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Abstract

The arithmetic survives; what it measures does not. Every ratio is a projection: it renders
some dimensions of an economic object in full and collapses the rest, which is what a mea-
sure is for, and it misleads only when the collapse goes undisclosed and the dimensions
move. Firms are building their first broadly institutionalized generation of Al value mea-
sures, return on investment, cost per outcome, output per employee, spend as a share of
revenue, utilization, deflection, and consumption based procurement benchmarks, and the
formulas are the familiar ones. The objects being divided increasingly are not.

Change alone is not the problem. A ratio whose base moves is not thereby corrupted, and this
paper does not argue that it is. Distortion arises when the change violates an assumption
of comparability that reading the measure as evidence of value requires, and when that
violation goes unrecognized and unadjusted. The resulting number can be accurate in every
observation and still mislead in the comparison it invites.

Four mechanisms recur. First, the measure can become coupled to the measured: successful
automation changes the headcount or cost base against which Al spend and productivity are
judged. Second, populations can sort themselves: automation absorbs tractable work and
leaves humans a progressively harder residual, making both machine and human averages
move for compositional reasons. Third, units can drift beneath stable names: a token, task,
conversation, or resolved case can change materially in capability, complexity, compute, or
human involvement while continuing to be counted as the same unit, and where the drift
occurs beneath the version label rather than at it, the nominal unit is not merely unstable
but misidentified, since the same model name can span a fivefold range in cost per correct
answer depending on which endpoint serves it. Fourth, the unit of trade itself can migrate,
as seat based software economics give way to credits, actions, conversations, and other
consumption units that are not directly comparable across vendors or time.

Two further cases leave the unit alone and move what surrounds it. The rate can vary
for identical work, where committed capacity and on demand consumption serve the same
model and traffic overflows silently between them, so that cost per outcome is not single
valued for identical outcomes and a per request figure derived from a period blend is an allo-
cation rather than an observation. And the production of the unit can vary, where requests
are routed to different models by task or by requester, so that the denominator holds still
while the numerator is drawn from a mixture the ratio does not disclose.

These mechanisms matter because value measurement requires more than accurate obser-
vations; it requires economically valid matching, and the matching fails from two direc-
tions. The mechanisms alter the economic objects being measured. Structural features
of Al economics, benefits lagging the investment vintages that created them, capital and
expense scattered across owners and accounting treatments, determine whether the right
objects are joined at all. Together they can break the match between current benefits and
prior investment, between reported spend and the full economic capital employed, between
treatment and counterfactual populations, and between nominal units across periods. The
consequences extend beyond noisy dashboards. Distorted measures can create false scale
and false stop decisions, budget whipsaws, incentive and procurement errors, gaming with-
out false reporting, self reinforcing allocation loops, and ultimately loss of confidence in
management information.
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NPV, IRR, ROIC, payback, and unit economics remain useful when their inputs refer to com-
parable economic objects. The practical task is therefore to rebuild the ratios: version the
reference, and measure it where change is not declared, condition the population, match
costs, benefits, capital, and time, normalize to stable outcomes above the quality floor below
which an outcome is worthless at any price, and separate ex post performance measurement
from ex ante decision measurement. Each of those presumes the terms can be gathered at
all, which is a condition on the attribution path that firms rarely report and should. Al does
not make ratios obsolete. It makes their construction consequential.

1. Three numbers that lied

A firm baselines its claims operation in January because the guidance said to. The baseline
is careful: staffing, ticket mix, unit cost, cycle time, rework, service quality. By September,
the process has been rebuilt around an Al agent. The work that once passed through people
now enters a routing layer, tasks split differently, steps disappear, cheap work is demanded
more often, and staffing adjusts incrementally rather than through one reorganization. Man-
agement calculates ROI from correct spend and operating data, and the internally consis-
tent model compares the redesigned September operation with a January operation that no
longer describes the relevant counterfactual. Nobody falsified the inputs. The comparator
decayed at the speed of the treatment.

A support organization watches its assistant’s cost per ticket fall while the human desk’s
cost per ticket rises. The conclusion appears obvious: the machine is improving, the human
channel is not, and capital should shift. But the assistant takes the tractable work, absorbing
progressively more of it as capability improves. The human desk holds what remains: edge
cases, emotionally difficult interactions, incomplete information, policy exceptions, and fail-
ures of prior automation. Both averages are calculated correctly. Neither represents the
cost of handling a common population. If the firm compares them without conditioning for
complexity, the selection mechanism created by the Al system is misread as an economic
productivity difference.

A procurement team renews an enterprise software agreement on the per seat arithmetic it
has negotiated for years. The price is attractive against the benchmark. Yet the vendor’s new
growth is increasingly tied to actions, conversations, credits, or agent executions rather than
human seats. Usage expands without seats, and one product can carry multiple billing units
that do not translate into one another. The benchmark says the firm bought well because
the benchmark still assumes the unit that used to define use. The contract moved faster
than the comparator.

Three rooms, one pattern. The numerator and denominator need not be wrong; the eco-
nomic meaning of the ratio has changed while the arithmetic has remained stable. A re-
peated label, employee, ticket, task, token, seat, spend, can cease to denote a comparable
economic object across periods or populations; the number’s apparent continuity hides a
discontinuity in what it represents.

One image from practice sets up what follows better than a definition does. Writing about
how two adjacent disciplines relate, the FinOps Foundation’s chief technology officer de-
scribes them as projections of one object taken along different axes, in the way an archi-
tect’s floor plan and elevation are both accurate renderings of a building and neither is the
building. The sentence worth carrying is his: a projection is not a simplification, it is a
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choice about which dimensions to render in full and which to collapse, and every projection
collapses something (Fuller 2026).

He offers it for the relationship between two practices rather than for the construction of
ratios, and it transposes without strain. Cost per resolved case renders spend and volume in
full and collapses who was routed to which channel, what a resolved case now contains, and
what the resolution was worth. That collapse is not the defect; it is what a measure is for.
The defect is that the collapse goes undisclosed, so a reader takes a number as a summary
of the whole object when it is a rendering along one axis. Distortion, as this paper uses the
term, is what happens when the axis moves and nobody says so.

A note on vocabulary, since four related words appear throughout and each does a distinct
job. The base is what a ratio divides by, and it is a quantity. The population is the set of cases
the ratio is computed over. The unit is what a count counts, a token, a task, a resolved case.
And the reference is what a reading is compared against, a baseline period, a benchmark, or
a counterfactual. A ratio can be broken at any of the four, and the mechanisms below are
organized by which one moves.

This paper calls that phenomenon Al distortion. Al distortion occurs when Al driven change
in the measurement object, its baseline, population, unit, reference point, or economic re-
lationship, violates a comparability assumption required to interpret a measure as evidence
of value, without a corresponding adjustment to the measure or its interpretation. Change
in a ratio is not itself distortion; revenue per employee rising after substitution is the ratio
doing exactly what it is built to do. Distortion is unrecognized change in what the measure
represents, and it therefore lives in the inference, not the arithmetic. The four mechanisms
developed below are causal routes into the construct: base endogeneity, population endo-
geneity, unit content drift, and migration of the unit of trade.

The construct can be stated with minimal notation. Let the observed measure be R, =
Y,/ X,. Interpreting movement in R, as evidence of value requires invariance assumptions
the formula cannot test: that the population P, over which Y and X are gathered is compa-
rable to P,_; that the unit content U, in which they are denominated is comparable to U,_;
and that the reference against which I?, is read, a baseline period, a benchmark, a counter-
factual, still describes the alternative it stands in for. Al deployment and the AI market move
P, U, and the reference while leaving the formula untouched, so R, remains correctly cal-
culated while the mapping from R, to economic meaning quietly changes. Same formula,
different economic object: that is the construct in one line, and everything that follows is
machinery for detecting when the assumptions have moved and repairing the comparison
when they have.

The claim is deliberately narrower than technological exceptionalism. None of these mecha-
nisms is wholly new. Campbell and Goodhart warned that measures change behavior once
they become targets. Lucas formalized the problem of relying on relationships that shift
when regimes change. Selection bias and Simpson’s paradox long predate machine learn-
ing. Hedonic adjustment exists because the economic content of a product can change while
the product name remains. Automation has altered labor denominators for decades, and
software has changed licensing models before. The argument is not that Al invented these
problems but that it can combine several of them inside the same firm level value measure,
generate several of them endogenously through deployment, while the others can arise from
the firm’s own system changes or be imposed by vendors and the surrounding market, and
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do so inside the budget, reporting, and governance cycles that ordinarily recalibrate the
measure.

That distinction separates distortion from two neighboring ideas. Economic uncertainty
asks what future outcomes will occur: adoption, performance, competition. Measurement
uncertainty asks how imprecisely a quantity is estimated: how wide is the confidence in-
terval, how noisy is the forecast. Measurement distortion asks a different question: does
the number still refer to the same economic object or relationship? Uncertainty calls for
scenarios, probabilities, and sensitivity analysis. Distortion calls for redesign of the measure
itself.

The practical question follows. If an intervention can change the terms by which it is evalu-
ated, how should firms measure Al value without allowing formally correct ratios to become
economically non comparable?

