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ABSTRACT:

Large operational organisations — cloud platforms, hospital networks, transportation operators, financial-services
back offices — routinely publish reliability targets and ownership charts, yet post-incident reviews repeatedly
find that no individual or team could be held accountable for a failure at the moment it mattered: ownership was
ambiguous, the relevant metric was not tracked, or the metric that was tracked was satisfied while the underlying
service degraded. This paper develops a framework that treats operational accountability itself as an engineered
system, composed of a formally specified metric layer and a set of mechanisms that bind metrics to named owners,
escalation paths, and incentives. We model responsibility assignment as a bipartite accountability graph linking
system components to accountable owners, define a metric specification format that separates a measured quantity
from the threshold and cadence at which it becomes actionable, and introduce an incentive-alignment function
that scores mechanism designs by their resistance to metric gaming. A reference architecture comprising a metrics
pipeline, an ownership registry, an escalation engine, and a periodic review board operationalises the model
without requiring a green-field replacement of existing monitoring infrastructure. We evaluate the framework
through a twelve-month case study of a reliability program at a cloud services provider, in which the transition
from an informal, chart-based ownership model to the full accountability framework reduced mean time to identify
an accountable owner from 41% to 96% of incidents within the first hour, and reduced the repeat-incident rate
from 26.5% to 8.9% of quarterly incidents. A sensitivity analysis over the escalation review-window threshold
quantifies the trade-off between escalation volume and mean-time-to-resolution improvement. We conclude with
a discussion of the organisational, computational, and measurement-theoretic limitations of the approach,
including its exposure to Goodhart-type metric gaming, and outline directions for adaptive, telemetry-informed
accountability design.

Keywords: Operational Accountability, Reliability Engineering, Service-Level Objectives, Ownership Registry, Incident
Management, Incentive Alignment, Goodhart's Law, Escalation Mechanisms.

INTRODUCTION

The operational reliability of complex sociotechnical systems depends not only on the technical soundness of the
underlying architecture but on whether responsibility for that architecture's behaviour is unambiguously assigned,
continuously measured, and meaningfully enforced. Organisations increasingly instrument their operations with
dashboards, service-level objectives (SLOs), and RACI charts intended to answer, at any moment, the question
“who is accountable for this outcome, and by what standard.” In practice, post-incident reviews across industries
— cloud infrastructure, healthcare delivery, transportation networks, financial operations — repeatedly surface a
narrower and more troubling failure mode: at the moment a system degraded, no accountability mechanism
resolved cleanly to a specific owner, a specific metric, and a specific action, even though the organisation's
documentation implied that one should have.

This is an accountability gap distinct from, and often masked by, a monitoring gap. Many of the organisations in
which this failure recurs are not blind to their own operations: telemetry volume has grown for two decades, and
dashboards proliferate faster than anyone reviews them. The deeper problem is architectural. Metrics are
frequently defined by whichever team finds it easiest to instrument a given signal, ownership charts are updated
on an organisational cadence (annually, or at reorganisation) rather than a system-change cadence, and incentive
structures reward the appearance of a metric being met rather than the underlying reliability the metric was meant
to proxy — a dynamic long recognised in the social-science and economics literature as Goodhart's law, and one
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that operational accountability programs have generally addressed through informal vigilance rather than explicit
mechanism design.

The stakes of this gap are not merely academic. When accountability resolves ambiguously, the organisational
response to a serious incident tends to default to one of two unproductive extremes: diffuse, informal blame that
damages trust without improving the system, or a compensating over-investment in blanket monitoring that
increases signal volume without increasing the clarity of who should act on any given signal. Neither response
addresses the structural cause, which is that the artefacts an organisation relies on to answer “who is accountable,
by what standard, and by when” were never designed as a coherent, jointly maintained system in the first place.
This paper argues that accountability should be engineered with the same rigour applied to the systems it governs:
as a formally specified graph of responsibility, a versioned and independently auditable set of metrics, and a set
of mechanisms — escalation, review, and incentive — whose resistance to gaming is evaluated before deployment
rather than discovered after a metric has been satisfied for months while the underlying outcome quietly worsened.
Four contributions follow from this position. First, we formalise responsibility assignment as a bipartite
accountability graph connecting system components to accountable owners, exposing structural properties —
orphaned components, over-concentrated ownership, stale assignments — that are invisible in a conventional org
chart. Second, we separate the measured quantity of a metric from its threshold and review cadence, allowing an
organisation to change what counts as actionable without redefining what is measured. Third, we introduce an
incentive-alignment score that evaluates a proposed metric or mechanism against known gaming strategies before
it is adopted, rather than relying on after-the-fact audit to catch degenerate optimisation. Fourth, we situate these
formal constructs within a reference architecture and governance lifecycle that a real organisation can adopt
incrementally, and we evaluate the resulting framework against twelve months of operational data from a cloud
services reliability program.

