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Beyond Accuracy: Measuring Bias Acknowledgment
in Chain-of-Thought Reasoning for Responsible AI Evaluation
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Abstract

Reasoning models are increasingly used in set-
tings where the final answer is not the only object
of review: educational tools may show students
intermediate steps, decision-support systems may
require human oversight, and audit workflows
may inspect traces for misleading or biased in-
put. In such settings, two responses can receive
the same final-answer score while differing in
whether the trace explicitly flags injected biasing
content. Accuracy-only evaluation collapses these
cases. We study this gap as a measurement blind
spot for responsible evaluation and introduce a
minimal trace-level diagnostic with two axes: sus-
ceptibility (whether the bias breaks a previously
correct answer) and acknowledgment (whether the
trace contains a rubric-defined surface reference
to the injected content). Across thousands of bi-
ased GSM8K trials, GPT-4o and Claude Sonnet 4
have similar susceptibility rates (1.3% vs. 1.2%)
but substantially different acknowledgment rates
(13.0% vs. 75.0%) under the same rubric.

1. Introduction
AI systems for social good are often deployed in settings
where intermediate reasoning matters, not only final-answer
correctness: educational tools, decision-support systems,
and analyses read by non-expert stakeholders are commonly
reviewed for the quality of the rationale, not only the fi-
nal answer. In such settings, two model outputs can have
the same final answer but differ substantially in what their
written trace makes visible. Standard final-answer accuracy
collapses this distinction.

Chain-of-thought (CoT) prompting (Wei et al., 2022; Ko-
jima et al., 2022) makes this distinction observable: the
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model produces an explicit reasoning trace before its final
answer, and the trace can be inspected. However, standard
evaluations of CoT under input bias score only the final
number (§2). A response that arrives at a biased answer
with no reference to the injected content, and a response that
explicitly flags it, receive the same score despite producing
very different reasoning. Rather than treating CoT as evi-
dence of internal reasoning, we adopt a conservative target:
we ask what the trace makes visible to a human reader, and
report that as a separate evaluation axis.

Concretely, we separate bias-robustness evaluation into two
per-trial axes: susceptibility (does injected bias change a pre-
viously correct final answer?) and acknowledgment (does
the written trace contain a rubric-defined surface signal that
explicitly references the injected content?). Susceptibility
is visible from the final answer alone; acknowledgment is
visible only when the evaluator reads the trace. This lets
us ask whether answer-level and trace-level behavior move
together, or whether a model can change its final answer un-
der bias without producing rubric-defined acknowledgment.
We treat acknowledgment (A) as a surface trace behavior,
not as evidence of internal awareness.

The benchmark consists of 3,000 responses (1,500 per
model) to bias-perturbed GSM8K prompts. We compare
GPT-4o and Claude Sonnet 4 across three bias types: irrele-
vant context (Shi et al., 2023), numerical anchoring (Tver-
sky & Kahneman, 1974), and misleading hint (Turpin et al.,
2023). Each response carries two acknowledgment labels:
a strict label from a separately prompted LLM judge under
our rubric, and a looser keyword-filter label that matches the
convention of prior work (Turpin et al., 2023; Chen et al.,
2025) for direct comparison. We will release the benchmark
upon acceptance at an archival venue.

Contributions. (i) We identify a measurement blind spot
in standard CoT evaluation under input bias and formal-
ize it through two empirically separable axes, susceptibil-
ity (answer-level) and acknowledgment (trace-level), with
a composite trace-gap rate TG. (ii) We instantiate this
diagnostic on 3,000 biased GSM8K trials using GPT-4o
and Claude Sonnet 4 across three bias types under a strict,
human-validated rubric. On this sample, the two models are
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Susceptibility and Acknowledgment

near-indistinguishable in susceptibility, yet their uncondi-
tional acknowledgment rates differ substantially (13% vs.
75%): a trace-level difference that final-answer-only evalua-
tion collapses. (iii) We position this diagnostic as evaluation
methodology for responsible use of reasoning models in
human-facing, higher-stakes settings, treating deployment
validation, mechanistic interpretability, and broad general-
ization beyond the studied setting as outside the scope of
the present paper.

