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Abstract

The original formulation of scale competence as a property of finite observers within the ISL /
Observer-Scope framework. Proposes that time-perception, memory coherence, and
future-modelling are not separate psychological faculties but expressions of a single structural
capacity: the ability to stabilise a coherent representation across a range of temporal scales. The
paper defines the observer's temporal horizon, identifies failure modes, and establishes the link to

the ISL information-scaling constraint.
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Abstract

The standard accounts of time -- substance, illusion, emergent property -- all treat time as
something the universe possesses, to which observers then gain access. This paper proposes a
different question entirely: not what time is, but what observers must be capable of in order to use it.
The answer is scale competence -- a measurable property of finite observers that determines which
temporal scales they can stabilize as effective time. This framework is compatible with all
established physics and answers questions physics does not ask. It identifies five architectural
dimensions of any finite observer, defines a competence function over the dynamical spectrum, and

produces testable predictions about when and why temporal experience fails.

1. The Problem Nobody Named

Physics describes time with extraordinary precision. The equations of general relativity tell us how
spacetime curves. Thermodynamics tells us why time has a direction. Quantum mechanics tells us
how amplitudes evolve. What physics does not tell us is why some temporal scales feel real and

others do not.

A geologist reads a cliff face and perceives a hundred million years as a coherent narrative. A child
cannot. A trauma survivor may lose access to certain scales of their own past -- not because the
events did not occur, but because the architecture that would make them retrievable has been
disrupted. Different species, with different nervous systems, live in temporal worlds so distinct that

the concept of a shared 'present moment' becomes questionable.



These are not merely phenomenological curiosities. They point to something structural: the
relationship between an observer and a temporal scale is not automatic. It is a competence. And

competences can be measured, developed, lost, and recovered.

This paper names that competence, defines it precisely, and begins to describe the architecture that

underlies it.

2. The Dynamical Spectrum

The universe presents a continuous spectrum of dynamical scales. From Planck time
(approximately 10?73 seconds, the minimum meaningful temporal interval) through femtoseconds,
milliseconds, hours, years, millennia, and the Hubble time (the age of the universe itself) -- each

scale corresponds to characteristic processes, periodicities, and causal structures.

This spectrum exists independently of observers. It is, in principle, available to any system capable
of interacting with it. But availability is not the same as accessibility. An observer does not perceive

all scales equally. It perceives the scales it is architecturally equipped to stabilize.
The dynamical spectrum is the menu. Scale competence determines what the observer can order.

What we call 'experienced time' is not the spectrum itself but a particular observer's stabilized
subset of it -- the scales at which their architecture meets the spectrum with sufficient fidelity to

construct ordered, predictable, meaningful sequences of events.

3. Observer Architecture

Every finite observer a can be characterized along five dimensions. These are not psychological
categories -- they are structural constraints that apply to any information-processing system,

biological or artificial, individual or collective.

3.1 Resolution: ?_a(s)

Resolution is the observer's ability to distinguish events at scale s. At low resolution, events that
differ at scale s are indistinguishable -- they arrive as a single undifferentiated signal. High

resolution means the observer can register fine-grained distinctions within the scale.

Resolution is a function of physical hardware (sensory apparatus, measurement instruments,
computational substrate) and training (learned patterns that allow discrimination). It degrades with

noise, damage, or insufficient bandwidth.

3.2 Memory: M_a(s)

Memory is the observer's store of past patterns at scale s. For a temporal scale to be useful, the
observer must be able to compare current events against a history of prior events at the same
scale. Without memory, every event arrives as unprecedented -- no baseline, no expectation, no

prediction.



Memory at a given scale is not simply storage capacity. It is organized storage -- patterns that can
be retrieved and applied in real time. And, critically, it is emotionally flavored. The patterns that
survive in memory carry valence: they are tagged by relevance, surprise, threat, reward. This
emotional architecture is not incidental to temporal competence; it is part of what allows certain

patterns to stabilize as significant and others to fade.

Memory can be disrupted by trauma (which overwrites or fragments patterns), saturation (when the
store fills without adequate pruning), or simply by the passage of time beyond the observer's

retention horizon.

3.3 Horizon: ?_a

The horizon is the temporal window [t, t + ?_a] over which an observer can compare events. Events
separated by more than ?_a cannot be held in simultaneous relation -- the observer cannot directly

compare them without intermediate scaffolding (records, tools, narratives).

The horizon is not fixed. It can be extended through writing, recording, and institutional memory. It
can contract under cognitive load, stress, or biological limitation. A human working memory horizon
is roughly seconds to minutes. A civilization's horizon, supported by its archives, may extend

millennia.

Events that fall outside the horizon appear disconnected from each other, regardless of their actual
causal relationship. This is why long-term trends are invisible to observers with short horizons -- not
because the trends do not exist, but because the observer cannot hold both endpoints of the trend

in simultaneous view.

3.4 Information Gap: ??(s)

The information gap is the deficit between what the universe presents at scale s and what the
observer can receive. It is a measure of mismatch -- how much signal arrives faster than the

observer's architecture can absorb, categorize, and integrate.

