latencies keep later corrections outside @, then posterior
beliefs will disproportionately weight the anchor, increasing the probability of persistent
misunderstanding.

Informal Sketch. Latency constraints limit effective repair windows; anchoring biases
propagate through CG.

T5. Credibility amplification via code choice (A3+A10). Claim. For the same C(M),
analog-rich encodings with moderate leakage 4 yield lower interpretive entropy about R(M)
than purely digital encodings, up to a leakage ceiling beyond which noise dominates.

Proof Sketch. Let H_bar(M) denote mean posterior interpretive entropy across receivers
(defined in Methods). We establish a partial order:
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Step 1: Digital vs. Analog-rich (A3). By A3, code choice constrains interpretive variance.
Digital codes use discrete symbols with high arbitrariness (word choice, punctuation) but
low redundancy. Analog codes embed graded cues (prosody, gesture) with lower
arbitrariness but higher redundancy across channels. For R(M) extraction: analog codes
provide multiple correlated signals (pitch + volume + facial expression all encoding
affect), while digital codes provide single symbolic channel. By information theory,
correlated redundant signals reduce posterior uncertainty when aggregated:

H_bar(M | mixed) < H_bar (M |digital — only)

where equality holds only if analog channels are completely uninformative.
Step 2: Leakage effect (A10). By A10, leakage A quantifies unintended mapping of private
state S_i into R(M). Define three regimes:

« Low leakage (A~ 0): Strategic encoding succeeds; R(M) is sparse but intentional. High
interpretive variance because receivers must infer from minimal cues: H_bar(M |A ~ 0)
is large.

o Moderate leakage (1 =~ A*): Partial leakage provides diagnostic cues without
overwhelming noise. Receivers integrate intentional signals with leaked affect/stance
markers, reducing uncertainty:

H_bar(M |A~A*) is minimized.

(1) High leakage (A >> A*): Uncontrolled leakage introduces noise (conflicting signals,
random physiological artifacts). Receivers cannot distinguish signal from noise: H_
bar (M |A>>\*) increases again. Formally, H_bar(M |1) follows inverted-U:

OH_bar/0A < 0 for A < A* (increasing leakage reduces entropy)
OHH_bar/0\A > 0 for A > A* (excessive leakage increases entropy)

with minimum at A = A*, where A* depends on channel reliability and receiver inference
capacity.

This ordering concerns posterior dispersion under different code/leakage regimes; it is
descriptive rather than normative and does not evaluate relational quality.

Step 3: Combined ordering. Combining A3 and A10:

H_bar(M | mixed, A~ 1*) < H-(M |analog — only, A~ *)
< H-bar(M | digital — only, 1~ 0)

The inequality chain holds because:
(1) Mixed codes provide redundancy (A3) plus diagnostic leakage (A10)
(2) Analog-only lacks discrete symbolic grounding
(3) Digital-only suppresses paralinguistic cues that reduce ambiguity

Note: The “minimum” in the leakage curve is a descriptive feature of uncertainty under the
model, not a normative objective; lower entropy does not entail better interactional outcomes.

Prediction. Experimentally vary code (digital/analog/mixed) and channel richness (text/
audio/video). Measure H_bar via between-rater variance on R(M) coding. Predict ordering
above, with minimum entropy at mixed codes with moderate channel richness. n
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Empirical note. The leakage optimum A* is context-dependent. In high-stakes deception Kybernetes
(poker, negotiation), low A is strategic; in trust-building (therapy, team formation), moderate A
signals authenticity and reduces interpretive entropy by providing corroborating cues.

T6. Symmetrical escalation: when axioms generate pathology. The theorems above (T1-
T3) demonstrate that our axioms generate recognizable interaction patterns, e.g. silence
communicates, punctuation differences yield blame, meta-signals stabilize relationships. But
Watzlawick’s deepest contribution was identifying pathological patterns: self-perpetuating
cycles that trap participants despite their best intentions. We now show that the same axioms,
under specific scope conditions, generate symmetrical escalation (Bateson’s
“schismogenesis”), i.e. a feedback loop where rational agents, each correctly following
their own punctuation, drive the dyad toward increasing conflict. This theorem illustrates how
formalization moves beyond description to diagnosis: by identifying the axioms responsible
(A4, A5, A7), we pinpoint where interventions must target to break the cycle.

Statement. Punctuation-Blame Spiral (Symmetrical Escalation)

Claim. When agents with divergent punctuation (p_i # p_j) engage in repeated interaction
under conditions of (1) high reactivity to perceived aggression, (2) no repair mechanisms (A7
suppressed), and (3) symmetric relational positioning (|z_ij(0)| < €), the system exhibits
symmetrical escalation: mutual attributions of blame intensify over time, and either (1) |z_ij
()| grows without bound, or (2) behavioral intensity (measured by dominance displays in R
(M)) oscillates with increasing amplitude until external intervention or relationship
termination.

Proof Sketch.

Setup. Let agents i and j interact over T rounds with:

Divergent punctuation: p_i # p_j, specifically with offset segmentation (i’s episode k
begins at j’s episode k-1 midpoint)

Initial symmetry: z_ij(0) = 0 (near-equals at start)

Reactivity assumption: Each agent responds to perceived aggression with proportional
counter-aggression. Formally: if agent j infers from segmentation that i initiated at t, then R
(M_{j—i}(t+1)) contains dominance signal of magnitude o-f(R(M_{i—j}(t))) where o > 1
(amplification factor)

No repair: is disabled, i.e. agents cannot clarify punctuation or check attributions.

