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Introduction

Medical neurotechnology is one of the most promising and demanding forms of applied work. It asks
teams to transform insight into interventions that are scientifically sound, clinically meaningful,
reliable in practice, and durable under real-world constraints.

In this field, progress is often shaped more by structure than by talent or effort. Incentives, authority,
accountability, and career pathways shape what gets built, what gets funded, and whether the work
survives contact with the realities of implementation. MECHANISMS names key recurring structural
patterns that determine how organizations learn, how judgment matures, how authority is assigned,
and whether progress becomes real or only looks real to outside observers.

This canon is written for people who want to build in this field clearly, honestly, and durably. Medical
neurotechnology is worth building. But the gap between visible progress and durable progress is wide
enough to absorb years of effort when the structure is hard to see.

This canon is not a policy proposal, a tactical playbook, or a motivational story. It assumes some
technical and institutional literacy. Its purpose is not to flatter, alarm, or console. The mechanisms
named here are not unique to neurotechnology. They appear across medical technology. Many apply
to pharmaceuticals and other deep tech fields. Neurotechnology makes them easier to see because
the field is still young enough for its structural conditions to remain exposed, complex enough for
translation failures to compound quickly, and consequential enough for those failures to matter.

The volumes proceed from earlier to later:

How authority and dependency form before any product exists,

How capital and regulation shape accountability before execution,
How translation fails across boundaries between knowledge domains,
How quality determines whether learning compounds or resets, and
How programs build incentives before outcomes appear.

MECHANISMS makes the structure more visible so better judgment becomes more possible.

What Is a Mechanism?

In this canon, a mechanism is a causal structure that reliably produces similar outcomes under similar
conditions, regardless of who the specific actors are.

Mechanisms in this canon have three properties:

e They are conditional: they assert under specific structural conditions and do not apply
everywhere.
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e They are bidirectional: the same structural property that produces fragility when absent or
misaligned can produce durability when present and well-aligned.

e They are actionable: they can be recognized, named, and treated as design constraints before
the damage is done.

A mechanism is not a failure mode, an opinion, a character judgment, or a prediction that failure is
inevitable. It is a structural description used for diagnosis.

How to Use This Canon

When work stalls, ask which mechanism is active. When effort does not compound, ask what
connection is missing. When correction feels impossible, ask when the recovery window narrowed and
what kept it from staying open.

You do not need to read the canon in order. Each mechanism can stand alone. If you are building, start
with Volume 1 and Volume 4. If you are evaluating, start with Volume 2. If you are designing programs,
start with Volume 5. If you are moving knowledge across domains, start with Volume 3.

Good use of this canon should increase precision, restraint, and responsibility in how people talk about
structural conditions. It should not become a tool for status games, cheap critique, or after-the-fact
superiority. Structural explanation clarifies responsibility. It does not erase it. Naming a pattern should
sharpen intervention, not intensify accusation.

How to disagree with this canon: mechanisms are conditional, not universal. If an organization clearly
operates under the named activation conditions without producing the named outcome, that is evidence
the mechanism needs refinement. The field will change. The canon should change with it. It improves
when it is applied precisely and challenged seriously.

This canon is meant to help people name what is happening without personalizing it, make structural
conversations possible without triggering avoidable defensiveness, and coordinate around cleaner
distinctions. Use the language that way.

Key Terms
The following terms are used consistently across all volumes. Using them with precision helps the field
coordinate around shared distinctions rather than paraphrasing them loosely.

Authority

The power to commit resources, resolve disputes, or govern outcomes. Authority takes distinct forms:
scientific, evaluative, supervisory, administrative, budgetary, and decisional. These are different in
kind from one another, not just different amounts of the same thing.

Accountability
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The condition in which individuals experience meaningful consequences for the results of their
decisions. This is a structural requirement, ensuring that the effects of choices reach the person who
made them.

Dependency
A state where an individual's professional options are restricted by financial, time-based, or
identity-related factors. This differs from voluntary commitment or personal loyalty.

Mechanism (Mech)
A pattern that reliably produces similar outcomes under similar institutional conditions. Mechanisms
are conditional, bidirectional, and actionable. See the Introduction for a full explanation.

Quality

The organizational framework that maintains the consistency of decisions, data, and objectives as
personnel change. Effective quality systems allow for the accumulation of knowledge and the
correction of errors.

Readiness

The condition of a system, technology, or organization that allows it to survive external scrutiny, create
real obligations for outside parties, and sustain accountability through deployment. Readiness is
always assessed against the specific demands of the next institutional gate, not in the abstract.

Resolution

Closing a decision, question, or uncertainty in a way that cannot be undone by reframing it. Resolution
is different from deferral (which delays the decision), relabeling (which renames the problem), and
completion (which documents that work happened without answering the underlying question).

Signal

Observable evidence that a system condition is present. Signals identify mechanisms. They do not
cause them. Strong signals indicate that the mechanism is severe or late-stage. Early signals indicate
that a mechanism is just beginning and recovery is still possible.

Volume 1: How Training Systems Shape Authority, Labort,
and Judgment

Most downstream failures begin here, before a product exists: in the systems that shape who gets
authority, who absorbs risk, and whose judgment is taken seriously.

What This Volume Covers

This volume examines how training systems shape authority, labor, and judgment before any product
exists. It treats PhD programs, medical training, clinical fellowships, engineering pipelines, and early
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technical roles as infrastructure: systems that decide who gets real authority, who absorbs
institutional cost, and what kinds of judgment are allowed to develop.

Well-designed pathways can produce people with both deep expertise and real decision-making
authority. But many credentialed systems produce something else: competence without authority,
dependency without transition, and knowledge without transfer.

This volume does not assume that research excellence, clinical excellence, and regulated
product-building excellence are the same thing. They are not. Most training systems develop depth
inside one domain while offering little exposure to the cross-domain decisions that real medical device
development requires.

Authority also comes in different forms. Scientific, evaluative, supervisory, administrative, budgetary,
and decisional authority are not different amounts of the same thing. They are different kinds of
power, with different consequences. Systems that develop one form do not automatically develop the
others.

The mechanisms in this volume operate under specific conditions. When advancement depends
heavily on supervisory discretion and work product is weakly portable, dependency can grow faster
than authority. That is a patterned tendency, not a universal law.

Key Points of This Volume

In many settings, formal training systems:

e Develop domain expertise without building governance capacity or budget authority

e Produce depth in one domain without exposure to the cross-domain decisions that regulated
product development requires

e Assign operational responsibility without commensurate decision authority
Maintain the institution without advancing the person

e Confuse seniority and credential accumulation with readiness to lead, while leaving
demonstrated judgment unrecognized

Some tasks hold people’s careers back rather than advancing them. A trainee who spends years on
repetitive tasks that do not transfer to new roles absorbs institutional costs without gaining
professional power.

When these systems fail, people often blame leaders or culture. The causes are structural: built into
how the system exists and what it rewards.

How This Volume Fits into the Canon

The mechanisms in this volume operate upstream of company formation, product design, regulatory
strategy, and capital deployment. They shape the human conditions that later systems inherit.
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Later failures in accountability, translation, quality, and program design often begin here: where
authority is deferred, judgment is conditioned, and knowledge develops without the structures
needed to govern or transfer it.

Who This Volume Is For

This volume is for people who are strong at the work but feel constrained in ways they cannot cleanly
name, and for the people who design, fund, or evaluate the systems producing those conditions.

How the Mechanisms Connect

The mechanisms in this volume share one structural root: gaining expertise and gaining real
decision-making authority are different processes. Systems that treat them as the same create
predictable failures at the point where both are needed.

Mech 1.1 names the original gap. Mech 1.2 describes what accumulates inside it. Mech 1.3 shows how
institutions preserve it. Mech 1.4 shows what fails when knowledge formed inside that gap must travel
beyond it.

Mech 1.1: People Gain Deep Expertise Without Gaining Real Decision-Making
Authority

What This Mechanism Is

Technical expertise accumulates through training systems that withhold decision authority until a
formal transition point. The result is domain-specific capability without governance exposure: people
who understand the work cannot govern it.

The gap is not a training deficit. It is a structural feature: systems that produce expertise do not
automatically produce the authority exposure that expertise needs to become judgment.

When This Mechanism Operates
This pattern activates in systems where all the following are true:

Extend preparation through strictly sequenced stages without expanding decision scope
Gate authority on title or tenure rather than demonstrated judgment

Centralize evaluation with opaque or discretionary advancement criteria

Impose material or reputational costs on exit

Rely on specialized execution labor while reserving authority at higher levels
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The discriminating condition is the last one: specialized execution labor is maintained while authority
is structurally withheld, not temporarily pending. A system where authority transfers progressively as
judgment is demonstrated does not activate this mechanism even if preparation is long.

How It Works

Once this pattern takes hold, decision authority stays concentrated at levels removed from execution.
Domain competence compounds without corresponding expansion of governance exposure. People
become more skilled at the work without ever being tested against the decisions the work produces.

The pattern sustains itself because it serves the institution. Concentrated authority reduces internal
conflict and projects stability to outside observers. Authority is deferred, not denied, which keeps
expectations calibrated while output remains high.

When authority eventually transfers, it arrives without the tested judgment that decisions with real
consequences develop. The system rarely asks whether the expertise being built is the right kind for
the decisions ahead.

How to Recognize It
Signs of this mechanism include:

Capable people retained for years with no expansion of decision authority
Accountability assigned to people who did not hold the relevant decision authority
Routine decisions escalated upward because local authority was never established
Decision authority extended only after the person has already departed or changed roles

What It Produces Over Time
When authority formation is structurally delayed:

e Accountability accumulates at lower levels while authority stays at higher ones
Judgment develops slowly or not at all because it is never tested against consequential

decisions

e Organizations become brittle: capable of execution but unable to adapt governance to new
conditions

e Structural failure gets attributed to individual character because the structural cause is not
visible

e Fragmentation: people exit to found new organizations because the existing ones will not
extend authority, not because the new organizations need to exist
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What This Looks Like from Different Roles

If you are doing the hands-on work: you are carrying full responsibility for outcomes while decision
authority is held elsewhere. The expertise you are developing is specialized to this system in ways that
may not transfer when the system no longer serves you.

If you are the one making decisions: you are operating at a distance from execution. The information
reaching you is incomplete by design: filtered through management layers and optimized for
organizational continuity rather than accuracy. Decisions are made at the speed the organization
requires, not at the speed the evidence supports.

If you are the coordinator: you are watching domain boundaries generate friction and having it read as
a coordination problem. The authority required to address the underlying power structure does not
come with this position.

If you own quality and compliance: you are arriving after the conditions that created the problem were
already set. Consistent engagement was never built into the structure, so the intervention is always
remedial rather than preventive.

Each of these experiences points to the same thing: authority was separated from the work it was
supposed to govern, and no structure was built to close that gap.

Who Knows What

Execution-level staff and decision-makers hold different knowledge of current constraints and failure
modes. In this mech, the structure does not require that decision authority track contextual
knowledge.

Important Limits

This mechanism does not evaluate training quality or researcher intent. It describes what happens to
authority formation when training systems delay governance exposure under specific organizational
conditions.

What It Is Often Confused With
Poor mentorship, insufficient leadership development, or individual unreadiness for advancement.

The mechanism is structural: the problem is where the institution places decision rights, not whether
any particular person is ready to hold them.
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What Good Structure Looks Like

Systems that develop authority alongside expertise produce people who can govern the work they
understand. Progressive decision exposure, tied to expanding responsibility, is the structural condition
this mechanism eliminates, and the one good design restores.

The Key Question to Ask

In this career path: where does a person first make a decision with real consequences? How far is that
point from the people with the deepest knowledge of the work?

Illustrative Example

A neural engineer with eight years of electrode expertise joins a startup. She is consulted on many
technical decisions. Despite several years working at the startup, she has no authority over hiring,
budget allocation, or strategic direction. When the founding CTO departs, no internal candidates are
prepared for the role because no one else with domain depth was ever given governance exposure.

When You Can Still Fix It

Early: graduated decision exposure introduced during training produces governance capacity in
parallel with domain depth. Narrow: once role identity has formed around execution without
authority, introducing decision responsibility requires renegotiating expectations on both sides.
Largely closed: after a decade or more of withheld authority, the habits and role structures that
replaced judgment development are embedded in the institution.

What Level This Operates At
Individual and institutional. The individual absorbs the cost of stunted authority development; the

institution absorbs the cost of leadership pipelines that produce execution capacity without
governance depth.

Mech 1.1a: Preparation Extends Without Exposing People to Decisions That Have
Real Consequences
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What This Mechanism Is

Extended preparation replaces progressive exposure to decisions with real consequences, enabling
domain-specific capability to accumulate without the exercise of governance, resource allocation, or
making real decisions with real stakes.

The real loss is not status or title. It is the lack of graduated exposure to decisions that carry
consequences: where errors have later effects, where tradeoffs must be owned, and where judgment is
tested against bottom-line results instead of against evaluator expectations.

When It Appears

e Preparation extends without graduated expansion of decision scope
e Role progression emphasizes readiness assessment over live responsibility
e Real decision-making authority is withheld until a formal transition happens

How to Tell It Apart

® Successive preparation stages completed without any increase in actual decision-making
authority

e Authority described as premature until some future milestone is reached
Readiness affirmed while the scope of actual decisions remains unchanged

These signals diminish once formal training concludes. They are specific to 1.1a: the main pattern
persists past this point, but these signals fade.

How This Makes the Main Pattern Wotrse

By separating preparation from authority use, the system produces domain competence without
governance habits or consequence orientation. Decisional authority, when later granted, arrives
without having been exercised in context, and without the tested judgment that decisions with real
consequences develop.

Mech 1.1b: Long Evaluation Environments Train People to Guess What Evaluators
Want Rather Than Think Independently

What This Mechanism Is

When people spend years in environments where advancement depends on impressing opaque
evaluators, they learn to optimize for selection outcomes rather than forming their own independent
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judgments. The training does not just delay authority. It actively conditions people away from
independent thinking.

When It Appears

e Advancement depends on opaque, shifting, or rotating evaluators (moving targets)
e Feedback is sparse, delayed, or narratively mediated
e Exit carries material, reputational, or identity-linked cost

These conditions are common in extended training, fellowship, and grant-dependent roles.

How to Tell It Apart

e Judgments framed around predicted evaluator response not correctness or sufficiency
e Qualification of assessments that persists past adequate domain competence
e Difficulty articulating tradeoffs without anchoring to perceived approval

These signs point to conditioned judgment rather than withheld authority alone. They persist even
after formal decision rights are granted, which is what separates 1.1b from 1.1 and 1.1a.

How This Makes the Main Pattern Worse

This variant goes beyond delaying authority. It conditions people to suppress independent judgment
well before authority arrives. By the time they are given decision-making power, the habit of waiting to
see what the evaluator wants has already taken hold.

Mech 1.1c: The People Closest to the Work Are Structurally Excluded from Making
Decisions

What This Mechanism Is
Organizations keep decision-making authority structurally distant from work that requires deep

familiarity, not through overt suppression, but through structural arrangements that position decision
rights away from the people with the deepest knowledge of execution conditions.

When It Appears

e Centralized control is treated as a requirement for a coherent public story
e Distributed authority is treated as a destabilizing condition
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e Management layers are positioned far from execution contexts

How to Tell It Apart

e Formal exclusion of the people doing the work from people management, budget authority, or
resource allocation
Management layers with limited domain contact positioned above the people doing the work
e Institutional rules that prevent local authority formation regardless of demonstrated judgment

These signs come from how the institution is set up, not how people have been conditioned. That is
what separates 1.1c from 1.1a and 1.1b.

How This Makes the Main Pattern Wotrse

By keeping decision rights structurally distant from the work, this pattern ensures that even the most
capable, experienced people cannot translate their judgment into real authority over the work. The
same structural logic removes another form of proximity entirely: the person the device is built for.
Trainees can complete full graduate programs in neurotech-adjacent fields without ever meeting a
patient, observing a clinical encounter, or speaking with someone who has lived experience of the
condition they are studying. The work proceeds without the ground truth it most needs. It is not about
the individuals. It is about where the institution places the authority.

Mech 1.2: Credentialed Systems Create Dependency That Makes Leaving
Structurally Costly

What This Mechanism Is

When the criteria for advancement are left to the supervisor's judgment and work product does not
travel, formal training systems accumulate dependency without accumulating proportional authority.
This converts the pursuit of credentials into labor asymmetry under constrained exit conditions.

When This Mechanism Operates

This mechanism activates when both producing and receiving institutions are present and the
following conditions hold in the receiving institution:

Organize career progression as strictly ordered and weakly portable
Separate compensation from value produced

Impose material or reputational penalties on exit

Retain unilateral control over evaluation and transition timing
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e Rely on specialized labor while limiting viable alternatives

These conditions coexist across academic, clinical, and startup-adjacent environments.

How It Works

Once dependency sets in, the cost of leaving grows faster than the reasons to stay. As time invested
increases without portable output accumulating, exit options narrow. Compensation, transition
criteria, and authority exposure remain discretionary even as responsibility and execution load rise.
Competence continues to accumulate while influence erodes.

This configuration stabilizes because it reduces uncertainty for institutions. Retaining experienced
people avoids replacement friction, preserves continuity, and shifts risk onto others. Independence is
deferred without explicit denial, keeping authority centralized while output remains high.

For the person inside the relationship, costs accumulate across financial, time-based, and identity
dimensions faster than real alternatives materialize. Staying is not an endorsement. It is the rational
response to a shrinking set of options. Dependency absorbs the practical capacity to act on
alternatives, stalling authority formation through limited options rather than lack of ability.

A further complication: not all competences that accumulate in training are desirable or portable.
Some skills are acquired purely as a means to a credential, performed hundreds of times, neither
professionally attractive nor commercially transferable. These represent absorbed institutional cost
not professional formation. Additionally, some competences that training environments develop are
increasingly displaced in commercial contexts by Al-assisted workflows, at a pace that training systems
have not adjusted to. The gap between what training produces and what commercial execution
requires is widening, not narrowing.

A lasting labor asymmetry can persist, maintained by accumulated exposure rather than enforced
restriction.

How to Recognize It
Structural dependency shows up through:

Prolonged retention of capable individuals without expansion of autonomy
Exit framed as an exceptional rupture, not an expected transition

Widening gaps between responsibility carried and independence granted
Declining mobility despite rising competence in a specific area

These signs point to dependency as a permanent feature of how the system is set up, not a temporary
phase that will naturally end.
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What It Produces Over Time
When dependency becomes a structural feature of a system:

Postpone authority formation past optimal developmental windows
Reduce risk tolerance as obligations accumulate

Select leaders for endurance not judgment

Reproduce execution capacity without stewardship

The result is organizations with high technical sophistication and low strategic resilience. The people
who understand the work are not trusted to govern it. The people trusted to govern it do not deeply
understand it.

What This Looks Like from Different Roles

If you are doing the hands-on work: you are facing an exit that appears possible in theory and
unreachable in practice. The dependencies that make leaving costly were built into the system before
you arrived, and they accumulate with time rather than resolving.

If you are the one making decisions: you are reading continuity as stability. The difference between a
person who is staying because the conditions are right and one who is staying because leaving has
been made structurally difficult is not visible from this position.

If you designed the program: you are registering retention as success. The system is performing as
intended. That retention and true progression toward independence have decoupled is not legible in
the metrics this position tracks.

If you are evaluating from outside: you are observing productive pipelines. Throughput is visible. The
gap between pipeline activity and the rate at which people reach independent capacity is not visible in

what reaches this position.

Each of these experiences points to the same thing: the dependency was built into the structure, and
the structure was never designed to release it.

Who Knows What

Dependency costs are experienced locally and invisible globally. Decision holders observe continuity.
The people doing the work experience constraint. Nothing in the structure requires the institution to
address rising dependency or offer transitions.

Important Limits
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This mechanism describes how dependency becomes self-reinforcing in some settings. It does not
claim this pattern is universal, does not deny the real benéefits that credential programs provide, and
does not frame every training relationship as extractive.

What It Is Often Confused With

Dependency gets explained as a personal motivation problem, a failure of ambition, or evidence that
someone has simply found their ceiling. The deeper reason is that dependency reflects the
accumulation of exit costs relative to viable alternatives, not a choice. Framing persistent dependency
as a contentment signal prevents institutions from recognizing the system conditions they have
created.

What Good Structure Looks Like

What this section protects: institutional relationships where exit is real rather than theoretical, and the
cost of staying is honestly negotiated by both parties.

The structured relationships that formal pathways create provide real access to expertise,
infrastructure, mentorship, and standing within the institution that independent entry cannot
replicate. When dependency formation is kept proportionate, time-limited, and accompanied by
transitions, it supports developmental directions that produce capable people with both domain
depth and professional influence. The problem is not the relationship structure. It is when the
transition conditions are permanently kept just out of reach.

The Key Question to Ask

If this person left tomorrow, what would it cost them materially? What would they lose that they cannot
replicate elsewhere? Is that cost growing or shrinking over time?

Illustrative Example

A clinical research coordinator at a neurotech company has held the role for six years. He carries three
sponsored research agreements in his head, knows every site Pl personally, and is the only person who
understands the data handling protocols for the legacy system. Because his career growth is far behind
his goals, he has seriously explored leaving twice. Both times the gap between his current salary plus
benefits plus equity cliff and any comparable role he could immediately step into was too large. The
company's retention looks successful. His influence looks like a trap.
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When You Can Still Fix It

Early: portable artifacts, external relationships, and competitive compensation built in parallel with
the role. Dependency formation is reversible while exit costs are still manageable. Narrow: once
material, time-based, and identity-linked exit costs have all accumulated simultaneously, the practical
capacity to act on alternatives erodes even when the desire to leave is strong. Largely closed: after a
critical accumulation point, usually when institutional access (visa, healthcare, pension) is also locked,
the dependency is structurally near-terminal without an external forcing event.

What Level This Operates At

Individual, embedded in an institutional relationship. The mechanism is two-sided: it requires both an
organization that controls when and whether people advance and an individual whose accumulated
exposure raises exit costs.

What It Is Often Confused With

Employee loyalty, personal contentment, or evidence that the role is a good fit.

Mech 1.2a: Financial and Benefits Dependencies Make Leaving Practically
Impossible

What This Mechanism Is
Material constraints restrict mobility after domain competence is achieved, limiting bargaining power

through compensation asymmetry, benefit dependency, and switching costs that accumulate with
tenure.