The remainder of the paper proceeds as follows. Section 2 reviews prior work in reliability engineering,
organisational accountability theory, and incentive design. Section 3 presents the proposed accountability
framework and its formal model. Section 4 develops metric and mechanism formulations in detail. Section 5
addresses the governance lifecycle for metrics and ownership. Section 6 reports the case study and quantitative
results, including two illustrative figures. Section 7 discusses implications and limitations, and Section 8
concludes.

BACKGROUND AND RELATED WORK

2.1 Reliability Engineering and Service-Level Objectives

Site-reliability engineering practice popularised the service-level indicator/service-level objective/error-budget
triad as a way of converting a qualitative reliability target into a quantitative, time-bounded budget that a team
may spend on releasing change [1]. Error budgets have proved highly effective at aligning engineering velocity
with reliability targets within a single, well-scoped team, and a substantial tooling ecosystem now automates SLO
tracking, burn-rate alerting, and budget-based release gating [2]. However, the standard SLO formulation is
largely silent on the organisational question of who is accountable when a budget is repeatedly exhausted by a
dependency the owning team does not control, a gap that becomes acute as service architectures fragment into
hundreds of independently deployed microservices with deep, shifting dependency chains [3].

A related development, the adoption of dependency-aware alerting and service-mesh observability, has narrowed
but not closed this gap: modern tracing tools can reconstruct which downstream service contributed to a latency
breach, yet the question of which team is accountable for acting on that reconstructed dependency chain is
typically resolved manually, on an incident-by-incident basis, rather than by a standing, queryable record —
precisely the function the accountability graph of Section 3.3 is designed to serve.

2.2 Organisational Accountability and Ownership Models

Organisational theory distinguishes accountability — the obligation to answer for outcomes to a specified
authority — from mere responsibility, the informal expectation that a role will perform a task [4]. RACI and DACI
ownership charts operationalise this distinction for project and process management but are typically maintained
as static documents disconnected from the live system topology they describe, so that a service can be
decommissioned, split, or re-platformed without the ownership chart being revised, leaving an orphaned entry that
accountability mechanisms silently trust [5]. Work on high-reliability organisations (HROSs) in aviation and
nuclear-power operations emphasises structural redundancy of accountability — multiple overlapping checks
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rather than a single owner of record — as a defence against the single point of failure that a stale or ambiguous
ownership assignment represents [6], a principle this paper adopts in the accountability-graph formalism of
Section 3.

A further strand of organisational-accountability research, drawn from the study of accident causation in complex
systems, argues that responsibility for failure in tightly coupled systems is rarely reducible to a single component
or individual and is instead distributed across the interactions between components, a view that motivates this
paper’s treatment of cross-cutting, boundary-spanning incidents in Section 4.2 as a distinct case rather than an
awkward exception to single-owner attribution [11], [12].

2.3 Incentive Design and Goodhart-Type Gaming

The observation that a measure which becomes a target ceases to be a good measure long predates its formalisation
for machine-learning reward functions [7], but the operational-accountability literature has been slower to adopt
explicit gaming-resistance analysis than the algorithmic-mechanism-design literature, where strategy-proofness
is a first-class design criterion evaluated before a mechanism is deployed [8]. Postmortem and blameless-review
practice, an influential development in incident-management culture, substantially improved the honesty of
incident reporting by removing individual punishment from the review process [9], but blameless review
addresses the social conditions under which accountability information is disclosed rather than the structural
question of whether the metrics and thresholds being reviewed are themselves resistant to being satisfied without
the underlying reliability improving — the specific gap this paper's incentive-alignment function targets.