87

Step 1: Reciprocal blame (from T2). By T2, divergent punctuation ensures each agent
rationally attributes initiation/escalation to the other. Att = 1:

Agent i observes B_j(1) and, segmenting via p_i, believes: (“j initiated hostility”, ¢ > 0)
Agent j observes B_i(1) and, segmenting via p_j, believes: (“i initiated hostility”, ¢ > 6)

Step 2: Reactive counter-aggression. Given blame attributions, each responds at t = 2 with
R(M) containing dominance/challenge signals:

i encodes f(R(M_{i—j}(2))) > 0 (dominance display, perceived as “defending against j’s
aggression™)
j encodes f(R(M_{j—i}(2))) > 0 (symmetric response)

Step 3: Feedback amplification. Att = 3, each observes the other’s counter-aggression and,
still operating under divergent punctuation, interprets it as escalation rather than defense:

Bel_i includes (“j is escalating”, ¢’) with ¢’ > c.
Bel_j includes (“i is escalating”, ¢') with ¢’ > c.
Given reactivity o > 1:

fR(M-{i=j}(3))) = af(RM{j—}(2))) > f(R(M{j—i}(2))
f(RM_{j—i}(3))) = a-f(R(M_{i—=;}(2))) > f(R(M_-{i—j}(2)))
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K Step 4: Relational state trajectory. From A5, z_ij evolves as:
55,13
mij(t+ 1) = 7_ij(1) + f(R(M_{i > j} (1)) — F(R(M_{j > i}(1))) + nt

In symmetrical escalation, the dominance signals are roughly balanced: f{(R(M_{i—j})) =~ f(R
(M_{j—1i})) at each step, so the net z_ij oscillates near 0 (remains symmetric). However, the
88 magnitude of each signal grows: |f(R(M_{i—j}(t)))| increases over iterations.
Outcome (a): Unbounded intensity. If a > 1 persists and 7_t is bounded, then:

E[|f(R(M(1)))|] = [f(R(M(0)))|- ot — co0ast — oo

(Note: this holds when signals are independent or weakly dependent). Behavioral intensity
(e.g. volume, interruptions, insults) escalates indefinitely until physical/social constraints halt
interaction.

Outcome (b): Oscillating amplitude. If there are soft bounds (e.g. social norms prevent
overt aggression), the system oscillates between:

(1) Overt conflict (high [f(R(M))|)
(2) Brief détente (temporary reduction)
(3) Re-escalation triggered by minor provocation (punctuation divergence still active)

Amplitude increases: each conflict peak is more intense than the last.
Why self-correction fails. Without repair (A7), agents cannot:

(1) Recognize punctuation divergence (“Wait, do you think I started this?”)
(2) Revise segmentation to align P_i and P_j
(3) Update blame attributions (“Maybe we both contributed”)

The system is locally rational (each agent is responding appropriately to their perceived
reality) but globally pathological (the dyad is stuck in escalation).
Intervention points (from axioms):

(1) Synchronize punctuation (A4): External mediator imposes shared timeline (“Let’s
agree: the conflict started when X happened™)

(2) Enable repair (A7): Lower cost of clarification (“Can you explain what you meant?”)
(3) Interrupt feedback (A5): Introduce cooling-off period (break the iteration)
(4) Reframe meta-signals (A2): Teach leveling communication to reduce f(R(M))

Worked example: Inter-communal border dispute and Structured Democratic Dialogue
intervention. Two neighboring communities (A and B) share a contested border zone
historically used by both for grazing and water access. Recent droughts have increased
resource pressure, while minimal governmental mediation leaves communities to manage
tensions bilaterally. Initial mutual respect deteriorates through punctuation divergence that
neither community recognizes.

Setup. Bel_A(0) = {(“Community B respects boundaries”, 0.6), (“conflict can be
avoided”, 0.7)}; Bel_B(0) = {(“Community A respects boundaries”, 0.6), (“conflict can be
avoided”, 0.7)}.

Segmentation functions diverge: p_A segments the conflict from “B’s boundary crossing,”
p_B segments from “A’s aggressive response.” Reactivity o = 1.4 (scarcity amplifies threat
perception). Repair mechanisms unavailable: no neutral mediator, direct communication
viewed as weakness.
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T = 1: Community B’s herders move 50 cattle across informal boundary to reach water Kybernetes

during drought. Community A interprets via P_A: (“B is initiating land grab”, 0.8), (“B is
testing our resolve”, 0.75) — f(R(M_{B—A}(1))) = +0.5 (territorial challenge detected).

T = 2: A sends 15 youth to boundary zone; they shout warnings and throw stones near B’s
herders (no injuries). Community B, who coded cattle movement as traditional resource
access, interprets via P_B: (“A initiated unprovoked attack”, 0.8), (“our community is
under threat”, 0.75) - f(R(IM_{A—B}(2))) = +0.7 (violence detected).

89

T = 3: B mobilizes 25 youth to “defend rights”; they establish armed camp in contested
zone. A, still operating under P_A (cattle crossing = initiation), sees this as major
escalation: (“B is preparing to attack”, 0.75), (“we must defend our land”, 0.85) — f(R(M_
{B—>A}(3))) = +1.2.

T = 4-7: Intensity grows exponentially through reactivity o = 1.4: [f{(R(M))| = 0.5— 0.7
—0.98 - 1.37 - 1.92 —» 2.69 — 3.77. Road blockade (T = 4), property damage (T = 5),
physical altercations (T = 6), injuries requiring medical attention (T = 7). National media
attention begins. Relational state 7_AB remains near 0 (both communities feel victimized;
neither achieves dominance). Mutual blame: “You started this.”

Why self-correction failed: No repair channel available (A7 suppressed); p_A # p_B remains
unrecognized by participants; each community rational given its segmentation; scarcity
conditions sustain o > 1; absence of governance infrastructure removes intervention capacity.