A large gap at a given scale manifests as overwhelm, noise, or chaos: the observer cannot find
patterns because the events arrive faster than patterns can be formed. A gap of zero means perfect
bandwidth match -- every event at scale s is received and processed. In practice, the gap is never
zero; the question is whether it falls below a threshold at which useful pattern formation becomes

possible.

The gap can be reduced by increasing resolution and memory, extending the horizon, or by tools

that perform pre-processing before events reach the observer.

3.5ISL Ratio: R_a(s) =T _a(s)/ C_a(s)

The ISL ratio measures the sustainability of the observer's engagement with scale s: the cost of

maintaining competence at that scale (T_a, for Total cost) divided by the capability thereby



achieved (C_a). The stability condition for sustainable operation is:
d?_a(s)/dt? 0
When the ratio is rising -- when costs are increasing without proportional gains in capability -- the

observer's competence at that scale is degrading. It is spending more to achieve less. Unchecked,

this leads to collapse: abandonment of the scale, distorted perception, or burnout.

When the ratio is falling or stable, the observer is becoming more efficient at the scale. Learning,
tool use, and collaboration all lower the ISL ratio by increasing capability without proportional cost

increases.

4. Scale Competence: The Function

With these five dimensions in hand, we can define scale competence precisely. The competence of

observer a at scale s is:
?_a(s) =f(?_a(s), M_a(s), ?_a, ??(s), ?_a(s) )

The specific functional form of f depends on the domain and the level of analysis. At the broadest
level, scale competence is high when: resolution is sufficient to discriminate events at scale s;
memory contains relevant prior patterns; the horizon is wide enough to connect events across the
scale; the information gap is below the threshold for pattern formation; and the ISL ratio is stable or

falling.

These conditions do not need to be simultaneously maximized. They interact, and there are
trade-offs. Very high resolution can increase the information gap if not matched by proportional
memory and processing capacity. Extended horizon requires memory stores that can become

unwieldy without adequate forgetting.

The function f encodes these trade-offs. Different architectures -- different organisms, different

instruments, different institutions -- find different optima in the five-dimensional parameter space.

5. The Stabilization Rule

The central claim of this framework is:
An observer stabilizes scale s as effective time if and only if ?_a(s) ? ?_threshold.

‘Effective time' means: the observer can construct ordered sequences of events at scale s, form
expectations about future events, update those expectations in response to new information, and

act on the basis of those expectations. In short: the scale is usable for navigation.

Below threshold, events at scale s do not disappear -- they continue to occur. But they appear to the

observer as:
Random, with no discernible pattern (gap too large for pattern formation)
Surprising, where each event arrives without memory context (memory absent or disrupted)

Fragmented, where cause and effect cannot be connected (horizon too short)



Unstable, where the cost of engagement exceeds its value (ISL ratio rising)

The threshold is not universal. Different observers have different thresholds determined by their
purpose, their resources, and the consequences of operating at that scale. A geologist working on a
ten-million-year problem has a threshold calibrated for that scale. A day trader has a threshold

calibrated for seconds.

What matters is not the absolute value of ?_a(s), but whether it is sufficient for the task at hand.

6. Growth and Failure

6.1 How Competence Expands

Scale competence is not fixed. It changes over time as the observer's architecture changes. The

primary mechanisms of expansion are:

Memory growth: Learning

Tool-building: Extending resolution through instruments, collaboration, or training
Collaboration: Combining observer scales through shared records and institutions

Forgetting: Clearing saturated memory stores to restore pattern-formation capacity

Note the role of forgetting. It is not a failure of competence but a necessary maintenance operation.
Memory that cannot be pruned eventually saturates -- new patterns cannot be formed because old
ones occupy all available space. Controlled forgetting restores capacity. This is why sleep,

downtime, and deliberate review are not luxuries but architectural requirements.

The great expansions of human temporal competence -- writing, calendars, archives, scientific
instrumentation, global communication networks -- are all mechanisms that extend one or more
dimensions of the observer architecture. Writing extends the horizon across generations.
Instruments extend resolution below biological thresholds. Archives extend memory beyond

individual lifetimes. Networks extend the information pool from individual to collective.

6.2 How Competence Fails

Competence collapses when any component degrades below its local threshold. The failure modes

are diagnostically useful -- each points to a different architectural dimension:
Unable to distinguish events at the scale -- Resolution failure

Every event feels unprecedented, pattern-less -- Memory failure

Cannot connect cause and effect across the scale -- Horizon failure
Overwhelm, noise, inability to find signal -- Gap failure

Increasing effort yields diminishing returns -- ISL ratio failure



These failure modes are observable. They appear in individual psychology (trauma disrupting
specific temporal scales, cognitive aging affecting resolution), in organizations (institutional memory
loss after leadership transitions, bureaucratic overhead producing ISL ratio collapse), and in
civilizations (scale blindness to slow-moving catastrophes like climate change, which exceeds the

horizon of most political systems).

The diagnostic power of this framework is that it allows precise targeting. If a person, an institution,
or a civilization is failing at a temporal scale, the question is not 'why can't they see it?' but 'which
dimension of their architecture has degraded below threshold?' Different failures require different

interventions.