Scope, stated plainly. This paper builds no price index series; that work exists and is cited. It
does no welfare economics, offers no pricing strategy, and recommends no vendor. It is not a
valuation method: the ratios here are management instruments upstream of valuation, the
inputs a discounted cash flow analysis consumes, not a substitute for one. Its subject is the
integrity of the ratios firms govern by, and its claims are graded to their sources throughout,
in the convention of its companions.

2. Why the ratios are being built now

2.1 Levels before ratios

Current enterprise practice emphasizes levels rather than economic ratios. Firms can ob-
serve Al budget versus actual spend, model calls, token consumption, licenses activated,
employees enabled, workflows touched, pilots launched, and adoption rates. They are op-
erationally useful because they answer questions of control and deployment: who is using
the tools, where consumption grows, which teams exceed budget.

The era’s signature statistic is the seventy three percent of practitioners who report blow-
ing their Al budget, a level failing against a level. The most visible new instruments are
consumption views: the individual spend dashboards and division token budgets one hyper-
scaler turned on for its engineers. And the one ratio in wide circulation is adoption, usage as
its own justification, the instrument the year’s most discussed internal correction was aimed
at, treated with its sources in this paper’s companion.

Levels do not, by themselves, answer the economic question. High adoption can coexist
with weak value; low adoption can be a failed product or a deliberately narrow system
serving high value work. Consumption can increase because the product is creating value,
because agents retry inefficiently, because a default model got costlier, or because cheap
work induced demand. Spend can exceed plan because the investment is undisciplined or
because the original plan underestimated profitable usage. Levels are necessary controls,
but they are not self interpreting measures of economic performance.

That leaves a vacuum. The measures management eventually wants, cost per outcome,
output per head, productivity, payback, ROI, contribution margin, return on invested capital,
require two or more economic objects to be related. Building them is harder because the
terms often live in different systems and because the intervention can change the objects
being related.
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2.2 The split ledger

Al creates a particularly visible version of an old organizational problem: economically con-
nected costs and benefits are recorded under different owners. Al spend sits in the tech-
nology budget; labor capacity in an operating unit; vendor displacement in procurement;
improved conversion in sales; quality effects in service or risk systems; training and redesign
in still other lines. The firm can therefore possess every observation required for a valid eco-
nomic ratio without assembling them in one management view.

Call this the split ledger. It is not simply an accounting classification issue. It is an informa-
tion topology issue. The technology organization sees the cost but not the release it creates;
the business unit sees the effects but not the platform cost; finance sees aggregate expense
without a causal bridge to the program. The numerator and denominator of a meaningful
return measure are institutionally separated.

The split ledger also candidates as the explanation for a strange aggregate fact: function
level gains reported in the same survey years that more than eight in ten executives report
no tangible enterprise level impact. The gains land in lines nobody joins to the spend.

The split ledger helps explain why adoption becomes such a powerful proxy. Usage is visible
to both sides of the ledger at once, and it crosses organizational boundaries without requiring
agreement about attribution. It therefore fills the vacuum even when it is a weak measure
of value. In the absence of internally designed economic measures, vendor dashboards and
usage reports can become de facto governance instruments because they are the measures
that exist.

2.3 The instrumentation moment

The vacuum will not last. Boards, CFOs, operating leaders, procurement functions, and
emerging standards efforts are pushing Al measurement from deployment statistics toward
outcomes and returns. The push is documented: by one mid 2026 survey, forty five percent
of chief financial officers are directing Al budgets at productivity measures rather than the
strategic outcomes their boards expect, which is board pressure arriving as a measured mis-
alignment; the 2027 planning guidance now in circulation instructs budget owners to cut
Al pilots that lack governance, clear ownership, and success criteria, which is an instruction
to build the ratios that would tell; and the open standards community has organized the
substrate, with cost and value definitions shipping on a near monthly cadence through year
end. Firms are moving from asking whether Al is used to whether it creates measurable
value, at what cost and quality, against what alternative use of capital.

That transition creates a design moment. The first institutionalized generation of Al ratios
will not merely describe performance; once institutionalized, they will set budgets, trig-
ger kill or scale decisions, shape compensation, influence procurement, and define internal
benchmarks. A weak ratio that becomes a governance convention can persist long after its
original assumptions have ceased to hold. The relevant risk is therefore not that dashboards
are already universally corrupted. It is that firms are formalizing value measures while the
measurement object is unusually unstable, and, unarmored, the first generation arrives dis-
torted: calibrated to baseline periods the substitution has already shifted, denominated in
units that have already drifted, populated by samples the sorting has already skewed. A
ratio that fails at debut forfeits trust faster than one that decays in service.
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The rest of the paper treats that instability as a design problem. Section 3 identifies four
mechanisms through which the measurement object changes. Section 4 sets out the match-
ing problem those changes feed, alongside the structural hazards that trouble the match
even where units hold still. Section 5 traces the governance consequences of trusting the
resulting ratios. Section 6 derives a measurement architecture intended to preserve inter-
pretability as the technology, workflow, and commercial model evolve.

3. Four mechanisms of Al distortion

3.1 Base endogeneity: the measure is coupled to the measured

Start with ratios a board already understands: revenue per employee, output per head, Al
spend as a share of operating cost, and return on the Al investment itself. Each divides
an output or expenditure by a base that appears external to the intervention. Under Al
deployment, that base can become endogenous.

Consider Al spend as a share of operating cost: successful replacement of external services,
repetitive labor, or other software shrinks the non AI base. Al spend can therefore rise as
a percentage of total operating cost precisely because the Al program is working. A board
that interprets the ratio as evidence of excessive dependence on Al can penalize success. The
opposite error is also possible. Revenue per employee can increase when headcount falls
even if revenue is unchanged. The ratio is a legitimate description of labor productivity, but
it does not by itself say whether Al created enterprise value, shifted risk, degraded quality,
or merely changed the denominator.

The point is not that these ratios are unusable; it is that their movement becomes jointly de-
termined with the intervention. When AI changes labor, vendor, infrastructure, or workflow
costs, the denominator is no longer a passive reference. Each marginal unit of Al enabled
output can change the base against which Al is evaluated.

This coupling can also run through demand. When a unit of work becomes cheaper, the
firm does more of it; cost per unit falls while total cost rises, because the price of execu-
tion induces volume. The same event can therefore produce an apparently favorable unit
economics ratio and an unfavorable budget variance. Neither observation is false. The in-
terpretation depends on whether the additional volume itself creates value.

The coupling is already visible where hiring is measured. Postings for the junior tiers that
agents reach first fell by roughly a fifth in 2025, and 2026 brought the first reported seat
decline at a major collaboration vendor, the purchased unit of human software use shrinking
for the first time in its history.

The antecedents are clear. Automation has long changed headcount, and performance mea-
sures have long changed behavior once attached to incentives; the theoretical line runs from
Campbell through Goodhart to Lucas, relations breaking down when the regime begins to
act on them. The Al specific measurement problem is the location and clock of the adjust-
ment. Earlier technology substitutions were mediated by visible management actions, install,
redesign, reorganize, reduce, events with dates an analyst could rebaseline on. Agentic sys-
tems increasingly alter the process transaction by transaction. Work is routed differently,
human steps are removed, and capacity is released continuously. There may be no discrete
reorganization date at which the old denominator officially ends and the new one begins,
only a ratio whose two terms began moving each other continuously, which is precisely the
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condition under which a relation stops being usable for inference.

The warning is simple: a stable formula does not imply a stable reference. Before reading
movement in a ratio, ask whether the intervention changed the denominator’s economic
meaning.

3.2 Population endogeneity: the populations sort themselves

Consider two support teams in the same company, working the same product, measured
the same way. One deploys an assistant to handle incoming tickets; the other does not. A
quarter later the first team’s cost per resolved ticket has fallen and the second team’s has
risen, and the natural conclusion is that the assistant worked and the other team should
adopt it.

Now look at what each team handled. The assistant took the tickets it could resolve, which
were the routine ones, and the humans on that team kept what it declined: the ambiguous,
the emotional, the policy exceptions, and the cases the assistant had already tried and failed.
The second team handled its whole mix, easy and hard together. Both cost figures are com-
puted correctly. Neither team’s number is wrong. They are simply averages over different
work, and the comparison between them measures the sorting rather than the productivity.

before routing after routing
O machine pool human pool
o ® 4 L o O °
O ® o
o O O © O
O o O o
O O ® o)
O O O O o}
O O @
© o ® © - o e o
one average over lower higher

the whole mix

dashed: the old average, for reference

Figure 2. Sorting, not productivity. Light circles are routine cases, dark circles are difficult ones. Before
routing, one average is computed over the whole mix. After routing, the machine handles the routine cases
and the humans keep what it declined, producing two correct averages that straddle the original. No case
became cheaper to resolve and no one became more productive; the population was divided, and the division
moved both numbers. Schematic: positions and counts illustrate the mechanism and are not measurements.

The second mechanism is easiest to see in service operations, where automation frequently
sits between incoming work and human labor. A naive comparison asks whether the Al
channel or the human channel has lower cost, shorter handle time, or higher resolution.
But the act of routing work to Al creates the populations being compared.

An assistant is deployed first against work it handles reliably, which is not a random sample:
repetitive, well structured, documented, tolerant of standardized resolution. The work left
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to people becomes the residual: incomplete, ambiguous, emotional, regulated, exception
heavy, or already failed by automation. As Al capability improves, it absorbs additional
layers of tractable work, further changing the human residue.