When It Appears
e Compensation remains fixed independently of value produced
Essential benefits (visa status, healthcare, pension accrual) are bound to institutional
affiliation
e Accumulated tenure converts into influence that cannot be transferred elsewhere

How to Tell It Apart

e Exit requires forfeiture of income continuity or essential benefits
e External offers are discounted due to recovery gaps or benefit loss
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e Financial exposure increases with tenure not declining

These signals resolve when material constraints are removed, even if other dependencies persist. That
distinguishes 1.2a from 1.2b and 1.2c.

How This Makes the Main Pattern Worse

Economic headlock raises the exit threshold past practical reach, converting competence into retained
labor through material asymmetry. It deepens the main pattern by making the cost of independence
concrete and measurable.

Mech 1.2b: Undefined Advancement Criteria Keep People Waiting Indefinitely
What This Mechanism Is

Time itself becomes a constraining factor. Open-ended or shifting transition criteria extend
dependency by keeping the conditions for authority transfer permanently just ahead.

When It Appears
e Readiness criteria remain qualitative, mutable, or retrospective

e Progression happens one step at a time rather than in parallel
e Evaluators retain unilateral control over timing

How to Tell It Apart

e Transitions are deferred without explicit denial
e Milestones are met without triggering autonomy expansion
e Elapsed time increases while decision clarity does not

These signals track delay mechanics not financial or identity constraints. They persist even when
material conditions improve, which distinguishes 1.2b from 1.2a.

How This Makes the Main Pattern Worse
As time extends, perceived exit cost rises even without new obligations. Dependency deepens through

delay alone. This pattern hides the main mechanism by making indefinite waiting feel like normal
progress.
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Mech 1.2¢: Mission and Identity Framing Substitutes for Fair Compensation and
Keeps People from Leaving

What This Mechanism Is
Mission, purpose, or professional identity replaces influence, stabilizing participation despite material

and time-based deficits by raising the psychological cost of exit past the economic and time-based
costs already in place.

When It Appears

e Workis framed as morally exceptional or societally urgent
e Sacrifice is celebrated as evidence of how serious someone is
e Exitis cast as abandonment, not transition

How to Tell It Apart
e Under-compensation justified through impact or mission framing
e Contractual gaps replaced with identity language

e Departure framed as character failure not role change

These signals resolve when identity framing is separated from retention. They are distinct from 1.2a
and 1.2b because material relief or time relief alone does not dissolve them.

How This Makes the Main Pattern Worse
Identity substitution raises the psychological cost of exit past economic or time-based factors. It turns

commitment into a tool for keeping people in place and hides the main mechanism by making
extraction feel like vocation.

Mech 1.3: Institutions Become Locked into Behaviors That Keep Them Stable
Rather Than Effective

What This Mechanism Is
Institutions in medical neurotech develop incentive systems that orient around survival, continuity,

and reputation. Once those systems are established, they resist change. The institution starts treating
its own continuation as the goal, even when the work it was built to do has stalled or shifted.
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This is how individually rational choices produce collective stagnation. Each person inside the
institution is making sensible local decisions. The aggregate result is a field that cannot correct itself.

When This Mechanism Operates
This mechanism activates when all four of the following are simultaneously true:

e Tie their survival to proxy metrics rather than evidence such as funding continuity, rankings, or
overhead capture
Anchor reputational value to specific affiliations, formats, or institutional roles

e Reward alignment and predictability over challenge or deviation from the expected path

e Weaken or delay feedback from later use contexts such as clinical deployment, industrial
integration, or policy execution

The mechanism is triggered when two conditions meet: reputation depends on affiliations the
institution controls, and feedback from real-world use arrives too late to change course. Either factor
alone causes normal institutional delay, but together they create the self-reinforcing lock-in described
here. A research center with active industry ties or external licensing accountability generally avoids
this trap, even if it prefers predictable results.

How It Works

Once activated, institutional behavior leans toward preserving the conditions that sustain legitimacy
and resource flow. Decision processes prioritize continuity over correction. Signals that threaten
stability are absorbed, reframed, or deferred not acted upon.

Incentive structures reward following inherited norms and penalize deviation. Responsibility spreads
across committees, collaborations, and procedural layers, which dilutes accountability. Contingent
constraints harden into expectations, and short-term stability replaces directional correction.

Adaptation becomes occasional and symbolic rather than structural. Activity continues while the
scope of what the institution addresses narrows. Persistence is mistaken for progress, and deviation is
treated as existential risk not corrective input.

How to Recognize It
This lock-in shows up through:

e Strategic choices optimized for funding or reputational continuity instead of problem
resolution

e Rhetorical ambition paired with conservative operational commitments

e Accumulation of outputs without corresponding shifts in direction or scope
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e Stalled impact reframed as patience, maturation, or inevitability

These signs persist even as leadership, staff, and stated priorities change.

What It Produces Over Time
As this pattern deepens, systems:

Route innovation along established paths not problem demands

Shift or delay failures of domain transfer and translation integrity
Accumulate activity without proportional learning

Widen gaps between institutional success metrics and real-world impact

These effects reinforce earlier authority delay and dependency accumulation rather than correcting
them.

What This Looks Like from Different Roles

If you are doing the hands-on work: you are producing motion without directional change. Effort
continues at full capacity while the structural conditions that would allow it to convert into progress
remain absent.

If you are trying to connect different teams: you are absorbing friction between domains without the
authority to change the direction generating it. The cost of misalignment accumulates in this position
without the power to address its source.

If you are the one making decisions: you are reading continuity signals as organizational health. The
difference between an institution that is stable because it is working and one that is stable because it

has locked in is not visible from this position.

If you are evaluating from outside: you are observing formal adherence without substantive
correction. The organization is following its own rules. That the rules no longer produce what the
institution was built to produce is not visible in what reaches this position.

Each of these experiences is the same lock-in, seen from a different place.

Who Knows What
Those closest to the work can see the stagnation. They do not have the power to redirect it. Central

decision-makers receive continuity signals while remaining insulated from later failure. The system
does not connect institutional persistence with progress.
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Important Limits

This mechanism describes how capable, rational people inside functional institutions can end up
producing collective stagnation.

What It Is Often Confused With

Institutional incentive lock-in gets blamed on organizational conservatism, lack of vision, or poor
leadership. The deeper reason is that organizations optimize for the incentive structures they operate
within. Changing outputs requires changing structures, not exhorting people within unchanged
structures to behave differently.

What Good Structure Looks Like

What this section protects: institutional stability that does not come at the cost of honesty, where the
stability is earned by producing what the institution was built to produce, not by avoiding
accountability for whether it still does.

Institutional stability is not inherently dysfunctional. Organizations that maintain coherent norms,
preserve institutional memory, and sustain reputational relationships that survive leadership changes
can compound knowledge in ways that fragmented or constantly disrupted organizations cannot. The
aligned form of institutional incentive lock-in is lasting organizational identity: clear about what the
institution is for, stable enough to pursue it, and responsive enough to correct when outputs diverge
from purpose.

The Key Question to Ask

When did this institution last terminate a program, role, or initiative because it was not producing what
it was designed to produce? What would need to change for that to happen?

Illustrative Example

A neurotech research center has been producing three to five papers per year for a decade, maintaining
consistent grant funding, and running annual symposia with respected speakers. Its technology platform
has not been licensed or commercialized. No clinical program has been initiated. When asked about
impact, leadership points to publications, citations, and the careers launched by its alumni. The
institution is healthy by every metric it uses to evaluate itself.
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When You Can Still Fix It

Early: before incentive lock-in has hardened, introducing later feedback loops (clinical outcomes,
licensing results, deployment failures) can redirect institutional behavior. Narrow: once the
institutional success metrics and the incentive architecture have stabilized around each other, external
pressure (funding reorientation, leadership change, field-level disruption) is typically required to
produce directional correction. Largely closed: institutions that have defined their own success criteria
and controlled their own evaluation for decades are resistant to correction from within.

What Level This Operates At

Institution and field. This mechanism plays out at the organizational level and compounds to the field
level, which is why the whole field stalls when enough organizations optimize this way.

What It Is Often Confused With

Organizational conservatism, lack of vision, or poor leadership.

Mech 1.3a: Individuals Adapt Their Work to Whatever Gets Funded Rather Than
What the Problem Requires

What This Mechanism Is

When external funding determines professional survival, people align their work with what gets
funded rather than with what the problem requires. This is rational. It is also how institutions drift
away from their stated missions without anyone deciding to drift.

When It Appears

e External funding determines professional continuity
e Success rates are low and evaluation criteria remain opaque
e Prestige and advancement depend on uninterrupted funding flow

How to Tell It Apart
e Research agendas lean toward incremental or fundable variants

e Riskis articulated in proposals and avoided in execution
e Private skepticism coexists with public alignment
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These signals resolve when funding constraints are lifted, even if institutional stabilization persists,
which distinguishes 1.3a from 1.3b.

How This Makes the Main Pattern Wotse

Each person’s individual adaptation reinforces the institution’s collective inertia. No one coordinates
this. No one intends it. The aggregate result is a system that optimizes for its own continuation more
than for the problem it was funded to address.

Mech 1.3b: Reputation and Status Make It Too Costly to Disagree or Change
Direction

What This Mechanism Is

Status and reputation become traps. When an institution has been the source of someone’s
professional identity for years, the cost of publicly disagreeing with it or departing from it is no longer
just financial. Itis social and psychological. The institution benefits from this without having designed
it.

When It Appears

e Reputational value is non-transferable
e Seniority increases perceived exit penalties
e Dissent carries social or professional risk

How to Tell It Apart

e Public defense of decisions that are privately questioned
e Avoidance of opportunities that threaten affiliation
e Dissatisfaction reframed as burnout not misalignment

These signals persist even after funding is secured, which distinguishes 1.3b from 1.3a.

How This Makes the Main Pattern Worse
Reputational attachment converts past investment into a behavioral lock-in, stabilizing institutions

through retention not redirection. It deepens the main pattern by making dissent socially costly even
when material conditions do not require compliance.
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Mech 1.3c: Multi-Institution Collaboration Spreads Responsibility So Broadly That
No One Can Make a Decisive Call

What This Mechanism Is
Multi-institution collaborations distribute risk and responsibility so broadly that decisive action

becomes nearly impossible. Everyone is involved. No one is accountable. Consensus outputs replace
actual decisions.

When It Appears

e |egitimacy depends on visible multi-institutional association
e Ownership remains spread out across jurisdictions or partners
e Output volume is rewarded over decisional clarity

How to Tell It Apart

e Decision cycles slow as ownership disperses
e Projects persist without explicit termination criteria
e Consensus outputs replace decisive commitments

These signals resolve when accountability is centralized, even if other stabilizing incentives remain
active, which distinguishes 1.3c from 1.3a and 1.3b.

How This Makes the Main Pattern Worse

Working with many connected groups makes it socially harder to act differently. This keeps the same
behavior in place across organizations and reinforces incentive lock-in at scale. In this form, the main
pattern is harder to see because collective inertia can look like coordination.

Mech 1.3d: University IP Ownership and Royalty Rules Create Misaligned Incentives
Between Inventors and Institutions

What This Mechanism Is
Universities legally own the intellectual property created by their faculty, graduate students, and
postdoctoral researchers. When that IP gets licensed to a company, revenue flows back to the

institution and to named inventors according to a schedule the institution sets. This means the same
organization that trains researchers, funds their work, and sponsors translation also controls the

MECHANISMS: A Systems Account of Medical Neurotechnology. © 2026 Sharena Rice. 25



commercial terms under which that work reaches the world. These functions have fundamentally
different incentives. The institution rarely resolves that conflict in favor of deployment.

When It Appears

e University technology transfer offices hold licensing authority independent of faculty or
student preferences

e Royalty schedules assign the largest share of revenue to the institution rather than to the
researchers who generated the underlying work

e Faculty founders face a conflict of interest in which their own institution is simultaneously a
resource provider and a commercial counterparty

e Graduate students and postdoctoral researchers who generated core IP receive minimal
royalty entitlement relative to their contribution

How to Tell It Apart

e Licensing negotiations stall or collapse because the technology transfer office and the
prospective licensee have incompatible revenue expectations

e Faculty-founded companies operate under field-of-use restrictions or sublicensing constraints
imposed by the university that limit commercial flexibility

e Researchers who depart to found companies discover that the IP underlying their work
belongs to the institution they left

e Graduate students and postdoctoral researchers who generated the foundational invention do
not appear on the license agreement and receive no ongoing financial stake

These signals are distinct from 1.3a and 1.3b because they originate in formal legal structure, not in
individual behavioral adaptation or reputational attachment. They persist regardless of how collegial
the institutional relationship appears.

How This Makes the Main Pattern Worse

This creates a deep and lasting structural misalignment. Universities keep a financial stake in the
outcome even when they play little real role in turning the work into a usable product. Professors may
be rewarded with titles as founders of startups, even when their actual involvement in each one is very
small. Inventors can watch their work become a bargaining asset controlled by the institution instead
of by the people building it. Graduate students and postdocs, who often produced the core intellectual
property while working under financial dependence, then move into careers where the upside from
their foundational work has already been claimed by the university. As a result, misaligned incentives
are built in before any real translation decision is even made.
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Mech 1.4: Knowledge Does Not Move Across Institutional Boundaries Without
Structural Support

What This Mechanism Is

Academic institutions produce knowledge for each other. The incentive system rewards publishing,
getting cited, and being recognized by disciplinary peers. The people who need to use that knowledge
to build medical devices, design clinical trials, or make regulatory submissions are operating under
entirely different constraints: tighter timelines, clearer accountability. They also need knowledge that
works under real-world constraints. These two systems do not communicate. Knowledge stalls, gets
systematically distorted, or gets misapplied as it crosses institutional boundaries, even when it was
technically valid within the system that produced it.

A further layer adds to this problem: academic knowledge production is also limited by reproducibility
constraints. The reproducibility crisis in biomedical research, from published findings that do not
replicate, to preclinical results that do not predict clinical outcomes, to failed trials built on
seemingly-solid preclinical foundations, means that later teams may not only receive knowledge that
degrades in transfer, but knowledge whose validity was limited even within its originating system. This
mechanism accounts for failure at the institutional interface. Reproducibility is a distinct but
interacting problem.

When This Mechanism Operates
This mechanism appears in systems that:

Evaluate knowledge through disciplinary peer validation

Reward career advancement via publication, citation, and prestige not later use
Leave domain transfer work unowned or uncompensated

Require later decisions under time, risk, and accountability constraints not shared by
academic producers

The discriminating condition is the combination of unowned transfer work and decision timelines in
the receiving organization that are shorter than the time required to reconstruct the boundary
conditions of the original finding. Knowledge that travels slowly through a system with no decision
deadlines does not produce this failure. The mechanism is specifically about the interface between
systems with incompatible time horizons and accountability structures.

How It Works

Once this pattern takes hold, knowledge gets shaped for the audience that produced it, not for the
audience that needs to use it. The assumptions behind a finding, its limits, its uncertainty, and the
conditions where it holds often stay unstated or are written in language that only specialists
understand.
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People making later decisions often cannot see the full logic behind the original work. Instead, they
rely on substitutes like prestige, institutional affiliation, or a clear public story. The knowledge may still
be valid on its own, but it loses alignment as it moves into a different domain. The farther it gets from
the context where it was produced, the more its meaning can degrade.

This pattern continues because making knowledge visible brings clearer rewards than making it
usable. Preserving assumptions across boundaries, building shared standards for readiness, and
creating systems that help knowledge move well between groups are all important tasks. But they are
usually not clearly owned, paid, or rewarded. So they often do not happen.

Another part of academia makes this harder. Academics are trained to work independently, and the
system often rewards them for being protective of data and ideas. Collaboration requires sharing
intellectual property, credit, and priority of discovery. But the academic reward system treats all three
as limited goods, because career advancement often depends on who had the idea first and who
published first. This is not a personal failure. It is what the system encourages. Translation requires the
kind of collaboration that academia often makes costly.

Part-time advisory is one structural response to this problem at the organizational level. Companies
and programs often bring in experts part-time because they cannot afford to hire them full-time at
competitive pay, and because the need for that expertise may come up only at certain points rather
than all the time. Part-time advisory gives access to knowledge that might otherwise be out of reach,
but it also creates the accountability limits that come with part-time involvement. The advisory failure
modes discussed in Mech 2.3 are different from the real structural value that advisory relationships
can provide at this interface.

How to Recognize It

Signs that distinguish 1.4 from simple communication problems:

e Reliance on prestige or affiliation replaces genuine evidence in capital, policy, or regulatory
decisions

e Technically sound research that remains actionable only within its originating discipline
Later misapplication of valid findings once removed from original context

e Stalled deployment despite strong scientific fundamentals

These signs persist even as output volume grows. The key distinguishing signal is the last one: stalled
deployment despite strong scientific fundamentals. Weak science that fails to transfer is not this
mechanism. Valid science that degrades at the institutional interface is.

What It Produces Over Time

When knowledge fails to travel intact across boundaries:

e Capital and policy decisions track narrative maturity not technical readiness
e Organizations prematurely scale or abandon technologies with sound foundations
e High-quality science accumulates without proportional societal uptake
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e Later failures compound across regulation, production, and commercialization

These effects amplify the authority and dependency failures covered in earlier mechanismes.

What This Looks Like from Different Roles

If you are an academic researcher: output is rigorous within the system that produced it and
repeatedly misused or misread outside it.

If you are trying to connect different teams: interpretive load is absorbed without authority to enforce
constraints.

If you are a decision-maker: you must act without access to the assumptions or limits that the
producing institution knows and has not documented.

If you are evaluating from outside: promise is visible without usable alignment.

Each of these experiences is the same interface failure, seen from a different side.

Who Knows What

The people who produce knowledge understand its limits and constraints, but they often do not have
the incentive or authority to carry that understanding across institutional boundaries. The people
making decisions later must act without access to the full internal logic of the system that produced
the knowledge. Nothing in the structure ensures that knowledge keeps its meaning as it moves from
one domain to another. When reproducibility is also uncertain, later teams face a double problem:
they cannot reliably judge either the quality of the original finding or how faithfully it was transferred.

Important Limits

This mechanism does not evaluate scientific rigor, researcher competence, or intent. It describes why
valid knowledge (when produced under incentive systems optimized for disciplinary peer validation)
degrades when transferred between institutions governed by incompatible requirements.

What It Is Often Confused With

When knowledge fails to transfer, people often blame poor communication, lack of education, or the
idea that researchers and practitioners just need to talk more. The real problem is deeper: the
incentive systems that shape how knowledge is produced do not match what is needed for people to
use that knowledge later. Better communication alone cannot fix incentive structures that do not fit
together.
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What Good Structure Looks Like

What this section protects: knowledge that travels intact, so that the person who must act on a finding
can do so correctly even without access to the people who produced it.

When this works well, knowledge crosses domain boundaries with its assumptions intact. The
assumptions are preserved, the limits are named, and the readiness criteria are made explicit. When
interface infrastructure exists, academic knowledge becomes deployable. The investment in
translation infrastructure, boundary objects, shared readiness criteria, and mediation roles pays
dividends across every later decision that depends on it. Knowledge that travels intact is one of the
field's most lasting assets.

The Key Question to Ask

What assumptions are embedded in this research finding that a clinician or engineer would need to
know to act on it correctly? Are those assumptions documented anywhere outside the producing team?

Illustrative Example

A university lab publishes a paper demonstrating that a new stimulation parameter significantly reduces
a neural biomarker associated with motor dysfunction in a rodent model. The paper is rigorous. A
neurotech company reads it, hires a postdoc from the lab, and designs a clinical feasibility study around
the finding. Three years later, the study produced null results. The lab's rodent model used a strain with a
genetic modifier that is absent in the human condition being targeted. This was known within the lab,
mentioned briefly in the supplementary methods, and never surfaced in any communication with the
company. The knowledge was valid. Its boundary conditions did not transfer.

When You Can Still Fix It

Early: interface infrastructure, boundary objects, shared readiness criteria, and mediation roles are
most effective when built before the first external communication of findings. Once findings have been
communicated without their boundary conditions, those conditions are rarely recovered. Narrow: if a
company or program inherits research without its governing assumptions, reconstructing those
assumptions requires the original researchers still being available and willing to engage. Largely
closed: when organizations have built development programs on transferred knowledge that was
boundary-incomplete, the time and resources already spent on the program typically prevents
revisiting the foundational assumptions.
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What Level This Operates At

Institutional interface. The mechanism lives at the boundary between institutions: it is not a property
of the research alone or of the later organization alone, but of the interface between them.

What It Is Often Confused With

Communication problem, education gap, or insufficient engagement between researchers and
practitioners.

Mech 1.4a: Knowledge Optimized for Internal Audiences Cannot Be Used by People
Outside the Producing System

What This Mechanism Is

Knowledge optimized for internal validation is not designed to be understood by outsiders. This is not
intentional obscurity. It is the natural result of producing for an audience that already shares the same
assumptions, methods, and vocabulary.

When It Appears

e Evaluation is conducted by disciplinary peers
e Interpretability outside the field is neither trained nor rewarded
e Complexity is treated as a substitute for rigor

How to Tell It Apart
e OQutside parties cannot reconstruct assumptions or constraints without help

e Technically correct work is mis-scoped by clinicians, engineers, or policymakers
e OQutputs remain usable only within closely adjacent academic sub-fields

How This Makes the Main Pattern Worse
Isolation forces reliance on substitutes or intermediaries, increasing the gap as knowledge travels

farther from its source. It hides the main mechanism by making the interface failure appear as a
comprehension problem not a structural one.

MECHANISMS: A Systems Account of Medical Neurotechnology. © 2026 Sharena Rice. 31



Mech 1.4b: Institutions Replace the Work of Making Knowledge Usable with
Visibility and Brand-Building

What This Mechanism Is

Institutions replace the infrastructure required for doing the actual translation work with
visibility-oriented signaling, prioritizing attention and reputational benefit over the harder work of
preserving constraints, assumptions, and readiness during domain transfer.

When It Appears

e Work required to preserve meaning and constraints across institutional boundaries is
unfunded or unowned

e Incentives reward attention, branding, or donor appeal not later usability
Precision, uncertainty articulation, or boundary-setting reduce institutional payoff

How to Tell It Apart

e Public-facing materials omit scope limits, uncertainty bounds, or readiness conditions despite
internal awareness

e Reach, citations, or visibility are celebrated while the later teams report confusion or misuse

e Claims optimized for resonance or fundraising cannot be acted on without reconstructive
mediation

These signals track signaling substitution. They are distinct from 1.4a, which tracks opacity, and 1.4c,
which tracks incentive incompatibility.

