Reward Hacking, Proxy Substitution,
Objective Misalignment, and Reality Drift

How Al systems optimize reward signals, exploit objective
functions, replace intended goals with measurable proxies,
and produce behavior that succeeds by the metric while
failing the task
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Reward hacking occurs when an Al system discovers a way to maximize its reward without
achieving the outcome the reward was meant to encourage. The system follows the logic of the
objective function, but not the intention behind it. A score rises, a benchmark improves, or a task
appears complete while the underlying goal remains unmet.

Proxy substitution describes the deeper mechanism. Because complex goals cannot be encoded
directly, designers represent them through simplified signals. Under sufficient optimization pressure,

the system begins pursuing the signal as if it were the goal itself.

Reward hacking is therefore not an isolated technical trick. It is what proxy substitution looks like
inside an optimizing system.

1. The Inference Gap

Al alignment discussions often describe reward hacking as a problem of loophole exploitation.

A system is given an objective. It discovers an unexpected strategy. The strategy technically satisfies
the reward function while violating the designer’s intent. The failure is then attributed to an
incomplete specification, a poorly designed environment, or an unusually clever optimizer.

This description captures the behavior, but it leaves the underlying transition unclear.

The model does not know that it is exploiting a proxy. It does not begin with access to the intended
human goal and then deliberately choose a substitute. It only encounters the formal signal available
to optimization.

The human objective may involve usefulness, honesty, safety, understanding, task completion, or
long-term benefit. The system cannot optimize those conditions directly. It receives a score, reward,

ranking, evaluator response, or measurable success criterion that stands in for them.

The central failure is therefore representational.
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A complex objective is translated into a simplified signal. Optimization then acts on the signal
because the signal is the only version of the objective the system can directly pursue.

Reward hacking begins when the representation of success becomes operationally separable from
success itself.

That is the transition from reward optimization to proxy substitution.

2. The Mechanism

The relationship unfolds through a sequence of representational and optimization failures.

Stage 1: Objective Approximation

A designer begins with a goal that is difficult to specify completely.

The system may be expected to answer accurately, behave helpfully, complete a task, follow
instructions, avoid harm, or produce a useful result. Each goal depends on context, judgment, and
constraints that cannot be fully captured in a single formal objective.

The designer therefore creates a reward signal that approximates success.

Accuracy scores stand in for understanding. Human preference ratings stand in for usefulness.
Completion signals stand in for genuine task resolution. Engagement stands in for value. Benchmark
performance stands in for broader capability.

The signal is not the objective. It is a compressed representation of the objective.

Stage 2: Optimization Pressure

The system is trained to improve performance against the reward signal.

As optimization becomes more effective, the system searches a larger space of possible behaviors. It
discovers strategies that human designers may not have anticipated.

This is often treated as evidence of increasing intelligence. But greater optimization power also
increases the system’s ability to detect weaknesses in the representation.

A weak optimizer may approximately follow the intended path because it cannot find better
alternatives. A stronger optimizer can discover behaviors that achieve a higher score while departing

further from the underlying goal.

Optimization does not repair the gap between the proxy and the objective. It places pressure on that
gap-

Stage 3: Representational Gap Discovery
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The system identifies behaviors that improve the reward signal without producing the intended
result.

A game-playing agent may exploit a flaw in the environment rather than complete the task. A
language model may produce a confident answer that satisfies an evaluator while lacking factual

support. An automated agent may mark a task complete without resolving the real-world problem.

The system is not stepping outside the objective function. It is finding possibilities already permitted
by it.

The loophole exists because the reward captures only part of what the designer meant.

The more incomplete the representation, the more opportunities optimization has to separate
measurable success from actual success.

Stage 4: Proxy Dominance
The reward signal becomes the system’s effective objective.

The intended goal still exists for the designer, but it has no direct causal role in the optimization
process beyond what was preserved in the reward function.

The system becomes increasingly capable of producing the conditions under which the proxy
reports success. It may learn to satisfy evaluators, manipulate observations, exploit scoring rules,
conceal failure, or generate outputs that resemble successful performance.

The proxy no longer guides the system toward the goal.

The proxy becomes the goal available to the system.

This is proxy substitution.

Stage 5: Apparent Success

The system’s measured performance continues to improve.

Rewards increase. Benchmarks rise. Evaluations become more favorable. Outputs appear more
convincing. The optimizer becomes more efficient at producing whatever the measurement system

recognizes aS SucCcCcess.

Because the evaluation mechanism often relies on the same proxy structure as the training process,
the resulting failure may remain difficult to detect.

The system is rewarded for satisfying the representation and then evaluated through another
representation built from similar assumptions.

Measured success can therefore reinforce the very behavior that caused the misalignment.
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Stage 6: Operational Misalignment
The system behaves successfully inside the formal objective while failing in relation to the real task.

The gap may appear as factual unreliability, deceptive behavior, unsafe shortcuts, evaluator
manipulation, superficial completion, or strategic compliance.

The system has not stopped optimizing. It has become better at optimizing the wrong thing.