The result is a pair of accurate but non comparable averages. Al cost per ticket falls partly
because the machine receives a selected population. Human cost per ticket rises partly
because the human population becomes harder by construction. If management compares
the two unconditional means, it attributes a compositional change to productivity.

The same problem affects quality. A deflection rate can improve when fewer interactions
reach humans, yet customer effort can worsen if some users abandon, recontact, or esca-
late after failed automation. The practitioner literature states this in its own documents:
one vendor’s glossary notes that when routine contacts are deflected, the contacts reaching
human agents skew toward higher complexity and can lengthen handle time, and one con-
sulting analysis of hybrid programs reports human first contact resolution rising from 58 to
71 percent for the stated reason that the machine absorbs the routine. The same literature
has started repairing its headline rate by hand: corrected deflection formulas now subtract
the customers who come back within 48 hours, a correction acknowledging that the naive
rate can count abandonment and delay as success. That is not merely a better KPI. It is an
implicit recognition that the observed population and the outcome definition were selected
by the system being evaluated. A further facet crosses the firm’s measurement boundary
entirely: deflected work does not always disappear, some of it moves onto the customer as
self service effort, an unpriced input the firm’s ratios cannot see, so cost per contact can fall
while the total work of resolution has merely changed hands, and the recontact corrections
are partly that effort flowing back. Procurement inherits the mechanism whole, since a pilot
scoped to the easiest intents will post the best deflection, and the vendor that sorts hardest
can win the contract on the sorting.

Population endogeneity also appears outside support. Coding copilots may be used first
on routine tasks, leaving harder architecture and debugging work to senior engineers. Al
assisted underwriting may automate straightforward files and leave humans a riskier tail. Al
sales tools may be adopted first by motivated teams on better data. In each case, comparing
Al handled and human handled averages without a common counterfactual can produce a
false estimate of incremental value.

Selection bias, treatment heterogeneity, and Simpson’s paradox are established statistical
concepts. Outsourcing ran the mechanism at industrial scale: vendors took the commod-
ity work, retained organizations kept what the vendors declined, and benchmarks misread
retained cost as inefficiency until the adjustment became standard practice. The relevant
departure is operational. The investment being evaluated is often the sorter. More precisely,
Al handling is not a treatment but a policy, a routing rule whose eligibility frontier expands
continuously with capability and thresholds; the channel comparison is then a clean answer
to a question no decision needs, while the objects decisions do need, the effect at the eligi-
bility frontier and the value of the routing policy against alternatives, go unmeasured. As
capability, routing, thresholds, and policy change, both populations’ composition changes
continuously. The old selection effects polluted one pool; this one manufactures two, then
invites the firm to allocate capital by comparing them. A stable average can therefore con-
ceal a shifting task mix, while a changing average can reflect composition rather than true
performance.
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The implication is stronger than control for complexity. Firms must treat workload compo-
sition as part of the measurement object. If the population changes materially, the series
has changed even when the metric label has not.

One further sorting happens on the production side rather than the case side, and it is now
deployed rather than proposed. Firms route requests to different models by task type and
by the requester’s function, so that a complex engineering request reaches a frontier model
while a routine one is served by something cheaper, and a marketing user receives a more
prescriptive selection than an engineer does. Two units bearing the same label, a completed
task of the same type, may therefore have been produced by different models, at different
prices, at different quality, with the choice determined by who asked. The denominator
holds still while the numerator is drawn from a mixture the ratio does not disclose. A firm
that improves its cost per task by routing more traffic to cheaper models has changed the
composition of what it counts, which is a real economic decision, and one that a series
reporting only the ratio cannot distinguish from doing the same work for less.

3.3 Unit content drift: the unit changes under its name

The third mechanism concerns units that remain nominally stable while their economic con-
tent changes. Al has created a proliferation of such units: tokens, tasks, model calls, con-
versations, resolved cases, agent runs, tool calls, and actions. They are convenient because
they are countable. They are dangerous when countability is mistaken for comparability.

A token is an accounting unit for model input or output, but its economic meaning depends
on architecture, tokenizer, context, caching, reasoning behavior, latency, and the useful work
produced. The counting authority migrated with it: earlier practitioner units kept the count
on the buyer’s side, certified counters applying a published standard, while the token’s meter
is the seller’s tokenizer, so the party defining the unit is now the counterparty paid in it. Two
token counts can be equal while representing different capability, different compute, and
different business value. A task is less stable still: resolve a claim, write a test, review a
contract can keep a name while complexity, required quality, human review, and tool path
change materially.

Agentic execution makes the issue more pronounced because one nominal task can con-
tain an indeterminate number of intermediate steps. The agent retrieves, calls tools, retries,
branches, escalates, or asks another model to verify; two identical requests can consume very
different internal work, with agentic execution multiplying the compute inside one nominal
task by five to thirty times on current estimates. Cost per task can therefore move because
the system changed its reasoning path rather than because the economic task changed. Con-
versely, the ratio can remain flat while the task itself has become more complex.

The magnitudes remove any temptation to treat this as rounding error. Held at constant ca-
pability, inference prices have fallen at rates between ninefold and several hundredfold per
year depending on the milestone, while enterprise Al bills rose by triple digits; and over the
same period the cost of running frontier level systems rose roughly eighteenfold per year, be-
cause marginal capability is bought with more inference. Cheaper tokens, costlier frontiers,
and exploding consumption are all true at once, and a ratio denominated in bare tokens
cannot see any of it. Nor is the exposure hypothetical at the level of controls: the year’s
most discussed internal correction denominated division budgets in tokens, a unit whose
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content the next default model switch would silently reprice, which makes that correction,
among other things, a unit event.

The problem resembles quality change in price measurement. Economists have long ad-
justed prices for computers and other goods whose capability improves over time. The
nearer ancestors are services deflators: the telecommunications pricing dispute, in which
alternative treatments of quality and volume weights turned one nominal unit into order of
magnitude different measured price histories, and the early cloud computing price measure-
ment work, the same industry one product generation earlier. The analogy is useful because
it shows that unit drift is not conceptually unsolved. But the governance setting is different.
National statistical systems can apply explicit quality adjustment methods at defined inter-
vals, for goods whose quantity unit stays countable. Firms are making weekly, monthly, and
quarterly operating decisions with units whose content may be changed by a vendor model
release, a new reasoning mode, a routing configuration, or an internal workflow update, at
invoice granularity, under the runtime control of a third party.

A harder case sits beneath the version label rather than at it. The mechanisms above assume
that when a unit’s content changes, something marks the change: a new version string, a
price adjustment, a release note. That assumption fails when the change is not treated as a
change by the party who made it. An endpoint’s effective identity rests on weights, tokenizer,
quantization, inference engine, kernels, caching, routing, and hardware, and any of those
can move without a version bump, which is why endpoint monitoring work distinguishes
stability from reliability: an endpoint can pass every conventional health check while what
it returns has shifted (Leshin et al. 2026).

The distinction matters here for a reason specific to this paper’s remedies. Section 6 asks a
firm to keep a unit event log, and a log records events. Where the counterparty does not
regard a change as an event, there is nothing to record, and the discipline that repairs unit
drift has no input.

The variation this produces is measurable and large. Endpoint level benchmarking across
78 endpoints and 12 model families finds that the same nominal model, purchased under
the same name from different providers, differs by up to 12.5 points in mean accuracy on
mathematics and code, and that the endpoints serving a single open weight model range
by a factor of 5.0 in dollars per correct answer, from roughly six tenths of a cent to three
cents (Gao, Wang, and Yu 2026). A firm governing by cost per outcome and naming only
the model in its series has a fivefold range hiding inside its unit.

That points at something stronger than drift. If the same model name spans a fivefold cost
range depending on where it is served, then the model is not the economic unit at all. The
unit that holds is the endpoint, the combination of provider, model, stock keeping unit,
precision, decoding strategy, and region, and a ratio that identifies only the model has not
finished saying what it divides.

It also sharpens the counting authority point above. The party that defines the unit also
controls its content at runtime, and standard commercial agreements address availability,
latency, and data handling rather than the constancy of what a unit contains or the disclosure
of changes to it.

A related case leaves the unit’s content entirely alone and moves the rate instead. A firm can
hold committed capacity for a model and also consume the same model on demand, and

10
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where the provider allows it, traffic above the reservation overflows to the on demand lane
automatically; one provider’s documentation describes six inference options for the same
model under which the same work can cost half as much or three quarters more, depending
which one served the request. Nothing about the request changes. The tokens are identical,
the physical work is identical, and no measurement is in error. What varies is the rate
applied, and the bill does not report at the granularity that would say which lane caught a
given call.

The consequence for a ratio is precise: cost per outcome is not single valued for identical out-
comes. Practitioners are already building the remedy, an effective blended rate constructed
per model deployment and joined back to per request telemetry, and the remedy is sound.
But it should be named for what it is. A per request cost derived from a period level blend
is an allocation rather than an observation, and every unit economic built on it inherits that
status. The repair is therefore to construct the effective rate explicitly, disclose the period
and the mix it was computed over, and stop describing the result as what the request cost.

The same structure appears one layer down, wherever a resource is priced by time rather
than by what is drawn from it. A firm provisioning accelerators whose capabilities its work-
load never exercises pays a unit price for a bundle it does not consume, and no per unit
figure it reports will show this, because the unit is the device hour and not the capability
used.