How This Makes the Main Pattern Wotse

By rewarding signaling in place of interface work, systems accelerate the loss of that integrity while
appearing to increase impact. Distortion compounds as knowledge circulates without its governing
constraints.

Mech 1.4c: Researchers and Deciston-Makers Optimize for Different Goals, Making
Valid Knowledge Unusable

What This Mechanism Is

Researchers optimize for novelty and peer recognition. Regulators, clinicians, and engineers optimize
for usability, timing, and accountability. These are different optimization functions by design. When
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both sides are communicating clearly and acting in good faith, valid research still produces misaligned
inputs for later decision-making. Disagreement is not solved by better communication.

When It Appears

e Researchers optimize for novelty and peer recognition
e Decision-makers optimize for timing, risk containment, and accountability
e Definitions of readiness shift across boundaries without enforcement

How to Tell It Apart

e Capital flows toward narrative maturity not mechanistic readiness
e Policy commitments form around systematically distorted expectations of development stage
e Organizations overbuild or abandon technologies due to misaligned risk framing

These signs appear even when communication is working well, which is what separates 1.4c from 1.4a
and 1.4b.

How This Makes the Main Pattern Worse

Even well-communicated science produces later decisions misaligned with technical reality. This
variant deepens the main pattern by making the interface failure a design property rather than a
communication problem. It cannot be fixed through better messaging.

What Volume 1 Establishes

This volume establishes how authority formation, judgment development, dependency accumulation,
and knowledge transfer are shaped before products, companies, or markets exist. These mechanisms
operate earlier, determining who decides, who absorbs risk, and whose knowledge transfers intact
long before outcomes appear.

The failures examined in later volumes do not arise from weak effort or limited intelligence. They arise
from how systems first allocate authority, accumulate dependency, stabilize incentives, and degrade
translation integrity across institutional boundaries.

The canon turns to how these earlier constraints interact with funding, regulation, and production,
where early misalignments harden into irreversible paths.

Field language upgrade: when you encounter a credentialed organization that is not producing
judgment at the level its people are capable of, the deeper question is not about a broken culture. It is
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about where decision authority is located relative to the people with the most contextual knowledge.
What are the transition conditions that keep it there?

Volume 2: How Funding, Regulation, and Advice Shape
What Gets Built

Capable teams often fail not because of their skills, but because the structures around them reward
deferral over resolution.

What This Volume Covers

This volume analyzes medical neurotechnology as a strictly regulated production system. The funding
structure, regulatory pathway, and advisory relationships are not background details. They are the
mechanisms that determine whether a scientific advance reaches a patient. Many capable teams fail
not because of skill deficits but because the incentive structures around them reward deferral over
resolution.

The absence of early hardware benchmarks is a specific version of this pattern: internal technical

checks deferred under time pressure accumulate as a design-level problem that surfaces at the worst
possible moment.

How This Volume Fits into the Canon
Neurotech projects fail when accountability structures permit deferral long enough for debt to become

unrecoverable. Volume 2 describes the structural conditions under which that deferral becomes the
default rather than the exception.

Who This Volume Is For
This volume is for founders, executives, and investors who need to distinguish real progress from

performative progress. Understanding these patterns is a prerequisite for building accountability
structures that work.
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How the Mechanisms Connect

Accountability fails before resources run out. The funding structure determines which risks must be
resolved and which can be deferred, setting the terms of that failure before the first dollar is spent.
Mech 2.1 names that structure. Mech 2.2 describes what accumulates when the structure permits
deferral. Mech 2.3 describes how advisory relationships without consequence accelerate drift. Mech
2.4 describes what happens to product claims under sustained commercial pressure.

Mech 2.1: Who Funds You Determines What You Are Accountable for Before
You Spend a Dollar

What This Mechanism Is

The source of capital determines which risks an organization is required to resolve and which it is
permitted to defer. This configuration happens at investment, before any work begins.

A venture-backed startup and a grant-funded university lab working on the same device operate under
different accountability structures. What counts as progress, what gets deferred, and who absorbs the
consequences when decisions fail is all set by the funding structure before the technical work begins.

When This Mechanism Operates
This mechanism appears when:

e Development proceeds while regulatory and clinical outcomes remain unresolved
e Long gaps separate technical progress from external validation
Decision-makers are structurally insulated from the downstream consequences of current

choices
e Capital sources have different accountability structures and different definitions of acceptable
progress
How It Works

Once this pattern takes root, the accountability structure imposed by the funding source shapes which
technical questions get forced and which get deferred. Each funding type creates a different definition
of what counts as adequate progress. Organizations optimize for that definition, not for regulatory or
clinical readiness, because the accountability flows to the investor, not to the device.

Accountability mismatch is structural, not motivational. Teams working under capital that does not
require regulatory resolution will rationally defer regulatory resolution. Deferral is not a failure of
ambition. It is the correct response to the incentive structure in place.
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This cycle continues because it serves everyone’s immediate interests. Investors receive regular
updates, and organizations keep their future options open. However, the cost of these avoided
decisions piles up quietly. Eventually, a major event, such as a regulatory deadline or a financial limit,
makes it impossible to delay a decision any longer.

How to Recognize It
Signs of this mechanism:

Teams that extend their timelines without reducing their core uncertainties
Decisions that focus on gaining more time rather than overcoming obstacles
Selective use of data to fit the story investors want to hear

Internal confusion about what constitutes success at the current phase

Progress is measured by how much money is raised, not how ready the technology is

Organizations may appear stable and busy, but they are increasingly fragile.

What It Produces Over Time
When this mechanism is at work:

e Unresolved risks compound as hidden structural debt
Teams defer the decisions that would establish viability because those decisions also foreclose
narrative options

e Rigor appears episodically rather than as a built-in property of the development process

e Systems fail abruptly despite accumulated internal warning signals

e Time passes and uncertainty persists, relabeled as deferred rather than resolved

What This Looks Like from Different Roles

If you are doing the hands-on work: you are executing against investor-driven goals that do not align
with regulatory requirements. You notice the gap between what the organization needs to show and
what the regulatory pathway requires.

If you are the one making decisions: you are preserving optionality through delay. Accountability for
regulatory readiness is deferred on the assumption that it can be resolved later, at lower cost than it
will require.

If you own quality and compliance: you are watching regulatory exposure accumulate while design

decisions harden around it. By the time the issues are visible to the organization, the architecture that
created them is already fixed.
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If you are evaluating from outside: you are receiving progress signals that track surface activity
accurately. The structural gap between commercial trajectory and regulatory readiness is not visible in
what reaches this position.

Each of these experiences points to the same gap: accountability for regulatory readiness was never
assigned to anyone with the authority to enforce it.

Who Knows What

Investors judge progress by milestones and public stories. The people doing the work know about the
unresolved problems. Those in charge are protected from the fallout of future failures. The system
does not require capital deployment to resolve the most important uncertainties.

Important Limits

This analysis does not criticize specific funding models. It describes how the source of capital
determines who absorbs the consequences when things go wrong, regardless of intentions.

It also explains why organizations allow translation and regulatory failures to continue until they
become impossible to ignore.

What It Is Often Confused With

People often blame these problems on slow technical work or a lack of ambition. In reality, the way
the company is funded determines which risks are solved and which are put off. The same team will
act differently under a different accountability structure.

What Good Structure Looks Like

Capital structures that enforce resolution are among the most reliable determinants of whether a
device program survives contact with regulatory and clinical reality. When accountability requirements
track the work, organizations make the decisions the work requires.

Funding that requires problem resolution is a powerful forcing function. It gives teams permission to
make hard choices and stop unproductive lines of work. Organizations with this accountability
structure move faster toward regulatory and clinical readiness than those optimizing for the
appearance of progress.
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The Key Question to Ask

Who would experience real loss, not disappointment, but operational loss, if this organization stopped
delivering in the next 90 days?

Illustrative Example

A neurotechnology startup is developing a noninvasive sleep device. It raised a seed round and has 16
months of runway. The board meeting goes well because the company hit its internal milestones: a new
prototype was built, pilot users completed sessions, and the pitch deck now tells a clearer story about
commercial potential. But the company still has not answered the questions that matter most for
becoming a real medical device. It has not locked its intended use. Its hardware benchmarks are
incomplete. The team has not aligned on the evidence path required for clearance. The quality system is
still partial. Everyone knows these issues exist, but they do not drive the company’s priorities this quarter.
What does drive priorities is the next fundraise. The company needs stronger traction language, a
cleaner growth story, and more visible momentum before the runway gets shorter. The work that gets
prioritized is the work that will support the next round, not the work that would force resolution of the
hardest regulatory and technical uncertainties. If the company misses its fundraising targets, it may shut
down or slow down through layoffs even if the device is technically promising. If it hits them, it can
continue operating even though the core questions remain unresolved. The capital structure has already
determined what the organization is accountable for.

When You Can Still Fix It

Early: Accountability alignment is easiest before organizational habits form around the existing
structure. Narrow: Once the team and investors have adapted to the current structure, changing it
requires renegotiating expectations on both sides simultaneously. Largely closed: After a major

regulatory or financial event, the accountability structure is typically set by whoever holds leverage at
that moment.

What Level This Operates At

Organization. The mechanism operates at the interface between an organization and its capital source.
It shapes decisions before any individual makes them.

What It Is Often Confused With

Often mistaken for poor execution or a lack of technical skill.

Mech 2.1a: Venture Capital Tracks Fundability More Than Product Readiness
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What This Mechanism Is

Venture capital judges companies through the logic of the fund, not the internal logic of any one
product. Fund managers are responsible for returns across a portfolio within a limited time horizon.
They may understand the technical and regulatory reality well while still answering to a different
structure than product readiness.

That creates a recurring tension in medical neurotechnology. Product readiness depends on resolving
technical, regulatory, clinical, and quality questions in the order the work requires. Venture capital
performance metrics focus on whether the company can raise the next round, preserve upside, and
remain legible as a strong return opportunity. These are not the same standard. When they diverge,
companies are pushed to optimize for the one their capital structure enforces.

The mismatch follows from the fact that the fund and the product are being judged by different
definitions of progress.

When It Appears

Institutional venture funds provide the capital

Fund managers are responsible for returns across a portfolio, not just one company

The company is still far from the stage where the market can enforce product readiness
Follow-on financing depends on visible progress signals that outside investors can recognize
The work requires long technical and regulatory convergence before the product can prove
itself

These conditions do not make good judgment impossible. They do create steady pressure to favor
signals that support financing over signals that prove readiness.

How to Tell It Apart

e Milestones are framed in ways investors can recognize but are weakly tied to regulatory or

technical convergence

The company is pushed to show traction before its hardest product questions are resolved
Fundraising timing shapes major decisions more than the regulatory path does

The story improves faster than the evidence

Important technical and regulatory questions stay open while the company becomes more
financeable

The company is not necessarily being mismanaged. It is being shaped by an accountability structure
that rewards fundable progress before product readiness is established.
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How This Makes the Main Pattern Wotrse

This mechanism strengthens Mech 2.1 by tying accountability to the needs of the fund rather than to
the order of resolution the product requires. Even highly capable investors can only narrow that gap so
much, because the fund is still governed by portfolio returns, time horizons, and follow-on dynamics.
The problem is not that venture capital cannot support real device building. It is that venture capital
tracks progress through a structure that does not automatically match device readiness. When the two
pull apart, the company feels pressure to satisfy the capital structure first.

Mech 2.1b: Capital Without Formal Accountability Allows Organiations to Drift
Indefinzitely

What This Mechanism Is

Capital that carries no formal return timeline allows a project to drift without a clear destination.

When It Appears

Individuals, rather than large funds, provide the cash

These investors often lack the technical or regulatory context needed to enforce convergence
They invest because they believe in the mission or are curious

The investor can give or withhold money without a formal contract

Management is based on relationships rather than rules

This often happens when a founder uses their own money and maintains total control.

How to Tell It Apart

Long timelines with no clear deadlines for big decisions

Change goals repeatedly without solving anything

Positive feedback without anyone enforcing correction

Money keeps flowing despite huge gaps in regulation or quality

The organization exists but never advances toward regulatory readiness

This drift happens because there is no portfolio-level accountability, not because of legal fund rules.

How This Makes the Main Pattern Worse
Unstructured capital removes the external forcing function that would otherwise require resolution.

Without portfolio-level accountability, no outside party has both the authority and the incentive to
demand that core uncertainties be closed. That is the specific contribution of 2.1b to the main pattern:
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it names the capital structure that makes deferral the rational default. The accumulated organizational
debt that results is Mech 2.2.

Mech 2.1c: Public and Nonprofit Funding Defines Success by Participation and
Compliance Rather Than Delivery

What This Mechanism Is

Public and nonprofit funding often defines success through participation and process compliance
rather than delivery. These systems measure progress by adherence to the original plan, not by
whether the work resolves the uncertainty it was funded to address.

When It Appears

Grants or public programs provide the money

e Success is defined by compliance with process requirements, not by reaching the intended
goal

e Funding continuation depends on reporting compliance, not on progress toward resolution
Funding continues as long as the organization follows its stated plan

The system rewards process alignment over problem resolution.

How to Tell It Apart

Extensive documentation of intended activity without delivery commitments
Research that keeps getting broader instead of focusing on a result
Headcount and participation metrics replace outcome metrics

Projects that finish but never become real medical products

Finishing the work is mistaken for solving the problem

The gap is structural. It arises from how accountability is defined by the funding vehicle, not from
financial pressure or trust.

How This Makes the Main Pattern Worse
Focusing on the problem instead of the product redefines accountability as having good intentions.

This lets the activity continue without ever reaching the alignment needed for a regulated system. It
makes activity look like progress.
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Mech 2.2: Deferred Decisions Accumulate as Hidden Debt and Surface as
Crises

What This Mechanism Is

Inside organizations where the accountability structure permits deferral, unresolved decisions
accumulate as structural debt. The debt is real: it manifests as technical rework, regulatory exposure,
quality gaps, and personnel load. But it is hidden from the signals that leadership and investors
receive. The result is an organization that appears stable while its actual cost structure is growing
faster than its progress.

This is distinct from Mech 2.1, which describes why capital structures make deferral permissible. Mech
2.2 describes what happens inside organizations that exercise that permission: how deferred decisions
interact, compound, and eventually force resolution at the worst possible moment.

When This Mechanism Operates
This pattern appears in organizations that:

Identify uncertainties but defer resolution

Delay decisions that cannot be undone

Let a good story replace actual system completion

Avoid holding any one person responsible for a final answer
Use delay as a long-term tactic instead of a short-term pause

How It Works

Once delay becomes a habit, the costs build up in three forms: technical debt from designs that were
never properly tested, regulatory debt from missing documentation and evidence, and human debt
from employees who must carry ongoing confusion and uncertainty.

This pattern continues because it helps the organization avoid visible risk and the pressure of
accountability. The company can keep telling a steady story of progress. It seems like all options are
still open, while the real costs of waiting are pushed onto staff or into later stages.

Every choice not to decide is still a decision. Each delay quietly reduces the options available later,
even if that is not obvious at the time. When a deadline, audit, or crisis finally forces action, the
organization often faces several failures at once because the debt has been building across many parts
of the system.

How to Recognize It
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You can spot hidden system debt when:

Pilot phases extend without transition criteria

Unresolved issues are repeatedly reframed as still under evaluation

Informal band-aid fixes are relied upon to maintain forward motion

There is growing dependence on a small number of people to hold ambiguity

Activity is continuous. Resolution is not.

What It Produces Over Time
When organizations keep avoiding the hard decisions:

Technical, regulatory, and quality problems quietly compound
Load concentrates on individuals instead of structures

Failure modes synchronize rather than emerge incrementally
Organizations become brittle under stress

What appeared flexible becomes fragile

What This Looks Like from Different Roles

If you are doing the hands-on work: you are carrying unresolved ambiguity as personal responsibility
without the authority to address its cause.

If you are the one making decisions: you are interpreting motion as progress. Deferred decisions
remain invisible as debt until they surface as a crisis.

If you own quality and compliance: you are identifying accumulating debt but lack the authority to
force resolution over narrative continuity.

If you are evaluating from outside: you are observing activity and milestone completion. Debt is
invisible in the signals reaching this position.

Each of these experiences is the same dynamic, felt differently depending on where you sit. Deferred
resolution distributes its costs unequally across functional positions.

Who Knows What

The people doing the work, along with those responsible for quality and compliance, often know
where important problems remain unresolved. The people with decision-making authority mostly
receive signals that the story is still holding together. The system does not turn informal awareness of
growing debt into a decision that must be made.
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Important Limits

This mechanism does not criticize careful evaluation, repeated testing, or pilot work. It does not claim
that organizations must remove uncertainty early. It describes what happens when organizations keep
postponing hard decisions without end.

It does not explain why organizations choose the stories they tell. It explains how delayed decisions
make unresolved uncertainty more costly over time.

What It Is Often Confused With

Delay in resolving decisions is often mistaken for careful iteration or proof that a hard problem is being
taken seriously. But the real issue is structural: delay creates debt. Every avoided decision adds cost that
continues to build over time. The right question is not whether uncertainty has been recognized, but
whether it has been resolved.

Some organizations under similar pressure do resolve core uncertainty on time, stop unproductive work
early, and keep clear records of decisions. These organizations tend to share certain structural features:
clear authority to end work, accountability systems that separate activity from resolution, and cultural
norms that treat answered questions as real progress. This pattern is common, but it is not inevitable.

What Good Structure Looks Like

This section is about protecting organizations that make real decisions on time, resolve important
uncertainties while they are still cheaper and easier to address, and have the structure to do this
before outside pressure forces action.

Not all delays are bad. In high-risk fields, pilot studies, structured iteration, and careful decision
sequencing are often necessary for learning. When used well, decisions happen in a deliberate order
and include clear criteria for when to stop. Pilots are meant to help teams make decisions, not to
become permanent holding patterns. Delay can be useful when it is used on purpose in some areas
while other key uncertainties are being resolved. It becomes harmful when it has no time limit, no
clear owner, and is carried by individuals instead of being managed by the organization itself.

The Key Question to Ask

What is the oldest unresolved question in this organization? Who is responsible for closing it? What would
it take to close it this quarter?
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Illustrative Example

A neurotech company has been piloting a community hospital for 14 months. The pilot was designed to
generate preliminary clinical data to inform a future pivotal study. Data has been collected, but the
analysis has not been finalized because the team disagrees about the primary endpoint. The
disagreement is two years old. The pilot has been extended twice. The company's investor deck
describes the hospital relationship as a key validation partnership. Three people at the company know
that the endpoint disagreement means the pilot data cannot support the intended regulatory use. No
one has said this in a meeting with investors.

When You Can Still Fix It

Early: the fix is still straightforward. Set clear criteria for when work should stop, assign someone
responsibility for resolving the issue, and create a forcing event before delay begins. Narrow: Once the
delay has lasted for several quarters and people have adjusted their story around it, making the debt
visible becomes harder. It takes political capital and creates personal risk for the person who points it
out. Largely closed: If an outside event forces a decision, such as an audit, serious unanticipated
adverse event, or funding constraint, before the organization has made the debt visible, the chance for
an orderly correction is mostly gone.

What Level This Operates At

This mechanism operates at the organizational level. It is not about any individual's choices. It is about
the system's tolerance for kicking the can down the road.

What It Is Often Confused With

Thorough, careful iteration, or evidence that a hard problem is being taken seriously.

Mech 2.2a: Organigations Get Stuck in Pilot Mode Because No One Can End the
Test

What This Mechanism Is

Companies get stuck in the pilot phase because they never set clear rules for when a project should be
moved forward, stopped, or completely changed. Instead of being a temporary step used for making a
final decision, the pilot phase becomes the permanent end-point for the project. The organization
confuses continued testing with progress.
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When It Appears

e Pilots are funded as proof-of-concept, not decision instruments
e Success is defined through narrative or ambiguity, not thresholds
e Authority to declare a pilot complete, failed, or obsolete is withheld

The system mistakes experimentation for progression.

How to Tell It Apart

e Teams keep running similar pilot tests over and over with only minor changes

e There are no explicit 'go/no-go' rules for continuing the project

e The only justification for continuing the pilot is 'learning,’ but that learning never results in a
required final decision

e Whenever the current test ends, people talk about starting a new pilot instead of moving to the
next official stage of development

This problem is different from Mech 2.2b and 2.2¢ because the delay is specifically tied to the pilot
phase structure itself.

How This Makes the Main Pattern Worse

By delaying either launch or termination, organizations keep uncertainty in place instead of resolving
it. Each pilot uses more time and resources while quietly reducing future options. This builds hidden
debt and makes the deeper problem harder to see because the work still looks like productive
iterations.

Mech 2.2b: Organigations Treat Available Funding as a Substitute for Regulatory
Readiness

What This Mechanism Is
Organizations confuse capital runway with regulatory readiness. They defer regulatory requirements

until correction becomes structurally difficult. Continued activity on the calendar is treated as
progress even when the core regulatory questions remain open.

When It Appears
e The organization defers or deprioritizes regulatory engagement

e The team assumes future flexibility that regulated development pathways do not permit
e The need to raise money determines the order in which major decisions are made
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How to Recognize It

Planning for regulatory approval and quality control is pushed back to later phases

e Required legal documentation is created after the work is done, not as the work progresses

e The organization discovers too late that its data or design choices cannot support regulatory
clearance

e The company hires regulatory or quality experts only after they have already made firm,
binding decisions

These signs are specific to avoiding regulation, which is different from being stuck in a long test phase
(2.2a). They are also a problem with the company's structure, not just a matter of people getting
burned out (2.2¢).

How This Makes the Main Pattern Worse

By putting off final regulatory decisions, companies turn potential problems into hard roadblocks.
They accumulate debt by assuming they will comply in the future without having proof. Then, when
regulatory standards are finally enforced, the project suddenly fails. This makes the overall problem
worse because the debt becomes impossible to undo before anyone outside the company sees it.

Mech 2.2¢c: Unresolved Organizational Problems Get Offloaded Onto a Small
Number of People Who Absorb Them Silently

What This Mechanism Is

Organizations often shift unresolved system-level uncertainty onto a small group of key individuals.
These people take on the burden of navigating ambiguity and making up for missing institutional
decisions to maintain the appearance of steady progress. In these cases, individual effort acts as a
temporary buffer for structural flaws until that person reaches a breaking point.

When It Appears
e |eaders avoid openly acknowledging unresolved risks

e The organization must project progress to remain legitimate
e Skilled operators are expected to manage systemic gaps without the official power to fix them

How to Tell It Apart

e Afewindividuals become essential across multiple departments
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e Extreme workloads are treated as a standard part of the job
e The system relies on personal heroics rather than clear decisions
e Sudden burnout or a key departure triggers a widespread system failure

These signals are distinct from 2.2a and 2.2b because the debt is absorbed by people, not by phases or
timelines. When the human buffer fails, the mechanism becomes visible all at once.