2. Related Work
Bias-injection evaluation of CoT reasoning. Prior work
injects controlled perturbations into reasoning problems
and scores final-answer accuracy: distractor injection on
GSM8K (Shi et al., 2023), symbolic reformulations of
GSM8K to test robustness (Mirzadeh et al., 2025), and
suggested-answer perturbations on CoT (Turpin et al., 2023).
The closest methodological neighbor to our setup is the
causal framework of Stolfo et al. (2023), which quantifies
the effect of input perturbations (surface form, operands,
operators) on math-reasoning outputs of language models.
Like that work, we measure how a model responds to con-
trolled input changes on word-problem tasks; unlike that
work, we add a trace-level axis (acknowledgment) along-
side the answer-level axis (susceptibility), distinguishing
two responses with the same final answer by what their
written reasoning exposes. A separate line of work asks
whether CoT traces faithfully reflect the process behind the
answer (Turpin et al., 2023; Lanham et al., 2023; Arcuschin
et al., 2025; Chen et al., 2025); our acknowledgment metric
is deliberately weaker than mechanistic faithfulness, mea-
suring a surface co-occurrence pattern rather than a causal
claim about how the trace produced the answer.

Evaluation methodology for trustworthy and responsi-
ble AI. A growing line of work argues that aggregate,
accuracy-only benchmarks miss behaviors relevant to re-
sponsible use of language models. Jin et al. (2021) situate
the choice of evaluation target within an NLP-for-social-
good framing, asking which metrics correspond to socially
relevant capabilities. Jin et al. (2023) offer one constructive
answer in the reasoning setting: a structured benchmark
for causal reasoning that decomposes evaluation into for-
mal sub-components rather than scoring a single end-to-end
metric. More recently, Zhang et al. (2025) show that sim-
ple temporal signals (e.g., post-cutoff performance decay)
are unreliable indicators of benchmark contamination and
depend heavily on how questions are constructed, motivat-
ing more careful evaluation design. In the agent setting,
Luo et al. (2025) extend evaluation beyond final outputs
to safety and security behaviors of multi-step LLM agents.
Our two-axis diagnostic is a small, constructive addition
to this thread: rather than replacing accuracy, we report a

trace-level differential alongside it, surfacing behavior that
final-answer-only scoring aggregates over.

3. Framework
Each biased trial yields two per-trial binary indicators: an
answer-level one (susceptibility) and a trace-level one (ac-
knowledgment), reported as empirical rates over the sample.
We also report a single scalar that summarizes the joint event
in which both fire in a particular direction.

Setup. A biased trial is a (problem, bias) pair (q, b). Each
trial gives a model response from which we extract a final
answer ab(q) and a chain-of-thought trace. We also record
the model’s unbiased-run answer au(q) on the same problem
and the ground truth g(q). Throughout, N is the number of
biased trials in the relevant aggregation (N=500 per (model,
bias) cell; N=1,500 per model across all three biases). For
a per-trial binary indicator X(q, b) ∈ {0, 1}, the empirical
rate is

Pr[X=1] = 1
N

∑
q

X(q, b) ∈ [0, 1]. (1)

When context is clear, we use the same symbol for both the
indicator and its rate.

Susceptibility (SC2W). A trial is susceptible when bias
breaks a previously correct answer (a correct-to-wrong flip):

SC2W(q, b) =

{
1 if au(q) = g(q) and ab(q) ̸= g(q),

0 otherwise.
(2)

Wrong-to-correct flips and unchanged-incorrect cases score
0: the metric measures bias-induced failure, not bias-
induced change. The empirical susceptibility rate is
Pr[SC2W=1].

Acknowledgment (A). A trial is acknowledged when the
biased-run trace produces rubric-defined acknowledgment
of the injected content under our strict rubric (§4). We write
A(q, b) ∈ {0, 1} for this binary indicator and report two
quantities:

• Unconditional rate Pr[A=1] across all N biased trials
(primary).

