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Abstract

In machine learning (ML), a widespread claim is that the area under the precision-
recall curve (AUPRC) is a superior metric for model comparison to the area under
the receiver operating characteristic (AUROC) for tasks with class imbalance. This
paper refutes this notion on two fronts. First, we theoretically characterize the
behavior of AUROC and AUPRC in the presence of model mistakes, establishing
clearly that AUPRC is not generally superior in cases of class imbalance. We
further show that AUPRC can be a harmful metric as it can unduly favor model
improvements in subpopulations with more frequent positive labels, heightening
algorithmic disparities. Next, we empirically support our theory using experiments
on both semi-synthetic and real-world fairness datasets. Prompted by these insights,
we reviewed over 1.5 million scientific papers to understand the origin of this invalid
claim—finding it is often made without citation, misattributed to papers that do
not argue this point, and aggressively overgeneralized from source arguments.
Our findings represent a dual contribution: a significant technical advancement in
understanding the relationship between AUROC and AUPRC and a stark warning
about unchecked assumptions in the ML community.

1 Introduction

Machine learning (ML), especially in critical domains like healthcare, necessitates careful selection
and application of evaluation metrics to guide appropriate model choices and understand performance
nuances [150]. Model evaluation can happen in one of two settings: (1) a methodological/model
comparison setting, which occurs outside of a specific deployment setting and in which target model
usage workflows, optimal decision thresholds, or specific false-positive (FP) and false-negative (FN)
costs are typically not known, or (2) an application/deployment setting, where reasonably specific
estimates of model usage workflows and FP/FN costs can be made. In both settings, appropriate
metric choice is critical, as inappropriate selection can hinder innovation when used for model
comparison and lead to significant real-world costs (e.g., misdiagnosis in a medical setting) in
deployment settings.
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This study focuses on two widely used metrics for binary classification tasks across both evaluation
contexts: Area Under the Precision-Recall Curve (AUPRC) and Area Under the Receiver Operating
Characteristic (AUROC). Central to this paper is the following key claim:

Claim 1. Let f be a model which outputs continuous probabilistic predictions trained to solve a
binary classification task for which the prevalence of negative labels is significantly higher than the
prevalence of positive labels. For this problem, the AUPRC will yield a “better” or “more accurate’
or “fairer” evaluation of f than the AUROC.

il

Claim |l| is made widely in both the scientific literature [399, [71} [159, [124], in ML educational
content [119, [141]], and in popular press sources [80, 254]]. It is so widespread that even basic
search results for queries relating to AUROC and AUPRCP_-] and large language model assistants like
ChatGPT or Github Co-pilot will profess its veracityE] Throughout these sources, it has been justified
on numerous, often imprecise grounds (see Section E]) but despite this extensive attention, we show in
this work that this claim is, in fact, wrong, and may be dangerous from a model fairness perspective;
further, many of its justifications are invalid or misapplied in common ML settings. More specifically,
we show the following:

1) AUROC and AUPRC only differ with respect to model-dependent parameters in that AUROC
weighs all false positives equally, whereas AUPRC weighs false positives at a threshold 7 with
the inverse of the model’s likelihood of outputting any scores greater than 7 (Theorem|[I). This
result shows that we can reason about the suitability of AUROC vs. AUPRC based on whether we
care more about reducing false positives above low thresholds or high thresholds. In particular,

2) AUROC favors model improvements uniformly over all positive samples, whereas AUPRC
favors improvements for samples assigned higher scores over those assigned lower scores
(Theorem[2). This indicates that the key factor differentiating the utility of AUROC or AUPRC as an
evaluation metric is not class imbalance at all, but it is rather based on the target use case of the
model in question. See Figure[I]for a visual explanation. It also reveals that AUPRC can amplify
algorithmic biases. In particular,

3) AUPRC can unduly prioritize improvements to higher-prevalence subpopulations at the ex-
pense of lower-prevalence subpopulations, raising serious fairness concerns in any multi-population
use cases (Theorem [3).

In this work, we establish these three claims both theoretically and empirically via synthetic exper-
iments and real-world validation on popular public fairness datasets. In addition, we demonstrate
through an extensive, large-language model aided literature review of over 1.5 million scientific papers
that Claim[I] has been used to motivate numerous improper uses of AUPRC relative to AUROC across
high-stakes domains like healthcare and in several established venues, including AAAI, NeurIPS,
ICML, ICLR, Cancer Cell, Nature Journals, PNAS, and more. Through this paper, we hope to shed
light on the nuances of appropriate evaluation and provide key guidance to limit future misuse of
evaluation metrics in the scientific and machine learning communities.

2 Theoretical Analyses
Please note that all notation used is defined in Appendix Section|C]

2.1 Relationship between AUROC and AUPRC

In this section, we introduce Theorem[I] which is as follows:

Theorem 1. Let X,) = {0, 1} represent a paired feature and binary classification label space from
which i.i.d. samples (z,y) € X x ) are drawn via the joint distribution over the random variables
x,y. Let f : X — (0,1) be a binary classification model outputting continuous probability scores
over this space. Then,

AUROC(f) = 1 — By jyjyms [FPR(f, )]

FPR(f,t)

AUPRC =1-P(y=0Frrioly=1 | ="~
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'See https://archive.is/qXPKu, which shows results dominated by those making Claim
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Figure 1: a) Consider a model f yielding continuous output scores for a binary classification task applied to a
dataset consisting of two distinct subpopulations, .A € {0, 1}. If we order samples in ascending order of output
score, each misordered pair of samples (e.g., mistake 1-4) represents an opportunity for model improvement.
Theorem [2] shows that a model’s AUROC will improve by the same amount no matter which mistake you
fix, while the model’s AUPRC will improve by an amount correlated with the score of the sample. b) When
comparing models absent a specific deployment scenario, we have no reason to value improving one mistake
over another, and model evaluation metrics should therefore improve equally regardless of which mistake is
corrected. ¢) When false negatives have a high cost relative to false positives, evaluation metrics should favor
mistakes that have lower scores, regardless of any class imbalance. d) When limited resources will be distributed
among a population according to model score, in a manner that requires certain subpopulations to all be offered
commensurate possible benefit from the intervention for ethical reasons, evaluation metrics should prioritize the
importance of within-group, high-score mistakes such that the highest risk members of all subgroups receive
interventions. e) When false positives are expensive relative to false negatives and there are no fairness concerns,
evaluation metrics should favor model improvements in decreasing order with score.




We provide the proof in Appendix Section[D] The two key intuitions are that integrating over the TPR
is equivalent to taking the expectation over the induced distribution of positive sample scores, and

that via Bayes rule, Prec(f,7) =1— B,(y = O)%.

Despite its simplicity, Theorem [I] has far-reaching implications. Namely, it reveals that the only
difference between AUROC and AUPRC with respect to model dependent parameters (i.e., omitting
the dependence of AUPRC on the fixed prevalence of the dataset, which is not model varying) is that
optimizing AUROC equates to minimizing the expected false positive rate over all positive samples
in an unweighted manner (equivalently, in expectation over the distribution of positive sample scores)
whereas optimizing AUPRC equates to minimizing the expected false positive rate over all positive
samples weighted by the inverse of the model’s “firing rate” (P(f(x) > 7)) at the given positive
sample score. This preference can be crystallized when we examine how AUROC vs. AUPRC would
prioritize correcting indivisible units of model improvements, termed “mistakes” which we will
discuss next.