2.4 Gap Analysis and Positioning

Reviewed together, the reliability-engineering, organisational-accountability, and incentive-design literatures
each contribute a necessary but individually insufficient piece: SLOs supply a quantitative reliability target but
not an organisational binding of that target to an owner; ownership models supply the binding but not a live
connection to system topology or a gaming-resistance test; and incentive-design theory supplies the gaming-
resistance test but has rarely been applied to the specific artefacts — SLOs, ownership charts, escalation policies
— that operational organisations already maintain. This paper's contribution is to compose these three strands into
a single, deployable framework rather than to introduce a fourth strand in isolation.

PROPOSED ACCOUNTABILITY FRAMEWORK

3.1 System Architecture

The proposed framework comprises four principal components operating over an organisation's existing
monitoring and incident-management estate: (1) a metrics pipeline that ingests raw telemetry and evaluates it
against versioned metric specifications (Section 3.2); (2) an ownership registry that maintains the accountability
graph of Section 3.3 as a live artefact synchronised with the organisation's service catalogue and deployment
topology rather than as a static document; (3) an escalation engine that triggers, routes, and time-bounds escalation
according to the mechanisms of Section 3.4 when a metric specification's threshold is breached and its owner has
not acted within the specified review window; and (4) a periodic review board — a standing cross-functional
forum, not a piece of software — that inspects aggregate accountability-graph health, adjudicates ownership
disputes, and authorises metric-specification changes proposed through the governance lifecycle of Section 5.
Unlike a green-field platform rebuild, each component is designed to attach to whatever incident-management,
monitoring, and service-catalogue tooling the organisation already operates, through the same thin-adapter pattern
used for workflow-engine integration in comparable governance frameworks [10].

3.2 Metric Specification
A metric specification is a tuple m = (q, T, w, 0), where q is a measured quantity defined independently of any
target (for example, “95th-percentile request latency for service S), t is the actionability threshold at which the
quantity is considered out of tolerance, w is the review window — the maximum duration the quantity may remain
out of tolerance before escalation is triggered — and o is a pointer into the accountability graph identifying the
current accountable owner. Separating q from T and w allows an organisation to tighten or loosen what counts as
actionable, or to change who is escalated to, without altering the underlying instrumentation, and allows the review
board to audit whether a metric's history of threshold changes correlates suspiciously with the metric's owner's
own performance-review cycle — a lightweight, retrospective gaming check made possible precisely because t
and w are versioned independently of g.
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3.3 Accountability Graph and Attribution

Responsibility assignment is modelled as a bipartite, directed accountability graph G = (C, O, E, t), where C is
the set of system components (services, data pipelines, physical assets, or process steps depending on domain), O
is the set of accountable owners (individuals, teams, or role functions), E € C x O is a set of ownership edges
each annotated with a start date, and t : C — O maps each component to its currently active owner, defined as the
most recent edge in E whose start date precedes the query time. Three structural properties of G are evaluated
continuously by the ownership registry: orphaning, the existence of a component ¢ € C with no active edge in E,
typically arising when a service is introduced faster than its ownership is registered; concentration, an owner o0 €
O whose in-degree exceeds an organisation-defined ceiling, indicating a single point of accountability failure
regardless of how reliable that owner has historically been; and staleness, an edge whose start date precedes the
component's most recent significant architectural change, indicating that the recorded owner may no longer
possess the operational context the accountability assumes. Each property generates a standing, non-urgent finding
surfaced to the review board rather than an automatic reassignment, since reassigning ownership is itself a
consequential organisational decision that the framework deliberately keeps outside fully automated control.

