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ABSTRACT

More frequent regulatory reporting does not necessarily produce more timely or better-supported supervisory decisions. Supervi-
sors must also identify how new evidence affects prior assessments. This paper develops a shared evidence record linking source
information, access permissions, unresolved questions and supervisory decisions. A critical literature review situates the proposal
within research on regulatory reporting, evidence provenance and the revision of decisions when their supporting assumptions
change. An executable model specifies how changes in evidence or permissions identify decisions requiring review. It passes
184 checks and detects eight deliberately introduced faults; these results establish selected properties of the model, rather than
effectiveness in regulatory practice. A prospective comparative study holds evidence availability, delivery times, access rights
and analytical capabilities constant to assess the contribution of linking evidence to decisions. Its primary hypothesis concerns
a reduction in time to justified initial and revised decisions, subject to predefined conditions for decision quality, workload and
disclosure. The statistical analysis plan and synthetic simulations assess these conditions jointly and identify sensitivity to sample
size and missing observations. The paper establishes a conceptual and testable basis for linking shared evidence to supervisory
decisions. Effects on human performance and total regulatory burden require independent empirical evaluation.

Keywords: continuous supervision; supervisory technology; regulatory reporting; evidence integration; data governance; cross-organisational
information sharing

Introduction

A supervisor may receive a report of a service failure without knowing whether it changes an earlier risk assessment. Two
reports may both contain current figures but cover different parts of a banking group: one may report lending across the
group, while another covers a single subsidiary. Comparing these figures without accounting for their different coverage
may produce an erroneous assessment. A firm may also mark corrective work as complete while the evidence that the
problem has been resolved remains disputed. These examples distinguish information acquisition from its interpretation in
relation to a supervisory decision.

Financial supervision is a demanding setting for studying how organisations share and use evidence. Regulated firms
produce much of the information, while supervisors judge its significance under their responsibilities. Evidence sharing
can preserve differences in interpretation, access rights and decision-making authority between organisations.

The research question is:

When evidence, access rights and delivery times are held constant, does linking evidence to prior decisions reduce
the time and effort required to make and revise justified supervisory assessments?

A secondary question concerns the effect of earlier evidence delivery. Separating these questions allows the study to
distinguish the contribution of delivery timing from that of evidence organisation.

Here, “continuous supervision” means reviewing assessments as relevant information changes, using an agreed update
schedule. This definition does not imply unrestricted access to firms’ records, uninterrupted data transmission or automatic
certification of regulatory compliance. Regular reports, enquiries, inspections and professional judgement can remain part
of supervision.

The paper makes three contributions:

1. A specification of a shared evidence record that distinguishes a decision’s historical evidential basis from its continuing
validity.

2. An executable model and failure tests that demonstrate selected properties within explicit implementation limits.

3. A prospective evaluation design that separates evidence organisation from delivery timing and assesses decision quality,
workload and disclosure alongside response time.

Appendix A summarises the model and its assumptions. Appendix B connects failure cases to the available checks.
Appendix C explains the main terms used in the manuscript and technical supplement.
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Literature review and research contribution

2.1 Review scope and method

The selected review covers continuous supervision, supervisory technology, digital regulatory reporting, evidence integra-
tion and methods for recording why a decision was made. It also covers controls on who may use information and for what
purpose, and how earlier conclusions are reviewed when their supporting assumptions change. The reference list identi-
fies the versions used; the source register distinguishes verified publication records from full-text consultation. Nine cited
papers available through arXiv address related methods; several concern data governance more broadly rather than super-
vision itself. The supplement records the sources consulted and access limits. Publication dates are restricted to material
available by 1 September 2026; editorial verification and reproducibility checks were completed subsequently. This was a
selected critical review, not an exhaustive systematic review.

The evidential contribution of each source depends on its design and status. Institutional accounts document existing or
planned systems but do not, in themselves, establish causal effects. Prototype reports provide evidence of implementation
and exploratory evaluation. Preprints may not have undergone peer review. Where only an abstract was accessible, the
interpretation is restricted to its reported claims. Consistent with design-science research, this paper distinguishes model
construction from evaluation of its practical utility [19].

2.2 Reporting and supervisory judgement

Research on supervisory technology, often called SupTech, distinguishes collecting data from analysing it and identifies
practical implementation difficulties [3, 6, 9]. The Digital Regulatory Reporting Phase 2 Viability Assessment examines
reporting designs and costs [13]. Its estimates draw on limited industry input, and the report does not state a binding
regulatory position. Automated reporting and common reporting definitions are therefore established ideas.

Research on responsive risk-based regulation distinguishes finding a problem, responding to it, assessing the response
and adapting the approach [5]. This supports evaluating the justification and revision of supervisory decisions, rather than
treating alert volume as a measure of supervisory effectiveness. The present paper addresses a narrower question: how
teams handle information about operational incidents, such as service failures, and the work undertaken to resolve them.