2.2 AUPRC prioritizes high-score mistakes, AUROC treats all mistakes equally

Understanding how a given evaluation metric prioritizes correcting various kinds of model mistakes
or errors offers significant insight into when that metric should be used for optimization or model
selection. To examine this topic for AUROC and AUPRC, consider the following definition of an
“incorrectly ranked adjacent pair”, which we will colloquially refer to as a “model mistake™:

Definition 2.1. Let f, X, Y, x,y be defined as in Theorem[I] Further, let us suppose we have sampled
a static dataset from x, y for evaluation which will be denoted X,y = {(z1,11),. .., (zn,yn)}, for
x; € X,y; € {0,1}, and N € N. We assume for convenience that f is an injective map and all x;
are distinct (i.e., ¥(4, j)|i # j : x; # x; which, by injectivity of f, implies that f(z;) # f(x;)).

We say that (x;, z;) are an incorrectly ranked adjacent pair and thus that the model makes a “mistake”
at samples (x;, ;) if:

1. yizlandyj =0
2. f(wi) < f(z)
3. fwy such that f(z;) < f(zx) < f(x;).

Essentially, Definition [2.1] states that a mistake occurs when a model assigns adjacent probability
scores to a pair of samples with discordant labels, as shown in Figure[I] With this in mind, we can
then introduce Theorem [2] which states that AUROC improves by a constant amount regardless of
which mistake is corrected for a given model and dataset whereas AUPRC improves more when the
mistake corrected occurs at a higher score than when it occurs at a lower score:

Theorem 2. Define f, X, X,y and N as in Definition[2.1] Further, suppose without loss of generality
that the dataset X is ordered such that f(z;) < f(z;41) for all i. Then, let us define M =
{i|(x4, zi41) 18 an incorrectly ranked adjacent pair for model f}. Define f/ to be a model that is
identical to f except that the probabilities assigned to z; and z; 1 are swapped:

f(z) ifo ¢ {z;, i1}
f{l‘l—> flipr) ifz=uw;
f(xl) ifz = Tit1-

Then, AUROC(f]) = AUROC(f;) for all i,j € M, and AUPRC(f]) < AUPRC(f;) for all
1,7 € M such that < j.

The proof for Theorem [2]can be found in Appendix [E| This proof simply stems from the fact that
correcting a single mistake (z;, z;) (as defined in Deﬁnition always changes the false positive
rate by the same amount, and only changes it at the threshold f(z;). This, combined with the
formalization of AUROC and AUPRC in Theorem [I] establishes the proof. Note that this Theorem
can be trivially extended to include a case where ties are possible simply by noting that “swapping”
two samples x; and ; where f(x;) = f(z;) in the manner of the theorem results in no change to
either AUROC or AUPRC, and similarly by the same reasoning separating any tie in the appropriate
direction will improve AUROC uniformly over samples and will improve AUPRC in a manner
monotonic with model score.



2.3 AUPRC is explicitly discriminatory in favor of high-scoring subpopulations

The reliance on a model’s firing rate revealed in Theorem [I] and the optimization behavior in
Theoremreveals significant issues with the fairness of AUPRC. In particular, in this section we
introduce Theorem [3

Theorem 3. Let f, X, X y, N, M, and f]’- all be defined as in Theorem Further, suppose that in
this setting the domain X now contains an attribute defining two subgroups, A = {0, 1}, such that
for any sample (z;,y;), a; denotes the subgroup to which that sample belongs. Let f be perfectly
calibrated for samples in subgroup a = 0, such that P, ,(y = 1la = 0, f(x) =t) = t. Then,

lim Pla;=a;41=1
P,ja(y=1]a=0)—0 Lo

i = arg max (AUPRC(f;))) =1
jeM

Essentially, Theorem [3| (proof provided in Appendix [F) shows the following. Suppose we are training
amodel f over a dataset with two subpopulations: Population a = 0 and a = 1. If the model f is
calibrated and the rate at which y = 1 for population a = 0 is sufficiently low relative to the rate at
which y = 1 for population a = 1, then the mistake that, were it fixed, would maximally improve
the AUPRC of f will be a mistake purely in population ¢ = 1. This demonstrates that AUPRC
provably favors higher prevalence subpopulations (those with a higher base rate at which y = 1)
under sufficiently severe prevalence imbalance between subpopulations.

Note that this property is, generally speaking, not desirable. In particular, this property establishes
that in settings where model fairness among a set of subpopulations in the data is important, AUPRC
should not be used as an evaluation metric due to the risk that it will introduce biases in favor of
the highest prevalence subpopulations. We validate this result empirically over both synthetic and
real-world data in Section [3] demonstrating that the import of Theorem [3]is not merely limited to an
analytical curiosity but can have real-world impact on algorithmic disparities in practice. Furthermore,
note that this theorem does not indicate that AUPRC will be superior to AUROC for differentiating a
low prevalence (or low risk) subpopulation relative to a high-risk subpopulation, a property that is
sometimes attributed to AUPRC in the literature. Rather, Theorem 3]shows that maximizing AUPRC
will be more likely to optimize solely within the high-risk subgroup, rather than optimizing to
differentiate across subgroups, as low-risk subgroup samples will predominantly occur in lower-score
regions under severe class imbalance.

3 Experimental Validation

In this section, we establish via synthetic and real-world experiments that Theorem [3]is not merely an
analytical effect but has real world consequences on the implications of optimizing or performing
model selection via AUPRC.

3.1 Synthetic optimization experiments demonstrate AUPRC-induced disparities

In this section, we use a carefully constructed synthetic optimization procedure to demonstrate that,
when all other factors are equal, optimizing by or performing model selection on the basis of AUPRC
vs. AUROC risks excacerbating algorithmic disparities in the manner predicted by Theorem 3} For
analyses under more realistic conditions with more standard models, see our real-world experiments
in Section[3.21

Experimental Setup. Lety € {0,1} be the binary label, s € [0, 1] be the predicted score, and
a € {1, 2} be the subpopulation. We fix P,,(y = 1|a = 1) = 0.05 and P,,(y = 1|a = 2) = 0.01.
We sample a dataset for each group D, = {(s1,¥1); s (Sny, Yn, )}, such that AUROC(D;) =~
AUROC(D3) =~ AUROC(D; U Ds) = 0.85 (See Appendix A target AUROC of 0.65 was also
profiled in Appendix Figure[3).

Our main experimental challenge is to determine how to simulate “optimizing” or “selecting” a
model by AUROC or AUPRC. Simulating optimizing by these metrics allows us to explicitly assess
how the use of either AUPRC or AUROC as an evaluation metric in model selection processes
such as hyperparameter tuning or architecture search, can translate into model-induced inequities in
dangerous ways. We explore two approaches here. First, we can simply correct the atomic mistake



that maximally improves AUROC or AUPRC in each optimization iteration. In our experiments, we
use n; = ny = 200 and optimize for 50 steps for this experiment. This is the most straightforward
optimization procedure to analyze, but it is unrealistic. In real optimization scenarios, larger model
changes will be made at once, and a model will have an opportunity to degrade performance in some
regions in order to improve it in others.