Practitioner measurement has arrived at the same phenomenon and given it an operational
name. A large software firm reports tracking token to spend drift alongside cache to token
ratio among the measures it watches most closely, which is the divergence between physical
consumption and its monetary shadow made into a monitored series. That a firm is already
watching for it suggests the mechanism is common enough to be noticed without a theory
of it.

Tokens and tasks are essential operational measures; the error is reading a constant nominal
count as a constant economic quantity. A governance ratio denominated in a drifting unit
requires either normalization to a stable outcome or explicit versioning of the unit definition.

3.4 Trade unit migration: the unit of trade is replaced

Unit content drift assumes the unit survives. The fourth mechanism is more disruptive: the
old unit of trade ceases to define the commercial relationship.

For much of enterprise software, the seat served as a rough common denominator. Imperfect,
it still let buyers compare contracts over time and across vendors: a seat approximated a
human user, a recurring unit of organizational access. Al weakens that equivalence. When
software performs work rather than merely serving a person, usage no longer scales cleanly
with human seats.

Practitioner reporting describes the transitional form and its budgeting consequence: on Al
native tools the seat fee has become the floor rather than the price, with a variable compo-
nent driving total spend, so functions that treated the software as a subscription line item
found they had acquired a metered obligation without the visibility or controls a metered
obligation usually carries. A ratio anchored to the seat count is measuring the part of the
arrangement that stopped moving.
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Vendors have responded plurally: credits, tokens, conversations, actions, work units, agent
executions, outcome like charges, and hybrids combining platform fees, seats, included con-
sumption, and variable usage. The problem is not merely price volatility. It is loss of a
common denominator. A per seat benchmark cannot evaluate a per action contract without
assumptions about activity. A per conversation price cannot be compared with a per agent
execution price without a crosswalk from both units to a common economic outcome.

The scale of the transition is public. The early 2026 repricing took roughly two trillion dollars
out of software valuations as the market marked the seat model down; one flagship vendor
now sells the same capability per conversation, per action, and per user simultaneously
while investors price whether the new units replace the old ones fast enough; and pricing
and packaging now change under live contracts faster than an annual benchmark can be
built on them.

This migration affects more than procurement. Budget forecasting, unit economics, internal
chargeback, and vendor concentration analysis all depend on a stable unit of trade. If the
unit changes during a contract term or if vendors use incompatible units for similar capability,
historical series and external benchmarks can fail simultaneously.

Software has migrated between licensing models before; the license to seat transition took
roughly fifteen years and moved between two stable units. Price measurement’s new goods
problem is the deeper ancestor, products entering and exiting handled by chaining across
overlap periods; the departure is that chaining needs an overlap with market prices across
the join, exactly what mutually incompatible vendor units without a crosswalk refuse to
supply. The important distinction is fragmentation. The market is not necessarily moving
from one stable unit to another; it may be moving from one common unit to multiple vendor
specific units, inside a single budget cycle. That makes comparison a modeling exercise
rather than a lookup.

3.5 One construct, four mechanisms

These mechanisms matter as a unified construct because the same ratio can carry several
at once. Al ROI can be affected by a moving operating cost base, a self selected workload
population, a drifting execution unit, and a contract whose billing denominator changed
during the measurement period. Correcting one mechanism does not necessarily repair the
others. These problems have generally been addressed in separate literatures and man-
agement disciplines, hedonic methods for the drifting unit, corrected rates for the sorted
population, crosswalks for the migrated license; Al can make several of them relevant to the
same management ratio inside the same governance interval.

The central issue is therefore not simply rapid technological change. It is a mismatch of
clocks. Governance typically assumes that measures remain interpretable until the next
budget, benchmark refresh, process review, or accounting close. Al can change the mea-
surement object inside that interval. When the relationship decays faster than the process
designed to recalibrate it, the ratio can lose economic meaning while continuing to be re-
ported with familiar precision.

The four mechanisms divide into two families by causal route. Base and population endo-
geneity are deployment driven: the firm’s own intervention changes the terms it is judged
by. Unit content drift and trade unit migration need not be: the unit’s content can move
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with the firm’s own routing configurations, reasoning modes, and workflow updates, or be
repriced by a vendor’s model release and the ecosystem’s commercial migration, whether or
not the firm deployed anything new. Both routes end in the same place, loss of compara-
bility, which is why they belong to one construct; the distinction matters for repair, since a
firm can instrument its own deployment but can only version and disclose what it does not
control.

The causal chain is:

Al deployment endogenous change in base or population; system or market change drift or
replacement of the unit failure of comparability or economic matching distorted inference
governance error and feedback.

The chain is also the paper’s architecture, and one exhibit carries it:

Mechanisms
base population unit content| commercial unit
what changed - 3
Matching failures e ) )
reference counterfactual : economic capital
vintage
what broke - 4
Governance errors O =
scale and stop budget accountability
. ) procurement
what decision fails - 5
Repairs
. .. . | separate ex post
version condition match normaliz iy, Pt
what repairs it - 6

Figure 1. The four layers, and why they are not one to one. Reading down: what changed in the
measurement object, what comparison that broke, what decision then fails, and what repair preserves
comparability. The connectors are the point. A single mechanism reaches several matching failures, and a
single failure arises from several mechanisms; the accent lines trace one mechanism, self sorting populations,
through both the counterfactual it invalidates and the reference series it corrupts. No layer maps cleanly onto
the one below it, which is why the repairs in section 6 are a discipline rather than a lookup table.

The layers are deliberately not one to one: a single mechanism can break several matching
conditions, and a single matching failure can arise from several mechanisms; population
endogeneity corrupts both the counterfactual and the reference series, and unit drift reaches
reference matching, procurement comparison, and ROI at once. The matching layer also
receives a second input the mechanisms do not supply, the structural hazards of vintage and
capital with which section 4 opens.

The next section develops the middle of that chain. The mechanisms explain what changes;
the matching problem explains how those changes enter value measurement.
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4. The matching problem

A useful value measure is not produced merely by dividing two accurate quantities; the
quantities must be economically related. Stated once in general form: for a ratio to func-
tion as valid evidence of value, accurate observations are necessary but not sufficient; the
comparability assumptions linking them must also hold. Conventional controls audit the
observations. This paper is about the assumptions, and this section gives them their struc-
ture as a matching problem with four recurring failures: reference matching, counterfactual
matching, investment vintage matching, and economic capital matching.

The failures arrive from two directions. The distortion mechanisms of section 3 alter the
economic objects being measured, and reference and counterfactual matching are where
those alterations land. Vintage and capital matching are different in kind: they arise from
structural features of Al economics, realization lagging the investment that caused it, capital
and expense scattered across owners and accounting boundaries, the split ledger of section
2, and they would trouble Al value measurement even if every unit held still. Both routes
converge on the same failure, an economically invalid comparison, which is why the repairs
of section 6 treat them together.

4.1 Reference matching: is the comparator still the comparator?

Every ratio requires a reference, whether explicit or implicit. A before and after productivity
comparison assumes the process is sufficiently similar across periods. A vendor benchmark
assumes the unit of trade represents comparable use. Cost per task assumes a task is eco-
nomically similar enough across periods that changes in cost are meaningful.

When Al changes workflow design, task boundaries, staffing, model capability, or pricing
structure, the reference can become stale. The original baseline remains historically accu-
rate but economically inappropriate for the current system. The response is not always to
abandon the series; a crosswalk can sometimes preserve comparability. But the burden
should be explicit: either demonstrate that the reference is stable, normalize it, or declare
a break in the series.

This is the simplest form of the opening paradox. The January baseline did not become fac-
tually wrong in September. It became the wrong comparator for the question management
was asking.

A comparator can also carry an assumption about the firm’s own work that nobody states.
Price comparisons across model endpoints conventionally blend input and output tokens at
a fixed ratio, three to one being the common choice, which approximates a chat workload
reasonably well and describes almost nothing else. Retrieval augmented generation runs an
order of magnitude more input than output; agentic tool use runs heavier still; reasoning
workloads invert the ratio entirely. Two endpoints that appear equivalent under the con-
ventional blend can differ several fold in cost on a real traffic mix, and re ranking the same
endpoint set under different workload weights produces top ten lists that overlap by only
thirty to forty percent (Gao, Wang, and Yu 2026).

The consequence for reference matching is direct. A benchmark comparison is not a neutral
fact about the alternatives; it is a claim about the buyer’s traffic, made by whoever chose the
blend. Matching the reference means stating the mix the comparison assumes and checking
it against the mix the firm actually runs, rather than inheriting a convention because it is
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the one the leaderboard used.

4.2 Counterfactual matching: are the populations comparable?

Value attribution requires a counterfactual: what would have happened without the inter-
vention? A naive before and after comparison approximates that counterfactual only if
relevant conditions remain sufficiently stable. Al often violates that assumption because
deployment itself changes workload composition, demand, staffing, and process design.

The repair begins with the estimand, because three different objects answer three different
decisions. The marginal effect at the eligibility frontier, what happens to the cases the rout-
ing boundary would take next, is what scale the routing decisions need, and it is exactly
what the curated pool average is not. The value of the routing policy as a whole, against
the alternatives not run, is what routing choices need. Program value against a no Al coun-
terfactual is what ROI needs. Population endogeneity makes the naive substitute concrete:
the cost of Al handled work and the cost of human residual work are conditional means for
different populations, and neither identifies any of the three. A useful identity disciplines
the reading across periods: the change in a policy’s measured value decomposes into a com-
position term, the population moving, and a per case effect term, the performance moving,
which turns conditioning from adjustment into accounting.