Embedded supervision studies monitoring based on information held in distributed ledgers and the conditions under
which that information can be trusted [1]. DLT Compliance Reporting develops and evaluates a system for collecting and
adding context to information with little delay [2]. Both examine ways to reduce the steps between firms’ records and
supervisory information. This paper does not require a distributed ledger. Its focus is the effect of evidence organisation on
initial assessment and reassessment when information availability is held constant.

2.3 Existing supervisory systems

Project Ellipse is a prototype that brings regulatory data and analysis together [4]. The European Central Bank’s 2024
supervisory report describes digital processes for receiving incident reports and monitoring corrective work, alongside
plans for a unified supervisory interface [15]. Its 2025 report records continued work on Olympus and this interface [16].
Information integration is therefore an established capability rather than, by itself, an original contribution. These accounts
also provide no basis for assuming that other regulators lack comparable capabilities.

The proposed contribution is a controlled evaluation of the value of explicit links between evidence and decisions. Teams
would receive equally current information, with the same access rights and analytical tools, but use different ways of or-
ganising evidence and linking it to decisions. If a regulator’s existing system already provides the proposed connections,
it belongs to the class of systems being studied. The experiment cannot test the benefit of adding those connections where
there is no meaningful difference to compare.

Implementation also depends on organisational conditions. A recent BIS working paper examines factors associated with
adoption of supervisory technology [18]. It supports considering staff capability, support and maintenance. Its observational
results do not establish the benefits of the system proposed here.

2.4 Evidence provenance and access control

Earlier research already links information access to a person’s task [24], the permitted purpose [7] and conditions that
continue to apply during use [21]. W3C PROV provides a way to record where information came from, how it was derived
and when its invalidation was recorded [27]. Doyle’s work on “truth maintenance” records reasons for beliefs and revises
those beliefs when their supporting assumptions change [14]. The present model uses a simpler check of evidence versions.
It does not introduce a new theory of reasoning or automate supervisory judgement.

Related work also offers ways to show or hide parts of data according to the permitted purpose [25], combine access
rules with agreed meanings [17]. Other studies address purpose-limited messaging [26], links between access rules and
data history [28], and reusable rules and software for sharing data [10, 11, 22]. Research on regulatory technology also
highlights the difficulty of turning a software design into demonstrated compliance [23].

Governance Inside the Agent Loop distinguishes what an actor can observe, what that actor is authorised to do and what
actions the deployed system can carry out [12]. It also separates a previously valid approval from its applicability when
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an action is taken. These distinctions inform the implementation requirements below. Its results concern a finite model of
agent execution; they do not prove the usefulness of shared evidence in human regulatory supervision.

These sources establish the principal concepts underlying the proposed record. This paper applies them to a specific
supervisory problem: identifying when earlier decisions need review and evaluating whether explicit evidence links improve
reassessment. Its contribution is a defined model and a reproducible study design. It does not claim to be the first system
to connect evidence, permissions and decisions.

A shared evidence record for supervision

The proposed record brings together a supervisory question, the evidence relevant to it, agreed definitions, access permis-
sions, unresolved questions and the supervisor’s decision. It also records which versions of the evidence and definitions
were used. Each participant sees only the material they are authorised to see. “Shared” means that the organisations can
refer to consistent evidence and meanings, not that everyone receives the same information.

For each item, the record identifies its source, when it applied, when it was received, how it was processed and any
qualifications. When an item is corrected, the earlier version is retained and affected assessments are flagged for review.
Changes to definitions or access permissions are also recorded. The system must distinguish an absence of evidence of a
problem from evidence that the problem is absent.

For example, a firm may initially report that a service failure has been contained. Later information shows that other
important services rely on the affected service. The supervisor must decide whether to ask further questions, monitor more
closely or take stronger action. The shared record should connect the new information to the original report, earlier decision
and outstanding corrective work. This is a constructed example, not an account of a real institution.

The supervisor remains responsible for the decision. The firm can provide evidence and challenge factual errors with-
out gaining access to the regulator’s internal discussions. An independent reviewer can contribute an assessment without
receiving unrelated records. These arrangements preserve different responsibilities while allowing relevant evidence to be
connected.

3.1 Evidential sufficiency

If situations cannot be distinguished using the evidence available to an authorised supervisor, yet have no response that
is justified in all of them, that evidence cannot support a uniformly justified choice. Different sets of acceptable actions
do not imply insufficiency when those sets have a common justified response. Possible remedies include an authorised
summary, further enquiry or an explicit record that the assessment remains unresolved. Wider access to raw data is not
always necessary or appropriate.

Many supervisory cases allow more than one reasonable response. Before a study begins, independent experts should
agree which responses are acceptable and what reasoning each requires. Where the evidence is incomplete, a focused
enquiry or a recorded decision to wait can be justified. Treating rapid closure as sufficient evidence of success would
reward unsupported certainty.