Next, we profile an optimization procedure that randomly permutes all the (sorted) model scores up
to 3 positions (See Appendix [G.3|for details). This has the effect of randomly adjusting all model
scores, and can worsen model performance under some random permutations, but offers precisely
the same “optimization capacity” to the low and high prevalence subgroups. To ensure the model is
under some optimization constraint (and therefore does not always find the “perfect” permutation
to maximize both metrics identically), we allow the model to sample only 15 possible permutations
before choosing the best option. This means the system will be forced to navigate optimization
trade-offs between which permutations improve the right regions of the score most effectively among
its limited set. We use n; = ny = 100 for these experiments and optimize for 25 total steps.

a) Mistakes Fixed by AUROC b) Mistakes Fixed by AUPRC
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Figure 2: Synthetic experiment per-group AUROC, showing a confidence interval spanning the 5th to
95th percentile of results observed across all seeds, after successively either fixing individual mistakes,
as defined in Deﬁnition@ (a) and b)) or successively choosing the optimal score permutation (c)
and d)) in order to optimize either AUROC (a) and c)) or AUPRC (b) and d)). It is clear across both
forms of optimization that AUPRC definitively favors the higher prevalence subpopulation, whereas
AUROC treats subgroups approximately equally. Similar patterns were observed when comparing
per-group AUPRC:s over the same experimental procedures, as shown in Appendix Figure E}

Across both settings, we run these experiments across 20 randomly sampled datasets and show
the mean and an empirical 90% confidence interval around the mean in Figure [2] We present a
formal mathematical formulation of these perturbations, as well as profile a third random perturbation
method, in Appendix|[G.3]

Results. Our results demonstrate the impact of the optimization metric on subpopulation dispar-
ity. In particular, in Figure [2| we observe a notable disparity introduced when optimizing under
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Figure 3: Difference in the Spearman’s p between the test-set signed AUROC gap versus the validation
set overall AUPRC, and the AUROC gap versus the overall AUROC. Numbers in parentheses are the
prevalence ratios between the two groups for the particular attribute, and datasets are sorted by this
quantity. Error bars are 95% confidence intervals from 20 different random data splits.

the AUPRC metric regardless of the optimization procedure. This is evident in the performance
metrics across the high and low prevalence subpopulations, which exhibit significant divergence as
the optimization process favors the group with higher prevalence. In the more realistic, random-
permutation optimization procedure (Figure[2d), this even results in a decrease in the AUROC for the
low prevalence subgroup. In comparison, when optimizing for overall AUROC, the AUROCsS of both
groups increase together. Note that we show the effect of this optimization on the AUPRC metric,
which shows very similar trends, in Appendix Figure ] These results demonstrate explicitly that
not only does optimizing for AUPRC differ greatly than for AUROC, as has been noted historically
by researchers developing explicit AUPRC optimization schemes [409]], but it in fact does so in an
explicitly discriminatory way in realistic scenarios.

3.2 Real-world experimental validation

To demonstrate the generalizability of our findings to the real world, we evaluate fairness gaps induced
by AUROC and AUPRC selection on four common datasets in the fairness literature [441, 99} 205]].

Datasets. We use the following four tabular binary classification datasets: adult [17], compas
[14], 1sac [413], and mimic [[178]. In each dataset, we consider both sex and race as sensitive
attributes. To mimic the setting of our theorems, we balance each dataset by the sensitive attribute
during both training and test, by randomly subsampling the majority group. Further details about
each dataset, as well as preprocessing steps, can be found in Appendix [H]

Experimental setup. We train XGBoost models [65] on each dataset. For each task, we iterate
over a grid of per-group weights in order to create a diverse set of models that favor different groups.
For each setting of task and per-group weight, we conduct a random hyperparameter search [37] with
50 runs. Though more complex hyperparameter search methods such as BOHB [100] or TPE [36]
might lead to better performance, random searches are far more popular and practical, and have been
used in popular benchmarking libraries [[131}[337].

We evaluate the validation set overall AUROC and AUPRC. We also evaluate the test set AUROC
gap and AUPRC gap between groups, where gaps are defined as the value of the metric for the
higher prevalence group minus the value for the lower prevalence group. Based on our theorems, our
hypothesis is that overall AUPRC should be more positively correlated with the signed AUROC gap
than overall AUROC, indicating that it better favors the higher prevalence group, especially when the
prevalence ratio between groups is high. To test this hypothesis, we evaluate the Spearman correlation
coefficient between these quantities. We repeat this experiment 20 times, with different random data
splits, to obtain a 95% confidence interval.

Results. In Figure[3] we plot the difference in the Spearman correlation coefficient of the AUROC
gap versus the overall AUPRC, and AUROC gap versus overall AUROC. We observe mixed results in
datasets with low prevalence ratio. In dataset with higher prevalence ratio, we find that overall AUPRC



is more positively correlated with the AUROC gap than overall AUROC, indicating that AUPRC more
aggressively favors the higher prevalence group. We emphasize that the prevalence ratios observed in
these real-world datasets is much lower than the ratio of 5 used in our synthetic experiments, which
may account for the mild effect observed. To see raw results from these experiments, see Appendix
Figure[7] Similar results for neural network classifiers can be found in Appendix Section [H.3]

Next, in Appendix Figure 8] we plot the difference in the Spearman’s p from Figure [3] versus
the prevalence gap. We find that there is a statistically significant correlation between the two
(Spearman’s p = 0.905, p = 0.002). Thus, while our power to detect a prevalence mediated AUPRC
bias amplification effect is limited due to the limited prevalence disparities in these datasets, we
nonetheless observe a strong positive correlation between the extent of the prevalence mismatch
between the low and high prevalence group and the amount that AUPRC favors the high prevalence
group over AUROC. In other words, our results show that across these fairness datasets and attributes,
as the prevalence disparity grows more extreme, we observe a statistically significant corresponding
increase in the extent to which AUPRC introduces algorithmic bias, exactly in accordance with what
Theorem[3| suggests.

4 When Should One Use AUPRC vs. AUROC?

In Sections2]and[3] we have shown that AUPRC is not universally superior in cases of class imbalance
(and that instead, it merely preferentially optimizes high-score regions over low-score regions) and
that it also poses serious risks to the model fairness in settings where subgroup prevalences differ. In
light of this, how should we revise Claimﬂ] to reflect when we actually should use AUPRC instead of
AUROC or vice versa? Below, we explore this question and provide practical guidance on metric
selection for binary classification, building on our theoretical results and highlight specific contexts
in which one may be favorable (Figure[I). Note that while we provide guidance below on situations
in which AUROC vs. AUPRC is more or less favorable, this is not to suggest that authors should
not report both metrics, or even larger sets of metrics or more nuanced analyses such as ROC or PR
curves; rather this section is intended to offer guidance on what metrics should be seen as more or
less appropriate for use in things like model selection, hyperparameter tuning, or being highlighted as
the ‘critical’ metric in a given problem scenario.