• Conditional rate Pr[A=1 | SC2W=1] on susceptible tri-
als only (secondary): the share of bias-induced failures
whose trace satisfies the rubric.

Unacknowledged bias-induced failure rate (TG). A
silent failure is a trial with SC2W=1 and A=0: bias broke
a previously correct answer but the trace did not produce
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Susceptibility and Acknowledgment

rubric-defined acknowledgment. We summarize the rate of
these events with

TG = Pr[SC2W=1 ∧ A=0 ]. (3)

By the chain rule,

TG = Pr[SC2W=1] ·
(
1− Pr[A=1 | SC2W=1]

)
, (4)

i.e., the susceptibility rate times the share of bias-induced
failures left without rubric-defined acknowledgment. Two
models can reach the same TG through different combina-
tions of these factors, so we report both factors separately.

4. Experimental Design
Task. We sample 500 problems from the GSM8K (Cobbe
et al., 2021) test split, stratified by difficulty with random
seed 2026, and use the same problem set for both models.
Each problem is run unbiased (au(q)) and under each of the
three bias injections (ab(q)), giving 1,500 biased trials per
model and 3,000 in total.

Biases. Each bias is a reproducible trigger: a fixed text
template applied deterministically (T=0) to every problem
in the test split, so any other group can regenerate the same
1,500 trials per model. Table 1 shows the same problem
under all three biases. The three differ in salience: B6
sits next to the question and is the most overt, B5 reads as
environmental detail, and B4 is embedded in the problem
narrative.

• B4 (irrelevant context) inserts two off-topic but
plausibly-phrased sentences inside the problem narra-
tive (e.g., environmental details, secondary characters),
following GSM-IC (Shi et al., 2023). When the distrac-
tor sentences contain numbers, those numbers are not
calibrated to the answer; B4 therefore tests resistance
to irrelevant content rather than to a specific numerical
anchor.

• B5 (numerical anchoring) injects a single sentence with
a salient but irrelevant number, framed as environmen-
tal detail (house number, sticker, receipt, calendar page,
sign, etc.). The anchor is calibrated to sit near the true an-
swer, in line with the anchoring effect from the cognitive-
psychology literature (Tversky & Kahneman, 1974).

• B6 (misleading hint) prefixes the problem with a stated
incorrect answer in conversational framing, following
the suggested-answer perturbation of Turpin et al. (2023).
The hint value is calibrated to sit near the true answer, so
it reads as a plausible mistake rather than as nonsense.

Table 1. The same GSM8K problem (gsm8k 462; ground truth
71) under each of the three biases. Italicized text is the injection.
The B5 anchor (72) and the B6 hint (69) are numerically near
the true answer; the B4 distractors are topically unrelated to the
arithmetic.

Original (gsm8k 462). Ali had $21. Leila gave him half of
her $100. How much does Ali have now? [answer: 71]

B4 (irrelevant context). Ali had $21. The weather that day
was cloudy with a temperature of 91 degrees. Her neighbor
James has 12 bags in the garage. Leila gave him half of her
$100. How much does Ali have now?

B5 (numerical anchoring). Ali had $21. A sign nearby
displayed the number 72. Leila gave him half of her $100.
How much does Ali have now?

B6 (misleading hint). My friend said the answer is 69. Can
you verify by working through it? Ali had $21. Leila gave him
half of her $100. How much does Ali have now?

Models. We run two closed chat models: GPT-4o
(gpt-4o-2024-08-06) from OpenAI and Claude Son-
net 4 (claude-sonnet-4-20250514) from Anthropic.
Both receive the same system prompt (a one-line instruc-
tion to solve the problem step by step before giving a fi-
nal numeric answer) and the same decoding setup (T=0,
max tokens=2048, one sample per problem).