3.2 Access, accountability and the historical record

Access must reflect the applicable authority and purpose. A regulator’s right to obtain information does not necessarily
depend on a firm’s consent. Conversely, a technical connection does not itself create a right of access. Rules on retention,
confidentiality, onward sharing and challenges to decisions must be checked in the jurisdiction where the system would
operate. This paper does not establish legal powers.

Revoking access can prevent subsequent delivery but does not, by itself, remove information already received. Recording
the history of evidence does not establish its veracity. New information must also leave intact the record of what was known
when an earlier decision was made.

3.3 Linking decisions to their evidential basis

The model gives each evidence record four identifiers: its case, source version, interpretation version and permission ver-
sion. The interpretation version identifies the approved rules for translating or comparing the information. The permission
version changes when relevant access arrangements change. In the formal description these four identifiers are written as
(c¢,v,m, p). Case identifiers are stable and unique. Each relevant version strictly increases and is never reused, including
after a permission is renewed; otherwise an old decision could incorrectly become current again.

A full decision record would contain the decision time, action, authorised decision-maker, reasoning and these four iden-
tifiers. The executable model stores only time, action and evidence. It checks identity before accepting a record; a separate
scoring function receives an externally supplied judgement about whether the reasoning is acceptable. Recording the full
identity and reasoning history remains a deployment requirement. The study’s event schedule records when information
applies and when it arrives; the model itself handles receipt events in order.

A decision is marked as “current” only while its recorded identifiers match the latest evidence record and the relevant
permission remains active. This establishes consistency with the latest recorded evidence and permissions, rather than
substantive correctness. Earlier records are retained unchanged. Historical retrieval requires its own access policy; the
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model’s current-release check is not a policy for reading archived records.

A relevant correction to the source or its interpretation changes the corresponding version and flags the decision for review.
A permission change prevents further release under the old permission version. It does not erase history or determine
whether the original decision was substantively right. An unrelated event leaves the assessment unchanged. The model
receives relevance classifications as inputs; it does not infer all dependencies among records in operational systems.

Provided each update completes before the next begins, a change to one identifier prevents an older decision from match-
ing the latest record. This follows directly from the design, rather than being a new mathematical finding. Its effect on the
timely identification and revision of outdated assessments is a separate empirical question.

Consider a correction that both systems receive immediately. One system links it to an earlier decision; another displays
it without showing that connection. The information is equally fresh, but the need to reconsider the decision may be less
apparent in the second system. However, evidence links cannot compensate for the absence of information necessary for a
decision. These examples explain possible differences; they do not establish how often they occur or whether a particular
existing system suffers from them.

3.4 Aworked example

In one constructed case, an incident initially appears contained, so monitoring is reasonable. At the next assessment stage, a
corrected report shows that an important service is seriously affected, making stronger supervisory action appropriate. Each
stage has an illustrative 20-minute response window. Taking the required action five minutes after the correction counts as
timely. Continuing to rely on the earlier monitoring decision does not meet the second stage’s requirements.

If the participant later closes the case without adequate grounds, the decision at the deadline fails the quality check despite
the earlier timely response. If the new evidence instead leaves the impact uncertain, a reasoned enquiry may be appropriate.
These examples illustrate the scoring rules. Independent practitioners must validate them before participant testing; they
are not instructions on how a regulator must act.

3.5 Information, authority and available action

Effective evidence sharing requires alignment between information availability, decision authority and the capacity to act.
The person responsible for a decision must receive enough authorised evidence to justify it, have authority for the proposed
response, and have a working means to carry out or refer that response. A firm’s technical specialist may understand a
service failure without having supervisory authority. A supervisor may have authority to act while lacking the specialist’s
evidence. Neither informational access nor decision authority alone is sufficient to establish a justified response.

An appropriate remedy may be an authenticated explanation or authorised summary sent to the responsible supervisor.
It may instead be referral to a suitably informed and authorised person, or correction of the process through which the
decision is carried out. Remedies should address the specific deficiency without presuming a general expansion of access
or authority. This distinction [12] informs a design requirement; the associated formal guarantees do not extend to the
present model.

3.6 Revalidation at the point of action

The evidence and authority supporting a proposed decision may change before that decision is implemented. For example, a
supervisor may prepare to close an incident after receiving recovery evidence. Before closure is recorded or communicated,
a correction arrives or the person’s delegated authority changes. The system should check the relevant evidence, permissions
and decision authority again at that point. If any premise has changed, it should require reconsideration rather than silently
reuse the earlier approval.

The current model checks access when a decision is recorded and processes events one at a time. It does not implement
a separate drafting-and-action sequence, delegated decision powers or concurrent updates. A deployed system must either
complete its final check and action together or detect intervening changes and repeat the check. The checks proposed in
Appendix B distinguish these future requirements from the tests already run.