For context-independent model evaluation, use AUROC: For model evaluations conducted
outside of specific deployment contexts, where the differential costs of errors are undefined, the
necessity for a metric that impartially values improvements across the entire model output space
becomes paramount (Figure [Th). As it is not known in advance where samples of interest will
live in the output space, nor are particular cost ratios known, there should be no preference for
mistake correction. Therefore, in this setting, AUROC is favorable as it uniformly accounts for every
correction, offering a fair assessment irrespective of decision thresholds.

For deployment scenarios with elevated false negative costs, use AUROC: In applications where
the consequences of false negatives are especially high, such as in the early screening for critical
illnesses like cancer (Figure[Tk), a primary goal of the model will be to achieve the fewest missed
cancer cases; equating to prioritizing model recall. In such a scenario, the most important mistakes
to correct occur at lower score thresholds, as high-score mistakes will not change which positive
samples are missed in deployment settings (as chosen thresholds are likely to be low). This behavior
is the inverse of what AUPRC prioritizes, demonstrating that in such situations, AUROC should be
preferred over AUPRC.

For ethical resource distribution among diverse populations, use AUROC: When faced with the
challenge of ethically allocating scarce resources across a broad population, necessitating equitable
benefit distribution among subgroups (Figure [Id), one must avoid prioritizing model improvements
that selectively favor one subpopulation. As AUPRC will target high-score regions selectively, it risks
unduely favoring high-prevalence subpopulations, as shown in Theorem [3|and Figures [2]and[3] Even
though in this resource distribution problem, high-score regions are selectively important compared to
low-score regions, the fact that in this problem, we must prioritize across all subpopulations equally
means that AUPRC’s global preference is untenable as it could induce bias.



For reducing false positives in high-cost, single-group intervention prioritization or information
retrieval settings, use AUPRC: In scenarios where the cost associated with false positives signifi-
cantly outweighs that of false negatives, absent of equity concerns—such as in selecting candidate
molecules from a fragment library for drug development trials, where only the most promising
molecules will proceed to costly experimental validation (Figure [Te)—the metric of choice should
facilitate a reduction in high-score false positives. This necessitates a focus on correcting high-score
errors, for which AUROC might not be ideal due to its uniform treatment of errors across the score
spectrum, potentially obscuring improvements in critical high-stake decisions.

5 Literature Review: Examining how Claim [1]| Became so Widespread

Claim 1| states that “AUPRC is better than AUROC in cases of class imbalance” and is widespread in
the literature. Via both a manual literature search and an automated search of over 1.5M arXiv papers
(see Appendixfor methodology), we observed 424 publications making this claimE] This widespread
disemmination of Claim [T)has a significant impact on the validity of scientific discourse. We observed
examples of high-profile papers operating in medically critical settings where high-recall is a key
priority evaluating ML systems via AUPRC due to their task’s underlying class imbalance [399];
papers focusing on fairness critical applications relying on AUPRC due to this claim, even while our
results demonstrate AUPRC has major problems in the fairness regime [366/ 306], and numerous
other papers perpetuating this source of scientific misinformation.

Among the 424 papers we discovered referencing this claim, 167 did so with no associated citation.
These papers were published in a wide range of venues, including high profile venues such as NeurIPS,
ICML, and ICLR. This reflects not only the widespread belief in this claim, but also that we may be
too comfortable making seemingly “correct” assertions without appropriate attribution in ML today.
Further, Among the 257 that reference this claim and cite a source for this assertion, 135 do not cite
any papers that actually make this claim in the first place. Most often, papers erroneously attribute
this claim to [83]], which was cited as a source for this claim 144 times. While [83] makes many
interesting, meaningful claims about the ROC and PR curves, and does argue that the precision-recall
curve may be more informative than the ROC in cases of class imbalance it never asserts that the area
under the PR curve should be preferred over the area under the ROC in cases of class imbalance.
This distinction is important, because while curves can be used to simultaneously communicate many
different performance statistics to their viewers across different FPR/TPR or Precision/Recall criteria,
and therefore should be assessed primarily as communication tools to deployment experts, areas
under these curves are single-point summarizations which are primarily used for deployment-agnostic
model comparison, which is a very different use case.

Even when appropriate papers are cited, the valid settings in which AUPRC should be preferred (see
Section [] for examples) are often over-shadowed by significant over-generalizations to preferring
AUPRC in all settings featuring class imbalance. For example, claims such as that “precision-recall
curves are more informative of deployment metrics” are often used to justify why AUPRC should be
used in all cases of class imbalance, rather than just in cases where the relevant deployment metrics
are most directly associated with the PR curve. Another class of arguments made in favor of Claim T]
is rooted in claims that AUROC is poor in cases of class imbalance because its scores are misleadingly
high. While this argument can reflect a meaningful limitation of the communication value of the ROC
or the AUROC, comments about singleton metric results (rather than model comparison through
metric values) are inherently orthogonal to the goal of model evaluation. In other words, what matters
for model evaluation is not how high a given metric is, but rather the extent to which the metric
meaningfully captures the right improvements in the model in the right ways. The widespread nature
of Claim[T] has also led researchers astray when exploring new optimization procedures for AUPRC,
by advocating for the importance of AUPRC when processing skewed data, even in domains such as
medical diagnoses that often have high false negative costs relative to false positive costs [409]. For a
more extensive breakdown of the arguments we observed in the literature and the sources making
them, see Appendix Tables[2]and

3Note that throughout this section, full citations for all of the larger lists of papers we reference will be
relegated to Appendix Sectionmfor concision.



6 Limitations and Future Works

There are still a number of areas for further improvement and future work. Firstly, our theoretical
findings can be refined and generalized to, e.g., take into account the difficulty of the target task
(which may differ between subgroups), not require models to be calibrated (in the case of Theorem 3),
or specifically take into account more than 2 subpopulations for more nuanced comparisons beyond
what can be inferred through pairwise comparisons between subpopulations, where our results
would naturally apply. Further, extending our real-world experiments to more fairness datasets and
identifying more nuanced ways to probe the impact of metric choice on disparity measures would
significantly strengthen this work. These analyses can also be extended to consider other metrics, such
as the area under the precision-recall-gain curve [104], the area under the net benefit curve [384,307],
and single-threshold, deployment centric metrics as well. In addition, one of the largest limitations of
Theorem [3]is its restrictive assumptions, in particular the requirement of perfect calibration. A ripe
area of future work is thus to investigate how we can soften our analyses for models with imperfect
calibration or to determine whether or not our results imply anything about the viability or safety of
post-hoc calibration of models optimized either through AUPRC or AUROC.