7. What This Is Not Claiming

Several clarifications prevent misreading.

This framework does not claim that time is subjective. The dynamical spectrum is objective. Events
at every scale occur whether or not any observer stabilizes them. What is observer-relative is

competence at a scale -- not the scale itself.

This framework does not claim that all temporal experience is equivalent. Some observers are
genuinely better at some scales than others. A civilization with written records and scientific
instruments has greater temporal competence at geological scales than one without these tools.
This is not relativism; it is precisely the opposite -- a framework that allows us to measure and

compare competence across observers.

This framework does not compete with physics. It asks different questions. Physics asks: what are
the laws governing temporal dynamics? Scale competence theory asks: what must an observer be
like in order to use those dynamics? These are complementary inquiries. Neither can be reduced to
the other.

This framework does not claim that the universe is an observer. The cosmological parallel -- the
bounce as a kind of scale stabilization at the Planck limit -- is a structural analogy. It is illuminating

but should not be pressed further than the mathematics supports.

8. Three Implications

8.1 Multiple Observers, Multiple Times

If different observers stabilize different subsets of the dynamical spectrum, then there is no single
‘true’ time that all observers share. There are as many effective times as there are observer

architectures capable of stabilizing scales from the spectrum.

This does not lead to contradiction or relativism, because the spectrum itself is shared. Two
observers who disagree about which scales are experientially salient are not in conflict about

physics -- they are in different positions within the same landscape.



The practical implication is significant: communication between observers at different scales
requires translation. A policymaker operating at a four-year electoral cycle and an ecologist
operating at a century-scale ecosystem cycle are not merely disagreeing about priorities. They are,
in a precise sense, experiencing different time. Their disagreement about urgency is partly a

consequence of architectural incompatibility, not just values.

8.2 Time as a Competence, Not a Substance

The central restatement this framework offers:

Time is not a substance that flows. Not an illusion to be dissolved. Not an emergent property waiting
to be derived. It is a competence -- something observers get better or worse at, something that can

be learned, lost, expanded, or misapplied.

This restatement has practical consequences. If time is a competence, then temporal experience
can be improved, diagnosed, and treated -- not metaphysically, but architecturally. The tools are
memory management, horizon extension, resolution enhancement, gap reduction, and ISL ratio

stabilization.

This also reframes debates about animal cognition, artificial intelligence, and institutional design.
The question is not 'does this system experience time?' but 'at which scales is this system's

competence above threshold, and what would it take to extend it?'

8.3 Failure Modes as Diagnostics

Perhaps the most immediately useful implication: when temporal understanding fails -- when
individuals, institutions, or cultures cannot see long-term consequences, cannot learn from the past,
cannot coordinate across time -- the failure is not a mystery. It is a predictable consequence of

architectural inadequacy at the relevant scale.

The four failure modes (random, surprising, fragmented, unstable) are not just descriptions of

experience. They are diagnostic categories pointing to specific interventions:
If events appear random: improve resolution or reduce the gap

If events appear unprecedented: rebuild or retrieve memory

If cause and effect appear disconnected: extend the horizon

If engagement becomes unsustainable: stabilize the ISL ratio through efficiency gains or scope

reduction

This is where the framework makes contact with practice. It is not merely a theoretical
reconceptualization -- it is a toolkit for diagnosing and addressing temporal incompetence at every

scale, from the individual to the civilizational.

9. The Honest Boundary



This paper establishes the conceptual architecture of scale competence. It does not complete the

work. What remains:

The precise functional form of f -- the mapping from the five architectural dimensions to a scalar

competence value. This requires domain-specific empirical work.

Empirical measurement of ?_threshold -- the minimum competence required for effective temporal

operation at various scales. This varies by observer type and task.

The dynamics of competence -- how ?_a(s) changes over time, and what governs transitions across

the threshold in both directions.

Formal connection to the cosmological framework -- the precise sense in which the ISL bounce

conditions mirror observer-scale stabilization, beyond structural analogy.

Each of these is a researchable question, not a speculative one. The framework is defined precisely
enough to generate testable predictions in cognitive science, organizational theory, and the study of

civilizational dynamics.

What this paper claims to have established: the object of inquiry exists, is definable, is measurable
in principle, and is distinct from existing frameworks. The name -- scale competence -- is new. The
phenomenon it names has always been there, unnamed, in the gap between physics and

experience.

?
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Appendix: Notation Summary

For reference, the notation used throughout this paper:

?_a(s) -- Resolution of observer a at scale s

M_a(s) -- Memory of observer a at scale s

?_a -- Horizon of observer a (temporal window width)

??(s) -- Information gap at scale s

?_a(s) = T_a(s)/C_a(s) -- ISL ratio (cost-to-capability) of observer a at scale s
?_a(s) -- Scale competence of observer a at scale s

?_threshold -- Minimum competence for scale stabilization

Stabilization condition: ?_a(s) ? ?_threshold

ISL sustainability condition: d?_a(s)/dt ? O