How This Makes the Main Pattern Wotrse

When an organization relies on a few people to mask unresolved issues, it quietly builds up systemic
debt. This creates a false sense of security until these human buffers can no longer sustain the load.

This pattern hides underlying structural risks by framing them as matters of individual performance

rather than organizational failure.

Mech 2.3: Advice Without Consequence Alignment Distorts Direction
What This Mechanism Is

When external advisors influence consequential decisions without sharing accountability for the
outcomes, the decision process decouples from the evidence. Three distinct structural mechanisms
drive this pattern. The first is cost-shifting: consequences flow to the organization while influence flows
to the advisor. The second is legitimacy substitution: credentials replace proximity as the basis for
authority. The third is diffusion of responsibility: shared influence dissolves individual accountability.
Each mechanism activates independently and produces a distinct version of the same structural
problem.

When This Mechanism Operates
This mechanism appears when:

e Advisors face no real-world, financial, or reputational penalties for the results of their advice

e The people making the final decisions are not the same people who are responsible for doing
the work

e An advisor’s title or reputation is valued more than the practical knowledge of the staff doing
the day-to-day work

e The projectinvolves high levels of uncertainty while also operating under tight deadlines

e Alack of clear authority within the organization creates an opening that advisory input quickly
fills
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How It Works

When any of the three mechanisms is active, the feedback loop between advisory judgment and
organizational outcome is broken. The advice continues to shape direction regardless of whether it
produces results. The organization loses the correction mechanism that shared consequence would
provide.

The three sub-mechanisms describe what activates this failure mode: whether the advisory
relationship lacks formal consequence structure (2.3a), whether status substitutes for proximity to the
problem (2.3b), or whether diffused responsibility removes the expectation of independent judgment
(2.3c). Each sub-mechanism has a different intervention point, and addressing one does not address
the others.

The shared outcome across all three mechanisms is the same: confident external guidance
accumulates directional weight inside the organization while the people carrying the cost of that
guidance have no structural mechanism to challenge it.

How to Recognize It
You can spot organizational drift caused by unaccountable advice when:

e Major strategic changes are driven by external opinions rather than internal data

e Staff members defer to the opinions of high-status advisors over the findings of internal
operators
Advisors’ input is used to confirm a chosen path, not to generate and test a new idea

e Failures are later described as learning experiences to avoid admitting the initial strategy was
wrong

e The organization changes direction without transferring any responsibility for the new path to
the person who recommended it

What It Produces Over Time
When advisors do not face consequences for their advice:

e Externalsignaling is prioritized over the organization’s internal knowledge

e Strategic mistakes spread rapidly because there is no system for correction

e The organization becomes focused on maintaining external confidence, not gathering internal
evidence
Course correction is delayed until the failure is too severe to avoid

e The entire system moves decisively away from its original objectives
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What This Looks Like from Different Roles

If you are doing the hands-on work: you must bear the material and reputational costs when advice
fails, even though you had no authority to reject the decision.

If you are the one making decisions: you use advisory input to shift responsibility for uncertain
outcomes. The advice covers decisions that should have been internal.

If you own quality and compliance: you see the disconnect between the advisor’s confidence and the
local evidence, but you lack the authority to overrule high-status external input.

If you are the advisor: you provide guidance without any feedback loop that connects your advice to
the actual outcomes. Your success is based on the quality of your recommendation, not the success or
failure of the project.

Every role experiences the same problem: a separation between influence and consequence.

Who Knows What

Advisors hold broad industry knowledge but often lack crucial details about the organization’s local
constraints. The staff doing the work has that local knowledge but lacks the formal authority to
challenge the advisor’s input. Decision-makers receive advice that is highly credible but lack the
detailed context to judge it against the reality of execution. The arrangement is designed so that the
quality of advice is never tied to the consequences the advisor faces.

Important Limits

This mechanism is not a criticism of advisors or mentoring in general. It simply describes what
happens when advice guides critical choices, but the advisor has no stake in the outcome.

What It Is Often Confused With

The internal team or a lack of experience often mistakenly attributes this pattern to poor strategy. The
deeper issue is structural: advice that comes without consequence favors persuasive delivery over
correctness. The true solution is to structurally link consequence to the guidance, not to replace the
internal leadership.
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What Good Structure Looks Like

This section supports advisory relationships where both the organization and the advisor are aligned
on the consequences.

Advisors are often invaluable. The top experts in regulatory strategy, clinical development, or
commercial scaling are rarely available full-time. Advisory relationships that include clear goals,
feedback systems, and some form of shared consequence produce better decisions than internal
teams making uncertain calls alone. The mechanism applies only when shared consequence is entirely
missing.

The Key Question to Ask

Think about the most important strategic decision made recently. When it turned out to be wrong, who
had to pay the cost? Was that the same person who originally recommended it?

Illustrative Example

A neurotech startup’s scientific advisory board includes a renowned surgeon who strongly supports the
company’s technology. In a board meeting, the surgeon insists the company pursue a specific clinical use
and suggests a trial design. The internal quality director warned the CEO against this use and design
before the board meeting. The CEQ, unsure of the regulatory path, decides to follow the surgeon’s clinical
authority. Two years later, the FDA raises serious concerns about the recommended use. The surgeon has
since moved on to advising four other companies. The startup has now spent 40% of its budget on a path
it must now abandon.

When You Can Still Fix It

Early: Aligning consequences (such as giving advisors equity, formal roles, or explicit responsibility for
outcomes) is most effective before the advice has determined the organization’s direction. Narrow:
Once the network of advisors has established momentum and credibility, restructuring the
relationship requires a difficult political negotiation. Largely closed: If major strategic decisions have
already been made based on advice without accountability, the resulting cost is already built into the
company’s structure.

What Level This Operates At

This mechanism focuses on the organization and its external advisory relationships.
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What It Is Often Confused With

It is often mistaken for poor internal strategy or a lack of team experience. The three sub-mechanisms
name distinct failure modes with distinct intervention points: 2.3a is about formal accountability
structure and is fixed by changing the terms of the advisory relationship; 2.3b is about how legitimacy
is assessed and is fixed by changing evaluation criteria; 2.3c is about group behavior under uncertainty
and is fixed by assigning individual accountability for specific decisions. Fixing one does not fix the
others.

Mech 2.3a: Advisors Influence Decisions Without Sharing the Costs When Those
Decisions Fail

What This Mechanism Is

When advisory relationships carry no formal consequence structure, the asymmetry between
influence and cost creates an unconstrained influence channel. The advisor bears no operational cost
when the guidance fails. The organization absorbs the full cost. This asymmetry is not a failure of
relationships or trust. It is a structural property: the advisory arrangement was constituted without a
consequence mechanism, and it will produce this outcome regardless of the quality of the individuals
involved.

When It Appears

Advisors have no formal responsibility for outcomes

Leaders have decision authority but are protected from the daily realities of execution
Staff must follow the guidance regardless of how good the underlying assumptions are
Failures are officially blamed on execution (the staff), not on the strategy (the advisor)
Advice enters the decision-making process with no formal accountability attached

How to Tell It Apart
e Advisors maintain their status after a failure, while the staff leaves or is blamed
e Strategic mistakes are rephrased as learning experiences instead of being owned
e The people who carry the most responsibility gain more responsibility, but not more power
e Accountability flows down to the workers, but influence flows up to the advisors and leaders
e The system punishes people who are close to failure, not the people who made the initial

decision

This problem is structural. It is part of the formal rules and roles, unlike 2.3b and 2.3c, which deal more
with social and behavioral deference.
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How This Makes the Main Pattern Wotrse

Because the consequences are distributed unfairly, advice can guide the company without restraint.
By shifting the risk onto the people doing the work, the system rewards confident communication over
being correct. The advice effectively becomes the final decision, speeding up Mech 2.3 by removing
the necessary friction of shared risk.

Mech 2.3b: Organigations Trust Credentials and Status Over the Knowledge of
People Doing the Work

What This Mechanism Is

Organizations weigh advice based on the advisor’s status, title, or past success, instead of how close
they are to the system being managed. Organizations trust reputation more than operational
knowledge, privileging who is speaking over who is closest to the work.

When It Appears

Advisors have highly prestigious or widely recognized credentials
Internal teams lack confidence when faced with uncertainty
Local staff are excluded from making final decisions

The organization’s legitimacy relies on external validation
Credentials are used as a substitute for actual sound judgment

How to Tell It Apart

External voices override embedded internal staff technical assessments

Teams pay more attention to who gave the advice than to who observes the problem
Local data is dismissed as anecdotal or biased

Strategic direction prioritizes what is reputably safe

Knowledge gathered closest to the work is treated as less important

These signs are behavioral and related to legitimacy, unlike 2.3a, which is about formal structure.

How This Makes the Main Pattern Worse
Valuing credentials gives unaccountable advice instant credibility. Once the system grants authority

based on status, teams accept the advice as a fixed direction rather than a suggestion, accelerating
organizational drift and preventing necessary early corrections.
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Mech 2.3c: When Responsibility Is Spread Out, People Stop Exercising Independent
Judgment and Simply Defer

What This Mechanism Is

When teams face high uncertainty and the stakes are high, they often stop relying on their own
judgment. Instead, they choose to follow a clear direction provided by an outside voice or a perceived
consensus. This behavior, called deference, allows individuals to avoid being personally exposed to
risk when a decision fails. It becomes a habitual way the organization functions.

When It Appears

e Thereis uncertainty and pressure to act quickly
e No one person clearly owns the final decision
e Disagreeing with the established group position carries a risk to one's reputation or working
relationships
Leaders reward people who agree with them rather than those who offer necessary challenges
e Stayingsilentis viewed as a safer choice than offering independent judgment

How to Tell It Apart

e Decisions are presented as a group consensus, but no specific individual is accountable for
them

People express their concerns privately but never bring them up in a public meeting

The organization prioritizes looking unified over being truthful about what is truly known
Failure is blamed on the project's complexity instead of being linked to a bad decision
Silence during a discussion is incorrectly viewed as a sign of full agreement

These signs stem from social pressure and group behavior, distinguishing this mechanism from
problems caused by formal structures or credentials (2.3a and 2.3b).

How This Makes the Main Pattern Worse

This tendency to defer prevents the organization from correcting its course. When teams simply follow
directions instead of making their own judgments, outside advice becomes a firm strategy despite
internal doubts. As a result, course correction is delayed until a major failure makes action
unavoidable. This mechanism hides the underlying risk by making the organization's avoidance of
difficult decisions appear as a shared, unified consensus.
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Mech 2.4: Commercial Pressure Causes Organizations to Stretch Product
Claims Past What the Evidence Supports

What This Mechanism Is

In medical devices, product claims are not limited to marketing language. They are design inputs that
determine risk classification, evidence requirements, and regulatory pathways. When commercial
pressure causes claims to expand past what the current evidence and design controls can support, the
entire downstream architecture of the product degrades: evidence generation misaligns, quality
requirements become ambiguous, and regulatory position weakens. Three distinct mechanisms drive
this pattern: language drift (2.4a), classification avoidance (2.4b), and post-hoc rationalization (2.4c).
Each operates through a different route and has a different intervention point.

When This Mechanism Operates
This pattern appears when:

e Commercial pressure to expand market relevance arrives before the evidence needed to
support broader claims exists

e Nointernal authority holds claim language to current design controls or regulatory position

e Funding or partnership narratives require the product to appear more capable than its
validated function supports

e Regulatory strategy is treated as something to harmonize after commercial language is set, not
before it

The discriminating condition is the last one: claims architecture is treated as a downstream task rather
than a design input. Organizations where claims are reviewed against design controls before public
release do not activate this mechanism even under significant commercial pressure.

How It Works

When commercial pressure influences claims, it finds the path of least resistance. Changing language
is easier than changing design, generating new evidence, or reclassifying the product. Each
adjustment seems locally defensible: a broader verb, a less restrictive indication, a comparison to
what a competitor is claiming. The accumulation moves the implied product function past what the
design controls, evidence base, and regulatory position can support.

The architecture does not change. The claims it is supposed to constrain do.

Three distinct paths drive this pattern. Language drift (2.4a) works through incremental linguistic
substitution, each step individually defensible. Classification avoidance (2.4b) works by reframing the
product's category to escape the regulatory requirements its actual function would trigger. Post-hoc
rationalization (2.4c) works by constructing justifications for claims after they are already public,
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stabilizing the drift rather than correcting it. Each path has a different entry point and a different
intervention.

How to Recognize It
Claims drift is visible when:

e Product descriptions change without corresponding modifications to design controls or
evidence

Precise technical terms are replaced with abstract verbs such as optimize, inform, or enhance
Broader clinical use is implied without additional supporting evidence

Internal disagreement persists about the product's intended use or risk category

Regulatory arguments are assembled after public-facing language is already in use

Claims are justified by citing competitor behavior rather than design controls

The words change. The underlying systems do not.

What It Produces Over Time
When product claims go beyond what the evidence can support:

Quality control systems struggle under vague requirements
Reimbursement options shrink or disappear

The product exists in a gray area, satisfying neither regulators nor clinicians
The company's future direction is restricted by what it cannot safely claim

The longer drift persists, the more expensive correction becomes. Each claim that enters a partnership
agreement, a press release, or a regulatory submission raises the threshold for revision.

What This Looks Like from Different Roles

If you are doing the hands-on work: you build a product to a specification that keeps changing due to
commercial pressure, but you lack the authority to enforce claims discipline.

If you are the one making decisions: each small change seems reasonable locally, but the overall
position is unclear until external regulatory or clinical pressure forces a final decision.

If you own quality and compliance: you identify the disconnect between claimed function and
validated design, but you cannot stop the commercial momentum.

If you are evaluating from outside: you observe market success but lack the information needed to
distinguish real, proven ability from exaggerated public claims.
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Each role experiences the same lack of discipline. Claims shifted, but the internal system did not
follow.

Who Knows What

Internal quality and regulatory staff know the discrepancy between claims and proven design.
Executives and business leaders understand market pressure and funding status. The system does not
require claims to align with product design before being released externally.

Important Limits

This mechanism does not accuse organizations of dishonesty, criticize ambition, or oppose market
testing. It simply describes how disciplined claims are essential for a device to be classified as a
medical device at all.

It does not explain why evidence is generated or how funding is acquired. It explains how allowing
claims to exceed the evidence limits every subsequent decision.

What It Is Often Confused With

Claims boundary drift is often seen as a communication issue or a natural part of positioning in a new
market. The deeper issue is that claims architecture is a design constraint with regulatory
consequences. Drift that feels like incremental improvement accumulates as a major structural
weakness.

What Good Structure Looks Like

This section advocates for product claims that are based on evidence and can withstand close
examination. Organizations that strictly control their claims despite commercial pressure build a
valuable long-term asset: regulatory credibility, evidence integrity, and clinical trust that is very hard
to regain once lost. When this works, the claims evolve only as the validated capability grows, evidence
supports both regulatory and commercial goals, and the product is accurately represented at every
stage. Maintaining strict control over intended use does not limit ambition. It is the basis for lasting
credibility with external institutions.
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The Key Question to Ask

Look at your current product description and ask: could an FDA reviewer use this language to understand
the intended use, the target user group, and the clinical claim? If not, what necessary information is
missing?

Illustrative Example

A neurotech company's pitch deck describes its device as a personalized neurostimulation platform that
optimizes cognitive performance and resilience. Internally, its draft for the 510(k) submission describes it
as a transcranial direct current stimulation device indicated for adjunctive treatment of major depressive
disorder in adults who have failed two or more prior antidepressant trials. The external language was
created 18 months ago for a funding round and has been used in press releases, partnerships, and
presentations. The regulatory team has been requesting for 14 months that the external language be
aligned with the intended use for clearance. The execs refuse, arguing that the pitch deck language
drives partnerships and investment.

When You Can Still Fix It

Early: Claims discipline is easiest to maintain before external communications are made, before
partners cite the language, and before the organization commits to a public narrative. Narrow: Once
claims are part of partnerships, press, and investor materials, correction requires managing the
revision process with every stakeholder. Largely closed: If a regulatory body has already seen the
claims publicly, voluntary correction may require formal engagement, and the cost of maintaining the
claims will exceed the reputational cost of changing them.

What Level This Operates At

Organization. This mechanism affects the organization's level of operation: it reflects how the
company manages the relationship between its commercial communications and its regulatory
position.

What It Is Often Confused With

A marketing or communications failure, or simply a required part of positioning in a new market.
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Mech 2.4a: Commercial Pressure Causes Product Language to Slowly Expand Past
What the Evidence Supports

What This Mechanism Is

Language is the most accessible element of a product claims architecture. Under commercial
pressure, it changes in small, individually defensible steps: a broader verb, a less specific indication, a
comparison to a competitor's language. Each step seems harmless. The accumulation moves the
implied product function past what the design controls, evidence base, and regulatory position can
support. The architecture does not change. The claims it is supposed to constrain do. This mechanism
operates through incremental linguistic substitution, which is what distinguishes it from 2.4b
(categorical reframing) and 2.4c (retroactive justification).

When It Appears
e Teams are pressured to increase market relevance
e Funding or partnership stories require the product to stand out
e Initial positive results exist without a clear, regulatory approved intended use
e Nointernal authority controls the claims discipline

Language becomes the quickest and easiest way to expand the product's perceived scope.

How to Tell It Apart

e Marketing materials, pitch decks, or demonstrations suggest broader impact than internal
documentation supports

e Precise technical terms are replaced with abstract verbs such as optimize, inform, enhance
Claims are justified by comparison to other products, not design controls
Regulatory review is seen as a future task to harmonize documents, not an immediate
constraint

These signs differ from 2.4b and 2.4c because this mechanism works through the gradual evolution of
language, not by avoiding regulatory classification or creating after-the-fact explanations.

How This Makes the Main Pattern Worse

Linguistic drift begins a collapse of clear boundaries by redefining the product's function before the
system can safely deliver it. Once the language exceeds the architecture, correction becomes
politically expensive, and the core problem speeds up: each new exaggeration is harder to retract than
the last.
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Mech 2.4b: Organigations Reframe Medical Products as Wellness Tools to Avoid
Regulatory Classification

What This Mechanism Is

Organizations redefine medical systems as tools for wellness, optimization, or self-insight to avoid
regulatory classification when their evidence or controls cannot support medical claims. Regulatory
vagueness offers commercial flexibility.

When It Appears
e Teams are unsure about the product's risk classification
e Regulatory clearance timelines threaten commercial momentum
e Theintended user base or operating environment is unclear
e Organizations attempt to launch without finalizing the intended use
How to Tell It Apart
e The company avoids clinical terminology while implying clinical relevance
e Design controls are replaced by simple disclaimers
e Thereis extended internal debate over whether the system qualifies as medical
e The product's behavior remains the same despite the new wellness rhetoric

These signs differ from 2.4a because this mechanism works by avoiding a regulatory category, not
through the gradual evolution of language within a claimed category.

Most members of the public are not familiar with how regulatory claims boundaries work for devices.
The supplement industry has addressed a parallel challenge through required disclaimers stating that
a product has not been evaluated by the FDA to diagnose, cure, treat, or prevent any disease. Wellness
devices carry no equivalent disclosure. Consumers who purchase them have no standard signal that
the product makes claims the FDA has not reviewed. This absence of disclosure shifts risk onto users
who have no way to know what the company has and has not substantiated.

How This Makes the Main Pattern Worse

Reframing the product as a wellness tool preserves commercial speed while undermining claims
discipline. Organizations delay regulatory engagement while operating in areas close to clinical
practice. This worsens the main pattern because avoiding reclassification removes the minimal
constraints that medical device status would have required.

Some products have followed this path responsibly. A device launched first as a wellness product, later
accumulating real evidence and ultimately seeking and receiving medical device classification,
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represents a legitimate trajectory when pursued with transparency about the current evidence base
and a commitment to eventual regulatory accountability.

Mech 2.4c: Organizgations Construct Regulatory Justifications After Claims Ave
Alveady Publicly Made

What This Mechanism Is

Organizations often come up with reasons to defend claims only after those claims have already been
made public. They do this by reinterpreting guidelines, prior cases, or enforcement gaps after the
commercial language is already out in the open. The justification comes after public exposure, instead
of discipline shaping the claim beforehand.

When It Appears

e Products are already in use, demonstrated, or marketed

e Claims are already incorporated into sales, partnerships, or branding
e Regulatory reasoning is performed reactively

e No internal authority limits claims before they are made public

How to Tell It Apart

e Regulatory arguments are crafted to defend existing language
The company selectively quotes guidelines while ignoring constraints that contradict their
position

e The company relies on the logic that others are doing it

e The difference between internal risk assessment and public claims widens

These signs differ from 2.4a and 2.4b because this mechanism occurs after the claims are public. It
does not start the exaggerated claims. It stabilizes them.

How This Makes the Main Pattern Worse

Justifying claims after the fact makes the breakdown seem normal by smoothing over inconsistencies.
Once rationalization replaces discipline, claims keep drifting and become hard to correct. This hides

the deeper problem by treating regulatory risk as a communication issue instead of a problem in the
product’s underlying structure.

Interlude: Why These Problems Repeat
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Problematic conditions have not been fixed.

Too much authority in the wrong places creates frustration for the people doing the work. That
frustration makes it harder for them to leave. Limited ability to leave leads to the same kinds of founders
and leaders returning again and again. That founder recycling then creates stagnation across the field.

These are not separate problems. They are parts of one repeating loop. When authority fails to develop
early, as described in Volume 1, it leads to the execution problems and accountability distortions
described in Volume 2. Those problems then lead to constrained exits and founder recycling, which stop
the field from building lasting institutional knowledge over time. The field keeps restarting because the
conditions that cause failure are never resolved. They are only passed forward and repeated.

This loop does not mean the field cannot improve. It means the earlier conditions that create the loop
have not yet been addressed by design. Some organizations and programs do interrupt the loop. You can
recognize them by clear structural features: authority is closely tied to execution, accountability reaches
the people making decisions, and quality systems preserve knowledge instead of forcing later teams to
rebuild it. The loop continues because these features are uncommon, not because they are impossible.

This interlude does not introduce new mechanisms. It names the loop that connects the mechanisms
already described.

What Volume 2 Establishes

Accountability, resolution, and disciplined product claims are not barriers that slow progress. They are
the conditions that make real progress possible. Without them, organizations create activity, not
medical devices. When these conditions are in place, strong ideas can grow into real products. When
they are missing, even capable teams produce motion without lasting strength.