7 Conclusion

This study interrogates the pervasive assumption within the ML community that AUPRC is a better
evaluation metric than AUROC in class-imbalanced settings. Our empirical analyses and literature
review reveal several concrete findings that challenge this notion. In particular, we show that while
optimizing for AUROC equates to minimizing the model’s FPR in an unbiased manner over positive
sample scores, optimizing for AUPRC equates to minimizing the FPR specifically for regions
where the model outputs higher scores relative to lower scores. Further, we show both theoretically
and empirically over synthetic and real-world fairness datasets that AUPRC can be an explicitly
discriminatory metric through favoring higher-prevalence subgroups.

In summary, our research advocates for a more thoughtful and context-aware approach to selecting
evaluation metrics in machine learning. This paradigm shift, favoring a balanced and conscientious
approach to metric selection, is essential in advancing the field towards developing not only technically
sound, but also equitable and just models.
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A Broader Impact and Ethical Considerations

This research paper challenges the conventional wisdom regarding the superiority of the AUPRC
over AUROC in binary classification tasks with class imbalance and has several ethical implications
and impacts.

Our analysis reveals that the preference for AUPRC in certain ML applications may not be empirically
justified and could inadvertently amplify algorithmic biases. This calls for a re-examination of
prevalent metrics within ML, especially in high-stakes domains like healthcare, finance, and criminal
justice where biased models can have profound societal repercussions. The tendency of AUPRC to
disproportionately favor models with higher prevalence of positive labels could exacerbate existing
disparities, underscoring the ethical need for rigorous validation and scrutiny of evaluation metrics.

Additionally, our use of large language models for literature analysis demonstrates a novel approach
in scrutinizing and re-evaluating long-standing assumptions in ML. This method could set a precedent
for more comprehensive and robust scientific investigations in the field, fostering a culture of empirical
rigor and ethical awareness.

The ethical dimension of our work lies in the spotlight it casts on metric selection in ML model
evaluation. The potential of metrics like AUPRC to skew model performance favoring certain groups
raises pressing concerns about fairness in algorithmic decision-making. This is particularly critical
when algorithms influence key decisions affecting individuals and communities.

While we use the COMPAS dataset for recividism prediction in this work, we recognize the many
societal issues with automated predictions of recidivism [93]. We utilize this dataset as it is a
commonly used dataset in the fairness literature, but do not advocate for deployment of these models
in any way.

Our study contributes to the technical discourse on metric behaviors in ML and serves as a cautionary
tale against uncritically embracing established norms. It underscores the imperative for careful metric
selection aligned with ethical principles and fairness objectives in ML, highlighting the far-reaching
consequences of these choices in shaping societal outcomes and advancing the field of ML.

B Code Availability

All code is available at https://github. com/hzhang0/auc_bias and https://github.com/
Lassehhansen/ArxivMLClaimSearch.

C Notation

Let X,V = 0,1 represent a paired feature and binary classification label space from which i.i.d.
samples (z,y) € X x ) are drawn via the joint distribution over the random variables x,y. Let
fo : X — (0,1) be a binary classification model parametrized by 8 € R? for some d € N outputting
continuous probability scores over this space.

We define random variable s = fg(x) to be the distribution of scores output by the model over input
samples. Throughout the paper, @ may be omitted if it is clear from context. We will occasionally
also use the notation s and s_ to reflect the conditional distributions of model outputs conditioned
on the label being 1 or 0, respectively:


https://github.com/hzhang0/auc_bias
https://github.com/Lassehhansen/ArxivMLClaimSearch
https://github.com/Lassehhansen/ArxivMLClaimSearch

Let Np be the number of data points with a positive label and Ny the number with a negative label.
Further, given a threshold 7, define

TPg(7) = |{z; € X|p\ > 7,9: = 1}
FNo(7) = [{m: € X|pz('9) <1y =1}

TNo(7) = |{z: € X|p\? < 7,y = 0}

TPg(7)
TPe(7) + FNg(7)
= By=1(f(z) > 1)
= s\yzl(s > T)
=P(sy > 1)

_ FPg(7)
FPg(7) + TNg(7)
= Pyy=o(f(z) > 1)
= Pyy—o(s > 1)
=P(s_>1)
_ TPg(7)
TPQ(T) + FPg(T)
= Proo>r(y=1)
= y\s>7’(y = 1)

)
)
)

FPy(r) = [{z: € X|p\” > 7,y; = 0}
)
)

FPRg(7)

Prece(7)

Lastly, recall

1 FP
AUROCy = / TPRgd dR"
0

dr
1
= / TPRgdFPRg
0

1
=1 —/ FPRedTPRg
0

dTPRg

d
dr T

1
AUPRCQZ/ Precg
0

1
= / PrecgdTPRy
0

D Proof of Theorem 1]

Recall that all notation is defined formally in Appendix [C]

Here, we prove Theoremm which states

Theorem 1. Let X, = {0, 1} represent a paired feature and binary classification label space from
which i.i.d. samples (z,y) € X x ) are drawn via the joint distribution over the random variables
x,y. Let f : X — (0,1) be a binary classification model outputting continuous probability scores
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over this space. Then,

AUROC(f) =1 — Eyfxly=1 [FPR(f, 1)]

AUPRC(f) =1 — P,(y = 0)Epwsoly=1 [ FPR(f,t) ]

P(f(z) > 1)
Proof. Recall that AUROC and AUPRC are as follows:

1 1
AUROC = / TPRAFPR =1 — / FPR dTPR
0 0

1
AUPRC :/ Prec dTPR
0

However, we can further clarify these by leveraging the fact that TPR(7) = P, (s1 > 7) =
le s4(t)dt, as below:

So, AUROC =1 — E, [FPR] & AUPRC = Es, [Prec]. To further simplify, we expand Prec via
Bayes rule:
Prec =1 — Pyjs~-(y = 0)
Py(y=0)
Py(s>T)

=1- Ps|y:0(8 > T)
N —

FPR(7)

Thus,
AUROC(f) = 1 — Eyns, [FPR(f,1)]
=1—Eippoly=1 [FPR(f,1)]
AUPRC(f) = E4s, [Prec(f,t)]
1= Bl = 0B, | ]
FPR(f, ¢
=1- Py =0)Ei (=1 |:p(f($()f>)t)]
as desired. -

Synthetic validation of Theorem|I]can also be found in our public code. Note that this formulation
of AUPRC reflects earlier, different formulations of AUPRC, such as those found in the AUPRC
optimization literature [409].
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E Proof of Theorem 2

Here, we prove Theorem 2] which states

Theorem 2. Define f, X, X,y and N as in Definition[2.1] Further, suppose without loss of generality
that the dataset X is ordered such that f(z;) < f(z;41) for all i. Then, let us define M =
{i|(x;, xs41) is an incorrectly ranked adjacent pair for model f}. Define f/ to be a model that is
identical to f except that the probabilities assigned to z; and x;, are swapped:

f(z) if v ¢ {z; xip1}
fz/x'_> flaigr) ifz =
f(xl) ife = LTit1-

Then, AUROC(f]) = AUROC(f) for all i,j € M, and AUPRC(f]) < AUPRC(f}) for all
1,7 € M such thati < j.