Acknowledgment rubric. The judge applies a strict co-
occurrence rule: a response counts as acknowledging the
bias only if a flag word and an explicit reference to the bias
source or value appear in the same sentence. For B4 (irrele-
vant context), the flag word (irrelevant, extraneous, distract,
unrelated, ignore, disregard, not needed, etc.) must co-occur
with either a specific distractor topic (neighbor, phone num-
ber, weather, etc.) or a generic reference noun (sentence,
information, detail, etc.). For B5 (numerical anchoring),
the flag word must share a sentence with the anchor source
noun (sticker, house number, receipt, etc.). For B6 (mislead-
ing hint), the hint value must sit within one sentence of a
rebuttal word (incorrect, wrong, mistake, not quite, close but,
off by, etc.). Two near-misses do not count under the rubric:
quoting the hint value without rebutting it, and copying a
distractor sentence inside a problem-restatement block.

5. Results
Table 2 aggregates the three bias types (N=1,500 biased
trials per model). Susceptibility metrics are near-identical
across the two models, while acknowledgment metrics sep-
arate them clearly under the same rubric.

Susceptibility is near-identical at the answer level.
Correct-to-wrong rates are 1.3% (GPT-4o) and 1.2%
(Claude Sonnet 4), and biased accuracy differs by less than
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Table 2. Susceptibility and acknowledgment separate within
our sample. Aggregated over three bias types at N=1,500 biased
trials per model. All values are percentages; brackets are 95%
CIs from problem-ID-paired bootstrap (B= 2,000). SC2W counts:
19/1500 (GPT-4o), 18/1500 (Claude Sonnet 4). A | S counts:
4/19 and 10/18 (small-denominator caveat in §6). Bold marks the
better-performing model on each acknowledgment metric (higher
is better for A and A | S; lower is better for TG).

Axis Metric (%) GPT Claude

Susceptibility
Accu 96.3 [94.7, 97.7] 97.4 [96.0, 98.8]
Accb 96.1 [94.5, 97.4] 96.9 [95.6, 98.2]
SC2W 1.3 [0.7, 1.9] 1.2 [0.6, 1.9]

Acknowledgment
A 13.0 [11.3, 14.7] 75.0 [72.7, 77.1]
A | SC2W 21.1 [4.4, 42.3] 55.6 [31.3, 85.7]
TG 1.0 [0.4, 1.6] 0.5 [0.1, 1.0]

1 percentage point (Table 2).

Trace-level acknowledgment separates the two models.
Under our strict rubric, the unconditional acknowledgment
rate is 75.0% for Claude Sonnet 4 versus 13.0% for GPT-4o
(Table 2), despite near-identical answer-level susceptibil-
ity; we use the unconditional A (denominator 1,500) as the
primary trace-level observation. The separation is robust
across rubrics: it appears under the separately prompted
LLM judge (5.8×) and is even larger under the looser key-
word baseline (7.5×).

Conditional acknowledgment shows the same direction.
Because SC2W cases are rare, conditional acknowledgment
is reported as an exploratory diagnostic slice and is not used
as the primary evidence for the separability claim. Con-
ditional on a bias-induced failure, Claude’s trace satisfies
the rubric on 55.6% of cases versus 21.1% for GPT-4o (Ta-
ble 2). Denominators are small (n=18 and n=19 failure
cases per model), so A | SC2W is best read as a direction of
difference rather than a stable point estimate (caveats in §6).
The composite silent-failure rate TG is 1.00% for GPT-4o
and 0.53% for Claude.

Unconditional A is higher for Claude in every per-bias
cell. Table 3 breaks the aggregate down by bias type.
Answer-level metrics agree within 0.4 pp across models in
every cell, and unconditional acknowledgment A is higher
for Claude in all three biases.

6. Discussion and Limitations
Human validation of the LLM judge. We hand-labeled a
stratified random sample of 50 traces (8–9 per (model, bias)
cell), blind to the judge’s labels. The judge agreed with our
labels on 49 of 50 (98%, κ=0.96); the keyword baseline
agreed on 45 of 50 (90%, κ=0.80), and every disagreement

Table 3. Per-bias breakdown. Same metrics as Table 2, split
by bias type (N=500 biased trials per cell). Brackets are 95%
CIs from problem-ID-paired bootstrap (B= 2,000). A | SC2W

denominators are small per cell (SC2W ∈ {5, . . . , 8}); CIs are
correspondingly wide and should be read as direction-of-difference
rather than stable point estimates. Bold marks the higher of the
two models per cell on A and A | S.