Intervention via Structured Democratic Dialogue (SDD): Formalizing A4
Synchronization. The Structured Democratic Dialogue process, developed and applied
extensively in Cyprus to bridge Greek-speaking and Turkish-speaking communities (Broome,
1998, 2002; Broome and Anastasiou, 2011, AUTHORS), provides a systematic
operationalization of punctuation repair (A4). The SDD methodology maps directly onto
our axiom framework:

(1) Phase 1: Triggering question. Neutral facilitators pose: “What are the key events in
this conflict?” Each community generates its event list independently. This phase
makes latent segmentation functions P_A and P_B observable: Community A lists
“boundary crossing by B” as Event 1; Community B lists “stone-throwing by A” as
Event 1. The divergence is implicit but documented.

(2) Phase 2: Clarification. Participants explain each event’s meaning in their own terms.
This exposes the interpretation functions I_A and I_B: A explains why boundary
crossing signals land-grab intent; B explains why it was routine drought-driven
access. Critically, this occurs in structured format that prevents immediate counter-
argument, lowering reactivity (reducing o).

(3) Phase 3: Structuring via interpretive structural modeling. Events are organized into
causal/temporal patterns through iterative pairwise comparison. Participants must
agree on precedence relations even when they disagree on causation. This forces
alignment: the shared timeline reveals that P_A cutsat T = 1, P_B cuts at T = 2. The
punctuation asymmetry becomes visible to all participants. Key update: Both
communities revise beliefs to include (“We were responding to different
provocations”, 0.85), (“misunderstanding is a core driver”, 0.8).

(4) Phase 4: Interpretive session. Root causes identified collaboratively. Participants
recognize: “Our conflict escalated not because either side was irrational, but because
we sliced the event stream differently.” This meta-cognitive insight—understanding
that P_A # P_B—breaks the attribution of malicious intent. Bel_An updates to reduce
(“B wants to harm us”, 0.9 — 0.3); Bel_B updates symmetrically.
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K Outcome. De-escalation begins within 48 hours of SDD session. Communities establish joint
55,13 water-access protocol (addresses scarcity that elevated o). Elder-to-elder communication
channel created (enables A7 repair for future events). Follow-up SDD sessions at T430 days
confirms sustained reduction in |f(R(M))| and stabilization of z#_AB near 0 with cooperative
rather than conflictual symmetry.

SDD as formalized A4 intervention. The Cyprus applications (vide supra) demonstrate that
SDD systematically addresses the p_i # p_j problem driving symmetrical escalation. By
externalizing segmentation functions (Phase 1-2), aligning them through structured
comparison (Phase 3), and enabling meta-cognitive recognition of the divergence (Phase 4),
SDD operationalizes exactly the punctuation repair our framework identifies as necessary. The
method’s effectiveness in bridging deeply divided communities, such as Greek and Turkish
Cypriots navigating decades of conflict, provides empirical validation of T6’s intervention
logic. Where punctuation asymmetry remains hidden, escalation persists; where it is made
visible and aligned, de-escalation becomes possible even in high-stakes inter-communal
contexts.

Formal models of negotiation and conflict resolution provide complementary frameworks
for understanding SDD’s mechanism. Raiffa’s (1982) negotiation analysis emphasizes
creating shared reference points and synchronized problem representations—precisely what
SDD’s Phase 3 structuring accomplishes by aligning p_A and p_B. Axelrod’s (1984) iterated
cooperation models show how establishing reciprocity norms and reducing reactivity o
stabilizes cooperation; SDD’s multi-phase design operationalizes this by making meta-
communication explicit (lowering reactivity through structured format) while building
common ground incrementally (enabling reciprocity). Our framework formalizes the
punctuation-repair mechanism (A4) that these earlier models implicitly relied upon: without
synchronized event timelines, even rational cooperators cannot escape symmetrical
escalation (T6).

Clinical/applied note. Symmetrical escalation is ubiquitous in:

90

(1) Marital conflict (“nagging-withdrawal” cycles where each sees themselves as
responding to the other)

(2) International relations (arms races, tit-for-tat sanctions)
(3) Organizational disputes (department rivalries)
(4) Online flame wars

The formalization reveals that neither party is irrational, i.e. the pathology is systemic, arising
from axiom interactions. This shifts intervention from “fix the bad actor” to “repair the
punctuation/repair mechanisms.”

Empirical predictions from T6
Prediction 1 (Escalation signature): Dyads with experimentally induced p_i # p_j
should show:

(1) Increasing interruption rates over trials

(2) Rising vocal intensity/pitch

(3) More blame language (“You started it,” “You always ... ”)
(4) Mutual perception of being victimized

Prediction 2 (Symmetry maintenance): Despite escalating intensity, z7_ij should remain near
0 (symmetric) rather than crossing € into complementarity, i.e. distinguishing symmetrical
escalation from dominance struggles.
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Prediction 3 (Repair intervention): Allowing one repair move per 3 exchanges should Kybernetes
reduce escalation rate by ~50% (testable in lab).

Prediction 4 (Punctuation alignment): After synchronizing p_i and p_j via timeline
reconstruction task, blame attributions should converge and intensity should decrease within
2-3 subsequent exchanges.

T7. Meta-communication paradox: when denying dominance asserts it. The theorems
above (T1-T6) demonstrate that our axioms generate both normative interaction patterns and
pathological escalations. We now show that the axioms also capture a deeper class of 91
pragmatic paradoxes: situations where explicit meta-communicative attempts to define the
relationship produce effects opposite to their stated intent. Specifically, when an agent near a
complementarity threshold attempts to verbally assert symmetry, the meta-communicative act
itself signals dominance, thereby increasing rather than decreasing relational asymmetry. This
theorem reveals how A2 (meta-inevitability) and A5 (relational dynamics) together generate
self-referential traps characteristic of the double binds Bateson and Watzlawick identified as
central to pathological communication.