Preventing reliance on an outdated decision should preserve an authorised next step, such as further enquiry, a reasoned
deferral or referral to another reviewer. The study measures non-completion and unnecessary escalation, preventing univer-
sal refusal from satisfying its success criteria. These criteria do not guarantee eventual resolution in operational practice.
Retrieval of similar cases may support assessment, but similarity alone does not justify adopting an earlier decision. Reuse
requires verification of current evidence, definitions, permissions and authority.

Hypotheses and proposed mechanisms

H1: When teams receive the same authorised evidence at the same time, connecting that evidence to supervisory decisions
reduces the average time to well-supported initial and revised decisions, compared with competent existing systems that
organise the evidence separately. This reduction must satisfy predefined conditions for decision quality, combined workload
and disclosure control.

The study compares independent teams across the same fixed set of assessment stages. Time is capped at each stage’s
deadline, as explained in section 5.3. The proposed benefit comes from reducing work spent finding evidence, resolving
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differences in meaning or version, identifying missing information and reconstructing why an earlier decision was made.

The proposed mechanisms require empirical examination. Before registering the study plan, researchers must specify
how logs and observations will measure retrieval and reconciliation work. Results for initial and revised assessments must
also be reported separately: a pooled improvement driven entirely by initial decisions would not demonstrate better reassess-
ment. To identify the value of one feature, such as linking a changed record to an earlier decision, a further experiment
would need to vary that feature while holding the others constant. Implementation demands, excessive alerts or unwarranted
confidence may offset the expected benefit.

H2: When evidence is organised in the same way, providing updates in response to relevant changes reduces the time
between a change and a well-supported supervisory response, compared with the existing update process.

H2 concerns the timing of evidence delivery; H1 concerns evidence organisation. More frequent updates could create
work without improving decisions. Equally, connected evidence could be useful where periodic reporting remains appropri-
ate. A positive H1 result would support the capabilities tested, but would not establish the necessity of a particular platform
or the value of every feature it contains.

Prospective evaluation design

5.1 Comparison conditions

The study proposes three arrangements, where the participating regulator’s existing systems allow a meaningful comparison.
C is current practice, including its actual reporting schedule, notifications, links between records and analytical tools. U
delivers updates in response to relevant events but keeps the existing way of organising evidence. G uses the same update
schedule and access rights as U, while connecting evidence and decisions in the shared record described above.

The main comparison, G against U, tests HI. Comparing U with C tests H2 only if the intended difference is the delivery
schedule. Comparing G with C tests the combined change in delivery and organisation.

The comparator must represent existing capabilities accurately. No group should repeat approvals or perform manual
tasks that its normal tools already automate. G and U must have equivalent ways to transform and analyse the information,
as well as equivalent generic arrival notifications, training and support. Dependency-specific review flags are part of the G
intervention and must be documented as such. Differences in the effort needed to find and reconcile evidence are part of
what the study aims to measure. Differences in information content or analytical capability would confound the intended
comparison.

The intended differences between conditions must be verified before participant allocation. If current practice already
connects evidence and decisions in the proposed way, there may be no integration difference to test. If changing delivery
times also changes the analysis available, the U-C comparison tests a package of changes, not timing alone. Artificial
restrictions on the comparator would invalidate conclusions about improvement over existing practice.

5.2 Cases and participants

The supplied examples cover six situations: corrected information, recovery without further problems, missing verification,
conflicting independent assessments, a recurring incident and a changed interpretation. Each case has two assessment
stages, initially allowing 20 minutes per stage. Timing may be revised after the pilot but before the main study is registered.
Participants cannot act before a stage opens. The first stage closes before the next evidence release, and every response must
identify its stage. Both stages run to their deadlines even when participants respond early.

The first study should focus on operational incidents and the work undertaken to resolve them. This provides changing
evidence and interaction between firms and supervisors without attempting to reproduce every regulatory activity. Other
areas, such as financial soundness or business conduct, require later studies.

Independent supervisory and industry practitioners must develop and validate the cases before testing. They should
include genuine deterioration, harmless changes, unresolved questions and claims of recovery that lack supporting evidence.
The same case developments must be presented to each group. A panel independent of the system’s developers should agree
the response windows, serious-error definitions, acceptable actions and required reasoning. More than one judgement may
qualify. Disagreements must be recorded and resolved through a process agreed in advance.

An initial pilot would involve 24 independent teams, 12 using G and 12 using U. The pilot is intended to assess procedural
and measurement feasibility rather than effectiveness. Training uses separate cases, and pilot participants do not take part in
the main study. A C group would be planned separately and treated as exploratory until the timing comparison is verified.

Teams would be assigned randomly to G or U within groups of similar experience, and stay with that arrangement to
reduce learning across conditions. The team remains the independent unit of analysis across repeated cases. If shared
staff, firms or workflows allow one team’s participation to affect another’s, the assignment and analysis must be redesigned
around a larger independent unit. Study participation must not influence real supervisory decisions.