The funding structure determines which uncertainties an organization is permitted to leave open and
which it is required to close. Accountability does not arise from culture. It is built into the structural
relationship between an organization and its capital, or it is absent from it. Capital that enforces
accountability becomes one of the most effective external pressures for making the decisions the work
requires.

Once these production systems are understood as structural patterns, their failures stop seeming
mysterious. What remains is the question of how knowledge moves, and whether the evidence that
production depends on can travel intact across the institutional boundaries between the people who
generate it and the people who must later act on it.
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Volume 3: How Knowledge Moves, Stalls, and Gets Distorted

Good science rarely becomes actual patient treatments. The reason is usually not the science itself.
What This Volume Covers

Research in medical neurotech regularly fails to reach patients, regulatory clearance, or lasting
deployment. This volume explains why.

This volume covers how knowledge moves between research, clinical work, and engineering, and why
it stalls so consistently. Moving knowledge into real products requires connecting groups that operate
on different timelines, reward different outputs, and define good evidence differently. When those
connections are built deliberately, knowledge compounds. When they are absent, it stalls at the
boundary even when each domain is producing valid work.

Some of the friction this volume describes is avoidable. Some is not. Regulatory review, human-subjects
constraints, and the complexity of the nervous system impose real time costs that structural
improvement cannot eliminate. The mechanisms here name the part that is structural and therefore
addressable.

Translation fails when the systems holding knowledge are not structurally connected to the people
who must act on it. The problem is not missing information. It is missing connections.

This volume explains why promising early results stall instead of compounding, why more evidence
does not always increase confidence, why early findings lock organizations into directions rather than
correcting them, and why gathering more data sometimes fails to answer the question at hand.

Translation also requires people who can work across research, regulatory, and engineering domains.
Almost no training program develops more than one. The institutions are structurally disconnected,
and so are the people who work inside them.

How This Volume Fits into the Canon

Knowledge in this field does not move freely. Human-subjects rules constrain what can be studied and
when. Regulatory ordering requires specific evidence types in a specific sequence. Early measurement
choices lock in interpretations before the field has enough information to evaluate them. Public claims
made before the science is settled turn preliminary findings into organizational commitments that are
costly to revise.

Translation failure is not caused by incompetence or insufficient effort. It is the predictable result of
systems designed to protect patients and systems designed to generate scientific progress operating in
parallel without structural coupling.

This volume builds on Volumes 1 and 2. Those volumes described how authority gets delayed, how
dependency builds up, how funding structures shape accountability, and how hard decisions get
deferred. All of those conditions determine what knowledge gets generated, by whom, and under what
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constraints. By the time knowledge reaches the point where it should transfer across institutions, the
conditions for failure are already set.

Who This Volume Is For

This volume is written for people who design or evaluate evidence programs, interpret early research
results, make decisions under regulatory uncertainty, or are responsible for moving knowledge from
one institution or domain to another.

This volume does not offer shortcuts around regulation or ethics, or ways to move faster. These
patterns are systems problems, not individual failures. They persist regardless of how motivated or
talented the people involved are.

How the Mechanisms Connect

Translation fails most often not because knowledge is missing, but because the systems that receive
knowledge are not set up to use it. The first mechanism establishes the basic requirement: research,
clinical practice, and engineering need to be structurally connected. Without shared timelines, shared
decision points, and shared accountability, knowledge stays valid within one domain and useless to
the others.

Once that connection is missing, even well-generated evidence runs into the second class of failure.
Early signals get treated as conclusions, the story hardens before enough is known, and the way things
get measured locks in before anyone understands what they are measuring. Mech 3.1 is about the
connection failure. Mech 3.2 is about what happens to evidence once that connection is absent.

Mech 3.1: Knowledge Cannot Move from Research to Clinical Use Without
Enforced Structural Connections

What This Mechanism Is

Translation fails when research, clinical work, and engineering all operate independently with no real
requirement to share timelines, decisions, or accountability. Each group produces good work by its
own standards. None of it is packaged in a way the other groups can use. Knowledge accumulates

across three separate systems and still cannot produce a device that works, no matter how technically
solid each pieceis.

When This Mechanism Operates

This mechanism appears when:
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e Institutions separate research, clinical, and engineering functions under independent
governance

e Domains retain siloed decision authority without shared accountability structures
Incentives reward output within their own domain over cross-domain answers

e Feedback from later use arrives late, indirectly, or as optional input

How It Works

Once disconnection is the default, each team produces good work by its own standards and none of it
connects. Researchers produce findings that are scientifically valid but not packaged in a way
engineers or clinicians can act on. Engineers make design decisions without real input from clinicians,
locking in assumptions that clinical feedback would have changed. Clinicians generate observations
that arrive after the key design decisions are already final.

This arrangement sustains itself because keeping teams separate is easier to manage than connecting
them. Each domain reports progress by its own metrics. No one is responsible for what the combined
system produces. Coordinating across domains never falls to anyone with the authority to require it.
Institutions protect their domain boundaries because crossing them takes real effort and brings no
obvious reward.

Two features of how academic research works make this worse, and they are worth naming directly.

First, academic training builds independence as a core professional value. Researchers are trained to
work alone or in small teams, and that habit does not automatically disappear after training ends.
Academic careers are built on who originated an idea and who published it first. Ideas and data belong
to the researcher who generated them. Protecting unpublished work and guarding research territory
are rational behaviors inside the academic system. But that protectiveness is directly at odds with
what translation requires, which is sharing incomplete knowledge early with people who may redirect
or challenge it. Academic incentives actively choose against such sharing.

Second, academic research is designed for open-ended inquiry without a predetermined end product
in mind. The kind of basic research universities are built to fund produces outputs that may not have
any clear practical application for years or even decades. The gap between a fundamental scientific
discovery and a working medical device is large. That gap is not a communications failure. It is what
basic research is. This means that knowledge entering the translation process is often not yet ready for
the engineering and regulatory requirements that product development demands. Expecting early
academic results to connect cleanly with product timelines misunderstands what those results are.

These two norms — independence and open-ended inquiry — produce little friction inside academia.
They produce enormous friction at the point where knowledge must convert into a regulated product
with a defined clinical purpose.

How to Recognize It
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You can spot a breakdown when:

Technically sound studies that do not inform design decisions

Clinical insights that arrive after architectures have hardened

Engineering tradeoffs made without live clinical constraint

Translation framed as a handoff, not a continuous connected process

People from each domain unable to specify what the other domains need from them to
proceed

These signs identify a structural failure, not a communication problem.

What It Produces Over Time
When these structural connections are missing:

Knowledge accumulates without movement across institutional boundaries
Evidence becomes retrospective, not corrective

Design decisions lock in before clinical constraints surface

Organizations incorrectly attribute translation failure to execution, not structure
Organizations invest in generating evidence they cannot use

Output volume goes up. The rate of things that reach patients goes down.

What This Looks Like from Different Roles

If you are the researcher: you are producing valid outputs that are repeatedly misapplied or ignored
downstream. Feedback from applications does not return to inform the research. The norm of
independent work makes early sharing feel like a risk rather than a requirement.

If you are the clinician: you are receiving evidence that does not map to clinical decision contexts.
Engineering assumptions and product requirements embedded in devices do not reflect live clinical
input.

If you are the engineer: you are making design decisions based on available evidence, not evidence
generated for the specific design problem. Clinical constraints arrive as after-the-fact corrections.

If you are the connector of teams: you are absorbing the friction between domains without authority
to enforce connection. Translation failure is attributed to this position, not structural absence.

If you are the decision-maker: you are observing domain-level progress while the translation interface
remains invisible as a failure point.

Each of these experiences points to the same thing: the connection was never built.
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Who Knows What

Each domain knows its own constraints and outputs. No domain knows what the others need for the
whole system to work. The system does not require that knowledge be packaged in a way the receiving
domain can act on. Decision-makers receive progress updates from each domain without any way to
tell whether that progress is relevant to what the system ultimately needs to produce.

Important Limits

This mechanism does not blame individuals for failing to communicate. It describes why translation
requires structural enforcement, not just good intentions.

It does not account for why particular evidence is generated nor how signals are interpreted once they
cross domain boundaries. Those failures are addressed in Mech 3.2.

What It Is Often Confused With

When translation fails, it is blamed on coordination problems, communication gaps, or a cultural
divide between researchers, engineers, and clinicians. The real explanation is simpler: the institutions
do not connect their teams. Improving communication within structures that are disconnected does
not create connection. Actual connection requires shared accountability, joint decision points, and
timelines that are synchronized.

What Good Structure Looks Like

What this section protects: real connections between research, clinical work, and engineering that
allow knowledge to cross boundaries, arrive at the right time, and be formatted in a way the receiving
domain can use.

When this works well, shared decision points, joint accountability, and synchronized timelines make
knowledge usable across all three domains. Clinical insights inform engineering decisions before the
architecture locks. Engineering constraints shape how studies are designed before the evidence is
generated. Regulatory requirements build into the development process before they become hard
stops. Connected systems produce knowledge that builds on itself. Disconnected systems produce
knowledge that stalls.
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The Key Question to Ask

Can someone on the engineering team name the three questions the clinical program needs answered
before the next design decision? Can someone on the clinical team name the three engineering
constraints that shape the study design?

Illustrative Example

A neurotech company is developing a closed-loop neural stimulation device. The engineering team has
made several architectural decisions about the processing pipeline based on published literature. The
clinical team is designing a feasibility study based on a clinical outcome metric they consider most
meaningful. Neither team has shared its constraints with the other in a meeting where both are present.
At a technical review, the clinical team's primary outcome metric turns out to require a sampling rate the
engineering team's architecture cannot support at the required battery life. The engineering team has
known about the battery constraint for six months. The clinical team has known the metric requirement
for a year. The gap has a name: no one had authority or mandate to hold a joint review before the
respective decisions were locked in.

When You Can Still Fix It

Early: structural connection is most effective when built into the process before architectural and
protocol decisions are made. Joint decision gates, shared readiness criteria, and integrated review
points can be established at project inception. Narrow: once engineering architecture and clinical
protocol have each locked in independently, connection becomes retrospective reconciliation, which
is expensive and often partial. Largely closed: after IDE submission or first-in-human testing,
architectural connection is largely infeasible. The path is determined by what the architecture can
support.

What Level This Operates At

Field and institutional. This pattern plays out at the level of individual organizations and adds up to a
field-wide problem, which is why translation yield is low across the entire field, not just in isolated
cases.

What It Is Often Confused With

Coordination problem, communication gap, or cultural divide between researchers and engineers.
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Mech 3.1a: Clinical, Research, and Engineering Teams Each Optimige for Their
Own Domain and Cannot Produce Usable Results Together

What This Mechanism Is

When each team has decision authority only within its own domain, the knowledge each produces is
valid internally and useless across the chain. Each domain generates outputs optimized for its own
standards, not for the requirements of the other domains that need to act on them.

When It Appears

Clinical, research, and engineering functions report through separate institutional structures
Success metrics within each domain are defined without reference to later requirements

No joint governance structure holds all three domains accountable to a shared outcome
Feedback loops that cross domain boundaries are informal, delayed, or absent

How to Tell It Apart

Research outputs that are valid within their discipline but not interpretable for device design
Clinical protocols designed without engineering feasibility input

Engineering specifications that do not incorporate clinical workflow constraints

Repeated disputes at domain interfaces over whose standards take precedence

These signs differ from 3.1b and 3.1c because the misalignment is present at every stage of the work,
not just at specific timing points or when crossing between animal and human models.

How This Makes the Main Pattern Worse

When domains are misaligned, knowledge that crosses between them cannot accumulate in a usable
form. Each round of work produces outputs that are valid within one domain but need to be
reconstructed before they work in another. That reconstruction work belongs to no one, is not
compensated, and is unreliable, so it frequently does not happen. Each isolated output adds to the
appearance of progress while widening the actual gap.

Mech 3.1b: Evidence Generated After Key Decisions Are Already Made Cannot
Change Those Decisions
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What This Mechanism Is

Evidence generated after the key engineering decisions have already been made cannot change those
decisions. It can only confirm or expose failure. Evidence generated after the architecture locks in
serves a compliance function, not a learning function.

When It Appears
e Clinical or regulatory evidence generation is sequenced after device architecture is fixed
e Study designs are built around existing system capabilities, not clinical requirements
e Feedback from clinical use reaches engineering after design freeze
e Evidence generation is treated as validation, not input to design

How to Tell It Apart

Clinical studies designed to confirm performance of an already-built system

e Regulatory submissions based on evidence generated for a previous version of the device

e Post-market surveillance revealing design-level problems that pre-market evidence could not
surface

e Organizations re-running evidence generation after design changes, not to inform them

These signs differ from 3.1a because the problem is about timing, not whether the domains are
communicating. The misalignment is produced by the order in which decisions get made.

How This Makes the Main Pattern Worse

Generating evidence too late locks in architectural decisions before they have been tested against
clinical conditions. This deepens the main pattern by turning evidence generation into a compliance
exercise rather than a learning exercise, and by ensuring that the most useful knowledge arrives after it
is too late to change anything.

Mech 3.1c: Animal and Human Evidence Programs Run Independently and
Produce Results That Cannot Be Combined

What This Mechanism Is
When animal studies and human studies run independently, they produce evidence streams that are

each valid within their own context but cannot be combined to support translation decisions. Each
produces confidence within its own system while the bridge between them remains unbuilt.

MECHANISMS: A Systems Account of Medical Neurotechnology. © 2026 Sharena Rice. 70



When It Appears

e Preclinical programs run on timelines and standards independent of clinical program
requirements

e Animal model selection is driven by experimental convenience, not human translational
accuracy

e Nothing requires that the animal evidence address the specific uncertainties that clinical
translation will need resolved

e Regulatory pathways do not enforce connection between animal and human evidence

generation
How to Tell It Apart
e Preclinical findings that do not predict clinical outcomes and cannot be reconciled after the
fact
e Animal model choices that were never validated for the specific human condition being
targeted

e Clinical programs that begin without resolving the questions preclinical evidence was
positioned to answer

e Regulatory submissions that acknowledge gaps between animal and human evidence without
structural plans to close them

These signs differ from 3.1a and 3.1b because the incompatibility is specifically between animal and
human model systems, a problem imposed by biology and regulatory structure, not just by how
institutions are organized or what order decisions get made.

How This Makes the Main Pattern Wotrse

Running animal and human programs in parallel produces evidence that is individually valid and
jointly insufficient. Each stream builds internal confidence while the bridge between them remains
unvalidated. Investing heavily in each stream separately produces diminishing returns when nothing
connects them.

Mech 3.2: Committing to Early Signals Before Enough Is Known Forecloses
Later Learning

What This Mechanism Is

Early signals in scientific programs are legitimately uncertain. The structural problem is not that
organizations communicate them before certainty is established. That is unavoidable. The problem is

MECHANISMS: A Systems Account of Medical Neurotechnology. © 2026 Sharena Rice. 71



the mechanism by which preliminary evidence becomes an organizational commitment that
forecloses later learning. Once a direction is committed in ways that carry reputational, financial, and
relational weight, the organization loses the practical ability to revise it when the evidence does not
hold up. Two distinct mechanisms drive this pattern. The first is narrative amplification (3.2a): weak
signals become strategic commitments through storytelling before the evidence warrants it. The
second is metric lock-in (3.2b): early measurement choices constrain what can be learned later. Each
has a different intervention point and a different structural cause.

The signal stabilizes. The knowledge does not.

When This Mechanism Operates
This mechanism appears when:

e Early results must be communicated to external stakeholders before their validity is
established

e Organizational legitimacy, fundraising, or recruitment depends on demonstrating directional
progress

e The communication environment rewards clarity and confidence over precision and
uncertainty

e Provisional directions are shifted as commitments before they are revised

How It Works

Once a direction is committed through external communication, the cost of revision accumulates with
each subsequent stakeholder exposure. The mechanism is not dishonesty. It is the rational
management of commitments already made.

Each additional commitment, equity raised on the direction, regulatory strategy built around the
signal, partnerships formed on the basis of the claim, raises the threshold for revision. The lock-in is
not produced by any single communication. It is an accumulation property. By the time the
organization recognizes the signal was weak, the cost of acknowledging that publicly exceeds the cost
of continuing to build around it.

Findings that contradict the story get dismissed as noise, edge cases, or execution problems. The

organization looks like it is learning while blocking the course corrections that true learning would
require.

How to Recognize It

You can spot this when:
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e Slide decks or public materials presenting early effects as directional proof

e Simplified claims repeated across communications without acknowledgment of underlying
uncertainty
Rhetorical confidence increasing faster than the actual evidence

e Internal alignment around the story, not the data

e Resistance to study designs that could falsify the core directional claim

The story hardens. The evidence does not.

What It Produces Over Time
When early signals are treated as proof:

e Evidence generation narrows to confirming, not testing, the established direction

e Contradictory findings are reinterpreted, not integrated

e Regulatory and clinical strategies lock in around an interpretation that does not survive full
testing
Organizations that discover the signal was weak cannot revise publicly without credibility loss

e The broader field inherits those locked directions when organizations collapse rather than
correct course

What This Looks Like from Different Roles

If you are the researcher: findings are communicated to external audiences before their validity is
established. Subsequent research is constrained to the frame those communications created.

If you are the one making decisions: commitment to a direction is made at the point of maximum
uncertainty. The cost of revision rises with each subsequent communication.

If you are doing the hands-on work: builds to a specification derived from an early signal interpretation
that internal evidence has begun to contradict. Lacks authority to surface the contradiction formally.

If you are evaluating from outside: receive confidence signals that track narrative maturity, not
strength of the evidence. The gap between them is not visible in the information that reaches this

position.

If you own quality and compliance: identifies the gap between claimed signal strength and actual
strength as evidence but cannot override the organizational commitment already in place.

Each of these experiences is the same lock-in, seen from a different seat.

Who Knows What
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The technical people inside the organization know the gap between what is being claimed and how
strong the evidence is. Investors, partners, and regulators have the narrative that was communicated
to them. Nothing requires external communications to accurately reflect the current state of the
evidence. Decision-makers are committed to a direction whose actual evidential foundation they
cannot fully evaluate.

Important Limits

This mechanism does not question scientific integrity or assume bad faith. It describes how
communication under institutional pressure, the pressure to raise money, recruit people, and
maintain credibility, turns preliminary evidence into organizational commitments that are difficult to
walk back.

It does not cover why the research-clinical connection breaks. That is Mech 3.1.

What It Is Often Confused With

Treating early signals as proof gets mistaken for visionary leadership, justified confidence, or the
optimism you need when funding is scarce. The deeper reason is that commitments are accumulating
faster than understanding, and those commitments are foreclosing the course corrections that true
learning would require.

What Good Structure Looks Like

What this section protects: the ability to learn from early results without over-committing to them, to
communicate preliminary findings honestly, and to change direction when the evidence calls for it
rather than waiting until political and financial pressures allow it.

When this works well, evidence gets communicated honestly, clear about what was tested, honest
about what was not, and explicit about the conditions under which the findings hold. When early
signals are treated as hypotheses rather than conclusions, organizations can update based on
contradictory evidence, change direction without losing credibility, and build true confidence through
accumulated testing. Discipline about early signals is what makes later confidence credible.

The Key Question to Ask

What is the weakest assumption underlying the current directional claim? What would it take to test that
assumption before committing further resources to the current direction?
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Illustrative Example

A neural interface startup presents at a major conference showing a small open-label pilot with four
patients demonstrating a reduction in a surrogate neural biomarker. The CEO describes this in the Q&A
as proof of concept for the therapeutic mechanism. The phrase appears in the conference summary, is
picked up by two industry newsletters, and is included in the next fundraising deck. Eighteen months
later, the company's randomized controlled trial shows no effect on the primary clinical endpoint.
Biomarkers did not predict clinical outcome. The organization cannot publicly revise its prior
characterization of the pilot data without raising questions about every prior communication. The
direction was set at the conference Q&A.

When You Can Still Fix It

Early: the best time to maintain signal discipline is before the first public communication. Treating
early findings as hypotheses, naming the uncertainty explicitly, and avoiding strong directional claims
before enough is known is achievable when the organizational culture supports it. Narrow: once a
finding has been publicly characterized as directional proof, revising that characterization requires
admitting that prior communications were imprecise, a real reputational cost. Largely closed: once the
organization's identity, funding, and regulatory strategy have been built around a specific
interpretation, changing direction requires dissolving commitments that have substantial financial
and reputational weight.

What Level This Operates At

Organization and field. This pattern operates at the organizational level (which decisions get locked in)
and extends to the field level (which technology directions get inherited by the field when
organizations collapse rather than correct).

What It Is Often Confused With

Visionary leadership, justified confidence in promising data, or necessary optimism in a
capital-constrained environment.

Mech 3.2a: Weak Early Results Become Strategic Commitments Through
Storytelling Before the Evidence Warrants It

What This Mechanism Is

The specific mechanism by which weak signals become strategic commitments is narrative
amplification: a preliminary result is framed as directional proof in a public communication, that
framing is repeated in subsequent investor, partner, and regulatory conversations, and the repetition
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builds consensus around an interpretation before the evidence supports it. The narrative is not
deliberately misleading. It is the output of communication environments that reward clarity and
confidence over precision. The result is an organization whose strategic identity has been committed
to an interpretation before enough is known to justify that commitment. This is the initiating
mechanism for 3.2. Once it has operated, 3.2b describes how it becomes self-reinforcing through
metric infrastructure.

When It Appears

Early results must be communicated to external stakeholders

Progress narratives are required for fundraising, recruitment, or legitimacy
Technical uncertainty cannot be conveyed in available communication formats
Communication environments reward clarity over precision

Telling a clean story becomes more important than being accurate.

How to Tell It Apart

e Public materials presenting early effects as directional proof
e Simplified claims repeated without acknowledgment of underlying uncertainty
e Rhetorical confidence increasing faster than the actual evidence

These signs differ from 3.2b because the amplification is the initiating act: it is the process by which
weak signals acquire the narrative weight that later makes them difficult to revise.

Mech 3.2b: Early Measurement Choices Become Locked In and Prevent Learning
From Moving Forward

What This Mechanism Is

Early measurement choices can become fixed before anyone knows whether they are the right
choices. Once tools, analyses, and success criteria are built around those measures, changing them
becomes difficult even when the measures do not capture what matters most.