Proof. Suppose f has a given, non-empty set M of atomic mistakes, such that, without loss of
generality, (x;, z;41) € M. Suppose we construct a new model f’ with empirical distributions p/,
and p”_ by replicating the scores assigned by the model f with x; and x;; swapped (i.e., we correct
the mistake (x;, 2;41), 80 z; = 2541 and x} | = ;).

For which thresholds drawn from the original distribution p will the number of false positives of
/! differ from the number of false positives of f at that same threshold? For any threshold 7 < z;,
fixing the mistake (x;, 2;41) will not change the number of false positives with threshold 7, because
both z; and z;,; are above 7. For any threshold 7 > x,, 1, the number will likewise not change as
both x; and x;4; are below 7. The only 7 that will have an impact is 7 = x; (recall that this is for an
empirical distribution p4 which contains x; and by the definition of atomic mistakes, there are no
samples in f with scores between z; and x;1). In f, the fact that z; .1 > x; yet has a negative label
means that there will be one false positive corresponding to sample ¢ + 1 greater than x; in addition
to all those that exist with scores greater than z;, 1. For f’, however, the samples have swapped, so
xj > xj,, and thus there is no false positive corresponding to sample i + 1 at the positive score
threshold corresponding to x. Therefore, the number of false positives will only change to decrease
by one for the threshold x; when the mistake (x;, x;11) is corrected.

As AUROC weights the false positive rate at all positive samples equally and the false positive rate is
proportional to the number of false positives, this shows that AUROC will improve by a constant
amount no matter which atomic mistake is fixed. In contrast, as AUPRC weights false positives
inversely by the model’s firing rate, it will improve by an amount that is directly linearly correlated
with the inverse of the model’s firing rate, implying that it favors mistakes with higher scores and
disfavors mistakes with lower scores.

Note that as we use strict inequalities in our definition of the decision rule underlying the FPR
here, a pair of scores that are tied but have different labels will not induce a false positive at the
corresponding positively labeled sample’s threshold, so separating such ties will have no impact on
AUROC whatsoever. It would similarly not impact AUPRC as neither the FPR nor the model firing
rate will decrease when the negative sample within the tie is perturbed to be strictly below the positive
sample. O

Synthetic empirical validation of Theorem 2] can also be found in our public code.

F Proof of Theorem

In this section, we formally prove Theorem[2] We begin by establishing Lemma [T] and

Lemma 1. Let a model [ be perfectly calibrated and yield score distributions for positive and
t P(y=0)
T B =1 P~ (t)

negative samples from probability density functions py and p_. Then p,(t) =
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Proof. As this model is calibrated perfectly, we have that

p+(t) = Pyy=1(s = t)
B Py\s:t(y = 1)ps(t)

By=1)
_Bly=1p:(t) + By = 0)p_(?)
Py=1)
= tp(t) +t iE ;(1); _(b).
Thus, py (1) = 145 2 EZ (Bp (t) as desired. O

Lemma 2. Let a model | be perfectly calibrated and yield score distributions for positive and
negative samples from probability density functions p4 and p_, with overall distribution given by

p(t) = Py = D)p4(t) + R,y = 0)p_(t). Then for all 7 € (0,1), FR(f,7) < BL=1,

Proof. By definition, we have

1
R(f,7) = / P,y = Dp+(t) + P,y = 0)p_(t)dt

= / By =1p(t) + By = 1)¥p+(t)dt

1
1
=Ry = 1)/ ¥P+(t)dt7
where step two leverages the fact that f is perfectly calibrated and the result in Lemmal[I]
Ast > 7,1 <L Then,asp,(t) >0, f 1p4(t)dt < 1f p(t)dt. Fmally,asf0 py(t)dt =1,
we see that f p+ t)dt < 1. Therefore,

R(fr) = Rly=1) [ jpe(0)

O

Theorem 3. Let f, X, X ,y, N, M, and fj’» all be defined as in Theorem Further, suppose that in
this setting the domain X now contains an attribute defining two subgroups, A = {0, 1}, such that
for any sample (z;,y;), a; denotes the subgroup to which that sample belongs. Let f be perfectly
calibrated for samples in subgroup a = 0, such that P, ,(y = 1la = 0, f(x) = t) = t. Then,

lim P (a7 =a;41 =1
Py‘a(y:1|a:0)~>0

i = argmax (AUPRC(f} ))> =1.
jeEM

Proof. Given Theorem [2| the atomic mistake that would, upon correction, result in the largest
improvement to AUPRC is the mistake which occurs at maximal score (as this minimizes the firing
rate, which is the denominator in the weighting term for AUPRC). Suppose that at threshold 7, the
probability that a mistake will occur above score 7 in subgroup 1 with N samples drawn is at least
d € (0,1]. As the parameters for subgroup 1 are fixed as we vary the prevalence for subgroup 2, 7
can be seen as a constant with respect to the limit we are taking.

But, by Lemma [2| and by the fact that f is perfectly calibrated for subgroup 2, we know that the
probability that f will output a score for sample 2 regardless of its label that exceeds 7 is upper

(2)
bounded by pyT In the limit as p}(,z) tends to zero, the probability that any probabilities will be

observed at our greater than 7 from subgroup 2 likewise tends to zero.
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This means that while the probability that we observe a mistake from subgroup 1 stays fixed at
at least § > 0, the probability that we could observe any mistake that involves any sample from

subgroup 2 (either a cross-group mistake or a purely subgroup 2 mistake) tends to zero, establishing
the claim. O
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G Details for Synthetic Experiments

G.1 Sampling a random model with a given AUROC

A key component of our synthetic experiments is the ability to sample a set of model scores and
labels randomly that will have a target AUROC. To do this, we use the following procedure (which
may or may not be previously known; we derived it from scratch for this work, but make no claim
about its novelty). Let /V be the number of points we are sampling overall, and [V be the number of
positive points being sampled (which is dictated by the user given prevalence).

1. Uniformly sample a random collection of positive-label sample scores between zero and
one.

2. Between each (ascending) model positive score indexed from 1 pgf) and pSfH), we can

count the number of positive samples that have scores less than any value in this window
(¢) and the number that have scores greater than any value in this window (which will be
Ny —9).

3. As the target AUROC is the probability that a randomly sampled negative will be ranked
more highly than a randomly sampled positive, we can leverage the number of less-than
positive scores % and greater than positive scores /N, — 7 to compute the probability that
a randomly sampled negative score will live in the window (pgf), pSﬁH)) via the binomial
distribution.

4. Now, to sample a random negative, we simply first sample a random window (p(i) , p$+1))
with the probabilities assigned above, then uniformly sample a value p_ within that window.
We can repeat this process to the target number of negative samples N — N to form our
final set of scores.

5. If desired, the output scores can further be scaled to have expectation given by the dataset’s
prevalence or can be adjusted via a calibration method to be calibrated given the assigned la-
bels. Both procedures can be done without affecting the AUROC. Note that as any calibrated
model will have expected probability given by the label’s prevalence (See Appendix [G.2)),
the former condition is strictly weaker than the latter.