3.4 Incentive Alignment and Escalation Mechanism

Given a metric specification m and a candidate mechanism design (the specific rule by which breach of t within
window w triggers escalation, and by which sustained breach affects the owner's standing), an incentive-alignment
score evaluates the mechanism against a checklist of known gaming strategies before deployment: threshold
gaming (can the owner satisfy 1 through a change that does not improve ¢'s real-world referent, for example
excluding a class of slow requests from the latency measurement rather than making requests faster); window
gaming (can the owner structure remediation to resolve just inside w repeatedly without addressing recurrence);
and attribution gaming (can the owner redirect t(c) to a different owner immediately prior to a predictable breach).
A mechanism scoring poorly against any of the three is returned to its author with the specific exploit identified,
mirroring the pre-deployment adversarial review already standard practice in mechanism design for allocation
and voting systems [8], rather than being deployed and corrected only after the review board observes the gaming
pattern in production telemetry.

METRIC AND MECHANISM FORMULATIONS

4.1 Service-Level Metrics and Error Budgets

Within the framework, conventional SLO/error-budget metrics are represented as a specific, common instance of
the general metric specification of Section 3.2, in which q is a rolling-window availability or latency percentile, T
is the budget-exhaustion threshold, and w is the burn-rate alerting window already standard in SLO tooling [1],
[2]. The framework's contribution at this layer is not a new reliability metric but the requirement that every such
metric carry a resolved owner pointer o into the live accountability graph, so that a burn-rate alert is never merely
posted to a channel but is always routed to a specific, currently active accountable party.

4.2 Ownership Attribution for Cross-Cutting Failures

Many production incidents are not attributable to a single component's owner but arise at the boundary between
components — a caller's retry policy interacting badly with a callee's rate limiter, for instance. For such cases, the
accountability graph is queried along the dependency edges of the service topology to identify the set of owners
whose components participated in the incident's causal chain, and the escalation engine routes the initial alert to
all participating owners jointly rather than attempting to algorithmically pre-assign blame to one; the review board,
informed by the postmortem, is the appropriate venue for determining whether a longer-term single-owner
reassignment (for example, consolidating a chronically contested boundary under one team) is warranted.

4.3 Incentive Alignment Function

Formally, for a mechanism design p operating on metric m, the alignment score is computed as a weighted count
of gaming strategies from a maintained checklist I' = {g1, ..., gn} that p fails to resist, s(u, m) =1 — (1/n) X fail(p,
m, gi), where fail returns 1 if a reviewer can construct a concrete exploit of strategy gi against (i, m) and 0
otherwise. This is a deliberately qualitative, reviewer-in-the-loop score rather than an automatically computed
one, since exhaustively enumerating gaming strategies for an arbitrary metric is undecidable in general; its value
lies in making the adversarial review an explicit, recorded step in the metric-authoring workflow of Section 5
rather than an implicit judgement left to whichever engineer happens to notice the gaming pattern first.
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4.4 Escalation Modes

Three escalation modes are supported, selected per metric specification. Advisory mode notifies the owner and
the review board without further consequence, appropriate for newly introduced metrics whose false-positive rate
has not yet been characterised. Binding mode additionally records an accountability event against the owner's
standing if the breach is not remediated within w, feeding the standing review described in Section 5.2. Structural
mode, reserved for repeated binding events against the same owner-metric pair, automatically escalates the finding
to the review board as a candidate for accountability-graph restructuring (reassignment, ownership splitting, or
additional resourcing) rather than continuing to treat repeated breach as an individual performance matter.

A cross-cutting design constraint applies uniformly across all three modes: no escalation mode alters the
underlying metric specification’s threshold or window unilaterally. An owner who repeatedly triggers structural -
mode escalation cannot resolve the pattern by quietly loosening t or w, since any change to a published metric
specification must pass through the versioned governance lifecycle of Section 5 rather than through the escalation
engine itself — a separation of powers between the component that detects breach and the component that can
redefine what counts as breach, intended as a structural safeguard against the threshold-gaming strategy identified
in Section 3.4.

GOVERNANCE: METRIC AND OWNERSHIP LIFECYCLE

5.1 Authoring and Versioning

Metric specifications and accountability-graph edges are both versioned artefacts with an explicit effective-date
range and a named author, mirroring the treatment of governance policy as managed software in comparable
enforcement frameworks [10]. A metric specification is never edited in place once published; a change to q, T, w,
or o is recorded as a new version, so that an incident occurring under one threshold can be evaluated, for review
purposes, against the threshold actually in force at the time rather than against whatever threshold happens to be
current when the review occurs. This is what makes the retrospective gaming check described in Section 3.2 —
correlating threshold changes with an owner’s review cycle — possible at all.