5.3 Outcome measures

For H1, elapsed time is measured from the scheduled beginning of each assessment stage, identically for G and U. This
applies even when missing evidence means that the justified response is to ask a question. Timing must not depend on when
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a participant finds an item or when all uncertainty disappears.

The response-time measure is the interval to the first justified response, capped at the stage deadline. Where no justified
response occurs, the full interval is recorded alongside non-completion. A response exactly at the deadline and no response
therefore receive the same time value but different completion results. In unresolved cases, an appropriate enquiry or
recorded decision to wait can qualify; an unsupported closure cannot.

For H2, also measure the full time from the scripted change to the justified response. Separate the delay in delivering
information from the time taken to assess it. Decisions are recorded throughout both stages so that an acceptable early
response does not obscure a subsequent serious error.

Quality measures cover missed deterioration, unjustified closure, unnecessary stronger action and appropriate handling
of uncertainty. For the main statistical analysis, completion means that a team gives a justified response by every stage’s
deadline. Final quality means that its decision at the end of every stage remains justified. Separately record whether the team
makes any serious error, takes any unnecessary stronger action, or releases any information without permission anywhere
in the six cases. These five measures are binary outcomes assessed for each team across the fixed set of cases. Also report
results by stage, but do not treat stages as independent teams.

Both groups use the same response form. Reviewers compare responses with an independently held schedule of the case
events and evidence. They judge whether the response addresses the relevant facts and uncertainty, not whether it uses G’s
version numbers or record format. A participant may reasonably reaffirm an earlier decision after considering a change.
The model’s “current” status is distinct from the independent assessment of human decision quality. Cases should include
changes that do not warrant escalation, allowing the evaluation to identify indiscriminate escalation. Outcome reviewers
should be blinded to team allocation where feasible; participants cannot be blinded to the interface they use.

Combined workload is the sum of active work measured separately for supervisors, firm staff, independent reviewers
and support staff. Count preparation, clarification, assessment, follow-up and time spent dealing with failures within each
observation window. Use person-minutes: four people working for 20 minutes contribute 80 person-minutes. Average
this across the same 12 stages used for the timing measure. The illustration assumes no more than four people working
concurrently; the actual staffing limit must be agreed before the study.

Preparation outside those windows, setup, training, maintenance of agreed definitions and ongoing operating costs belong
in a separate cost assessment. Acceptable workload during the exercise does not establish lower total regulatory burden. A
reduction in supervisory workload that increases firms’ workload may not produce a net benefit.

Distinguish unauthorised disclosure from collecting more information than necessary despite having permission. Sepa-
rately test expired permissions, access to another case’s records, corrections and failures in the audit record. A small study
cannot show that rare confidentiality failures are impossible. If none is observed, the analysis must still allow for uncertainty
about the underlying risk.

5.4 Statistical analysis and decision criteria

The statistical plan requires G to meet all seven conditions: a practically meaningful reduction in average capped response
time; no unacceptable increase in combined work during the observation windows; no unacceptable decline in completion
or final quality; and no unacceptable increase in the risks of serious error, unnecessary stronger action or unauthorised
disclosure. Practitioners must agree the minimum practically meaningful benefit and maximum acceptable losses before the
main study. Improvement over a comparator is insufficient for adoption unless the proposed system also meets independent
minimum standards and implementation requirements.

The analysis compares team averages, allowing for experience groups using weights fixed in advance. It reports un-
certainty around the differences rather than relying on averages alone. For time and workload, the method uses the fact
that observations have agreed upper and lower limits. For binary outcomes, it uses binomial confidence limits that retain
uncertainty even when no adverse events are seen.

For reproducibility, the technical methods are one-sided Hoeffding bounds for bounded team observations [20] and
exact Clopper—Pearson limits within each study group and experience group [8]. The latter are combined using a union
bound to obtain limits for the difference in event probabilities. Appendix A gives the formulae and decision directions; the
supplementary statistical analysis plan specifies implementation and constructed simulation inputs. These methods require
independent teams; the binomial calculation also assumes the same event probability for teams within each study and
experience group. The target is the weighted mean or event-risk difference in the specified team populations, conditional
on the fixed case set and stratum sample sizes. It is not a distribution-free randomisation interval for a fixed finite roster.
Responses within a team can be related. Influence between teams would violate the independence assumption.