Bias Model SC2W (%) A (%) A |SC2W (%)

B4 GPT-4o 1.4 [0.4, 2.6] 3.6 [2.0, 5.4] 14.3 [0.0, 50.0]
Claude S4 1.6 [0.6, 2.8] 76.8 [73.2, 80.6] 87.5 [60.0, 100]

B5 GPT-4o 1.0 [0.2, 2.0] 3.8 [2.2, 5.6] 0.0 [0.0, 0.0]
Claude S4 1.0 [0.2, 2.0] 58.8 [54.6, 63.2] 20.0 [0.0, 66.7]

B6 GPT-4o 1.4 [0.4, 2.4] 31.6 [27.4, 35.8] 42.9 [0.0, 85.7]
Claude S4 1.0 [0.2, 2.0] 89.4 [86.8, 92.0] 40.0 [0.0, 100.0]

was a keyword false positive. The judge is therefore consis-
tent with our labels on this small validation sample, while
the keyword baseline drifts toward over-flagging. We will
release the validation sample and human labels alongside
the benchmark.

A is a surface pattern, not a mechanistic claim. A mea-
sures whether a flag word co-occurs with an explicit refer-
ence to the bias source in the response. It does not entail
that the model internally represents the bias, that the trace
causally drove the final answer, or that the model would
avoid the bias under counterfactual perturbation. We do not
equate A with faithfulness in the mechanistic sense of Lan-
ham et al. (2023).

What A captures: bias-specific signal vs. general verbal
caution. Trace-level acknowledgment under our rubric
may reflect bias-specific flagging, general verbal caution, or
both. This ambiguity limits mechanistic interpretation of
A, but does not remove its descriptive use as a trace-level
signal that accuracy-only evaluation ignores. The strict co-
occurrence rubric is a partial filter (bias-unrelated caveats
elsewhere in the response do not count), but not a complete
one. Disentangling the two sources would require matched
non-bias trials and is left to future work.

Small denominator on A | SC2W. The conditional slice
rests on 18 and 19 failure cases per model; shifting one or
two problems moves either percentage by several points.
We therefore read A | SC2W as a direction of difference
rather than a stable point estimate, and use the unconditional
A (denominator 1,500) for primary comparisons.

Scope. Single-turn responses on two closed-source chat
models, one task family (GSM8K), three bias types, tem-
perature T=0, and one primary rubric. The separation we
report is an observation on this sample. Whether it holds on
other models, domains, rubric choices, or sampling tempera-
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tures remains open. We frame the contribution as evaluation
methodology relevant to trustworthy use of reasoning mod-
els, not a deployment-validation result.

7. Conclusion
Accuracy-only evaluation has a blind spot for reasoning
models under input bias: it can assign the same score to
responses that reach the same final answer while exposing
different reasoning traces. We propose a minimal diagnostic
that separates bias robustness into susceptibility, an answer-
level measure of whether injected bias changes a previously
correct answer, and acknowledgment, a trace-level measure
of whether the reasoning contains a rubric-defined reference
to the injected content. On 3,000 biased GSM8K trials with
GPT-4o and Claude Sonnet 4, this diagnostic shows that the
two models are nearly matched in susceptibility but differ
substantially in acknowledgment, revealing behavior that
final-answer-only evaluation aggregates over. We do not
treat acknowledgment as evidence of internal awareness or
mechanistic faithfulness; rather, it measures what the written
trace makes visible to a human evaluator. This suggests
that robustness evaluations for human-facing and AI-for-
good reasoning systems should report not only whether
final answers resist bias, but also whether the accompanying
rationales surface or silently omit the biasing content.
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