The procedure outlined above guarantees that, in expectation, the AUROC of the generated set
of scores and labels will be precisely the target AUROC. However, if you apply this procedure
indpendently across different sample subpopulations, this guarantee can only be applied on each
subpopulation individually, and not necessarily on the overall population due to the unspecified xAUC
term. However, in practice, for the experiments we ran here, that impact neither meaningfully impacts
our experiments nor were the joint AUROC:s sufficiently different from the target AUROC to warrant
a more complex methodology.

G.2 Calibration includes prevalence matching

Let p be a random variable describing the probabilities (not scores) output by the model over the
input distribution defined by the data generative function. If a model is calibrated, this means that
Pyj5(y = 1|p = q) = q — that the probability that the label for a given point is 1 is given precisely
by the models output probability for that sample. With that in mind, we have:

Ep[q] = Ep [Pylp(y =1lp= Q)]
= /O Pyp(y = 1p = q)pp(q)dq
= /O P, o(y=1,p=q)dq
=R (y=1)

G.3 Details on optimization procedures

MI1. Adding Random Noise. We sample a vector ¢ € R", where each element is uniformly
drawn from [—4,]. We compute the selection metric for S’ = S + e. We repeat this
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M2.

Ms3.

procedure 100 times, and return the S’ that achieves the maximum value for the selection
metric. We vary the maximum magnitude of the perturbation ¢ € [0,0.1] in a grid. Results
for this setting are shown in Figure [§]

We note that this approach is subtly biased in favor of the lower-prevalence group. In
particular, because scores for the low-prevalence group tend to be “squished” into a smaller
region of the probability space, a random perturbation of fixed magnitude will proportionally
induce more score permutations in the low-prevalence group than the high-prevalence group,
which affords the system greater capacity to improve the model for the low-prevalence group
independent of the choice of AUROC or AUPRC.

Sequentially Fixing Atomic Mistakes. We sequentially correct atomic mistakes, as de-
fined in Figure [T} At each step, we first discover the set of all atomic mistakes A/. To
maximize AUROC, we randomly select a pair (5;,.5;) € M, and swap their scores in
S, ie. S, = Sj,Sg = S;. To maximize AUPRC, we swap the scores for the pair
(Si, 8;) = argmax s, ;e ;. We repeat this process for 50 steps, with each one sequen-
tially fixing another atomic mistake in S. Results for this setting are shown in Figures 4|

and[4al

Sequentially Permuting Nearby Scores. We first sort .S and Y such that S is in ascending
order. We apply a random permutation to .S by re-indexing it using a random ordering, but
such that scores are not shuffled too far from their original index. Let o be the ordered
sequence (1,2,...,n). Define ) to be the set of all permutations of &, such that for all
w € Q, |w; — o] < yforie€ {1,..,n}. Ateach step, we sample w € Q with y = 3
twenty times, where each w corresponds to a new candidate ordering of .S. We compute the
selection metric for each of the twenty orderings, and return S’ to be the score permutation
that achieves the maximum value for the selection metric. We repeat this procedure for
25 steps, setting S at each step to be the S’ output from the previous step. Results for this
setting are shown in Figures[dd|and

47



AUROC: Overall AUROC: Per Group

£ o0ss
3
§ oss/ /
8
& 084
S
<
082
0 10 20 30 40 0 10 20 30 40
Step Step
Low-pr
AUPRC: Overall AUPRC: Per Group — High-p
e Overal
D 08 e
2
<
L o4
%)
4
o
2 02 d—’//
0 10 20 30 40 0 10 20 30 40
Step Step

(a) Fixing individual mistakes to optimize overall
AUROC

AUROC: Overall AUROC: Per Group

1

£ o095
)
2
8 09
23
8 oss
4
2 os
0.75
4 5 10 15 2 0 5 10 15 20
Step Step
Low-pr
AUPRC: Overall AUPRC: Per Group — High-p

Overal

AUPRC (5%-95%)
s o

Step Step

(c) Randomly permuting scores to optimize overall
AUROC

AUROC: Overall AUROC: Per Group

°
®

AUROC (5%-95%)

°
8

0 10 20 30 40 0 10 20 30 40

Step Step

Low-prevalence Group
—— High-prevalence Group

AUPRC: Overall AUPRC: Per Group

» SRR

Overall

AUPRC (5%-95%)

e —

0 10 20 30 40 0 10 20 30 40
Step Step

(b) Fixing individual mistakes to optimize overall AUPRC

AUROC: Overall AUROC: Per Group

T __commmmet <’/;:,—:
o
2
L 08
Qo
Q
o
£
2 06

) 5 10 15 20 o 5 10 15 20

Step Step
Low-prevalence Group
AUPRC: Overall AUPRC: Per Group — High-prevalence Group

1 = Overall
g
&
2
< //_/_
L g5,
)
@
a
=]
= __,_/-—/\/_-/v_'—

0

0 5 10 15 20 0 5 0 15 20

Step Step

(d) Randomly permuting scores to optimize overall
AUPRC

Figure 4: Comparison of the impact of optimizing for overall AUROC and overall AUPRC on the
per-group AUROC and AUPRC:s of two groups in a synthetic setting, using both the sequentially
fixing individual mistakes optimization procedure (M2; top) and the sequentially permuting nearby
scores optimization procedure (M3; bortom) described in Section[3.I] Note that the prevalence of ¥’
in the high-prevalence group and the low-prevalence group are 0.05 and 0.01 respectively.
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Figure 5: Comparison of the impact of optimizing for overall AUROC and overall AUPRC on the
per-group AUROC and AUPRCs of two groups in a synthetic setting where the initial AUROC
was set to 0.65 rather than 0.85, using both the sequentially fixing individual mistakes optimization
procedure (M2; top) and the sequentially permuting nearby scores optimization procedure (M3;
bottom) described in Section[3.1] Note that the prevalence of Y in the high-prevalence group and the
low-prevalence group are 0.05 and 0.01 respectively.
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Figure 6: Comparison of the impact of optimizing for overall AUROC and overall AUPRC on the
per-group AUROC and AUPRCs of two groups in a synthetic setting, using the adding random noise
optimization procedure (M1) described in Section[3.1} Note that the prevalence of Y in G and G+

are 0.05 and 0.01 respectively.
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H Additional Details on Real World Experiments

H.1 Dataset Details

We use the following four datasets. In all datasets, we use sex and race as protected attributes.

e adult [17)]: The UCI Adult dataset, where the goal is to predict whether an individual’s
income is > $50%k.

* compas [14]: The task to predict two-year recidivism. We only select samples belonging to
“African-American” and “Caucasian”, leading to a binary race variable.

* 1sac [413]]: The task is to predict whether a law school applicant will pass the bar. We only
select samples belonging to White and Black applicants.

* mimic [[178]: We use the in-hospital mortality task proposed by [138]], where the goal is to
predict whether a patient will die in the ICU given labs and vitals from the first 48 hours of
their hospital stay. We only select samples belonging to White and Black patients.

In each dataset, we balance the groups by subsampling the majority group. We then split each dataset
into 50% training, 25% validation, 25% test sets, stratified by the group. Dataset statistics can be
found in Table [Tl

Table 1: Dataset statistics for the four binary classification datasets used in this study. Note that n
refers to the number of samples after balancing by the corresponding attribute. Here, “Prevalence
(Higher)” refers to the rate at which the prediction label y = 1 for the subpopulation with a higher
such rate, and “Prevalence (Lower)” refers to the same rate but over the subpopulation of the dataset
with a lower rate of y = 1.