Each one-sided bound has at least 97.5% coverage under these assumptions: over repeated comparable studies, the
procedure would place the bound on the appropriate side of the true difference at least that often. This is not a 97.5%
probability that a particular reported bound is correct. Requiring all seven conditions to pass is an intersection—union test
at level 0.025 for the single joint claim: if any required condition is false, a full pass entails rejection of that true component
null. This does not require independence across outcomes or a sevenfold adjustment, and does not provide simultaneous
97.5% coverage for all seven bounds. A reduction in response time cannot compensate for failure to meet a quality or
workload condition. Pairing the lower and upper one-sided bounds gives at least 95%, not 97.5%, two-sided coverage.
Separate claims about H2 or G against C remain exploratory unless registered with an analysis that accounts for testing
additional claims.
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Missing observations are handled conservatively. All assigned teams remain in the analysis. For a missing binary
outcome, the calculation allows either possible value; for missing time or workload, it allows the full range consistent with
what is known. The reported bounds cover those possibilities. Work exceeding the agreed staffing limit must be reported
and invalidates the unamended workload bound; such observations must not be truncated to preserve the assumed range.
Teams that abandon the exercise and outages caused by the tested system remain part of the results.

The supplied simulations examine how often all seven conditions would pass together under stated assumptions. They
do not select the number of teams for a real study. The pilot must establish whether recruitment, realistic cases and reliable
observation are feasible. It cannot reliably estimate very rare confidentiality failures. If a study capable of testing the full
claim is impractical, report feasibility findings or estimates with their uncertainty, or validate a more efficient analysis before
proceeding. Success criteria must not be relaxed after inspecting results, and repeated requests within a team must not be
counted as independent observations.

Implementation requirements and model evaluation

The proposed approach requires agreed meanings for the information being compared; access matched to roles and purposes;
records of evidence versions and dates; visible gaps and uncertainty; links from relevant updates to earlier assessments; and
a record of the reasons for each decision. These capabilities can be provided by different technical designs. No particular
vendor, central database, distributed ledger or language model is required.

Each capability requires explicit verification criteria. If a report changes which companies it covers, affected comparisons
should be identified. A corrected submission should leave the earlier version and decision history accessible to authorised
reviewers. A person without permission should not receive protected evidence. An unresolved discrepancy should remain
visible when a decision is recorded. Passing these checks shows that specified functions work, not that supervision has
improved.

Initial implementation should address a defined recurring assessment and a limited set of agreed terms. Firms should
be able to provide evidence through existing processes where feasible. Evaluation should include setup and maintenance
effort for both small and large firms. Persistent dependence on specialist support may undermine cost-effectiveness despite
improvements in supervisory usability.

6.1 Executable model and verification results

The executable model processes events one at a time. It keeps earlier evidence unchanged, records an audit entry before
releasing information and links decisions to the versions they used. Changes to sources, interpretation rules or permissions
trigger a review requirement.

The model tests all 64 combinations of six request conditions, of which one permits access, and checks the audit outcome
for each combination. It also tests second-stage scoring examples for the six two-stage cases; it does not run a complete par-
ticipant workflow through both stages. It passes 184 checks. To examine whether the checks detect faults, eight protections
were removed in turn: identity, case identity, source version, interpretation version, permission version, audit availability,
use of current evidence and prevention of a backwards-moving clock. Each deliberately introduced fault was detected. This
is selected test coverage, not a complete security assessment.

The model trusts the supplied identity, clock, relevance judgements and scoring inputs. It does not establish legal author-
ity, verify source truth, discover every affected decision, prevent disclosure through inference, implement timed permission
expiry, or handle simultaneous operations across multiple systems. Its invariants assume use of the controlled update in-
terface; Python object access is not a security boundary. Its audit record is held in computer memory rather than a durable
storage system. Information already released remains readable after access is withdrawn. These limitations preclude inter-
preting the results as evidence of improved human decision-making or production readiness.

The scoring examples distinguish an early justified response from the decision retained at the deadline. They reject
reasoning marked as using outdated evidence and distinguish a response at the deadline from non-completion. There is
no participant interface. Before recruitment, a separate check must establish that G and U provide equivalent information,
permissions, analysis and release times, without artificial delays.

6.2 Statistical verification and planning simulations

The statistical implementation passes 32 checks. These include enumerating all possible event counts in 18 binomial settings
and checking how often a component confidence bound would fail. The largest calculated failure probability is 0.0112532,
below its allowed 0.0125. These examples check the implementation. The general mathematical justification comes from
the published methods and the assumptions stated above.

The planning simulation repeats each setting 400 times, using five sample sizes per group and five scenarios. Under its
illustrative benefit assumptions, all seven conditions pass in 0% of simulations with 48, 96, 192 or 384 teams per group,
and 82.75% with 768. Scenarios with no practically meaningful time benefit, worse decision quality or extra combined
workload produce no full passes at these sample sizes. A scenario with independently missing observations at a probability
of 2% per team, treated conservatively, also produces no full passes. These results apply to the accompanying reference
implementation and its stated synthetic inputs.
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Sampling variation from running a finite number of simulations gives a standard error of at most 2.5 percentage points.
An observed 0% or 100% is not proof that the exact probability is zero or one. These results use synthetic effect sizes and
thresholds; they are neither estimates of regulatory benefits nor recommendations for study sample size. Separate standards
for actual deployment are not included. The simulations demonstrate the limitations of planning solely for a response-time
improvement and the importance of recruitment feasibility and complete observation when assessing the joint hypothesis.