Statement. Meta-Communicative Dominance Assertion.

Claim. For dyads in relational configurations near the complementarity threshold (|z_ij
(t)| ~ €), explicit meta-communicative messages attempting to assert symmetry, i.e. statements
with content C(M) = “I value equality” or “I’m not trying to control you,” carry relational
components R(M) that signal dominance, thereby pushing z_ij(t+1) further from symmetry.
The effect intensifies with repetition: agents who repeatedly meta-communicate symmetry
intentions generate stronger complementarity than those who remain silent about the
relationship.

Proof Sketch.

Setup. Let dyad (i,j) have relational state n_ij(t) ~ & (hovering near complementarity
threshold). Agent i intends to reduce perceived dominance and believes that explicitly stating
egalitarian intent will achieve this.

Agent i sends message M with:

(1) C(M) = “I want us to be equals” (or equivalent symmetry assertion)
(2) Intended f(R(M)) < 0 (leveling signal)

Step 1: Meta-communicative framing as dominance signal (from A2). By A2, every

message carries relational content R(M) co-conveyed with C(M). The act of explicitly

defining the relationship—unilaterally stating what kind of relationship “we” should

have—is itself a relational move that asserts authority over the relational frame.

Specifically: The speech act of relationship-definition (e.g. “I want us to be equals™) carries
implicit presuppositions:

(1) Speaker has standing to characterize the relationship
(2) Speaker’s characterization is relevant and warranted
(3) Receiver should accept speaker’s framing

These presuppositions encode dominance in R(M). Formally: f(R(M)) > 0 (dominance signal)
despite C(M) asserting symmetry (leveling content).
The meta-level framing overrides the content-level claim.

Step 2: Receiver extracts dominance from message structure (from A5).

By A5’s relational dynamics, agent j extracts meta-signals from R(M) to update n_ij. From the
meta-communicative framing:
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f(R(M)) > 0
55,13 (R(M))
Therefore:
#_ij(t+ 1) = 7_ij(t) + f(R(M)) + n-t > #_ij(t)
92 Result: |m_ij(t+1)| > €, crossing into complementarity rather than retreating toward

symmetry—opposite to i’s intention.

Step 3: Belief update makes dominance explicit (from A1). Agent j observes M and updates
beliefs about both content and relationship:

From C(M): Bel_j includes (“i claims to want equality”, 0.8)

From R(M) (the meta-act structure): Bel_j includes (“i is defining our relationship”, 0.7),
(“i assumes right to characterize us”, 0.6)

The belief update in Step 3 does not cause the dominance signal—it *recognizes* the
dominance already present in R(M) per Step 1. Agent j’s recognition reflects the pragmatic
implication: if i truly viewed us as equals, i would not unilaterally declare our equality. The
declaration itself presumes asymmetric authority to define terms.

Step 4: Paradoxical feedback under repetition. If agent i perceives that j still views
relationship as asymmetric, i may intensify meta-communicative efforts: “I really mean
it—I’m not trying to dominate.” Each repetition:

- Reinforces i’s unilateral right to define relationship (meta-dominance)
« Increases j’s belief: (“i is protesting too much”, 0.8), (“i is controlling”, 0.85)
 Further amplifies f(R(M)) > 0

After k repetitions: n_ij(t+ k) ~ n_ij(t) + k-f(R(M))
The more i explicitly denies dominance, the more m_ij grows.
Why self-correction fails (the double bind). Agent i faces a pragmatic trap:

(1) Option A: Continue meta-communicating symmetry — increases dominance signal

(2) Option B: Stop meta-communicating — interpreted as giving up, possibly confirming
dominance

(3) Option C (escape): Demonstrate symmetry through behavioral leveling (turn-sharing,
soliciting input, yielding floor) without explicit characterization Only Option C breaks
the paradox, because behavioral signals in R(M) lack the meta-framing problem:
actions speak without claiming authority to define. Clinical/applied note. This
paradox appears across contexts:

(4) Therapy: Therapist saying “This is a safe space where we’re equals” may
inadvertently assert therapeutic authority

(5) Management: Boss declaring “My door is always open—we’re all on the same team”
signals hierarchy while claiming to erase it

(6) Intimate relationships: “Don’t worry, I’m not trying to control you” often precipitates
precisely the control anxiety it aims to alleviate

(7) Pedagogy: Teacher proclaiming “I’m learning from you too” while grading student work

The formalization reveals why these well-intentioned statements backfire: A2 ensures that the
meta-communicative act itself carries R(M) that contradicts C(M). Intervention requires
shifting from explicit relationship definition to implicit behavioral demonstration.
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Empirical predictions from T7 Kybernetes
Prediction 1 (Paradoxical amplification): In dyads near complementarity threshold (e -
0.1 < |z_ij| < & 4 0.1), explicit symmetry assertions should increase |z_ij| by measurable
amount (Az > 0.2) within one exchange, compared to no-statement control condition. Effect
size should correlate with meta-communicative explicitness (e.g. “I value equality” > “let’s
collaborate” > behavioral turn-sharing).

Prediction 2 (Repetition effect): Agents who make 3+ symmetry assertions should show
steeper 7_ij trajectory toward complementarity than those making 1-2 assertions or none.
Relationship between assertion count and z_ij should be monotonic increasing, distinguishing
this from random fluctuation.

Prediction 3 (Behavioral escape): Dyads instructed to demonstrate symmetry through
behavior (equal turn time, collaborative decisions) without verbal framing should show 7z_ij
decrease toward 0, while dyads instructed to verbally affirm symmetry should show z_ij
increase. This dissociation confirms that the paradox operates at meta-communicative level,
not content level.