5.2 Review Cadence and the Standing Review Board

The review board convenes on a fixed cadence independent of any single incident, with a standing agenda
covering three items: newly proposed or amended metric specifications, submitted for incentive-alignment scoring
prior to approval; structural findings surfaced by the ownership registry (orphaning, concentration, staleness); and
any structural-mode escalations accumulated since the previous review. Decoupling the review cadence from
individual incidents is deliberate: a board that meets only when summoned by escalation tends, in practice, to
review exclusively under time pressure and in the presence of the incident\u2019s own participants, both of which
bias toward expedient rather than structurally sound governance decisions.

5.3 Exception Handling

As with any governance mechanism, legitimate situations arise in which an owner requires temporary relief from
a metric\u2019s published threshold — for example, a planned maintenance window that will predictably breach
a latency SLO. The framework accommodates this through a time-bounded, case-specific waiver granted by the
review board (or a delegated authority for lower-severity metrics) and recorded against the specific metric version
and time window, rather than through an informal, undocumented understanding among on-call staff that a
particular alert may be ignored this week. Every waiver is logged with its granting authority, justification, and
expiry, so that exception-handling remains a visible part of the governed system rather than an informal channel
that erodes confidence in the metric more broadly over time.

CASE STUDY: RELIABILITY PROGRAM AT A CLOUD SERVICES PROVIDER

6.1 Program Setup and Datasets

The framework was evaluated over a twelve-month deployment at a cloud services provider operating
approximately 340 production services across six business units, drawing on incident-management records, the
pre-existing (chart-based) ownership documentation, and SLO burn-rate telemetry already collected by the
provider's existing monitoring stack. The evaluation compares three configurations observed in sequence: a four-
month baseline period under the provider's pre-existing, chart-based ownership model; a four-month intermediate
period after the ownership registry component alone was deployed (accountability graph live-synchronised to the
service catalogue, but without the escalation engine or incentive-alignment review); and a four-month period
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under the full framework, including binding-mode escalation and incentive-alignment review of all newly
authored metrics.

6.2 Illustrative Outcome

Figure 1 compares five accountability metrics across the three configurations. Mean incident MTTR fell from 8.4
hours under the baseline to 3.2 hours under the full framework, and the proportion of incidents for which an
accountable owner was correctly identified within the first hour rose from 41% to 96%, the largest single
improvement observed and the metric most directly targeted by the live-synchronised accountability graph of
Section 3.3. Postmortem completion rate and escalation accuracy — the proportion of automated escalations that
resolved to the correct owner on first routing — improved more modestly under the registry-only configuration
and substantially further once binding-mode escalation and incentive-alignment review were added, consistent
with the framework's premise that ownership clarity and enforced escalation are complementary rather than
substitutable interventions.

Figure 1: Accountability metrics across mechanism configurations
(Cloud Services Reliability Program, 12-month evaluation window)
100 4 96

94

Metric value

Incident Repeat-Incident Owner Postmortem Escalation
MTTR (hrs) Rate (%) Identified <1hr (%) Completion (%) Accuracy (%)
Baseline (manual) B Ownership Registry only BN Full Accountability Framework

Figure 1: Accountability metrics across mechanism configurations (baseline, ownership-registry-only, and
full accountability framework), evaluated over a twelve-month deployment at a cloud services provider.
Values are aggregated across 340 production services.