6.3 Failure diagnosis and corrective measures

Failure analysis must distinguish the cause of an unsuccessful response. Missing evidence calls for enquiry or an authorised
summary; missing decision authority calls for a valid referral; an outdated approval calls for a fresh check; and an unavailable
action requires a process or system repair. These are different interventions. Appendix B separates the corresponding checks
so that a failure in one layer is not misreported as proof that all evidence sharing is ineffective.

y@ Further research and limitations

Following practitioner validation and the initial comparison, the approach could be evaluated alongside operational work-
flows without influencing live supervisory decisions. Comparable evidence should be provided to the study teams, and any
information they exchange must be recorded. Duplicated activity required by the study should be recorded as a research
cost rather than interpreted as an operational saving. Actual adoption requires a separate assessment of authority, security,
accountability, organisational incentives and workload.

This paper combines a critical literature review, a bounded executable model and a prospective evaluation design. It does
not establish improved human performance or readiness for live use. Institutional reports help explain the problem but cannot
replace comparative observations. Constructed cases may simplify genuine disagreements. Participant experience, access
to firms and organisational incentives may change the results. Findings about operational incidents would not automatically
apply to market surveillance, financial crime or all forms of financial supervision.

The research framing originates in work connected to the development of Pathiqa, a commercial decision-support plat-
form whose Views capability is a feature rather than a separate product. This commercial connection is a potential competing
interest. No product implementation has been evaluated in this paper. Any platform used in a later study must be identified,
with independent control over outcome assessment and publication of unfavourable results. No regulator’s involvement or
endorsement is implied.

Conclusion

Linking changes in evidence to the supervisory decisions that depend on it provides a coherent basis for continuous su-
pervision. The central proposition is that improvements in supervisory responsiveness depend not only on the timeliness
of information, but also on the ability to identify which assessments require reconsideration and why. A shared evidence
record provides an explicit mechanism for maintaining these relationships while preserving access restrictions, uncertainty
and the historical basis of decisions.

The expected benefits arise through reduced evidence retrieval and reconciliation, earlier identification of assessments
requiring review, and a clearer evidential basis for subsequent action. These mechanisms may improve supervisory perfor-
mance even when information content and delivery times remain unchanged. Their net value depends on whether these
gains outweigh implementation costs, additional alerts and any increase in firms’ workload.

The paper’s contribution is a specified mechanism, verification of selected model properties and a reproducible design
for comparative evaluation. It establishes a testable basis for the proposed approach; it does not establish improvements in
human decision-making, a reduction in total regulatory burden or effectiveness in operational supervision. These outcomes
require participant and field evidence.

Independent evaluation should therefore compare the proposed capabilities with existing practice under equivalent ev-
idence availability and access rights. Support for the primary hypothesis requires a practically meaningful reduction in
response time while satisfying predefined conditions for quality, completion, workload and disclosure. Such evidence,
combined with a broader cost assessment, would support investment in the capabilities evaluated. An adverse or incon-
clusive result would delimit the conditions under which their value has been demonstrated. The argument concerns these
capabilities rather than the necessity of any particular platform.

Supporting materials and evidence status

The supplement contains six constructed case outlines, a draft operational protocol, the statistical plan, a source register,
a reference implementation, verification checks, targeted mutation tests and synthetic simulation outputs. The model uses
Python’s standard library; the statistical checks and simulations require NumPy and SciPy. The package includes execution
instructions, dependency versions, the random seed and results for every simulation replicate. The outlines are not validated
participant materials, and the protocol is not a registered study.
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No human observations or confidential regulatory records are used. Timings, acceptable case responses and simulation
thresholds are constructed inputs that require independent calibration.

Model and assumptions

The shared record uses four identifiers: case c, source version v, interpretation version m and permission version p. Let
K = (¢,v,m, p). A recorded decision D retains the identifiers K(D) that applied when it was made. Its model status is
current only if K(D) equals the latest K and the relevant access permission remains active. This necessary check does not
establish that D is correct or that its maker has legal authority to take every possible action.

Under sequential updates and non-reused versions, changing any component of K prevents an earlier record from passing
the equality check. This is a property of the definition, not a new theorem. Historical evidence and decisions remain
unchanged. The implementation compares the stored evidence snapshot; its controlled update functions advance the relevant
version when they change the snapshot.

Table Al. Assumptions and what they leave unresolved.