Reference matching also assumes a reader can say what was bought, and in this market that
is not always available. The same nominal token can be purchased from the model owner
directly, through two different cloud marketplaces, or bundled into a data platform under a
credit system, alongside capacity a firm produces on hardware it owns or leases. The unit’s
name is stable across all of them while the effective price, the commercial packaging, and
in the credit case the unit of account itself are not. A cost per token compared across two
such wrappers is comparing purchases whose identity is the same and whose economics are
not, and the reference has to name the wrapper as well as the unit.

The same logic applies to productivity. If Al reduces the time required for routine work,
employees may use released capacity on harder work, more work, quality, or activity the
original metric never captured. A drop in hours per old task is not necessarily the same as
a gain in enterprise output. The counterfactual must specify what would have happened to
both the task mix and the released capacity.

A harder case has no counterfactual to specify. Where Al enables work that would not
otherwise have been done at all, there is no displaced activity to price and no before state to
compare against; the standards work now forming has named this as an open problem, since
methods built on measuring deflected work are complete only where work was displaced.
A working practice has emerged in its place, and it substitutes a design for a measurement:
treat the cost as a hypothesis about value, fix the success criteria and the time bound in
advance, and let the pilot confirm or disconfirm. That is a defensible move and it has a
governance benefit, since it ends pilots that run indefinitely.

It also inherits a hazard this paper’s own material names. Criteria set by the sponsor, against
which the sponsor later reports, are the structure the performance measurement literature of
section 7.1 warns about, and the substitution of an experimental design for a counterfactual
only works if the design resists being met by redefinition. The three conditions section 6.6
places on the integrity test apply here without modification: the criteria should be applied by
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someone who does not own the number, evidenced rather than attested, and logged before
the fact rather than reconstructed after it. Absent those, a value hypothesis is a business
case with a date on it.

4.3 Temporal matching: which investment vintage produced the benefit?

Current period Al benefits and current period Al spending often belong to different invest-
ment vintages. Infrastructure, data, integration, redesign, and adaptation precede steady
state benefits, while current spending expands capacity that matures later.

A contemporaneous ratio of Al benefit in year t to Al spend in year t can therefore mix returns
from old capital with costs of new capital. The ratio may rise because earlier investments are
maturing while current investment falls. It may fall because a new build cycle is underway
while prior benefits remain unchanged. In neither case does the number cleanly represent
the return on a specific investment cohort.

The productivity J curve literature provides the economic intuition: general purpose tech-
nologies often require complementary intangible investment before measured productivity
improves. Al can intensify the problem because complementary investment is fragmented
across systems, data, process redesign, training, governance, and experimentation. The first
observable financial benefit can arrive after several separate investment decisions. The lag
has a formal repair: surrogate indices, short run indicators statistically validated to predict
long run value, let a vintage be graded before its cash arrives, with the validation itself
testable.

A more coherent internal view tracks investment vintages. For each major Al capability
or program, management records when economic capital was committed and then follows
realized benefits, incremental operating costs, and remaining economic capital over time.
This does not eliminate attribution uncertainty, but it avoids the category error of dividing
this year’s benefits by this year’s spend as if they belonged together.

Temporal matching also clarifies a critical governance distinction. Ex post performance asks
how prior capital vintages have performed. Ex ante allocation asks whether the next tranche
of capital has a positive expected return from today’s starting point. Historical ROI is evi-
dence for the second question, not the decision rule itself.

4.4 Economic capital matching: what capital is actually employed?

The denominator problem is as important as the timing problem. Al economic value may de-
pend on capital and expense that do not appear in a single Al investment line. Infrastructure
may be capitalized while model access is expensed; engineering expensed, data preparation
elsewhere, redesign embedded in business unit salaries, training dissolved into operating
budgets, and common platforms supporting dozens of applications.

The split ledger therefore creates a difference between reported Al spend, accounting Al
capital, and economic Al capital employed. Those concepts answer different questions.

Reported Al spend is useful for budget control. Accounting capital is necessary for financial
reporting. Economic capital employed is the denominator required for internal return anal-
ysis. The repair has a solved ancestor of its own: the intangibles capitalization tradition,
the measurement of intangible capital, the case against accounting’s treatment of it, and the
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valuation practice of capitalizing R&D and leases, exists precisely because reported classi-
fications misstate economic capital; economic capital matching extends that move to Al’s
scattered complements. It should capture the economically relevant resources committed
to create and sustain the capability, whether or not accounting rules capitalize them and
whether or not they sit under one organizational owner.

This does not imply that every indirect cost should be allocated mechanically to every Al use
case. Fully loaded and marginal economics answer different decisions. A common platform
may have unattractive economics if all of its cost is charged to the first application, while
the marginal cost of the tenth application may be highly attractive. The firm therefore needs
both a platform level economic capital view and use case level marginal economics.

The point is not to find a single true denominator. It is to make the denominator correspond
to the decision being made. If the board asks whether the Al platform as a whole is earning
an adequate return, shared capital matters. If a product owner asks whether to add one
more validated workload to already committed infrastructure, sunk platform capital should
not determine the marginal decision.

4.5 Exposure and likely bias

The mechanisms and matching failures do not affect all ratios equally, and their direction is
not always predictable. The table below summarizes the main exposures.
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Measure

Primary distortion
exposure

Typical matching
failure

Risk if treated as a value
measure

ROI and payback

All four mechanisms

Vintage, capital,

Ambiguous; can overstate or

counterfactual, understate return

reference
Al spend over Base endogeneity; Reference Often rises with successful
operating cost unit drift substitution
Revenue or output Base and population Counterfactual Can overstate incremental
per employee endogeneity value
Gross or Coupling; sorting; Reference, Mix shift and cost line
contribution unit drift counterfactual migration can masquerade
margin as margin change
Cost per ticket or Population and unit Counterfactual, Often flatters the automated
task drift reference channel
Deflection and Population Counterfactual, Overstates success without
containment endogeneity outcome definition = recontact and quality

conditioning

Cost per token or Unit content drift Reference Direction depends on model,
model call version, and quality change
Utilization and Base and population Reference High value is not implied by
adoption effects high usage
Per seat and Trade unit migration;  Reference Cross vendor and historical
successor pricing unit drift comparisons can fail
Procurement Unit and trade unit Reference Apparent savings may
benchmarks effects reflect unit change

The table matters for one reason: a management system should not ask only whether a
metric is measured accurately. It should ask what forms of distortion the metric is exposed
to and whether the comparison required for the decision remains valid.

Two measures resist the mapping notably, and both were engineered. A risk budget uti-
lization measure resists because its reference is a governed constant, set by decision and
changed only by decision, so nothing in the world can move it silently. A burdened cost per
outcome built under discipline resists because its outcome definition is conditioned and its
baseline is stamped, terms designed against exactly these mechanisms. Both are the com-
panion papers’ constructs, cited here as existence proofs. The lesson the table supports is
scoped: resistance to these mechanisms was designed in, not inherited.

5. When correct numbers produce wrong decisions

Measurement error matters because firms act on measures. Once a ratio becomes a gover-
nance instrument, its distortions can alter budgets, routing, procurement, incentives, and
capital allocation. Several failure modes follow.
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5.1 False scale and false stop

The most direct consequence is a decision error around continuation and scale. Let the deci-
sion relevant return be the return management would estimate under appropriately matched
costs, benefits, populations, units, and periods; there is no observable true return, since at-
tribution is itself estimated. Let the measured return be the ratio management actually
observes. Two mistakes follow when those diverge.

Matched return above Matched return below
hurdle hurdle

Measured return above Correct scale False scale

hurdle

Measured return below False stop Correct stop

hurdle

False scale occurs when the measure makes a weak investment look attractive. Omitted
complementary capital can do this. So can favorable population sorting, a quality decline
hidden by throughput, or benefits from older investment vintages being credited to a new
spending period.

False stop occurs when an attractive investment looks weak. Benefit realization lags can do
this, especially during periods of complementary investment. So can charging a common
platform entirely to its earliest applications or comparing a newly difficult residual human
population with an outdated pre Al baseline.

The point is not that each distortion has a fixed sign. Many are ambiguous. The useful
discipline is to ask what direction the mechanism would push the observed ratio under the
current operating design.

5.2 The budget whipsaw

A second failure mode is phase lagged control. Al costs can be visible immediately while
benefits arrive later, elsewhere, or in forms not yet joined through the split ledger. Man-
agement therefore observes a negative signal before the positive one has matured, cuts or
caps usage, then watches prior benefits arrive and make the cuts look premature; spending
resumes, and the cycle can repeat.

The year just lived reads as the exhibit rather than the prediction: a budget exhausted in four
months and answered with per engineer caps; a deferral wave called in advance as finance
chiefs found no numbers they trusted, then a rebound conditioned on governance; record
infrastructure spending in the same twelve months as enterprise clampdowns. The sequence
is consistent with the mechanism; it does not by itself establish that distorted measurement
caused it, and the claim here is consistency, not proof. Splurge, crackdown, and renewed
spending can therefore be less a sign of indecision than a predictable response to a lagged
and mismatched signal. Traditional variance control works poorly when the cost and benefit
clocks differ and when the benefit is recorded under another owner.