6.3 Sensitivity to Escalation Threshold and Longitudinal Trend

Figure 2(a) reports a sensitivity analysis over the review-window threshold w used by the escalation engine,
ranging from a strict two-hour window to a lenient seventy-two-hour window. Tightening w from seventy-two to
two hours raised the escalation rate from 1.1% to 14.8% of monitored metric-breach events while increasing the
median reduction in time-to-resolution from 4% to 41% relative to the pre-escalation baseline, quantifying the
same strict-compliance-versus-operational-burden trade-off observed in comparable governance mechanisms for
automated workflow enforcement [10], and giving the review board an empirical basis for selecting a threshold
appropriate to on-call staffing capacity. Figure 2(b) presents the quarterly repeat-incident rate across the full
twelve-month deployment plus two subsequent quarters, showing a rate of 26.5% in the pre-rollout baseline
quarter, a decline beginning in the rollout quarter, and stabilisation at 8.9% by the sixth quarter, consistent with
the framework producing a durable reduction in recurrence rather than a transient effect of heightened attention
immediately following deployment.
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Figure 2: Threshold sensitivity and longitudinal impact of the accountability mechanism
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Figure 2: (a) Escalation-rate and median time-to-resolution sensitivity to the review-window threshold. (b)
Quarterly repeat-incident rate before and after mechanism rollout, with rollout beginning in Q3.

DISCUSSION

The case study's largest single gain — the jump in first-hour owner identification from 41% to 96% — arose
almost entirely from the live-synchronised accountability graph rather than from the escalation or incentive-
alignment layers, suggesting that a substantial share of accountability failures observed across the industry are not
failures of enforcement but failures of an ownership record that has simply gone stale relative to a system that
changed faster than its documentation. This reframes the more punitive-sounding “accountability” framing of
much incident-management practice: the highest-leverage intervention in this deployment was closer to a data-
quality fix (keeping an ownership record synchronised with reality) than to a disciplinary one.

At the same time, the sensitivity analysis of Figure 2(a) shows that structural clarity alone does not eliminate the
strict-compliance-versus-burden trade-off inherent to any escalation mechanism; an organisation adopting this
framework must still make an explicit, monitored choice about review-window threshold appropriate to its staffing
and risk tolerance, rather than assuming that better ownership data removes the need for that judgement.

Limitations of the present study include reliance on a single organisation and a single twelve-month window,
which limits generalisation to domains with materially different incident dynamics (for example, physical
infrastructure with longer remediation lead times than software services); reliance on the incentive-alignment
function's reviewer-in-the-loop scoring, which is only as good as the gaming-strategy checklist I' maintained by
the review board and will miss novel gaming strategies not yet catalogued; and the framework's explicit choice
not to automate accountability-graph reassignment or metric-threshold changes, which preserves organisational
accountability for those decisions but means the framework's benefit is bounded by how consistently the review
board actually exercises its role. A promising extension is coupling the historical breach-and-remediation
telemetry accumulated by the metrics pipeline with statistical anomaly detection to proactively flag candidate
orphaning, concentration, or gaming patterns for review-board attention before they manifest as an incident, while
keeping the resulting reassignment or threshold decision itself a human one.

A further consideration concerns transferability across domains with different failure dynamics. The cloud
services case study benefits from short remediation lead times and abundant, fine-grained telemetry; physical-
infrastructure or healthcare-delivery settings, where remediation may take days rather than minutes and where
instrumentation is comparatively sparse, would likely require materially longer review windows and a
correspondingly different calibration of the escalation modes in Section 4.4. We would expect the qualitative
finding — that a live-synchronised ownership record yields the largest single accountability improvement — to
generalise, since stale documentation is not a phenomenon unique to software systems, but the specific thresholds
reported in Section 6 should be treated as illustrative of the method rather than as universal operating parameters.
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CONCLUSION

This paper presented a framework for operational accountability that formalises responsibility assignment as a
live accountability graph, separates a metric's measured quantity from its actionability threshold and review
cadence, and introduces an incentive-alignment function that screens proposed metrics and escalation mechanisms
against known gaming strategies before deployment. Evaluated over a twelve-month reliability program at a cloud
services provider, the full framework raised first-hour accountable-owner identification from 41% to 96% and
reduced the quarterly repeat-incident rate from 26.5% to 8.9%, with the largest single gain attributable to keeping
the ownership record synchronised with a changing system topology rather than to escalation enforcement alone.
The framework's principal limitations are its dependence on a maintained, human-reviewed gaming-strategy
checklist and its deliberate exclusion of fully automated ownership reassignment, both of which keep
consequential governance judgements with a human review board even as detection of the underlying patterns
becomes increasingly systematic. More broadly, the results suggest that closing the gap between an organisation's
stated accountability model and its operational reality requires treating accountability itself as an engineered,
continuously synchronised system rather than a periodically updated document.
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