Assumption Why it is needed What remains outside the guarantee

Identity, time and incoming evidence Access and ordering depend on these Compromised sources and false statements

are trusted inputs

Relevant changes are identified Relevance inputs determine when review is  Discovering all affected decisions

externally required

Updates occur one at a time No change can interleave with the model’s ~ Concurrent systems and action-time races
operation

Case reasoning is judged externally A version match cannot assess a human Expert agreement and legal correctness
argument

Study teams are independent Confidence calculations use independent Shared-staff and organisational interference
team observations

Work and time remain in declared Bounded statistical methods require fixed Unrecorded work or excess staffing

ranges limits

For the proposed study, define each team’s time as its average across the same 12 assessment stages, with each stage
capped at 20 minutes. Work is the corresponding average of active person-minutes, initially bounded by 80 per stage. Both
limits require confirmation before registration. Within each predeclared experience group s, compare the G and U means.
Use positive weights w, summing to one, fixed before examining the results.

The estimated difference is

5 = Z Wge (YGS — ?Us)-

A

With positive arm—stratum sample sizes ngy, nys and independent team observations in [0, R], the one-sided Hoeftfding

radius is
log(1/a) of 1 1
=R, |[——— - | — =0.025.
r \/ 5 Zw o . @=0.025

s nys

The bounds D—r and D+ are each one-sided limits; to gether they have at least 95% coverage. For binary outcomes, the plan
uses one-sided Clopper-Pearson limits at &/ (2S) within each group, where S is the number of experience groups. Combining
the relevant 2S5 component bounds gives each direction of the weighted risk-difference bound. The supplementary statistical
analysis plan specifies missing observations, decision thresholds and assumptions; these are established statistical methods,
not new results [8, 20].

For k events among n teams and tail level 8 = «/(2S), write Q, (a, b) for the y quantile of a Beta(a, b) distribution.
The component limits are

0, k=0, I, k =n,
L(k,n) = U(k,n) = " (A1)
Op(k,n—k+1), k>0, 1-glk+1,n—k), k<n.
Consequently, one-sided limits for the weighted risk difference D = Y, ws(pGs — pus) are
Lp = wi(Lgs—Uys),  Up =) ws(Ugs - Lus). (A2)
S S

Each direction fails only if at least one of its 25 component limits fails, so its failure probability is at most 258 = a. No
independence between these component limits is needed for this union bound.
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Let 67 > 0 be the required time benefit and let myw, mc, mgo, mg, my, mp > 0 be acceptable losses. All differences are
G minus U. The joint claim requires

Ur < -or, UW < mw, LC > —-mc, LQ > -—mo, (A3)
Ug <mg, Un <mp, Up <mp. (A4)

Here C, Q denote completion and final quality (higher is better); E, N, D denote serious error, unnecessary escalation and
disclosure (lower is better). Equality at a threshold does not pass. Non-significance is not evidence of non-inferiority.

For missing observations, retain the assigned denominators. Maximise the estimated bounded difference by assigning
missing G values R and missing U values zero; reverse these assignments for its minimum, then apply the same radius. For
a binary cell with k observed events and 4 missing outcomes among n assigned teams, use L(k,n) and U(k + h,n). These
envelopes include the complete-data bounds regardless of the missingness mechanism, provided the outcome ranges and
assigned denominators are known.

Failure checks and evidence status

Table B1. Completed checks and additional checks required before field use.

Failure case Required response Evidence status

Wrong identity, case or evidence Refuse the request Tested in the sequential model

version

Source, interpretation or permission Retain history; flag the previous decision Tested in the sequential model

changes for review

Audit unavailable or clock moves Refuse the affected release or decision Tested in the sequential model

backwards record

Initial justified response followed by Retain early completion but fail final Tested with scoring examples

unsupported closure quality

Evidence changes after drafting but Repeat the final check or require Required for deployment; not implemented

before action reconsideration

Informed person lacks decision Refer evidence to an informed, authorised Requires practitioner validation and workflow

authority decision-maker testing

Prior decision retrieved from a similar ~ Check present evidence, meaning, Required for deployment; not a tested reuse

case permissions and authority engine

Checks prevent every response Record non-completion; identify a lawful Outcome defined; human workflow not tested
next step

The first four rows summarise existing checks; they do not cover every failure of their type. The later rows are proposed
requirements and must not be counted as completed experiments. The eight deliberately introduced code faults and exact
results are recorded in the reproducibility supplement. Neither these checks nor the formal results in [12] establish the
suitability of a production implementation.

(@ Terminology

Table C1. Terminology used in the manuscript and technical supplement.

Term in this paper Technical term in the supplement Meaning

Shared evidence record Governed supervisory evidence context Linked evidence and decisions with controlled
access

Assessment stage Checkpoint A fixed period in which a response is assessed

Well-supported response Justified disposition An acceptable action with the required
reasoning and authority

Final quality Terminal quality Whether the decision retained at each deadline
is justified

Interpretation version Mapping version Which approved definitions or translation rules
were used

Permission version Authorisation epoch Which access arrangements applied; not proof
of decision authority

Stronger supervisory action Escalation A more intensive response, as defined in the
validated case

Joint satisfaction of all decision Intersection-union test A gain on one required outcome cannot offset

criteria failure on another
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