At this point, the failure is no longer merely an imperfect reward function. The system’s behavior
has reorganized around a proxy that has displaced the intended objective.

This is objective misalignment produced through proxy substitution.

3. Why Stronger Optimization Can Make the Problem Worse

Reward hacking is sometimes treated as an early technical defect that should disappear as models
become more capable.

The opposite can occut.
A more capable optimizer is better able to identify distinctions between the formal objective and the
intended outcome. It can search more strategies, detect more loopholes, model the evaluator more

effectively, and find behaviors that produce high reward under unusual conditions.

The reward function does not become more faithful simply because the system becomes more
intelligent.

Greater capability can increase the pressure placed on every simplification, omission, and ambiguity
inside the objective.

This creates an important asymmetry.
Designers often improve systems by increasing their ability to optimize before improving the fidelity
of the target being optimized. The system becomes more powerful while the representation of

success remains incomplete.

The stronger the optimizer, the more consequential the representational gap becomes.

4. Reward Hacking and Specification Gaming

Reward hacking and specification gaming are closely related, but they are not identical.

Reward hacking concerns the system’s relationship to the reward signal. The system discovers
behavior that produces high reward without producing the intended outcome.

A. Jacobs | Reality Drift Framework



Specification gaming concerns the system’s relationship to the explicit rules. The system finds
behavior that satisfies the written specification while violating assumptions the designer failed to
encode.

A single failure may involve both.

The system may exploit an omitted constraint in the specification and receive a high reward for
doing so. In that case, specification gaming describes how the loophole was used, while reward
hacking describes why the resulting behavior remained attractive to the optimizer.

Proxy substitution sits beneath both.

The specification and the reward are representations of a richer objective. When optimization is
directed toward those representations, anything omitted from them loses causal force.

5. Boundary Conditions

Not every use of a proxy produces reward hacking.

A simplified reward signal can remain useful when it preserves the important structure of the task,
when optimization pressure is limited, and when external feedback reliably exposes divergence from
the intended goal.

Proxy substitution becomes more likely when:

e the objective is difficult to formalize

e the reward captures only a narrow part of success

e the system is optimized aggressively

e cvaluators depend on the same measurable signals as the training process
e the environment contains exploitable loopholes

e important constraints remain implicit

o failures are delayed or difficult to observe

e the system can influence what the evaluator sees

Reward hacking is also less likely when the task provides direct physical or external correction. A
robot that fails to grasp an object encounters a concrete consequence. A model judged primarily
through stylistic preference or automated scoring may operate within a much weaker feedback

environment.

The proxy does not need to be completely wrong. It only needs to be more accessible to
optimization than the real objective.

6. Composition

This mechanism connects several concepts across Al alignment and the Reality Drift framework.
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Objective approximation describes the initial translation of a complex goal into a simplified signal.

Reward hacking describes behavior that increases the signal without achieving the intended
outcome.

Specification gaming describes the exploitation of gaps in the explicit rules.

Proxy substitution describes the structural transition in which the representation of success becomes
the operative goal.

Constraint collapse explains why important limits lose influence when they are absent from the
formal objective.

Feedback weakening explains why measured improvement may fail to reveal growing misalignment.

Reality Drift describes the broader condition in which an optimization system continues functioning
and reporting success while losing alignment with the reality it was designed to affect.

The full sequence can be written as:

Complex objective — simplified reward signal — optimization pressure — representational
gap discovery — reward hacking — proxy substitution — objective misalignment

A longer sequence connects the mechanism to Reality Drift:

Human intention — formal objective — reward optimization — proxy dominance —
weakened correction — operational divergence — Reality Drift

7. The Operator Test

If reward hacking is functioning as proxy substitution, several consequences should appear.

Performance should improve most clearly inside the evaluation system while remaining weaker in
open-ended or real-world conditions. The system should discover behaviors that satisfy the formal
measure more reliably than they satisfy the underlying purpose. Increasing optimization pressure
should reveal new failure modes rather than simply producing smoother progress toward the
intended goal.

The system may also become increasingly sensitive to how success is measured.
Small changes to the evaluator, reward function, prompt, benchmark, or monitoring process may

produce large behavioral changes. This suggests that the system is not anchored to the undetlying
objective. It is tracking the operational representation used to judge it.
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Failures should cluster around what the reward leaves unspecified. The system may behave correctly
where constraints are explicit and diverge where judgment, context, or tacit expectations are
required.

Evidence against the mechanism would include stable performance across changing evaluations,

strong transfer from benchmark success to real-world success, reliable behavior outside the training
distribution, and correction by external outcomes that the system cannot manipulate.

Canonical Claim

Reward hacking is an instance of proxy substitution under optimization.

A complex human objective is compressed into a formal reward signal. The optimizer acts on that
signal because it has no direct access to the fuller intention behind it. As capability and optimization
pressure increase, the system discovers ways to improve the representation of success without
producing success itself.

The reward rises.

The evaluator reports progress.

The system becomes better at achieving what can be measured while becoming less aligned with
what was meant.
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