When It Appears
e Early measurements are selected for convenience or availability
e Tooling and data systems are built around the first set of metrics
e Parallel or exploratory measurement strategies are absent
e Metric changes are treated as threats to continuity or comparability
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e The company does not proactively discuss which metrics are expected as evidence with the
regulatory body they are submitting to

How to Tell It Apart
e Continued reliance on metrics known to be incomplete or noisy
e Difficulty interpreting results outside established measurement frames
e Experimental designs optimized for legacy endpoints
e Learning plateaus despite ongoing data collection

These signs differ from 3.2a because the lock-in works through infrastructure and comparability
constraints, not through narrative or identity. Changing the metric breaks your ability to compare new
results with old ones: a structural cost that exists regardless of what you have communicated or
committed to.

How This Makes the Main Pattern Worse

When your metrics cannot evolve, uncertainty hides instead of resolving. The organization appears to
be generating evidence and learning, but the evidence is structurally incapable of falsifying the
direction that was established early. This deepens the main pattern by locking interpretation in place
without anyone actively choosing to lock it.

What Volume 3 Establishes

Knowledge stalls even when data exists, expertise is present, and everyone wants to cooperate. This
volume covered what makes knowledge movable and what blocks it. Translation does not fail because
the underlying work is inadequate. It stalls when the structural connection required to move
knowledge is missing: when domains operate without shared decision points, when evidence gets
generated without the involvement of the people who will need to use it. It is also when public
commitments get made before the understanding exists to back them up.

The connection between research, engineering, and clinical work is a design variable, not an emergent
property. Shared decision points, synchronized timelines, and joint accountability can be built in.
Where they are, knowledge compounds. Where they are not, translation yield stays well below what
the underlying science and engineering would support.

Translation friction is not evidence that the field is broken. It is the predictable cost of connecting
multiple real worlds that operate on incompatible timelines, incentive systems, and definitions of
what counts as valid evidence. The question the next volume asks is whether learning compounds
once it does cross boundaries, or whether it resets at every institutional handoff.
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Volume 4: Quality Makes or Breaks Devices

Speed without quality does not produce a medical device. It produces a prototype that will fail when
reality arrives.

What This Volume Covers

Quality in a regulated medical device company is two things at once: the internal system that keeps
the organization functional over time, and a legal requirement that determines whether it can function
at all. Most regulated medical device companies are required to meet specific standards, ISO 13485,
FDA 21 CFR Part 820, IEC 62304, and their equivalents. These are not optional. They are the minimum
required to operate legitimately in regulated markets. This volume does not dismiss that compliance
requirement. It describes why organizations that treat meeting the standard as the finish line, rather
than the starting point, fail to survive what comes after regulatory clearance.

Quality is what allows decisions made today to still be valid, defensible, and possible to build on
tomorrow. Without it, a product might technically exist as a physical object but does not exist as a
medical device in any meaningful sense. These mechanisms describe how quality infrastructure, when
it is built and placed correctly, enables learning to compound, errors to be caught early, and regulatory
review to extend development rather than disrupt it.

Quality is what separates a real medical device from a research artifact. This volume treats quality as
the system that makes claims verifiable by outsiders, evidence cumulative, decisions recoverable, and
the structural property that determines whether a device is still recognizably the same device as it
moves from prototype to study, from study to regulatory submission, and from submission into clinical
use.

How This Volume Fits into the Canon

Quality does not slow execution. On the surface it can look like it does, because it requires
documentation, review, and sign-off before moving forward. The net effect is the opposite. Quality is
what enables execution to persist across time, through personnel changes, regulatory audits, and
adverse events. Organizations that skip quality move faster in the short term. They pay for it in rework,
regulatory problems, and deployment failures that cost far more time than the documentation ever
would have.

A note on inherent difficulty: some of the quality burden in medical neurotech is not a structural gap. It is
the true cost of building things that must work safely inside the human nervous system. Design controls
and traceability requirements exist because the consequences of getting it wrong are serious. The
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mechanisms in this volume are about what prevents rigor from being built in early, so that the cost gets
paid once, at the right time, rather than repeatedly at the worst possible moment.

Quality is one of the few structural investments that compresses the effective timeline of medical
device development. Every medical device, regardless of risk level, must be demonstrably safe before
deployment. A device that cannot demonstrate safety through traceable, auditable records does not
become a medical device. It remains a prototype with regulatory exposure. Quality is not overhead
that slows the process. It is the condition that makes the process possible at all.

In medical neurotech, quality systems determine what counts as valid evidence, who has the authority
to make decisions, and whether learning accumulates or gets lost at every transition. These are not
administrative details. They are the conditions under which a product remains the same product as it
moves through development, regulatory submission, and clinical use.

This volume assumes you have some regulatory literacy but does not teach compliance. It explains
how quality functions as a structural determinant of whether an organization survives contact with the
real world. It sits at the intersection of the translation failures in Volume 3 and the program failures in
Volume 5: quality is where the field either preserves the knowledge that translation struggled to
produce, or loses it.

Who This Volume Is For

This volume is for people who build or govern regulated medical devices and need to understand
quality as a structural determinant of whether a device survives contact with regulators, payers, and
clinical environments. It treats quality as the condition that makes development possible, not as
overhead layered on top of it.

These are system-level patterns. They persist regardless of how motivated or talented the people
involved are. The mechanisms name what prevents quality from being built in early, so that the cost
gets paid once rather than repeatedly at the worst possible moment.

How the Mechanisms Connect

Quality functions as the infrastructure that preserves decisions across time. It determines whether
decisions made today are still valid and defensible later, and whether a device built under one team
can be understood, defended, and operated by a different team. Mech 4.1 covers this preservation
function and what happens when it is absent, outsourced, or treated as something to handle later.

Mech 4.2 covers what quality determines beyond getting regulatory clearance: whether a device can
survive the full gauntlet of getting paid for, getting adopted by clinicians, and maintaining
accountability after it is in use. Both mechanisms address the same structural property across two
different phases of a device's life.
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Mech 4.1: Quality Systems Preserve the Integrity of Decisions Across Time
and Personnel Change

What This Mechanism Is

Quality ensures that a device remains the same device as it moves from prototype to study, from study
to regulatory submission, and from submission into clinical use. Without it, every transition requires
rebuilding context from scratch. With it, every transition is a handoff where the record speaks for itself.
Without this infrastructure, a product may physically exist but does not exist as a regulated medical
device in any meaningful sense.

When This Mechanism Operates
This becomes decisive when:

Products target clinical use or regulatory clearance

Evidence must retain interpretability across long timelines

Teams turn over faster than institutional memory can keep up

Outside parties (regulators, clinicians, payers) must rely on artifacts they did not witness being
created

In regulated systems, this question is unavoidable. Organizations only get to choose whether they
address it deliberately or let it emerge incoherently.

How It Works

Once quality infrastructure is in place, every decision, whether it is a design choice, a test protocol, or
how a deviation was resolved, attaches to a record that later teams can find, understand, challenge,
and build on. The system preserves context even as time passes and people leave.

When quality infrastructure is absent, the same decisions exist only in the memories of the people who
made them. As those people leave, the context decays. Teams cannot reconstruct what was done or
why. Disputes get resolved through memory rather than records. Ambiguity gets bypassed rather than
resolved, because resolving it would require acknowledging that it exists.

Lack of quality infrastructure fuels incentive pressure. Short-term progress signals reward moving fast
over documenting carefully. Presenting the appearance of rigor is rewarded even when the underlying
rigor is not there. At every stage, deferring quality work is individually rational: the cost appears small
and far away while the immediate benefit is forward motion. This continues until something external
forces the issue, a regulatory audit, a clinical adverse event, a due diligence review, and all the
accumulated debt surfaces at once.

A common pattern in medical neurotech makes this worse: organizations under pressure to show
progress rely on the engineer who can build and demo something over the quality professional who
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asks whether what is being built can be defended, traced, and validated. The design engineer
generates visible output. The quality professional appears to generate constraint. In the short term,
constraint is invisible as a source of value. The cost of bypassing it accumulates in exactly the debt that
Mech 4.1c describes.

How to Recognize It
You can spot the absence of real quality infrastructure when:

Teams unable to re-execute test protocols from prior phases without oral mediation
Documentation recording what was done without recording why decisions were made
Missing or broken traceability between requirements, tests, failures, and corrective actions
Regulatory engagement that relies on reassurance, not structural clarity

Disputes about prior work resolving through memory, not records

These signs mean the organization can no longer reconstruct its own history of decisions.

What It Produces Over Time
When quality infrastructure is working:

e Learning compounds, not resetting at each personnel transition
e Errors remain correctable before they become fatal
e Regulatory engagement extends internal practice, not forcing reconstruction

When it does not:

e Quality problems accumulate out of view

e Rework costs escalate nonlinearly as the debt surface widens

e Organizations discover (at regulatory, clinical, or financial forcing points) that they have
produced artifacts, not devices

The distinction between moving fast and breaking things and building a medical device is whether this
infrastructure exists.

What This Looks Like from Different Roles
If you are doing the hands-on work: you work without the infrastructure to make lasting decisions.

Every time someone new joins or someone leaves, you rebuild context informally rather than from
records.
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If you are the one making decisions: the absence of quality friction looks like organizational efficiency.
The cost of missing infrastructure does not show up until something forces it, a regulatory deadline, a
clinical failure, or a key departure.

If you own quality and compliance: you hold quality authority without the power to enforce it
internally. Stop-work decisions get overridden to protect the schedule or the narrative. Your job is to
deliver accurate bad news that prevents larger problems. In organizations not ready to hear that, the
work gets suppressed or routed around.

If you are a regulator or payer: you encounter an organization whose artifacts cannot be traced,
defended, or audited. Clearance or payment gets withheld not because the technology lacks merit but
because the documentation does not allow an outside party to verify what was done and why.

If you are trying to connect different teams: you absorb the cost of absent infrastructure through
informal mediation, institutional memory, and individual effort, none of which constitutes quality that
holds up over time.

Each of these positions reflects the same absence: quality infrastructure was not there when it was
needed.

Who Knows What

The people who made original decisions hold context that records do not capture. People who come
into the picture later, including regulators and payers, have access only to what exists on paper. When
those records are absent or incomplete, the gap between what was decided and what can be
demonstrated is impossible to close without the original people present. And there is nothing in the
structure of most organizations that prevents this gap from forming.

Important Limits

This mechanism does not equate quality with the volume of documentation, reduce it to compliance
checklists, or treat after-the-fact documentation as equivalent to records created at the time. The
whole point is records have to be created when decisions are made. Documentation produced
afterward does not preserve the decisions it claims to describe.

Why this persists: short-term progress signals reward motion over documentation. Quality infrastructure
has no visible output until it is tested by a forcing event. Teams optimize for what is measurable and
immediate. The cost of absent infrastructure gets deferred until an audit, a transition, or an adverse
event, by which point the cost is no longer manageable.

If you name this early, organizations that build quality as a living practice from the start, rather than a
documentation exercise after the fact, find that the same information they need for requlatory review is
already the record they have been building all along. The fix is structural, not additive.
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For how quality determines reimbursement and post-market survival, see Mech 4.2.

What It Is Often Confused With

Quality problems get treated as a documentation backlog, a compliance issue, or something that will
get fixed in the next phase. The deeper reason is that unrecorded decisions are not a backlog. They are
absent context that cannot be reconstructed after the fact. Cost is structural and time-sensitive, not
administrative and deferrable.

What Good Structure Looks Like

What this section protects: quality systems that make decisions lasting, so that the organization that
built the device can hand it to a regulator, a payer, a clinician, or a successor team, and the record of
what was decided and why is available, traceable, and defensible to any outside party.

When this works well, quality makes organizational memory lasting, decisions traceable, and learning
cumulative. Every personnel transition is a handoff rather than a restart. Every regulatory review
extends rather than reconstructs. Every adverse event is an input to correction rather than a threat to
continuity. Quality done well is not a tax on execution. It is what makes execution compound across
time.

The Key Question to Ask

If the person who made the most critical technical decision in the last 18 months left tomorrow, could a
qualified replacement reconstruct what was decided, why, and what it ruled out? Where would they find
that record?

IMlustrative Example

A neurotech startup is preparing for a pre-IDE meeting. The regulatory consultant asks to see the design
history file. The engineering team has a shared drive with test data, design drawings, and some meeting
notes, but no systematic design history. When the consultant asks why a specific electrode geometry was
chosen, three engineers give three different answers. The actual reason was a manufacturing constraint
from a vendor who is no longer the company's primary supplier. The decision was made 28 months ago
in a conversation between the CTO and the vendor's account manager. Neither is still at the company.
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When You Can Still Fix It

Early: quality infrastructure is easiest to build during initial product development, before design
decisions have accumulated. Each decision recorded at the time it is made reduces future
reconstruction cost. Narrow: retrofitting quality infrastructure partway through development is
expensive but possible. The cost rises nonlinearly with the number of undocumented decisions that
have accumulated. Largely closed: once regulatory evidence has been submitted and is under review,
redesigning the quality documentation around a new infrastructure is prohibitive. The path forward is
determined by what was documented.

What Level This Operates At

Organization. Quality infrastructure is an organizational property. It cannot be delegated to individual
people or outsourced without losing the accountability chain it requires.

What It Is Often Confused With

A documentation backlog, a regulatory compliance issue, or a resourcing problem that will be
addressed in the next phase.

Mech 4.1a: Quality Cannot Be Inferred From Good Intentions, Delegated to
Consultants, or Rebuilt After the Fact

What This Mechanism Is
If you treat rigor as something you can assume from good intentions, delegate to consultants, or

reconstruct after the fact, you are guaranteeing the failure of quality infrastructure. Quality that is not
embedded in daily work does not exist as a functioning system. It exists as a claim.

When It Appears
e Senior intuition or stated good judgment replaces explicit documented structure

e Quality responsibility is delegated to external consultants without internal ownership
e Documentation is generated only after regulatory or clinical pressure appears

How to Tell It Apart

e Statements declaring the company will clean up their code or processes later
e Reliance on oral explanation during audits or technical reviews
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e QA consultants producing artifacts that do not reflect actual practice
e Inability to answer basic traceability questions without rework

These signs differ from 4.1b and 4.1c because the failure is about how quality work is being treated, as
something separate from execution, not about where authority is placed or how undocumented
decisions pile up.

How This Makes the Main Pattern Wotrse

Keeping decisions lasting requires that they be recorded at the moment they are made. When teams
assume quality, outsource it, or reconstruct it afterward, they break the record-creation process.
Continuity fails even when everyone believes quality is present, because the records were never
created. This variant hides the main pattern by producing quality documents that exist in form but not
in function.

Mech 4.1b: Quality Authority Placed Too Far From the Work Cannot Govern
Decisions When It Matters

What This Mechanism Is

Quality authority placed too far from the actual work, or given the title without the power to stop
things, cannot govern decisions when they are being made. The role exists. The function does not.

When It Appears

e Quality reporting routes through the functions it must challenge
e Quality assurance is assigned advisory status without stop-work power
e Quality decisions are overridden to satisfy schedule, narrative, or fundraising pressure

How to Tell It Apart
e Repeated deviations justified without being resolved
e CAPAs that address symptoms without root causes
e Engineers or clinicians acknowledging issues they cannot formally act on
e Quality personnel absorbing responsibility without authority

These signs differ from 4.1a because the failure is about structural placement, not how quality work is
treated behaviorally. The system has quality people. It has not given them the authority required to do
the actual job.
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How This Makes the Main Pattern Worse

Preserving decisions requires enforcement. When quality authority is displaced or stripped of power,
quality documents stop being binding. Decisions degrade from constraints into suggestions. This
variant deepens the main pattern by ensuring that quality's formal presence masks its functional
absence, delaying recognition of the problem until it surfaces at a regulatory review or in a clinical
setting.

Mech 4.1c: Skipped Quality Steps Accumulate Into Costs That Eventually Exceed
What the Organiation Can Afford to Fix

What This Mechanism Is

Unresolved ambiguities, undocumented decisions, and informal practices accumulate over time into

quality problems. Past a certain point, the cost of fixing them exceeds the available resources and the
organization's capacity to absorb the disruption. The point at which remediation becomes impossible
tends to arrive before the problem becomes visible.

When It Appears

e Rigoris deferred under time or resource pressure
e Documentation lags execution as standard practice
e Early shortcuts are normalized without correction

How to Tell It Apart
e Remediation effort growing nonlinearly relative to scope of work
e Inability to justify design decisions when regulatory review requires it
e Regulatory findings that require foundational rework, not documentation updates
e Project freezes following periods of apparent progress

These signs differ from 4.1a and 4.1b because this mechanism works through time and compounding.
It is not a failure of a single practice or authority structure. It is the accumulated cost of many small
deferrals that eventually cross a threshold.
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How This Makes the Main Pattern Wotrse

Because quality preserves decisions across time, unrecorded decisions accumulate as a growing debt.
Once organizations cross the threshold beyond which remediation is no longer feasible within normal
operations, time becomes the limiting factor, not effort, intent, or resources. This variant makes
recovery from within normal operations impossible, turning a structural problem into a terminal
condition.

Mech 4.1d: Open-Source Components Without Clear Ownershep Dissolve the
Accountability Chains Quality Requires

What This Mechanism Is

Using open-source code or designs in a regulated medical device context is fine when clear boundaries
exist around who is accountable, who is responsible for validation, and what the responsibilities are.
When those boundaries are absent, open-source approaches dissolve the ownership chains that
quality infrastructure requires. Openness accelerates progress when structured well. In regulated
contexts without clear boundaries, it makes quality impossible to enforce.

When It Appears

e Code or designs are shared without assigning ownership for clinical consequences
e Responsibility for validation is left implicit or distributed across contributors
e Openness is used to bypass formal quality obligations

How to Tell It Apart

Unclear attribution of responsibility when failures occur

Difficulty integrating open components into regulated system documentation
Assumptions that community review replaces formal validation

Regulatory artifacts that cannot be cleanly attributed or defended

These signs differ from 4.1a, 4.1b, and 4.1c because this mechanism is specific to the open-source
configuration. The dissolution of ownership chains is a property of how the work itself is structured,
not of how quality is treated within an otherwise conventional organization.

How This Makes the Main Pattern Worse

Quality infrastructure requires clear, unambiguous chains of responsibility. Open systems without
enforced boundaries dissolve accountability across contributors, making it structurally impossible to
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preserve the chain from development to validation to clinical use. This variant hides the main pattern
by framing shared contribution as a quality asset rather than a quality risk.

Mech 4.2: Quality Infrastructure Determines Whether a Device Can Be Paid
For and Adopted

What This Mechanism Is

Quality systems determine whether a device can get paid for and adopted in clinical practice, not just
whether it gets regulatory clearance. Devices without defensible quality infrastructure may reach
clinical use briefly, but they fail once the scrutiny shifts from whether the technology is new and
interesting to whether the organization can be held accountable for it.

This explains why many cleared devices never achieve meaningful clinical adoption. The quality
infrastructure that got them cleared was not built to the standard that getting paid and staying in
clinical use requires.

When This Mechanism Operates
This becomes decisive when organizations:

Transition a device from development into clinical deployment
Extend regulatory engagement past early feasibility

Require public or private reimbursement pathways to scale
Ask clinicians and institutions to assume liability for use

At this stage, quality stops being only an internal development tool. It becomes the basis on which
hospitals, payers, and regulators decide whether they can trust the organization enough to commit to
the device.

How It Works

The quality infrastructure built during development, or not built, determines what hospitals, payers,
and regulators can commit to. Regulators require traceability, control documentation, and
reproducibility. These are not preferences. They are the conditions under which regulatory clearance
translates into lasting market access. Payers require evidence that is auditable, lasting, and
generalizable across patient populations. Without that, reimbursement decisions default to
skepticism. Clinicians require systems that reduce risk rather than redistribute it. A device whose
performance cannot be verified or whose adverse events cannot be traced back to a cause is a liability,
not a clinical tool.
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This failure mode self-reinforces through the same short-term reasoning that produces quality
problems in Mech 4.1. Organizations achieve regulatory clearance on the minimum evidence required
without building the infrastructure that post-market accountability will demand. Clearance reads as
success. The reimbursement gap and clinical hesitation that follow get blamed on market dynamics,
clinical conservatism, or reimbursement complexity rather than on the quality infrastructure that
would have addressed them.

The same dynamic that suppresses quality investment during development suppresses recognition of
the reimbursement gap after clearance. At each decision point, prioritizing commercial speed over
quality depth is individually rational. The cost is systemic and deferred, arriving precisely when the
organization has the least flexibility to absorb it.

Organizations that build quality infrastructure to deployment standards experience these transitions
differently. Regulatory engagement extends their internal processes rather than forcing
reconstruction. Reimbursement discussions start from a position of demonstrated traceability and
reproducibility. Clinical adoption proceeds because clinicians can verify performance claims against
documented controls. Quality determines which of these directions is available.

How to Recognize It
You can spot this failure when:

Regulatory clearance achieved without subsequent reimbursement traction

Payer conversations that stall at almost ready without advancing

Clinician hesitation that persists despite demonstrated technical performance
Inability to sustain trials, registries, or post-market surveillance commitments
Valuation compression as initial novelty decays without clinical adoption following

These signs mean quality infrastructure was good enough to get cleared, but not good enough to
survive the demands of actual deployment.

What It Produces Over Time
When an organization builds quality systems only to reach clearance, not to survive deployment:

Regulatory clearance becomes a dead end, not a market entry

Reimbursement stalls or collapses under payer scrutiny

Clinical champions lose the institutional influence to drive adoption

Organizations enter perpetual pilot mode, presentin clinical settings but unable to scale

When quality infrastructure is built to full deployment standards:

e Regulatory clearance functions as a bridge, not a finish line
e Reimbursement discussions shift from skepticism to structuring
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e Devices survive leadership turnover, post-market audits, and scaling pressure

Quality determines whether a medical neurotech organization outlives the founding story it told to get
started.

What This Looks Like from Different Roles

If you are the one making decisions: you clear regulatory hurdles as discrete milestones. You discover
after clearance that the credibility with hospitals and payers required for real adoption depended on
quality decisions made before submission.

If you are doing the hands-on work: you built to a quality standard that satisfied development
requirements. The gap between that standard and what actual deployment requires was not visible
during development.

If you are a clinician: you evaluate a device whose performance claims cannot be independently
verified through its documentation. The institution's default response is hesitation.

If you are a payer: you receive evidence that was valid at the time of clearance but is not auditable at
the time of the reimbursement review. Payment gets withheld pending documentation the
organization cannot produce.

If you are a regulator: you cleared a device on evidence that met the clearance standard. Post-market
accountability requires infrastructure that the clearance process did not require.