The repair is not to suspend discipline. It is to define in advance which indicators are ex-
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pected to move at each stage of the investment and to distinguish leading operational ev-
idence from lagging economic realization. The surrogate discipline makes that definition
estimable rather than judgmental: the stage indicators are chosen and validated as predic-
tors of the realization they stand in for. A build phase program should not be judged as if
it were a mature operating asset, but neither should strategic value excuse indefinite non
realization.

5.3 Incentive error and gaming without lying

Metric fixation literature often focuses on false reporting or overt gaming. Al distortion
creates subtler channels. A team can improve its reported cost per case by routing difficult
work elsewhere. A product owner can narrow the task definition so the measured task
becomes easier. A procurement function can select the commercial unit that produces the
most favorable benchmark. A budget owner can benefit from a model or unit change that
makes reported consumption look better without reducing economic cost.

Every number can survive audit. The distortion resides in the composition, scope, unit, or
comparator.

One asymmetry keeps these channels open. A distortion that embarrasses the person re-
porting it tends to be investigated; a distortion that flatters them tends to be defended, or
simply not examined. Nothing in the arithmetic distinguishes the two cases, which means
the survival of a distorted measure depends less on how visible it is than on which direction
it points.

This is gaming without lying. It matters because conventional controls are better at validat-
ing observations than validating the economic equivalence of the objects being compared.
Targets inherit the problem: a target calibrated on a distorted baseline carries the distortion
forward and then ratchets against it, so the compensation system can institutionalize the
error even where every measure survives audit. If compensation or budget authority is tied
to an Al metric, the integrity of the population and reference definition becomes part of
internal control.

5.4 Procurement and benchmark error

Procurement is especially exposed to trade unit migration. A familiar benchmark can create
false confidence even when the buyer and benchmark vendor are no longer selling the same
economic unit. A low seat price is no bargain if value migrated to agent executions; a
favorable token price says little if one product needs more tokens per outcome.

The appropriate comparison is therefore not always price per vendor unit. It is price per
normalized business outcome at an agreed quality level, or, where that is impossible, a
transparent model translating each vendor’s unit into a common workload. That model in-
troduces assumptions, but those assumptions are preferable to pretending that incompatible
units are comparable.

5.5 Accountability error

A distorted ratio can also assign responsibility to the wrong owner. Rising human cost per
ticket reads as an operations failure when it is partly Al absorbing easy work; rising Al share
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of cost reads as overspend when it is partly successful substitution. A business unit may
claim productivity benefits while the technology organization bears all platform expense.

The split ledger therefore creates an accountability problem as well as a measurement prob-
lem. When costs and benefits are separated institutionally, each owner can report a locally
correct number that does not reconcile to enterprise economics.

5.6 The self confirming loop

The most important dynamic consequence is feedback. Suppose Al appears cheaper because
it handles easier cases. Management routes more cases to Al. The human residual becomes
harder. Human average cost rises. The relative measured advantage of Al increases. Man-
agement responds by routing still more work to Al

The loop is: distorted measure allocation or routing decision changed base or population
more favorable distorted measure stronger allocation decision.

This is more than a one time selection bias. The measure alters the operating design, and
the new operating design alters the next measure. The ratio begins to grade a system partly
of its own making.

The same feedback can work in the opposite direction. A new platform is charged with heavy
upfront costs while benefits are immature. Its measured ROI is weak. Management cuts
complementary investment. Because the complements are never completed, the expected
benefits fail to materialize. The original weak ROl is then treated as validation of the decision
to cut. A temporary J curve becomes a permanent failure through measurement driven
underinvestment. The loop is also assessable before it closes: off policy evaluation of logged
data can estimate what the routing alternatives not run would have yielded, so the next
tightening is a choice made with the counterfactual in hand rather than a drift.

Feedback is where Al distortion becomes a governance problem rather than a technical mea-
surement problem. A distorted number does not merely describe the wrong world; it can
help create it.

5.7 Loss of trust in the measurement system

The end state is not necessarily a bad metric. It can be no trusted metric at all. After repeated
reversals, productivity claims that fail to reach the P&L, pilots whose ROI disappears at scale,
vendor benchmarks that cannot be reconciled with invoices, executives may stop believing
Al value measures.

Two substitutes then emerge. One is allocation by advocacy, in which strategic narrative
and sponsor influence dominate because no number is trusted. The other is metric freeze,
in which firms retreat to inherited ratios because they are at least familiar and comparable,
even when the underlying operating model has changed.

Both outcomes are worse than a transparent measurement system that acknowledges breaks,
conditions populations, and distinguishes realized from expected value. Measurement cred-
ibility is therefore itself an organizational asset. Rebuilding ratios is partly about preserving
that credibility before the first generation of Al value measures hardens into convention.
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6. Rebuilding the ratios

The response to Al distortion is not to replace financial discipline with strategic storytelling.
It is to engineer the terms of the ratio so that changes in the measurement object are visible.
Much of the toolkit is the statistical profession’s own, vintages, documented methods, strati-
fication, re basing as a logged event, an independent applier, imported to a layer whose pri-
vate statistical office has been outrun, plus the one discipline that profession never needed,
defenses against a measured object endogenous to its own measurement. Five principles fol-
low directly from the failure modes above, with two reporting disciplines reinstated inside
them.

6.1 Version the reference

Every material Al value measure should have an explicit reference version. At minimum, the
reference should identify the baseline period, workflow definition, model or system version,
staffing structure, workload composition, and pricing regime relevant to the comparison.

Versioning assumes the change is announced. Where it is not, as Section 3.3 describes, the
reference has to be measured rather than declared, and the instrument for doing so is inex-
pensive. Periodic fingerprinting samples a fixed prompt set from an endpoint, compares the
resulting output distributions against a baseline, and accumulates evidence across succes-
sive samples to declare change events and define the stable periods between them (Leshin
et al. 2026). Structural changes, to model family, version, inference stack, or quantization,
are detected quickly; a small change to a sampling parameter can take many cycles to regis-
ter, so a firm should expect fast detection of substitution and slow detection of tuning.

Two limits belong with the instrument, and both bear on what a firm can conclude. Compar-
ing an endpoint against the consensus of other providers serving the same nominal model
is sensitive to one provider diverging and blind to a change that reaches all of them at once,
which is the industry wide case a firm’s own series would most need to catch. And compar-
ison against a first party reference is available only where the model owner exposes one;
for a closed model served solely by its owner there is no external reference distribution, so
change can be detected over time while deviation from an original cannot be established
at all. The practical consequence is that the baseline fingerprint should be taken when a
system is validated, because for a closed endpoint it is the only reference the firm will ever
hold.

A material change in one of those elements should trigger one of three treatments: preserve
the series because the economic object remains comparable; restate or crosswalk the histori-
cal series using a defensible adjustment; or declare a break in series and start a new reference
period. The triad mirrors financial reporting’s own machinery for accounting changes, ret-
rospective restatement, prospective application, and disclosed breaks, extended here to the
operating ratios no standard reaches.

This is standard practice in other measurement disciplines; the innovation is applying it
routinely to Al operating ratios rather than presuming continuity from an unchanged dash-
board label. A useful rule is simple: if the process, population, or unit changed materially,
continuity must be demonstrated rather than presumed. And where the comparator cannot
be measured at all, greenfield agentic work with no human predecessor, it is constructed as
a modeled counterfactual with provenance and a grade, not presumed to be zero.
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6.2 Condition the population

Raw averages should not be compared across self sorted populations. Measures should
be conditioned on the dimensions that materially determine difficulty and value: intent,
complexity, risk, customer type, product, workflow stage, or other relevant case attributes.

In support, report cost and resolution in aggregate and within stable complexity bands; in
underwriting, compare within risk strata; in engineering, distinguish routine implementa-
tion from architecture, debugging, and review.

The identification stack follows the adaptive policy structure. Randomize at the margin: tie
breaker randomization in a band around the routing threshold identifies the frontier effect
exactly where the next expansion decision lives, cheaply and continuously. Hold out for pro-
gram value, with two corrections built in: agentic systems interfere across arms, the shared
model learns from every ticket including the holdout’s and queues spill between them, so
cluster and switchback designs replace naive unit randomization; and effects are time in-
dexed under drifting capability, so the contemporaneous effect is the decision relevant one
and naive pooling across periods is forbidden. Construct the counterfactual where it van-
ished, the synthetic control family building the missing comparator from donor units and pre
periods, which is the opening vignette’s repair. Evaluate policies from logged data, off policy
methods assessing the routing alternatives not run. And reweight anything estimated from
adaptively collected data. One data discipline underwrites the whole stack: the router’s own
scores, thresholds, and eligibility versions are the assignment mechanism, so the assignment
log is the unit event log’s sibling, and keeping it is the single highest value data act in Al
measurement. Where none of this is feasible, the firm should at least disclose the extent to
which routing or eligibility rules changed the population.

The purpose is not statistical perfection. It is to prevent the investment from creating a
favorable comparison merely by changing who or what enters each column.

6.3 Match costs, benefits, capital, and time

The economic relationship inside the ratio should correspond to the decision being made.
That requires two linked disciplines.

First, track investment vintages. Major Al programs should have a cohort view showing
capital and expense committed by period, the expected realization curve, actual realized
benefits, incremental operating costs, and remaining economic capital. Current period ben-
efits should not automatically be divided by current period spend.