Prediction 4 (Receiver attribution): When shown video of agent making symmetry
assertion, third-party coders should rate agent as “trying to control the relationship definition”
(dominance attribution) more than when shown same agent engaging in turn-sharing behavior
without verbal framing. This validates that R(M) of meta-communicative act signals
dominance independent of observer role.

Operationalization. Test in lab using confederate paradigm: manipulate whether
confederate makes 0, 1, or 3 explicit symmetry statements (“I want us to work as equals”)
while holding behavioral turn-taking constant. Measure participant’s continuous ratings of
“who has more influence in this interaction” as proxy for z_ij. Predict inverted-U or monotonic
increase with statement count. Control condition: confederate demonstrates turn equity
without verbal framing—predict z_ij near 0. n

Table 2 provides a bridge from theory to practice. It maps each axiom and theorem to
concrete dependent measures, experimental manipulations, and predicted observable
effects, with brief notes on suitable analyses. The goal is to make our formal claims
operational: readers can see exactly what to measure (e.g. belief change, relational coding,
segmentation), what to vary (e.g. code choice, latency, repair cost), and what patterns should
appear if the axioms hold (e.g. entropy reductions, reciprocal blame, stabilization of 7). It
also serves as a pre-registration scaffold for empirical tests and a replication checklist,
thereby reducing the researchers’ degrees of freedom by specifying variables and expected
directions a priori. Finally, the table clarifies how the levels in our framework connect
information flow, meta-content, coding, attribution, and social dynamics, so reviewers and
practitioners can target interventions at the mechanism most likely to be at fault.

93

Discussion

Watzlawick et al. (1967) offered field-shaping propositions, but their force was primarily
heuristic: powerful for reframing practice, yet difficult to test. Our contribution is to restate
those insights as axioms with explicit scope and force, i.e. level-separating information flow
(A1), meta-content (A2), code choice (A3), subjective punctuation (A4), and relational
dynamics (A5). In this form, the claims become constraints on admissible models rather than
explanatory slogans, enabling proofs, ablations, and falsification (cf. Bateson, 1972;
Scott, 1997).

We argue that this formalization offers an advance. Specifically, three differences matter.
First, operational precision: each primitive (e.g. B_i(t), M_{i—j}(t), R(M), p_i, #_ij(t)) can be
observed, estimated, or manipulated. Second, independence and modularity: the axioms are
weak enough to admit counter-models, so independence can be tested by selectively violating
one while holding others fixed. Third, derivable consequences: our T1-T3, T6— (and T4-T5)
are not restatements but entailments; e.g. that intentional silence is communicative under co-
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Table 2. Operational map from axioms to observables in socio-technical interaction. Shaded rows indicate theorems demonstrating pathological rather than normative interaction
patterns (n_ij = relational state; A = leakage; ® = timing norms; ¢ = symmetry/complementarity threshold; H = mean entropy

Item

Construct (level)

Candidate measures (DV)

Experimental manipulation
av)

Predicted observable effect

Notes / analysis

A1: Unavoidability

A2: Meta-
inevitability

A3: Multi-code
realizability

A4: Subjective
punctuation

A5: Relational
patterning

AG6: Turn-taking
and timing

Belief update
(information)

Relational content
R(M)

Code/medium and
variance

Segmentation p_i
and attribution

Dyadic state z_ij(t)

Floor rights / norms
o

Confidence ratings on key
propositions (pre/post);
Bayesian surprise;
proposition addition/removal
above threshold 6; response-
time change

Stance coding (dominance/
affiliation); rights—duties
attributions; perceived intent
Posterior interpretive
entropy; between-rater
variance; misinterpretation
rate

Episode boundary
placement; “who started/
escalated” judgments
Continuous dominance/
affiliation ratings; turn-share;
interruption rate

Latency, overlap, floor
acquisition rate; perceived
dominance

Presence/absence of
observable behavior (incl.
silence); visibility/noise; co-
presence vs. no-observation

Hold C(M) constant; vary
relational cues (politeness,
address terms, prosody)
Same C(M), encode: digital
vs. analog-rich vs. mixed

Ambiguous onset/offset;
timeline reconstruction
prompts

Repeated meta-signals
(leveling vs. dominance);
feedback constraints
Enforce short vs. long
latencies; allow/forbid
overlap

Observable B_i(t) produces
measurable change in Bel_j
(t+1): confidence shifts |Ac| > €,
or new propositions entering
above 0; larger effects under
clearer observation

Non-zero R(M) ratings even
with “neutral” content; stronger
effects with richer cues

Lower H for mixed/analog-rich
vs. digital encodings,
conditional on channel/leakage
(see A10)

Divergent p_i = reciprocal
blame without changing C(M)

Thresholding: |7;| crosses € —
stable symmetry (<e) or
complementarity (>¢)

Short latencies 1 dominance
attribution; miscoordination 1 R
(M) variance

Pre-post paired t-tests on
confidence scores; Bayesian
surprise metrics; mixed-
effects models with subject
random intercepts

Inter-rater reliability; ordinal
models

Information-theoretic
comparisons of H/h across
conditions; standard
homogeneity tests (e.g.
Levene, 1960; Brown and
Forsythe, 1974) if using
parametric models on per-
subject entropy scores
Cross-tab of attributions;
for boundary agreement

Mixed-effects; latency as
predictor of dominance

(continued)
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Table 2. Continued

Item

Construct (level)

Candidate measures (DV)

Experimental manipulation
av

Predicted observable effect

Notes / analysis

A7: Repairability

A8: Common
ground

A9: Relevance/
Cooperation

A10: Public vs
private channels

T1:
Communicativity of
silence

T2: Punctuation
asymmetry =
blame

T3: Meta-signals
stabilize patterns

T4: Early-anchor
vulnerability

Error handling
Grounding /
presupposition
Contribution design
Signaling vs. state;
leakage (M)