Each of these positions reflects the same gap. What is required to get cleared and what is required to
survive deployment are not the same thing.

Who Knows What

Organizations hold internal knowledge of the gaps between their quality infrastructure and what
deployment accountability requires. Regulators, payers, and clinicians discover those gaps at the
point of institutional commitment, when the cost of discovery is highest for everyone. Nothing
requires quality infrastructure to be built to deployment standards before clearance.

Important Limits

This mechanism is not about checking regulatory boxes, optimizing for the fastest clearance, or
producing documentation for its own sake. It describes the needs for survival under institutional
scrutiny: regulators, payers, and clinicians must be able to trust that the system behaves as claimed,
across time, without the original team present to explain anything.
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For how quality problems accumulate and why quality authority gets placed in the wrong position, see
Mech 4.1.

What It Is Often Confused With

When devices get cleared but never adopted, the explanation given is usually a market access
problem, reimbursement complexity, or clinician conservatism. The deeper reason is that the quality
infrastructure built for clearance was insufficient for the accountability demands of deployment. The
gap was created during development, not at the market access stage.

What Good Structure Looks Like

What this section protects: the full arc of credibility with outside institutions, from regulatory clearance
through reimbursement through clinical adoption through post-market accountability, that allows a
device to reach patients at scale and stay in use rather than stalling after the first regulatory milestone.

When this works well, an organization completes the full quality journey. Regulatory clearance reflects
real readiness. Reimbursement follows from rigorous evidence. Clinical adoption happens because
clinicians can verify performance claims through the device's own documentation. Organizations that
achieve this build credibility with hospitals, payers, and regulators that is hard for competitors to
replicate. Building quality to deployment standards rather than just clearance standards is what
separates devices that become standard of care from those that stall at launch.

The Key Question to Ask

If this device received clearance tomorrow, what would a hospital system's value analysis committee
need to see before putting it on the approved device list? Does that evidence exist?

Illustrative Example

A neurostimulation device company receives 510(k) clearance after a 12-month review. The team
celebrates. Six months later, the head of commercial reports that every hospital conversation stalls at
the same point: the value analysis committee wants prospective controlled data on the primary clinical
endpoint, a coding pathway with published RVU values. It also has 12 months of real-world performance
data from at least three sites. The company has single-arm feasibility data and a published case series.
The regulatory team is surprised: they built the quality system to achieve clearance, not to support the
evidence demands of reimbursement. These are different standards. Both were knowable at the outset.
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When You Can Still Fix It

Early: the most effective time is during product development, when quality system design can be built
to deployment standards from the start. The additional cost of building to the higher standard is small
compared to the cost of retrofitting. Narrow: after clearance, expanding quality infrastructure to
support deployment demands requires post-market study design, registry commitment, and
real-world evidence generation, all of which take two to four years. Largely closed: when the clearance
process has exhausted the organization's resources, the capacity to run the post-market programs
required for reimbursement may not exist.

What Level This Operates At

Organization and market. This mechanism operates at the organizational level, what quality
infrastructure was built during development, and at the market level, what hospitals, payers, and
regulators require before making a commitment.

What It Is Often Confused With

A market access problem, a reimbursement complexity issue, or evidence of clinical conservatism.

What Volume 4 Establishes

Quality is what makes learning accumulate rather than reset. This volume established what quality is,
how it breaks, and what happens when it is absent. Quality infrastructure preserves decisions,
protects institutional memory, and ensures that each personnel transition is a handoff rather than a
restart. When it is built well, it compresses the effective timeline of device development by making
every review an extension of what exists rather than a reconstruction from scratch.

After this volume, you should be able to say: quality infrastructure is a compounding asset, not a cost.
Every decision recorded when it is made is a resource for every person who works on the device
afterward. Every gap in traceability is a tax on every future transition, audit, and scaling decision.
Organizations that build quality into daily practice from the beginning are not slowing themselves
down. They are building something their future selves can defend, hand off, and build upon.

With quality understood as what determines whether learning compounds or resets, the analysis turns
to how programs and institutions shape the conditions under which quality systems can be built,
maintained, and used.
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Volume 5: How Programs Shape What Gets Funded,
Learned, and Built

A program is not a neutral space for work. It is a set of decisions about what kinds of people, problems,
and answers will receive rewards.

What This Volume Covers

Programs shape outcomes before any work begins. This volume explains how. Programs are not
neutral containers for work. They are structural systems that create incentives, risk tolerance, time
limits, and constraints on what can be learned before results appear.

Program design determines what kinds of work survive, what kinds of evidence build up, and which
directions get cut early. This volume does not evaluate programs by their stated goals or reported
success rates. Instead, it covers the mechanics that determine whether programs generate learning,
close real questions, or simply pass unresolved uncertainty on to the next phase.

The three mechanisms in this volume each address a distinct structural problem. Mech 5.1 covers how
programs create incentives at the design stage. Mech 5.2 covers what happens when the time,
resources, and learning pace are wrong for the uncertainty the program was meant to address. Mech
5.3 covers the rare system conditions under which programs work. It also explains why those
conditions are hard to maintain. Each mechanism operates on its own. All three can be present at the
same time.

Specifically, this volume explains why programs reward activity without producing real progress. It
explains why well-funded initiatives can produce weak signals. It shows why promising efforts stall
inside programs that report success. Finally, it explains why participating in most programs tends to
narrow what participants can do.

How This Volume Fits into the Canon

Programs are not neutral support structures. They function as selection mechanisms that shape
behavior and filter who gets resources. They also define what counts as progress. A program is an
intervention with real effects. Its design determines its outcomes as much as any team or technology it
funds.

This volume treats program structure as a cause. Timelines, milestones, reporting requirements,
selection criteria, and governance choices are not just administrative details. They are the
mechanisms by which programs produce their outcomes and their failures.

Volume 5 builds on the quality failures discussed in Volume 4. Programs are the institutional layer
through which most neurotech work receives its mandate and resources. These mechanisms describe
how that layer creates the conditions for failure before any individual or team has started working.
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Who This Volume Is For

This volume is written for people who design, run, fund, or participate in programs. It does not provide
templates or success stories to copy. Instead, it provides structural patterns that explain why most
programs perform poorly compared to their stated goals.

This volume does not offer reassurance. It identifies where real power resides in program design. It
also shows what happens when that power is absent or misused. These patterns are not about
individual motivation or work ethic. They describe system behaviors that persist regardless of how
talented the people involved are.

How the Mechanisms Connect

Programs shape behavior before any outcomes exist. They determine which risks are survivable and
which signals count as success. The first mechanism covers how programs build incentives into their
design. It explains how those incentives dominate what happens regardless of what the program
intends.

The second mechanism covers what happens when programs get the time and resources wrong for
the problem. The third covers the rare conditions under which programs work. It also explains why
those conditions are hard to maintain in most institutions.

Mech 5.1: Program Design Shapes What Participants Do Before Any Results
Appear

What This Mechanism Is

Program design builds incentives and risk tolerance into the structure before work begins. Selection
criteria and milestone structures determine who gets in and which behaviors get rewarded. They also
decide which signals count as progress before any outcome is even possible.

Programs do not evaluate results and then shape behavior. They shape behavior first, and results
follow from that shape. Understanding this changes the questions you should ask before joining or
designing a program.

When This Mechanism Operates
This mechanism appears when:

e Access to resources or institutional legitimacy is gated by program participation
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e Program continuation depends on compliance with predefined criteria, not resolution of core
uncertainty

e Selection, evaluation, and termination authority reside with the program, not with
participants

e Program success is measured at the program level, not at the level of later outcomes it was
intended to produce

How It Works

Once program incentives take hold, participants optimize for what the program rewards. That is not a
moral failure. It is a rational response to the rules. Selection criteria determine who gets in. The
profiles those criteria favor shape the range of solutions that get tried. Program affiliation replaces
evidence of actual progress. This lets weak signals persist under institutional cover. Risk aversion gets
built in structurally. Participants who move away from expected directions risk losing funding or
approval even when that move would solve the problem faster.

The severity of this gap varies. Programs with tightly defined outcome metrics produce a smaller gap
between what is reported and what is resolved. Programs with diffuse accountability and fixed
timelines produce a larger one. This pattern operates in most institutional programs. How severe it is
depends on how severe the conditions are.

This arrangement continues because it serves the institution. Programs need measurable output to
justify funding. They look for applications processed and reports submitted. These requirements are in
direct tension with what it takes to resolve uncertainty. That task requires concentrated resources and
tolerance for visible failure. The program optimizes measurable output and participants adapt.

The result is a consistent gap between what programs report and what they produce. Activity is high
and progress is continuous, but uncertainty is deferred rather than resolved. When the program ends,
the next group inherits the work. They discover that the uncertainty has been relabeled as resolved
instead of being closed.

How to Recognize It
Signs of this mechanism:

Participant groups exhibit extreme uniformity in professional history and project framing
e Teams successfully complete administrative milestones while core scientific questions remain
unanswered
e Participants emphasize program membership for credibility rather than presenting empirical
data
Internal success metrics bear no correlation to actual clinical adoption or regulatory progress
e Research trajectories shift to satisfy evaluator preferences instead of following experimental
evidence
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What It Produces Over Time
When program incentives are misaligned with uncertainty resolution:

The scope of potential solutions narrows to fit rigid selection requirements

Ambiguous results are labeled as meaningful progress without resolving true uncertainty
Individuals cultivate expertise in bureaucratic navigation instead of problem resolution
Successive teams inherit work burdened by unexamined assumptions and hidden risks
Funding entities waste resources on repetitive cycles that fail to reduce fundamental
knowledge gaps

What This Looks Like from Different Roles

If you are a program participant: you are adapting your work to preserve funding and affiliation. The
original problem has not disappeared, but program compliance has become the more immediate
constraint on what you do and how you do it.

If you are a program designer: you are observing strong administrative throughput. Whether the
program is closing the scientific uncertainty it was built to address is not visible in the metrics this
position tracks.

If you are the grantor: you are receiving milestone completion reports that accurately reflect what the
program measured. From this position, the lack of clinical adoption and commercial viability reads as
a downstream problem, not a structural one.

If you are a successor: you are receiving assets optimized for institutional reporting rather than for use.
The reasoning behind prior decisions is undocumented or absent. Reconstruction falls to this position.

If you are evaluating from outside: you are assessing participants against criteria that were established
before the problem was understood. The structural mismatch between the evaluation framework and
the actual problem is not visible from this position as a limitation on what the assessment can tell you.

Each of these experiences points to the same thing: the program was structured to reward compliance,
and the problem required resolution. Those are not the same standard, and the structure chose one of
them.

Who Knows What

Program designers control selection criteria without knowing the eventual field results. Participants
recognize and adapt to program rewards but lack the power to prioritize the underlying problem.
Successors lack both the criteria and the context needed to understand earlier decisions. Current
systems do not require designers to validate their methods against actual field requirements.
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Important Limits

This mechanism examines how structural choices dictate behavior. It does not critique the intentions
of funders or the value of institutional support. It shows that program incentives may not match what
is needed to reach real scientific resolution.

What It Is Often Confused With

Observers often blame participants or poor selection for failing to meet goals. The fundamental issue
is that the incentive structure itself is misaligned. Participants respond rationally to the rules as they
are currently written.

What Good Structure Looks Like

High performing programs integrate appropriate incentives. These include selection criteria that
identify capable problem solvers and milestones that demand proof of learning. Effective governance
ensures accountability for eventual real-world application. Such designs force participants to provide
real answers instead of simple deliverables.

The Key Question to Ask

Would a participant who perfectly follows all program rules solve the target problem? What specific
uncertainty is the program designed to resolve?

Illustrative Example

A neurotech accelerator selects participants based on academic prestige and market projections. It
provides short-term mentorship culminating in an investor presentation. Most participants raise capital
shortly after completion. However, years later, none have attained regulatory clearance. The program
reports high fundraising success but fails to track whether any fundamental technical or clinical risks
were mitigated.

When You Can Still Fix It

Early: Incentive structures are easiest to modify during initial program cycles. Narrow: Once metrics
are institutionalized, changing them becomes politically difficult. Adjusting running programs is
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possible but disruptive. Largely closed: Programs with established reputations rarely abandon their
primary success metrics, regardless of whether those metrics are valid.

What Level This Operates At

This mechanism functions at the program level and influences the entire field. It determines how
institutional resources are distributed across the neurotech sector.

What It Is Often Confused With

This is frequently mistaken for the failure of individual participants or the result of choosing an
inappropriate cohort.

Mech 5. 1a: Who Gets Selected Into a Program Shapes What Problems Get Worked
On Before Any Work Begins

What This Mechanism Is

Selection processes restrict the available solution space before active work commences. Criteria favor
specific backgrounds and conventional narratives. This filters out diverse approaches that might
otherwise resolve core uncertainties more effectively. Selection is the initial consequential
intervention of any program.

When It Appears
e Access to capital or legitimacy is gated by a competitive application process
e Evaluators prioritize pedigree and professional affiliation over specific problem fit
e Eligibility requirements emphasize the ease of comparison across varied applicants
e Decision makers face no accountability regarding the eventual outcomes of selected teams

How to Tell It Apart

e Thereis high correlation between participant background and program selection regardless of
problem type

e The system prefers projects that fit into existing categories rather than novel high potential
directions

e Successive groups of participants become increasingly uniform over time
Participants report that their initial application framing differed significantly from their actual
technical approach
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These signs differ from 5.1b and 5.1c because this mechanism operates at entry, before any program
activity has occurred. The substitution of affiliation for evidence (5.1b) and the suppression of
risk-taking (5.1c) both operate during participation.

How This Makes the Main Pattern Worse

Selection filters who enters and consequently what solutions are attempted. The program limits
possibilities before any work occurs. This dynamic ensures that incentive alignment begins at entry.
The resulting constraints are structural rather than behavioral.

Mech J.1b: Program Affiliation Substitutes for Evidence of Actual Progress in How
Participants Ave Evaluated

What This Mechanism Is

Affiliation provides a credibility signal independent of actual results. Participation in a recognized
program often replaces the need for empirical evidence. Weak signals persist under institutional
protection while strong signals may go unverified because the program brand makes testing seem
redundant.

When It Appears
e Stakeholders use program brands as a shorthand for technological quality
e Evaluators defer their judgment to the selection process rather than analyzing results
e Affiliation is cited during funding and partnership decisions in place of performance data
e Shared accountability for outcomes remains undefined throughout the program structure

How to Tell It Apart
e Participants invoking their affiliation as primary evidence of their credibility
e Resources continue to flow toward participants despite a lack of clinical or technical progress
e |t becomes difficult to distinguish signal quality among different members of the same cohort
e General trust in participants decays rapidly once the period of official affiliation concludes

These signs differ from 5.1a because this dynamic operates during and after participation. Itis a
property of how the program's brand functions in external assessments, not of who was selected at
entry.
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How This Makes the Main Pattern Wotrse

Substituting affiliation for evidence stabilizes activity without improving actual results. This dynamic
rewards alignment with program goals rather than problem resolution. It conceals stagnation by
making institutional inertia appear as validated progress to outside observers.

Mech S.1c: Program Structures Suppress Bold Risk-Taking by Penalizing Any
Deviation From Expected Paths

What This Mechanism Is

Program structures often suppress significant risk-taking by penalizing deviations from expected
paths. Participants avoid any actions that might jeopardize their status or funding. This occurs even
when such unconventional actions would resolve core uncertainties faster than compliant behavior.
Compliance thus becomes a survival strategy that hinders true learning.

When It Appears

e Continued funding depends strictly on milestone completion rather than uncertainty
resolution

e Program timelines are fixed and do not account for variable learning rates

e Evaluators penalize visible failures more severely than persistent stagnation
Participants lack the authority to redefine goals or adjust scope during the program

How to Tell It Apart
e The avoidance of experiments that might invalidate earlier claims
e Thereis a clear preference for incremental outputs over decisive scientific tests
e Ambiguous results persist across multiple cycles without being addressed or escalated
e Program reports routinely reframe delays as evidence of professional prudence

These signs differ from 5.1a and 5.1b because risk aversion develops as a behavioral response to how
the program is structured. It is not a property of who got selected or of how the brand functions
externally.

How This Makes the Main Pattern Worse
Enforced paths incentivize survival over scientific resolution. Risk aversion preserves eligibility while

preventing actual learning. This behavior conceals the main pattern. It makes compliance look like
progress because traditional success metrics only track activity instead of the reduction of uncertainty.
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Mech 5.2: Programs Fail When Time, Resources, and Learning Targets Are
Mismatched

What This Mechanism Is

Programs fail when their allocated schedules and budgets do not align with the uncertainty they
intend to resolve. Rigid timelines and standard milestones force complex scientific problems into
simple deliverables. This approach creates activity without resolving the actual issues. Consequently,
unresolved uncertainty persists across cycles rather than closing. This explains why many well-funded
efforts fail to produce meaningful progress.

When This Mechanism Operates

The following conditions typically trigger this mechanism:

e The program applies uniform timelines across diverse technical problems

e Continued funding depends on deliverable completion rather than scientific resolution

e Learningis measured by output volume instead of the decisiveness of tests

e Participants cannot adjust scope or tempo based on what they discover during the work
How It Works

Mismatches cause the program to substitute apparent progress for actual discovery. Milestones turn
complex uncertainties into discrete tasks. This creates signs of motion without testing core
assumptions. Rewarding adherence to schedules while penalizing deep investigation ensures that
uncertainty remains. The system values the deliverable over the answer.

Resource failures intensify the problem. Spreading funding too thin prevents any team from gathering
decisive data. Institutional legitimacy often depends on the appearance of productivity. Consequently,
programs continue to fund unproductive efforts because terminating them looks like failure. This
priority prevents the concentration of resources where they would be most effective.

The end result is export uncertainty. Completed milestones suggest questions have been answered.

However, future teams discover that foundational assumptions were never investigated. The program
appears successful while simply passing its failures to the next group.

How to Recognize It

You can see mismatches through several key signs:
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High milestone completion rates accompanied by a lack of core question resolution
Regular reporting cadences that frame ambiguity as forward motion

Post-program realizations that foundational uncertainties were never interrogated
Internal success reports contrast with the unresolved risks absorbed by successors
Graduates of the program who cannot specify exactly which uncertainties they resolved

What It Produces Over Time

Mismatched time and resources lead to fragmented learning. Successors receive unresolved
assumptions without any context to locate them. This makes late-stage corrections prohibitively
expensive. The field continues to invest in cycles that produce activity records instead of reducing the
actual uncertainties that necessitate the programs.

Correctly calibrated programs allow uncertainty to collapse early. Failure becomes an informative
rather than terminal event. Resources focus where learning is possible. These initiatives transfer useful
context instead of technical debt to future teams.

What This Looks Like from Different Roles

If you are a program participant: you are delivering on time without answering the questions the
program was built to resolve. The gap between milestone completion and uncertainty resolution is not
visible in the metrics your performance is assessed against.

If you are the program designer: you are observing high completion rates. The unresolved uncertainty
accumulating beneath those signals is not visible in the reporting this position receives.

If you are the grantor: you are receiving success reports that accurately reflect what the program
measured. When later phases fail, the debt the program exported is not visible as a cause from this
position. External factors absorb the attribution instead.

If you are a successor: you are inheriting incomplete evidence and undocumented assumptions. The
work required to reconstruct what the previous program left unresolved falls to this position, at higher

cost than resolving it earlier would have required.

Each of these experiences points to the same thing: the program reported completion while the
uncertainty it was funded to close was passed forward intact.

Who Knows What

Participants know which questions were avoided. Designers control measurements without knowing if
they track actual resolution. Funders see completion signals but lack visibility into the strength of the
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evidence. Successors inherit artifacts without knowing what was never tested. There is currently no
requirement to validate success metrics against true uncertainty reduction.

Important Limits

This mechanism describes how incorrect timing and resourcing produce compounding debt. It does
not argue against milestones or tangible outputs. It demonstrates that miscalibration leads to the
export of unresolved uncertainty across cycles.

The specific conditions under which program design achieves true resolution are covered in section
5.3.

What It Is Often Confused With

This pattern is often misread as a successful program followed by poor execution. The true explanation
is structural. Later failures are latent in program outputs because the program handed its unanswered
questions to the next group.

What Good Structure Looks Like

This section protects structures that provide teams with the time and focus required to resolve their
assigned questions.

When work is well calibrated, resources are sufficient to generate decisive information. The program
can stop unproductive efforts. Milestones require answers instead of just artifacts. This transfer of
context instead of debt is efficient but often makes institutional leaders uncomfortable. These
programs are valuable field assets because they produce durable knowledge.

The Key Question to Ask

Which specific uncertainty will be resolved by the end of this program? How will that resolution be proven
to others?

Illustrative Example

A federal program provides two-year development grants. At completion, all teams report 100%
milestone achievement. They produced prototypes and publications. However, when questioned, most
cannot name a single foundational question that was resolved. None have progressed toward a
regulatory application. The program report will claim total success based on activity metrics.
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When You Can Still Fix It

Early: Calibration is easiest before a program launches. Narrow: Matching schedules and milestones to
specific problems is a design task. Adjusting these mid-programs requires significant authority. Largely
closed: Once expectations are set, changing success criteria looks like moving goalposts to
participants and funders.

What Level This Operates At

Incorrect timing and resourcing represent a design failure at the program level. This has serious
negative consequences for the entire neurotech field.

What It Is Often Confused With

This is frequently mistaken for a successful program that is unfortunately followed by poor execution
in later stages.

Mech S.2a: Milestones Signal Progress Without Guaranteeing That Real Questions
Were Answered

What This Mechanism Is

Milestones turn complex uncertainty into discrete items. These tasks signal forward motion without
ensuring that any learning occurred. They substitute for deep understanding, which makes it difficult
to tell if key assumptions were ever tested.

When It Appears

e Continued participation depends strictly on milestone completion

e Milestones are standardized across widely varying scientific problems

e Reporting cadence takes precedence over resolving knowledge gaps

e Success is defined by delivering artifacts rather than answering questions
How to Tell It Apart

e Milestones completed while core ambiguities remain unaddressed
e Progress reports emphasize output volume rather than the decisiveness of results
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e Successors discover foundational assumptions that were never properly tested
e Future teams uncover untested dependencies that milestone work failed to surface

These signs differ from 5.2b and 5.2¢ because this problem is specifically about what milestones
measure. It is a property of milestone design, not of how long the program runs or how resources are
allocated.

How This Makes the Main Pattern Wotrse

Turning uncertainty into milestones replaces real learning with signs of progress. Unresolved
questions move forward with the work. Completed milestones satisfy metrics without reducing the
core uncertainties the program was intended to solve. This dynamic obscures deeper problems by
producing a continuous record of activity.