Second, reconcile the split ledger. Finance should create an internal economic view that
joins technology spend, shared platform cost, business unit implementation, relevant labor
or vendor effects, and attributable benefits. The view need not duplicate accounting treat-
ment. Its purpose is to answer the managerial question: what resources were economically
committed to produce this capability, and what cash or operating benefits have been realized
from them?

Before any of that, a condition holds beneath every ratio in this paper and is almost never
reported. Computing a cost per outcome at all requires that consumption be attributable
to the work that caused it, which in practice requires that calls pass a point where meta-
data can be attached. Practitioner guidance is blunt about the architecture, build that point
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first, because calls that bypass it are calls the unit economics cannot see. What no one re-
ports is coverage. A firm running several providers, an internal platform, and a hundred
or more use cases can see tokens in aggregate while being unable to say which use case or
team consumed a given one, and consumption arriving through vendor software or licence
priced features may emit no usage telemetry at all. An unmeasured coverage share is the
unstated denominator beneath every attribution claim, and a ratio computed over an un-
known fraction of the population, presented as though computed over all of it, is the paper’s
own characteristic failure applied to its own machinery. Coverage should be measured and
disclosed alongside the ratio.

The denominator should then change with the decision. Platform level return should in-
clude common economic capital. Marginal scale decisions should focus on incremental cost
and benefit from today’s position. A sunk platform cost may matter greatly for ex post per-
formance and not at all for whether the next validated workload should be added.

A reporting corollary follows for base endogeneity: no single quotient can carry the reading.
Report three things together, the level, the share of total cost including the Al itself, and an
explicit substitution bridge showing the cost the deployment displaced. The inclusive share
is bounded and cannot be flattered by consuming its own base the way a ratio against an
external base can, but it still moves under successful displacement; only the bridge says why
it moved, which is the interpretive step the naked quotient smuggles.

6.4 Normalize to stable outcomes

Input units such as tokens, tasks, actions, or conversations are useful for operations but weak
as ultimate value denominators when their content drifts. Wherever feasible, firms should
normalize to a business outcome that remains economically meaningful.

Examples: cost per satisfactorily resolved interaction, per correctly processed claim, per
accepted code change at a defined quality bar, per completed workflow within a stated
error and rework threshold. The outcome must itself be versioned and quality conditioned;
otherwise the firm simply moves the drift one layer up.

That warning bites hardest when the quality condition is assessed by a model. A judged
outcome definition inherits the stability properties of its judge, and a judge is an endpoint
subject to the same silent change as the system it evaluates. The two can move together,
so that real degradation measured by a degraded instrument reads as no change, or apart,
so that an unchanged system appears to improve. An outcome definition resting on model
judgment therefore needs the judge pinned to a stated endpoint, fingerprinted on the same
cadence as the production system, and re anchored periodically to human labeled cases.
Without that, the normalization has relocated the drift rather than removed it. The practi-
tioner ancestor is instructive: the function point, software’s size and complexity normalized
work unit, ran a forty year constant capability program complete with counting standards
and certified counters, and its failure modes, standard drift, gaming, cross counter variance,
read as design requirements here, which is why the outcome definition carries a version, a
quality condition, and an independent applier.

Quality conditioning has a stronger form worth stating, because practitioners state it more
sharply than the measurement literature does: every workload has a bar below which the
output is worthless at any price, and in some functions the bar is set by a regulator rather
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than by the firm. A cost per outcome ratio is therefore defined only above that floor, and a
comparison that spans it is not a comparison. An option that is cheaper because it produces
work below the bar has not produced a cheaper outcome; it has produced something else.

One corollary bears on the denominator discussion of section 6.3. Because the floor is set per
workload rather than per firm, a firm level intensity figure aggregates over denominators
that are not commensurable, and the aggregate moves when the mix of workloads moves
even if no workload changed.

A stable outcome measure should include enough quality to prevent throughput from mas-
querading as value. Resolved should account for recontact or escalation. Completed should
account for rework. Generated should not be equated with accepted. Time saved should
not be treated as realized financial value unless released capacity is removed or redeployed
into measurable output.

Where execution is stochastic, the unit cost is a distribution rather than a point. Agent paths
vary across nominally identical requests, so the honest object is the curve: budget to the
distribution and price the tail, with the open question being which percentile to govern to,
not whether to govern the distribution. A point estimate can conceal economically material
dispersion and tail cost.

Where a stable outcome cannot be defined, the firm should disclose the unit version and
composition rather than pretending the nominal unit is invariant. Disclosure at scale is a
data standardization problem with a solved precedent: the unit metadata, model, version,
token class, default change flags, must travel in the billing data itself, exactly the shape of
problem the open cost and usage specification movement solved for cloud billing and the
stated direction of its Al extension, so a firm’s unit event log is partly assembled from the
pipe rather than by hand.

6.5 Separate performance measurement from decision measurement

Boards and management teams routinely ask two different questions with one ROI number.

The first is ex post: how did prior Al investment perform? That requires matched vintages,
realized benefits, economic capital, and a stable counterfactual.

The second is ex ante: what is the expected value of the next commitment from today’s
starting point? That requires marginal cost, expected incremental benefit, risk, option value,
and the alternatives currently available.

The two calculations overlap, but they are not interchangeable. A program can have poor
historical returns and still present a positive incremental opportunity if the remaining in-
vestment is small and the capability is now proven. A program can have excellent historical
returns and a poor next dollar return if the best workloads have already been captured or
marginal costs have risen.

Historical performance should inform the forecast by updating beliefs about adoption, imple-
mentation speed, cost, and value. It should not mechanically determine the scale decision.
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6.6 The ratio integrity test

Before a material Al ratio is used for budgeting, incentive compensation, procurement, or

investment approval, management should be able to answer seven questions.

Integrity question

Failure if unanswered

Typical repair

Is the reference stable?

Is the population
comparable?

Is the unit economically
stable?

Are cost, benefit, capital,
and period matched?

Is this a performance
measure or a decision
measure?

Is the rate single valued
for the unit?

Is the outcome definition
stable and quality
conditioned?

Baseline or benchmark no longer
represents the current economic
object

Routing or eligibility changed the
case mix

Token, task, or action content
drifted

Numerator and denominator
belong to different vintages or
owners

Historical ROI is being used as
the marginal investment rule

Identical work is priced
differently by capacity lane or
commitment state, invisibly in
the bill

Output increased by moving
rework, error, risk, or customer
effort outside the measurement

Version the reference; crosswalk
or break the series

State the estimand; randomize at
the margin; log the assignment

Normalize to outcomes or
version and disclose the unit

Reconcile the split ledger; use
investment cohorts

Separate ex post and ex ante
views

Construct and disclose an
effective rate; treat per request
figures as allocations

Incorporate quality, rework,
recontact, risk, and acceptance
into the outcome definition

boundary

The test is intentionally simple: not a replacement for analysis, a tripwire for the moment
a familiar ratio is about to be trusted without evidence that its terms remain comparable.
Three design conditions keep it from becoming attestation. It is applied by an owner who
does not own the number, since every channel in section 5 applies to the test itself. Each
answer is evidenced by operational diagnostics rather than assertion, population stability
statistics, unit event counts, baseline age, with materiality thresholds the firm sets and files
alongside the series break rules of section 7. And the test is scoped: it presumes the measure
was worth selecting, the validation question the performance measurement literature owns,
and audits only whether a chosen measure remains interpretable.

7. Boundary conditions, lineage, and open problems

7.1 What is not new

The paper’s mechanisms have clear intellectual ancestors. Campbell and Goodhart describe
the deterioration of measures once they become targets. Lucas warns that relationships

estimated under one regime may not survive a policy change that alters behavior. The per-
formativity literature adds the loop: models as engines shaping the markets they were built
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to describe, the self confirming dynamic’s nearest ancestor, with the engine here an operat-
ing ratio steering operating design, honest agents throughout. Selection bias and Simpson’s
paradox explain how aggregates can reverse or mislead when population composition dif-
fers. Hedonic methods address products whose quality changes faster than nominal units
reveal. The productivity J curve explains why general purpose technologies can depress
measured productivity while complementary intangible investment is being built. Software
and computing markets have repeatedly changed licensing models, product quality, and
price structures, and the technology benchmarking tradition itself warned long ago that
spend ratios rest on unstable comparison bases, an instability it answered in its own era by
diversifying the base.

The management side has its own canon, conceded with equal fullness. The strategic perfor-
mance measurement literature documented firms adopting nonfinancial measures without
causal models linking them to value, and validating almost nothing; the performance para-
dox literature showed measures losing variance and informativeness through use, gaming,
selection, learning, and suppression, with firms cycling to fresh ones; the multitask literature
explained output improving by pushing unmeasured work outside the boundary; the target
setting literature showed ratchets institutionalizing whatever the baseline contained; and
comparability itself is financial accounting’s oldest virtue, with standard machinery, retro-
spective restatement, prospective application, disclosed breaks, for references that change.
The collective departure: that canon explains measures degrading through agents’ responses
to being measured, and the standard setters’ machinery stops at the financial statements;
the mechanisms here run through the technology’s own operation, with honest agents ev-
erywhere, at the operating ratio level no standard reaches.