Silence as B_i(t)
Divergent p_i

7 dynamics

Anchoring X
timing

Repair initiation/resolution
rates; uncertainty reduction

Grounding moves;
acceptance vs. challenge
rates

Relevance ratings; perceived
engagement/dominance

Prosodic/physio proxies;
micro-expressions;
perceived sincerity

Belief A; inferred intent after
silence

Mutual blame index;
escalation ratings

Convergence to symmetric/
complementary regime

Persistence of initial
misinterpretation

Vary repair cost (time/
penalty); block vs. invite
repair

Introduce novel terms with/
without grounding

Insert off-goal, over-
informative, or under-
informative turns

Induce strategic encoding;
vary leakage via channel
constraints

Respond vs. remain silent
following prompt

Provide same stream,
manipulate cut-points via
instructions

Repeated dominance vs.
leveling meta-signals

Early misleading anchor;
restrict correction windows
(latency)

Higher cost | repair — 1
misattribution and escalation

Missing grounding 1 failure-to-
uptake despite clear code

Trrelevance shifts (R(M))):
disengagement or dominance,
context-dependent

Moderate () | interpretive
entropy; very low/high (A) 1
uncertainty

Silence produces systematic
Bel_j update

Reciprocal blame emerges from
punctuation differences alone

Trajectories converge to |7;| <€
(symmetric) or > €
(complementary)

Anchors resist later corrections
when outside (0)

Mediation: repair —
uncertainty | — blame |

Logistic models for uptake
Interaction terms: task goal
X relevance

Quadratic (inverted-U) fits
for A

Compare to baseline noise;
equivalence tests

Preregistered contrast of
blame symmetry

Interaction: timing X
correction; partial 17

(continued)
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Table 2. Continued

96
€1°ss

Item

Construct (level)

Candidate measures (DV)

Experimental manipulation
av)

Predicted observable effect

Notes / analysis

T5: Credibility via
code choice

T6: Symmetrical
escalation

T7: Meta-
communication
paradox

Code X leakage

Punctuation
divergence X
reactivity

Meta-
communicative
dominance X
relational threshold

Entropy/order of certainty
about R(M)

Escalation trajectory; mutual
blame indices; behavioral
intensity (volume,
interruptions)

7_ij trajectory; dominance
attribution ratings;
behavioral vs verbal
symmetry signals

Cross code conditions, vary A

Manipulate p_i vs p_j
alignment; vary repair
availability; measure
reactivity (o parameter)
Manipulate: confederate
makes 0, 1, or 3 explicit
symmetry statements (“I
value equality”) while
holding behavioral turn-
taking constant; measure near
threshold (e + 0.1)

Across code conditions,
compare group-mean posterior
interpretive entropy H; expect
lower H for mixed/analog-rich
encodings at moderate leakage,
with higher uncertainty at very
low or very high leakage
(inverted-U in A). This
“minimum” is a descriptive
characterization of uncertainty
under the model, not a
normative optimization target;
lower entropy need not imply
better relational outcomes
Divergent p_i, p_j + no repair
— increasing intensity; aligned
p_i, p_j OR repair access — de-
escalation

Explicit symmetry assertions
increase |7_ij| (A7 > 0.2);
monotonic increase with
statement count; behavioral
demonstration (no verbal
framing) decreases z_ij toward
0; third-party coders rate verbal
claims as “trying to control
definition” more than
behavioral symmetry

Comparative entropy
ordering across conditions;
avoid optimization
language. Fit monotone
segments by code and a
quadratic (or GAM) curve
for A to test an inverted-U

Time-series models;
breakpoint analysis;
mediation analysis (repair —
intensity ) |

Inverted-U or monotonic
fits; third-party coding for
“trying to control
definition”; dissociation
between verbal claims and
behavioral effects;
confederate paradigm
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presence (A1), that punctuation asymmetry rationally yields reciprocal blame (A4), and that Kybernetes
repeated meta-signals stabilize symmetry or complementarity (A5).

Our proposed framework establishes links to micro-mechanisms. A6-A10 integrate
classic conversation-analytic and pragmatic mechanisms into the axiomatics: turn-taking
(Sacks et al., 1974), repair (Schegloff et al., 1977), common ground (Clark, 1996), and
defeasible cooperation/relevance (Grice, 1975); plus an explicit public—private channel
separation (A10). This enlarges the explanatory scope while keeping level separation: timing
affects attribution (A6« Ab5); repair modulates belief and relation (A7« A1/A2); grounding
constrains uptake (A8«<>A2); and strategic signaling/leakage (A10) refines A3’s code-
variance story, making these interactional mechanisms available to observer-dependent,
second-order modeling.

Our axioms deliberately sit at the intersection of formal belief-change, dynamical
systems, signaling, and micro-interaction theory. For belief updates (A1-A2), dynamic
epistemic logic (DEL) provides a semantics in which observations (“epistemic actions”)
transform agents’ information states; public-announcement and action-model frameworks
can be instantiated to our Bel_j(t) operator and used to make scope and common-ground
assumptions explicit (van Ditmarsch, van der Hoek and Kooi, 2007). To operationalize
“communication happened,” we can pair DEL with Bayesian surprise or related information-
theoretic measures as empirical proxies for belief change (Itti and Baldi, 2009). For the
relational state z_ij(t) (A5), state-space/dynamical models offer estimators and hypothesis
tests for thresholding, stabilization, and perturbation, e.g. linear-Gaussian or switching state-
space models with inputs derived from meta-signals R(M) (Durbin and Koopman, 2012;
Shumway and Stoffer, 2017).