Mech J.2b: Programs Spread Resources Too Thin and Lack the Authority to Stop
Work That Is Not Producing Learning

What This Mechanism Is

When resources are too limited and leadership cannot stop unproductive work, programs fail to
generate clear information. Spreading money too thin prevents the concentration of effort needed for
learning. Unproductive work continues because termination is institutionally costly. Uncertainty
remains regardless of the total effort invested.

When It Appears
e Fundingis distributed across many teams instead of concentrating where results are likely
e The duration of support is capped regardless of the actual learning rate
e Visible failure results in severe institutional and reputational penalties
e Leadership lacks the power to end underperforming lines of inquiry

How to Tell It Apart
e Inconclusive results being produced repeatedly across multiple cycles
e Projects receive extensions despite consistently negative or null findings
e Hard stops are avoided in favor of reframing results as partial progress
e Programs conclude without clear go or no-go outcomes on the main question
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These signs differ from 5.2a and 5.2c because the failure is specifically about resource concentration
and termination authority, not about what milestones measure or how the program's timeline is
structured.

Mech S.2¢c: Fixed Program Timelines End Before Uncertainty Is Resolved and Pass
Unfinished Problems to the Next Group

What This Mechanism Is

Ending a program before resolving main uncertainties forces early progress claims. Fixed timelines
transform unresolved questions into delayed risks instead of acknowledging failure when it occurs.
Debt accumulates as unanswered problems are passed to the next team.

When It Appears
e Thetimeline is set before anyone understands how much uncertainty needs resolution
e Longterm uncertainty is designated as a problem for future development phases
e Accountability ends with program closeout regardless of actual scientific results
e Successors inherit responsibility without context regarding what was left unresolved

How to Tell It Apart
e Programs are reported as successful while future phases fail due to inherited problems
e |ate stage teams discover basic gaps that previous work failed to document
e Teams find themselves revisiting the same questions addressed in earlier program cycles
e Later phases face rapidly escalating costs to correct what was left incomplete

These signs are different from 5.2a and 5.2b because this mechanism is about the structure of time,
not milestone design or how resources are focused. Even a well-funded program with strong
milestones will still pass unresolved uncertainty forward if the timeline ends before the main
uncertainty has been resolved.

How This Makes the Main Pattern Worse

When programs end prematurely, unanswered questions are passed to successors. The system
appears to move forward while hidden failure accumulates underneath. Each handoff from one cycle
to the next increases the total debt. This is hard to observe because people treat program completion
as resolution, even though they are distinct events.
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Mech 5.3: Programs Produce Real Progress Only When These Structural
Conditions Are Present

What This Mechanism Is

Programs produce real progress only under a narrow set of structural conditions. They work when they
reduce uncertainty, preserve context for the next group, and stop work that is not producing learning.

When This Mechanism Operates
Lasting outcomes emerge only when the following factors are present:

The problem is well specified and bounded before the design phase begins
Success criteria focus on resolved uncertainty rather than completed activity
Leadership has authority to terminate work regardless of institutional cost
Participants face consequences for producing activity without learning
Future ownership of program outputs is identified before the start

Without these conditions, programs default to performing progress rather than making it.

How It Works

Once established, these conditions force participants to answer real questions. Problem definitions
clarify what it means to resolve uncertainty. Leaders can stop funding work that fails to produce
learning. This removes the option of surviving through compliance. Participants must demonstrate
that they have reduced uncertainty to succeed.

Maintaining these conditions is difficult because they allow for visible failure. They require focusing
resources rather than spreading them evenly. Initiatives built for legitimacy often conflict with those
built for knowledge. The latter requires concentrated resources and the discipline to end weak work
prematurely.

Successful programs often feel uncomfortable during execution. Participants experience real
accountability rather than simple rules. Decisions may appear harsh to outside observers. Real results
often become obvious only after the program ends. These include resolved uncertainty and artifacts
that future teams can use without rebuilding foundations.

How to Recognize It
A functioning program is recognizable by several indicators:

e Nonproductive work is terminated early without reputational penalties
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Initiatives have fewer participants and longer durations than standard models
Milestones serve to eliminate options rather than multiplying them

Artifacts are designed for future use and are clear to successors without mediation
Handoffs are clean and include documented assumptions and preserved context

What It Produces Over Time

When these system conditions are present, uncertainty collapses instead of spreading. Successors
inherit clarity instead of debt. Capital allocation improves as resolved questions inform future
investments. Institutions gain credibility from stopping weak work as much as from funding
productive efforts.

What This Looks Like from Different Roles

If you are a program participant: you are accountable for resolving uncertainty, not for completing
milestones. The discomfort of that accountability is evidence that the structure is functioning as
intended.

If you are the program designer: you are holding the authority to stop work that fails to produce
learning. That authority requires institutional protection from the pressures that would otherwise
redirect it toward funding continuity over productive resolution.

If you are the grantor: you are evaluating success by how much uncertainty was closed, not by how
much activity was generated. That standard requires evaluation infrastructure that most
contemporary funding systems were not built to support.

If you are a successor: you are receiving outputs that were built for your use. The assumptions,
constraints, and open questions are documented. You can build forward without reconstructing what
the previous team meant or intended.

If you are in leadership: you are treating visible failure as evidence that the program is working. That
requires a definition of success that most institutions have not adopted and will resist adopting.

Each of these experiences points to the same thing: the program was built to produce what it claims it
will produce, and every role inside it is structured to support that outcome rather than undermine it.

Who Knows What

In effective programs, designers hold both authority and accountability for learning. Real
consequences for participants align their local knowledge with the incentive to report results honestly.
Grantors use metrics that track uncertainty reduction. In these initiatives, no stakeholder benefits from
confusing activity with resolution.
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Important Limits

This analysis identifies why only a small number of initiatives produce intended results. It is not an
argument for more funding or better management. The required conditions are in direct tension with
those most programs are designed to satisfy.

Effective programs do not scale easily because they depend on concentrated authority and the
discipline to refuse unproductive work. These properties are rare in institutions optimized for
continuity. Sponsors should be honest about what their designs will likely produce and should not
confuse high activity with true resolution.

What It Is Often Confused With

Observers often blame insufficient funding or complex problems for program failure. The deeper
reason is that essential institutional conditions are in direct tension with standard program designs.
Adding more talent or money to a flawed structure produces more activity but no more resolution.

What Good Structure Looks Like

This section protects the rare designs that produce resolved uncertainty instead of simple activity
completion.

Working programs finish with clear directional outcomes and context that remains intact for
successors. The requirements are clear. They include a well specified problem, success criteria based
on resolution, and authority to end unproductive work. These conditions are difficult to sustain. When
they are present, initiatives produce resolved uncertainty at scale.

The Key Question to Ask

Does program leadership possess the authority to terminate work before the scheduled end date? Has
this authority been used within the last twelve months?

Illustrative Example

A private foundation launches a five-year initiative. The director has the power to terminate work that
fails to produce actionable learnings. In the second year, the director ends two team projects and
reallocates their funds. This decision is unpopular but is celebrated in the annual report as proper
functioning. By the fifth year, one device reaches a formal application stage, the only device in its field to
do so.
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When You Can Still Fix It

Early: The relevant question is whether proper conditions can be established before launch. Decision
makers must secure institutional protection for termination authority in advance. This mechanism
describes how programs work rather than naming a specific failure mode.

What Level This Operates At

These conditions begin in program design. Sustaining them requires institutional protection strong
enough for leadership to exercise its authority.

What It Is Often Confused With

Success is often mistaken for simple management efficiency, while failure is wrongly blamed on the
inherent difficulty of the domain.

What Volume 5 Establishes

Programs dictate learning conditions before any participant makes a single decision. Initiatives that
are designed well produce uncertainty reduction. They answer their assigned questions and transfer
context to future teams. They create accountability structures where visible failure is viewed as
informative rather than punitive. Under these conditions, programs represent efficient investments in
actual knowledge.

Program structure is a design variable rather than a background condition. Before committing to any
initiative, program designers should ask if the incentive structure aligns with problem resolution. If
that connection exists, participation creates value. If it does not, participation may produce credentials
and activity records without reducing the uncertainty that made the program necessary.

Closing

Seasoned practitioners know the challenges of neurotech commercialization. Without this vocabulary,
that observation stays at the level of pattern recognition: a felt sense that something structural is off,
no reliable language for what it is, and limited ability to distinguish a problem that is still recoverable
from one that has already closed. MECHANISMS provides the language that turns that pattern
recognition into structural diagnosis. The difference is the difference between noticing that a bridge
seems unstable and being able to name which load-bearing element is missing.
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MECHANISMS presents fifty-five conditional claims naming the structural conditions under which
failure is produced before any individual decision is made. Not poor execution, not bad luck, not
insufficient talent. The conditions that make those outcomes likely, which were set earlier, at the level
of authority allocation, funding structure, translation infrastructure, quality architecture, and program
design. A reader who has internalized this canon cannot look at a neurotech organization without
seeing which of these configurations are active. That visibility is what the field has been missing.

What becomes possible when mechanisms are named is stewardship: the ability to preserve what is
working, correct what is distorting, and build with fewer illusions about why effort succeeds or stalls.
Organizations that see the structures can design them better. Evaluators who understand the
mechanisms can protect recoverable situations and decline unrecoverable ones. Builders who carry
this vocabulary can name what is happening without personalizing it, and coordinate with others
around structural diagnosis rather than individual blame.

The field matures when its structural patterns are legible enough to address as structures, not as
leadership problems, communication failures, personal shortcomings, nor execution slips dressed in
structural language. That is what this canon is for: not to make the field seem broken, but to give the
field the language it needs to fix what is fixable and build what lasts.

Appendices

Appendix A: Mechanism Crosswalk

This table shows how different mechanisms relate to one another across the volumes. For each entry, it
identifies the conditions that create the mechanism and the typical results that follow. The central idea
of this canon is that many failures start with early organizational conditions. This table illustrates that
developmental chain.

m What produces it What it tends to produce

1.1 Authority Long, ranked training systems. 1.2 (dependency), 2.1 (funding

delayed Organizations that keep risk at the | determines accountability), 4.1
top (quality authority misplaced)

1.2 Dependency 1.1 (authority withheld). 1.3 (incentive lock-in). People

and mobility Advancement criteria the entering production without real

constraints institution controls. Work that authority

does not travel
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m What produces it What it tends to produce

1.3 Institutional
incentive lock-in

1.3d IP ownership
and royalty
structures

1.4 Knowledge
transfer fails

2.1 Capital shapes
accountability

2.2 Deferred
resolution
accumulates debt

2.3 Advisory
without
consequence
alignment

2.4 Claims
boundary drift

3.1 Translation
coupling absent

1.2 (dependency). Survival tied to
funding. Feedback from real use
arrives late

University IP ownership rules. The
office that controls licensing.
Royalty schedules that separate
who created the work from who
captures the profit

1.3 (visibility replaces the actual
translation work). Institutions
optimizing for different goals

Who the investors are. Financial
obligations that do not match
what it takes to build a real device

2.1 (funding tolerates deferral), 1.1
(authority misplaced), 2.3 (people
defer instead of judging)

1.1 (authority displaced), 2.1
(uncertainty without
accountability). No one has
standing to challenge

2.1 (capital rewards the narrative),
2.3 (confident advice), 1.4
(visibility replaces the actual
translation work)

1.3 (each domain rewarded for
staying separate), 1.4 (no
infrastructure to move
knowledge), 1.1 (authority
misplaced)

1.3d (IP structures reinforce
lock-in), 1.4 (visibility replaces the
actual translation work), 2.1
(capital rewards narrative)

1.4 (IP protectiveness deepens the
translation failure), 2.1 (licensing
disputes delay funding), 3.1 (IP
barriers block cross-domain
connection)

3.1 (no structural connection
between domains), 2.4 (claims
drift)

2.2 (hard decisions deferred), 2.3
(advisors fill the authority gap)

4.1 (quality problems), 5.1
(programs inherit unresolved
problems)

2.4 (confident advice leads to
claims drift), 3.2 (weak evidence
gets amplified into commitments)

3.2 (early signals treated as
proof). Regulatory risk
compounds

3.2 (evidence generated around
the wrong question), 4.1 (quality
cannot preserve what was never
transferred)
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m What produces it What it tends to produce

3.2 Early signal
overcommitment

4.1 Quality
infrastructure
absent or
misplaced

4.2 Quality fails
post-clearance

5.1 Programs build
in wrong incentives

5.2 Time and
dosage
misspecification

5.3 Programs
working (structural
conditions present)

Appendix B: Common Co-occurrence Patterns

3.1 (disconnected domains),
(confident guidance), 1.3
(institutions need a story to stay
funded)

1.1 (authority misplaced), 2.1
(narrative over resolution), 2.2
(deferral treated as normal)

4.1 (built for clearance, not for
actual deployment), 2.1
(short-term reasoning)

1.3 (institutional legitimacy
requires visible participation), 2.1
(activity rewarded over
resolution), 1.4 (visibility
substitutes for evidence)

5.1 (wrong incentives). Institutions
that penalize visible failure

A well-defined problem. Real
authority to stop unproductive
work. Consequences tied to
learning

4.1 (quality built around the
wrong signal), 5.1 (programs build
in wrong incentives)

4.2 (reimbursement failure)

Reimbursement stalls. Clinical
adoption blocked

5.2 (unresolved problems
accumulate across program
cycles), 2.2 (uncertainty relabeled
as resolved)

Later teams get unresolved
problems with no context for
where they came from

Actual answers to the questions
the program was designed to
resolve. Work the next group can
build on

These structural problems rarely occur in isolation. The following combinations appear together
frequently. Recognizing these patterns helps you understand what is happening and determine where

you should act.

Cluster 1: The Early-Stage Authority-Accountability Stack

This involves the combination of delayed authority (Mechanism 1.1), capital that dictates
accountability (Mechanism 2.1), and advisors who fill a gap in leadership (Mechanism 2.3).
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This pattern is common in new organizations where governance is still being established. In these
cases, funding may come from informal sources, and advisors may have influence without having a
direct stake in the outcome. The result is a high volume of activity that does not resolve core
uncertainties.

To address this, you should establish formal decision-making power before starting the next round of
funding.

Cluster 2: The Translation Failure Stack

This involves the failure of knowledge transfer (Mechanism 1.4), the absence of a link between
domains (Mechanism 3.1), and an overcommitment to early signals (Mechanism 3.2).

This is frequently seen in university spinouts and research programs. Knowledge is often created for
academics, not engineers or doctors. Consequently, early results are turned into major public
promises before the difficult work of translating that research has occurred.

To address this, build the necessary infrastructure for translating research into a product before the
findings are released to the public.

Cluster 3: The Quality Debt Stack

This involves the delay of hard decisions (Mechanism 2.2), the absence of quality systems (Mechanism
4.1), and failure at the reimbursement stage (Mechanism 4.2).

This often happens during the final stages of product submission and launch. Ignored decisions during
development turn into quality problems later. Regulatory clearance is achieved with minimal effort,
but the organization discovers that hospitals and insurance payers require more rigorous
documentation than what was prepared.

To address this, build quality systems that meet the high standards of healthcare providers and payers
from the start of development.

Cluster 4: The Program Recycling Stack

This involves institutional incentive locks (Mechanism 1.3), programs with incorrect incentives
(Mechanism 5.1), and a mismatch in program timing (Mechanism 5.2).

This is common in programs funded by governments or foundations. These initiatives often reward
participation to remain legitimate. This leads to a cycle where unanswered questions are passed from
one program to the next without ever being solved.
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To address this, define success as the resolution of specific questions before the program design is
finalized.

Pairs That Are Easy to Mix Up

These pairs are frequently confused with each other. It is important to distinguish them because the
solutions for each are different.

Comparing Overcommitment to Metrics Lock-in (3.2a vs 3.2b)

Mechanism 3.2a occurs when weak early results are turned into strong public claims through
storytelling. Mechanism 3.2b follows this process. Once tools and data systems are built around
specific metrics, they become very hard to change. This is because switching metrics makes it
impossible to compare new data to older results. Fixing 3.2a requires caution in communication.
Fixing 3.2b requires accepting the loss of data comparison to gain better information.

Comparing Absent Quality to Misplaced Quality (4.1 vs 4.1b)

Quality infrastructure may be absent because it was never built. It may be misplaced if a team exists
but lacks the power to stop work. If quality is absent, you must build the system from the beginning. If
it is misplaced, you must change where the team reports and give them actual authority. Acommon
mistake is treating a lack of authority as a lack of paperwork. This results in more documents that do
not solve the underlying structural issue.

Appendix C: Positive Counterpart Index

Every mechanism in this canon identifies something that is currently failing. However, each problem
suggests a healthy alternative. This index describes what the working version of each mechanism looks
like. This allows the canon to serve as a guide for what you should build rather than just a list of
warnings.

m What the working version looks like

1.1 Authority This occurs when authority grows alongside expertise. People who
Formation understand the work deeply are trusted to make real decisions with
significant consequences.

MECHANISMS: A Systems Account of Medical Neurotechnology. © 2026 Sharena Rice. 115



m What the working version looks like

1.2 Dependency

1.3 Institutional
Incentives

1.3d IP
Ownership

1.4 Knowledge
Transfer

2.1 Capital
Accountability

2.2 Resolution

2.3 Advisory

2.4 Claims
Discipline

3.1 Translation
Coupling

3.2 Evidence
Discipline

This involves fair relationships between institutions and employees.
Individuals have access to necessary resources and maintain a clear path
to other opportunities.

These are institutions that remain honest over time. They maintain
consistent standards and institutional memory while retaining the ability
to change direction based on evidence.

This involves a fair distribution of value from intellectual property. The
researchers who created the work hold a meaningful stake, and the
institution supports deployment.

This is knowledge that remains complete during transfer. Assumptions are
documented, limits are identified, and the criteria for readiness are clear
to all users.

These are funding structures that require organizations to resolve difficult
questions instead of just demonstrating that activity is occurring.

This refers to decisions made in logical order. Pilots and tests are used to
answer specific questions rather than keeping all options open
indefinitely.

These are advisors who share the consequences when their guidance fails.
This shared risk ensures their advice is practical and useful.

This involves product claims that are strictly based on current evidence.
This approach builds long-term credibility, not future risks.

This connects research, clinical practice, and engineering through shared
accountability and synchronized timelines. This allows each area to
inform the work of the others.

This is evidence that is communicated with complete honesty. It specifies
what was tested, what remains unknown, and the conditions required for
findings to be valid.
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m What the working version looks like

4.1 Quality These are quality systems that preserve decisions over time. Personnel
Infrastructure changes become smooth transitions, and audits build on a complete and
clear record.

4.2 Quality for This refers to quality infrastructure designed for the entire product
Deployment lifecycle. It supports everything from initial clearance to clinical use and
hospital payment.

5.1 Program These are programs designed to solve the specific problems they were
Incentives funded to address. All selection criteria and milestones are tied to
resolving core uncertainties.

5.2 Program These are programs that deliver clear answers. They provide enough
Calibration context so the next team can build on the work instead of starting from
the beginning.

5.3 Program This is the rare type of program that is structured properly to close the
Conditions knowledge gaps it was created to address.

Appendix D: How to Use This Canon in Conversation

This canon is a resource for understanding organizational structure rather than assigning blame. These
mechanisms describe system behavior instead of personal failure. The following principles will help you
use these concepts in professional discussions.

Speak to structure, not to individuals

If you tell someone they are running a capital push organization, it may sound like an attack. If you
instead say the funding structure rewards storytelling over solving uncertainty, you are making a
structural observation. This second approach is more accurate and is more likely to lead to a
productive outcome.

Name the mechanism as information, not as verdict

Stating that you notice a pattern of resolution delay provides useful information. Calling it an
accumulation of hidden debt sounds like a final judgment. The first phrase starts a diagnostic
conversation. The second phrase tends to end it. Your goal is to help others see a system condition that
is causing problems without making them feel attacked.

Use under these conditions framing
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Most mechanisms only appear in specific settings. If you say that the current incentive structure
causes teams to miss hard questions, it is more accurate than saying the team is failing. This framing
invites the group to consider what changes are needed for the situation to improve.

Pair the diagnosis with the aligned form

Every mechanism has a working version. If you only name what is broken, it sounds like criticism. If
you also describe the healthy version, it becomes a design problem. For example, noting that advisors
should face consequences makes it a technical observation about organizational design rather than a
personal judgment.

Ask the diagnostic question before naming the mechanism

The questions at the end of each section are effective ways to start a conversation. Asking what is
currently being treated as progress allows people to reach their own conclusions. This method is often
more persuasive than simply stating the name of the mechanism.

Remember that most mechanisms feel adaptive from inside

Many mechanisms seem like good choices from within. Delaying quality can feel like choosing speed,
and centralizing authority can feel like managing risk. These patterns exist because they provide
short-term benefits. Acknowledging those benefits before discussing the long-term costs makes a
conversation more honest and less confrontational.

Do not reduce mechanisms to individual behavior

When these patterns are active, hiring better people usually does not solve the problem. Capable
individuals in a flawed structure will produce the same results. The solution must be structural. Focus
on system design.

Appendix E: What Compounds vs. What Merely Persists

Real progress and motion without resolution can look very similar to an outside observer. An
organization may appear active and well-funded while still facing deep issues. The following table
identifies the differences between work that builds value and work that simply continues without
achieving anything.

What compounds What merely persists

Authority that grows alongside real Activity that continues even as real authority stays
expertise, tested through actual decisions | withheld
with consequences
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What compounds What merely persists

Resolution: the hard question gets
answered, the decision gets made, the
direction gets deliberately narrowed

Learning that compounds: each cycle
builds on what the previous one answered

Quality that preserves decisions: records
that let the next person understand what
was decided and why, and build on it

Demand from the market that imposes
real consequences and validates
capability with each actual deployment

Structural connection between domains:
shared decision pathways that let
knowledge compound across boundaries
instead of staying siloed

A named mechanism: a structural
problem identified and treated as
something to design around before it
forecloses options

Deferral: the hard question is acknowledged but not
answered, options are kept open by avoiding the
choice

Repeated effort: each cycle starts over on the same
unresolved questions

Documentation produced after the fact: describes
what happened but does not preserve the decisions
or the reasoning behind them

Capital that pushes a narrative forward: the story
resets with each funding round without the
underlying questions being answered

Coordination between groups: communication
happens, but each group still governs itself
independently

A workaround: behavior that absorbs the cost of the
problem without fixing it
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