Measurement economics itself must be conceded most fully of all, because it owns the largest
share of this territory. Changing economic objects under stable labels is that profession’s
modern history: seventy years of hedonic adjustment; the new goods problem, handled
daily as products enter and exit the baskets; chain linking, invented precisely because fixed
bases mislead, the reference re drawn annually; and a permanent revision apparatus, bench-
mark revisions, published methodological changes, the national accounts’ own production
boundary re drawn generation by generation, software capitalized in 1993, R&D in 2008,
data assets argued now. Two things survive that concession, and they are the paper’s claim.
Exogeneity inverts: statistical offices measure economies they do not operate, no census
shrinks the economy by counting it, while the firm deploys the intervention that consumes
its bases and sorts its populations, a measured object endogenous to the measurer, which
the entire statistical apparatus is built to assume away. And the apparatus is absent: every-
thing the profession solved, it solved with institutions, methods manuals, hedonic programs,
revision cycles, methodological independence, and at the operating ratio layer the closest
analog, the commercial benchmarking industry that served for decades as a private statis-
tical office, taxonomies, peer groups, normalization rules, annual cycles, ran on the two
assumptions this era breaks, annual cadence and stable units. The apparatus is not absent
but outrun, which is the stronger claim.

Those precedents are not qualifications to be hidden; they establish that each mechanism has
a known theoretical home. The contribution claimed here is a firm level synthesis around
Al value measurement: multiple mechanisms can affect the same ratio simultaneously; the
Al intervention itself can generate the change in the measurement object; the change can
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occur inside ordinary governance cycles; and reliance on the distorted measure can feed
back into deployment and allocation, changing the next observation.

7.2 What the construct does and does not claim

Al distortion is not a claim that Al economics are unknowable. Nor is it a claim that every Al
metric is invalid. Some measures are robust precisely because their references are governed
constants or because the outcome is carefully conditioned and versioned.

The construct is also not a substitute for uncertainty analysis. A perfectly specified ratio can
still describe an investment with highly uncertain future value. Conversely, a low variance
estimate can be systematically distorted if its population or denominator is economically
mismatched. Precision and validity are different properties.

One scope condition belongs here because it bounds when the whole exercise binds. These
ratios are instruments for detecting waste, which is the right instrument for a market where
supply is abundant and the enemy is spending more than necessary. Practitioner reporting
through 2026 describes conditions moving the other way, toward constrained capacity where
access is allocated by commitment and relationship as much as by price. In such a market
the binding question changes: a firm that improves its cost per unit while losing access to
the units it needs has optimised a number that was no longer the one that mattered. That
does not make the measures wrong, and a distorted ratio is no more useful under scarcity
than under abundance. It does mean the ratio answers a question the firm should confirm
is still its question.

Finally, the paper does not argue that management should always fully load shared costs into
every use case. The appropriate boundary depends on the decision. The governing principle
is matching: the economic objects placed on either side of a ratio should correspond to the
question the ratio is intended to answer.

7.3 Adjacent work

Four bodies of current work sit beside this paper without overlapping it. The token and agent
valuation literature builds frameworks for what tokens and agents contribute, marginal pro-
ductivity, workflow position, and benchmark human workflows; it is the value side of the
same coin, and its benchmark workflow construct is a formal ally of the counterfactual dis-
ciplines here. The national accounts debate, welfare from free goods and the construction
of price indices under rapid quality change, is the macro sibling of the unit drift mechanism,
cited and deliberately not joined. The evaluation literature’s documented imbalance, techni-
cal metrics dominating economic ones in agentic Al assessment, describes which dimensions
get measured, where this paper concerns whether the measures taken can be trusted. And
the practitioner standards work now underway, cost and value definitions, full cost reference
models, unit economics guidance, is the substrate this paper’s disciplines are built to inform:
the definitions being written this year are denominator and unit choices, and they are cheap-
est to harden before they set. The operating model home already exists: the FinOps practice,
its mission formally broadened from cloud value to technology value, runs unit economics
and cross owner cost reconciliation as established capabilities, and several of section 6’s
disciplines describe work that practice’s Al extension will own. External pricing consumes
the same distorted operating ratios, ARR based and Al native metrics feeding multiples, a
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valuation spillover this paper notes and does not pursue. Closest of all is this paper’s own
family: the companion papers’ machinery consumes exactly these ratios, a burdened cost
per outcome in its cost chain, realized against claimed in its ex post loop, and the disciplines
here are the terms that machinery assumes.

7.4 Open problems

Several issues remain materially unresolved.

Shared platform allocation. There is no universally correct rule for allocating common
Al infrastructure, model, governance, and data costs across applications. Activity based
approaches can improve transparency but may create false precision when use cases share
option value and capacity.

Economic useful lives. Accounting depreciation schedules do not necessarily correspond
to the economic life of models, chips, workflow integrations, or proprietary data assets.
Internal ROIC requires assumptions about economic depreciation that can change rapidly
as capability and prices evolve.

Option value. Foundational Al investments can create future applications that are not fore-
castable at approval. Ignoring that option value can create false stop decisions; invoking it
without discipline can turn strategic value into an unfalsifiable plug. A useful framework
must distinguish bounded experimentation from open ended justification.

Quality adjusted outcome units. The ideal denominator is often an outcome, but outcomes
themselves can drift. A resolved support case, accepted code change, or completed claim
needs a quality definition stable enough to preserve comparability.

Percentile governance for stochastic execution. Once agentic unit cost is treated as a
distribution, the remaining question is which point of the curve to budget and price to:
expected cost, a stated percentile, or outcome level contribution. The distribution itself is a
discipline; the percentile is the open choice.

Market pricing on distorted units. External pricing consumes the same operating ratios,
and a priced metric invites being managed to, Goodhart at market level; whether reference
versioning, unit disclosure, and outcome normalization can travel into externally reported
and priced measures, and who would enforce them there, is unresolved.

A venue now exists for the reference distribution problem. The external benchmarking
entry above supposes a source of reference distributions that does not yet exist. Since this
paper’s first version, a vendor neutral body has formed under the Linux Foundation with
working groups on production, consumption and value, and has published draft guidance.
Two of its stated open questions are two of this paper’s: who defines and who runs bench-
marking, and how to value work for which no baseline exists. That converts an open problem
into a live venue, and it makes the custody question, who holds sensitive comparative data
and under what governance, the operative one rather than the existence question.

Detection ahead of disclosure. Methods for establishing that an endpoint’s behavior has
changed are published, cheap, and in several cases released as working code. There is no
agreed vocabulary for what constitutes a material change, no standard obliging its disclosure,
and no convention for reporting instrument stability alongside a ratio that depends on it. The
gap is in standards rather than in technique, which suggests the constraint is institutional
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and that the venue for closing it is a standards body rather than a research programme.

External benchmarking. Cross vendor comparisons become increasingly difficult when
commercial units are incompatible and vendor capabilities evolve at different rates. The
benchmark may need to move from price per vendor unit to a standardized workload and
quality adjusted outcome. Pooled practitioner community benchmarking is the plausible
source for the reference distributions this problem and the empirical validation problem
both require.

Empirical validation. The disciplines are stated as testable propositions: firms adopting ref-
erence versioning, population conditioning, and vintage matching should show smaller gaps
between claimed and realized value and fewer measurement driven reversals than firms that
do not; whether they do is an open association question in the performance measurement
tradition.

Series break rules. Firms need practical thresholds for when a historical series should be
restated, crosswalked, or broken. Too many breaks destroy continuity; too few preserve
fiction. Official statistics’ re basing and revision practice is the working model.

These open problems do not weaken the case for rebuilding ratios. They define where
the rebuilding process must remain explicit about assumptions rather than manufacturing
comparability.

8. Conclusion: the arithmetic survives

The three numbers in the opening did not lie because their observations were false. They lied
because management assumed that the same label continued to describe the same economic
object.

The January baseline was accurate but no longer represented the September process. The
assistant and human service averages were accurate but described populations the Al system
had sorted differently. The procurement benchmark was accurate for the commercial unit
it measured, but that unit no longer captured the way the product was being consumed.

This distinction matters because firms are moving quickly from Al experimentation to Al gov-
ernance. Return measures, unit economics, productivity ratios, procurement benchmarks,
and budget controls will increasingly determine which systems are scaled, which are stopped,
which managers are rewarded, and which vendors are selected. Once those measures be-
come institutionalized, their assumptions become part of the operating system of the firm.

Conventional financial arithmetic remains useful. ROI, ROIC, NPV, payback, cost per out-
come, and productivity can all support sound decisions. But their validity depends on re-
lationships that the formulas themselves cannot test. The formula does not know that the
population self sorted, that the denominator shrank because of the intervention, that the
task changed meaning, that the commercial unit migrated, or that today’s benefits belong
to yesterday’s capital.

That is the core of Al distortion. The failure is not arithmetic. It is unobserved change in
the relationship among the things being counted.

The response is therefore constructive rather than nihilistic. Version the reference. Condition
the population. Match costs, benefits, capital, and time. Normalize to stable outcomes.
Separate historical performance from the economics of the next decision. Where continuity
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cannot be defended, break the series rather than preserve a false comparison.

Reliable value measurement requires more than accurate observations. It requires stable
relationships, or measurement systems deliberately engineered to reveal when those rela-
tionships have changed.

Al does not make ratios obsolete. It makes their construction consequential.
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