On code choice and leakage (A3, A10), our account aligns with signaling theory, where
equilibria depend on how costly and diagnostic different channels are; mixed digital/analog
encodings with partial leakage can be framed as separating vs. pooling regimes that order
posterior uncertainty about R(M) (Spence, 1973). Game-theoretic pragmatics (Franke and
Jager, 2016) provides explicit models of how code choice affects interpretive variance
through iterated best-response reasoning, directly instantiating the variance-ordering
predictions in our A3 and T5. Similarly, relevance theory (Sperber and Wilson, 1986/1995)
offers processing-cost models that predict when analog-rich codes (requiring more
inference) versus digital codes (explicit but context-free) minimize interpretive entropy—a
prediction central to our T5.

Finally, A6—A9 connect the axiomatics to established micro-mechanisms: turn-taking as
temporal allocation of floor rights (Sacks et al., 1974), repair as the system’s native error-
correction (Schegloff et al., 1977), with Heritage (1984) providing the ethnomethodological
foundation linking these sequential structures to participants’ accountability practices,
common ground as the substrate of uptake (Clark, 1996), and defeasible cooperativity/
relevance as the pragmatic prior on contribution design (Grice, 1975). Together, these
literatures give our level-separated axioms off-the-shelf semantics, estimators, and
experimental levers.

Importantly, the proposed framework licenses concrete metrics: (1) belief-update proxies
for A1l (e.g. pre/post inference tests, Bayesian surprise); (2) relational coding for A2
(annotating stance, rights/obligations, affiliation/dominance cues), building on speech act
theory and implicature frameworks developed in formal pragmatics (Levinson, 1983); (3)
variance/entropy comparisons across digital vs. analog encodings for A3; (4) elicitation or
manipulation of segmentation functions p_i for A4 (e.g. timeline reconstruction tasks); and (5)
estimation of relational state z_ij(t) for A5 (e.g. dynamic ratings or state-space models). These
measures are portable across settings, e.g. therapy, teamwork, human computer interaction,
and training.

97
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K Empirical agenda: designs and predictions
55,13 We sketch below three families of studies:

(1) Code-variance tests (A3+A10): Hold C(M) constant; randomize code (digital, analog-
rich, mixed) and leakage. Predict a partial order on posterior interpretive entropy, with
mixed/analog-rich encodings predicting systematic changes in posterior interpretive
entropy over R(M), with lower dispersion at moderate leakage and higher dispersion

98 at very low or very high leakage. (T5).

(2) Punctuation manipulation (A4): Randomize segmentation prompts or introduce
ambiguous onsets; predict reciprocal blame and divergent causal attributions without
changing content (T2).

(3) Relational dynamics (A5): Repeated meta-signals over time; estimate z_ij(t) and test
threshold dynamics for stabilization into symmetry or complementarity (T3). Pre-
registering analyses allows adjudication among alternative update functions f(-).

Implications for observing systems

A second-order perspective requires that the distinctions used to describe interaction are
themselves made by an observing system. Our axiom set specifies what such an observer must
minimally register. This is compatible with communication-as-autopoiesis views, where
communication reproduces itself through selections made by observers (Luhmann, 1995).
A1-A3 tell the observer that any co-present behavior is potentially belief-changing, that every
communicative uptake includes a relational/meta attribution, and that code choice constrains
the spread of possible interpretations. A4 tells the observer that segmentation and causal
attributions are agent-relative; different observers will “see” different initiations and
escalations in the same stream. A5 tells the observer that relational stance is not an external
label but a state variable, zij(t), that is updated by meta-signals over time. In other words, the
axioms define the observation task.

In this non-ontological reading, conducts are taken as action schemata and meaning is the
outcome of operative distinctions by participants. Our formalism therefore treats R(M) and C
(M) as attributed dimensions of uptake, not as properties of the conduct, and uses entropy
strictly to summarize dispersion of readings conditional on a specific I_j, p_j.

The additional axioms (A6-A10) extend this task from “what is communicated” to “how
interaction is organized.” An observing system that ignores timing (A6), repair (A7), or
common ground (A8) will systematically misclassify episodes as failed or hostile when, in
fact, they are locally coherent. Likewise, without an explicit place for cooperation/relevance
defaults (A9) and for public—private leakage (A10), the observer cannot explain why two
utterances with identical content and code produce different relational updates. This is
precisely the situation second-order cybernetics warned about: explanations that omit the
observer’s own distinctions make interaction look more paradoxical than it is (von Foerster,
1979; Glanville, 2004).

Seen this way, the present formalization offers a pragmatic companion to second-order
cybernetics. It shows that the classic insights of Bateson and Watzlawick can be rendered as
observer-dependent rules and still yield testable predictions (e.g. systematic changes in
posterior interpretive entropy under different code/leakage regimes). It also shows that
including reflexivity and meta-communication is not an obstacle to formal treatment but a
requirement for modeling real socio-technical interaction (Pask, 1975; Brier, 2008).

Relative to recent work in Kybernetes, our contribution is not to restate observer-
dependence in general terms, but to specify a minimal set of interactional distinctions that an
observing system must track if pragmatic communication is to be made testable. In this sense,
the paper complements recent discussions of second-order observation, operational
epistemology and social systems theory (Laursen et al., 2022; Roth and Sales, 2025) by
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shifting the focus from abstract observer-inclusion to concrete observer-dependent Kybernetes
segmentation, meta-signal uptake and relational state dynamics.

Applications and interventions

For practitioners, the calculus points to where to intervene. If breakdowns stem from A4/T2/

T6 (punctuation, reciprocal blame, or symmetrical escalation), training should synchronize

segmentation before debating content; a principle supported by formal mediation analysis 99
(Raiffa, 1982), which emphasizes shared problem framing as a prerequisite to negotiation. If
they arise from A3/A10/T5 (code and leakage), choose encodings that appropriately constrain
interpretive dispersion in relation to the task and relational setting. If A6/A7 are implicated
(timing/repair), lower repair costs and adjust latency norms. If A5/T3 dominates, design meta-
signal counter-patterns (i.e. leveling moves) to push z_ij(t) back toward symmetry. These
intervention points align with cooperative equilibrium strategies formalized in evolutionary
game theory (Axelrod, 1984), where reducing noise, enabling signaling and establishing
reciprocity norms prevent defection cascades — structural analogues to our escalation and
stabilization theorems.

T6 on symmetrical escalation offers specific leverage points. If assessment reveals
divergent punctuation (e.g. in couples therapy, each partner recounts the conflict with different
initiating events), the intervention targets A4: use timeline reconstruction to synchronize p_i
and p_j before addressing content. If punctuation is aligned but escalation persists, the issue
may be suppressed repair (A7): lower the cost of clarification by establishing “meta” time-outs
where either party can request process discussion without penalty. If reactivity is high (o> 1),
cognitive interventions to reduce amplification—reframing the other’s behavior as reactive
rather than initiatory, can dampen the feedback loop.

The Structured Democratic Dialogue methodology developed for Cyprus peace-building
(Broome, 1998, 2002; Broome and Anastasiou, 2011; AUTHORS) exemplifies systematic A4
intervention at scale.

A practical payoff of level-separated axioms is in human—AI or multi-agent interaction. In
this sense, A4, A6-A8 and T5 do not merely suggest generic “better communication,” but
specify which formal mechanisms underlie particular classes of socio-technical breakdown
and therefore what kind of repair or redesign is required. A4 (subjective punctuation) and A10
(public—private channels/leakage) describe exactly the loci where human and artificial agents
misalign about who initiated an episode, what is face-threatening, or whether a silence
“counts” as a move. Implementing A6-A8 in dialogue managers (timing, repair, grounding)
would reduce such misalignments in socio-technical systems. Recent work on common
ground in HCI (Brennan, 1998; Skantze, 2021) shows that conversational AI systems
systematically underperform on grounding moves p specified in our A8, leading to
breakdowns even when utterance generation is fluent. Similarly, formal presupposition
models from Stalnaker (2002) reveal that Al dialogue managers often violate the CG(t) C
accessibility constraint, producing contextually inappropriate responses despite semantic
well-formedness. Our framework provides diagnostic leverage: failures traced to A6 (timing)
require different fixes than those traced to A8 (grounding) or A4 (punctuation), enabling
targeted rather than ad-hoc improvements.

What formalization cannot capture

Our axiomatization deliberately omits aspects of interaction central to lived experience but
resistant to formal treatment: the felt sense of connection or alienation, the aesthetic qualities
of conversation, the ethical weight of speech acts, and the ways context shapes meaning
beyond cognitive belief update. These aspects become increasing important, especially today
when many structured interactions take place over virtual channels (for example, SDD has
evolved to allow hybrid virtual/face-to-face as well as synchronous/asynchronous
interactions: AUTHORS). These are not oversights but acknowledgments that
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K formalization is a tool for specific purposes—enabling measurement, deriving predictions,

55,13 designing interventions—rather than a complete account of human communication. We echo
Bateson’s (1972) caution that “the map is not the territory,” offering our framework as a map
useful for navigation while recognizing the territory’s irreducible complexity.

Limitations and scope
100 Our framework is intentionally minimal. It abstracts from rich sociocultural scaffolding,
higher-order beliefs about beliefs, and power structures beyond dyads. It also presumes
observability sufficient for belief update (A1), which may fail under noise or deception. These
choices keep axioms testable while leaving room to extend with dynamic epistemic logic for
higher-order reasoning and state-space or reinforcement-learning formalisms for strategic
interaction.

Our formalization of belief states as graded commitments (Bel_j(t) = {(p, ¢)}) represents
one tractable operationalization among several possible choices. We selected this hybrid
approach—between fully propositional (all-or-nothing) and fully probabilistic (Bayesian)—to
balance formal rigor with empirical feasibility and clinical applicability. Alternative
formalizations are viable: a strict Bayesian treatment would represent Bel_j(t) as
probability distributions over hypothesis spaces and specify likelihood functions for each
behavior type, enabling principled surprise calculations but requiring parameter estimates we
do not yet possess; a purely propositional approach would simplify to set operations (belief
revision logic; Alchourrdn et al., 1985) but would struggle to capture the graded nature of
relational interpretations central to A2 and A5. Future work should test whether key theorems
hold under alternative belief representations, and whether the choice of formalism affects the
predictive validity of derived interventions. Our framework is designed to be robust to this
choice: the core axioms constrain that beliefs must update (A1) and what dimensions shift
(content vs. relational), not the precise mathematical form of the update operator U_j.

Conclusion

By converting Watzlawick’s program into a testable axiomatics, we keep the spirit of
“pragmatics” while delivering a toolbox for proof, measurement, and intervention. The point is
not to replace clinical wisdom with equations but to stabilize cumulative science: precise
enough to fail, modular enough to grow, and practical enough to help real groups talk—and
think—better (Bateson, 1972; Watzlawick et al., 1967; Scott, 1997). By demonstrating that
even paradoxical, reflexive interaction patterns yield to systematic analysis, we hope to
encourage similar formalization efforts across the social sciences—not to replace humanistic
insight, but to create cumulative knowledge that can be taught, tested, and translated into
practice.

Note

1. Indyadicinteraction (i, j), N typically refers to one receiver per message (H_bar = H_j for M_{i—j}),
or to multiple messages across the dyad. For empirical tests (e.g. T5), N may refer to third-party coders
using a predetermined R(M) scheme; cross-coder entropy measures interpretive ambiguity given the
coding protocol, not agent-level variance.
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