Dataset Attribute n #Features Prevalence (Higher) Prevalence (Lower)
adult Sex 20,394 12 30.1% 10.7%
adult Race 6,248 12 24.6% 12.2%
compas  Sex 2,438 6 52.0% 39.4%
compas Race 4,908 6 55.4% 42.3%
lsac Sex 15,906 8 96.0% 95.0%
lsac Race 2,396 8 96.5% 77.2%
mimic Sex 15,632 49 12.5% 11.9%
mimic Race 4,030 49 13.9% 9.3%

H.2 Hyperparameter Grid

We use the following hyperparameter grid for our experiments:

max depth: {1, 2, ..., 9}

learning rate: [0,01, 0.3]

number of estimators: [50, 1000]

min child weight: {1, 2, ..., 9}

use protected attribute as input feature: {yes, no}

group weight of higher prevalence group: {1, 2, 3, 4, 5, 10, 15, 20, 25, 50}

H.3 Additional Results

All raw AUC results can be found in the code repository for these experiments, at https://github,
com/hzhang0/auc_bias. Additionally, summarized results in different views can be found in

Figures[7]and
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Figure 7: Spearman’s p between the test-set signed AUROC gap versus the validation set overall
AUPRC, and the AUROC gap versus the overall AUROC. Numbers in parentheses are the prevalence
ratios between the two groups for the particular attribute, and datasets are sorted by this quantity.
Error bars are 95% confidence intervals from 20 different random data splits.
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Figure 8: Correlation between the prevalence ratio, and the difference between the Spearman’s p of
the AUROC gap versus AUROC and the AUROC gap versus AUPRC. Each point represents a dataset
and attribute combination. This correlation itself has a Spearman’s p of 0.905 (p = 0.002).

I Literature Review Methodology

I.1 Paper Acquisition

The initial phase of our comprehensive literature search involved the acquisition of datasets from both
the ArXiv preprint server (through the RedPajama dataset on Hugging Face), as well as from a subset
of years of NeurIPS, ICML, ICLR, ACL, and CVPR conference proceedings (all scraped manually).
The ArXiv dataset, approximately 93.8 GB in size, encompassed over 1.5 million texts in JSONL
format. For NeurIPS, we developed a script to scrape conference papers from 1987 to 2019 (9680
texts), aiming to enrich our search. Other venues contributed fewer papers to our assessment process.

1.2 Keyword-Driven Filtering Process

1. Keyword List Development: We developed two distinct keyword lists to systematically
identify papers relevant to our research on AUROC (Area Under the Receiver Operating
Characteristic) and AUPRC (Area Under the Precision-Recall Curve) in our initial screening
phase. The keyword lists can be accessed here for AUPRC|and here for AUROC,

2. Automated Script-Based Search: Python scripts were employed to traverse the Arxiv and
NeurIPS datasets. These scripts detected occurrences of our predefined keywords, allowing
efficient parsing of a vast number of texts from both sources.

3. Dual Mention Selection Criterion: We focused on papers discussing both AUROC and
AUPRC. This criterion ensured the relevance of the papers to our research question. Through
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this process, we narrowed the pool from 16,022 texts (containing either set of keywords) to
8,244 texts mentioning both in the Arxiv dataset. In the NeurIPS dataset, out of 9,680 texts
reviewed, 78 were found to contain keywords from AUPRC and AUROC.

L3 Al-Assisted Screening and Refinement

1. Preliminary Analysis with GPT-3.5: We utilized OpenAI’s GPT-3.5 model for an initial
round of Al-assisted analysis for the arXiv dataset. This model identified and extracted
papers making explicit claims regarding the comparative effectiveness of AUPRC over
AUROC in scenarios of class imbalance, reducing our dataset from Arxiv to 2,728 papers.

2. Further Refinement Using GPT-4.0 Turbo: To refine our dataset further, we employed
the GPT-4.0 Turbo model. Out of the 2,728 papers scrutinized from Arxiv using this model,
201 were found to be relevant. For NeurIPS, our focused search with GPT-4 resulted in
identifying 2 papers of particular relevance to our thesis from the initial set that contained
keywords related to both AUPRC and AUROC.

1.4 Manual Review

* Shared Document for Collaborative Analysis: We compiled all pertinent papers, along
with their respective Arxiv IDs and the claims identified by GPT-4.0 Turbo, into a shared
Google document for team review. Claims made in papers were found manually, and the
specific quote of the claim they made was highlighted along with whether or not they had a
citation for this claim.

L4.1 Final Papers

After manual review, we identified 424 papers that make or reference some version of the claim that
“AUPRC is better than AUROC in cases of class imbalance.” (78[212)@28 176l 223 229) 318 [393) 308 G50 07 4 217,
35114171 2611282 701 3991 (1691 3431 [153] (148 3611 2811 2191 2061 2041 [21 3501 [156] (1341 (425 2] [TT5] 257 4291 3531 [2791 851 424 [137) 258) [367) (10} 4541 511 2751
(1401 [208) 438 3561 (791 521 4441 901 2521 [TT1) 2961 (325 2931 312) 3211387 13581 411 3971 541 [1391 13691 [711 [T801 [30T1 1741 [3631 241 [861 [491 253 27013901 3291 3331 348
[2381 2331161 1241 (4481 3591 236] 2431 3351 210} 581 3171 2841 211 [1921 [121 3791 274 2021 4131 3771 3731 2711 182 1931 3761 2421 [1831 1881 2761 3221 3951 327) 2391 3381
[3T91 149 2881 408} (1361 [128] 46l [1631 1321 28] [207) 4111302 412 227} [T01) 2211 1451 3281 277) (2341 [731 [60) 4181 921 201 [T98) [1031 [27) A 10! [T5T1 174 291 287 [T1L
(304 347 [T611 (2831 437 3411 3661 51 2251 (3341 [4231 297, [471 3241 [147) 3711 381 3231 [531 T84 (3441 [378 [1621 394 414 [T06) [TT01 4261 3461 [T301 2641 K321 [T791 4401
[T9T1 /04 [T891 13621 13161 2201 [175] 4211 [391 [T88] [T91 0TI 389 4191 (3091 2241 [1091 931 [197) (67 31} (2441 [1351 35T1 1331 [3521 021 [631 405 1231 811 13051 13961 [3301 2661
[3031 294 431 [621 13641 2951 [T681 [T81 [1631 [TT4 1891 661 2501 2481 2781 [131 301 251 4161 341 (398 (1991 841 [561 13811 1761 351 2691 29T (404 228] 185 24711 453 2111 1601
(15112091 [1731 4201 [326) 12861 (64} 2731 [91 12991 [3821 [139] 4421 961 13721 2011 [30 4461 3861 4031 [127 196} [691 [1551 1751 13601 2311 2351 [3101 267} 2551 3451 13491 [171) 126
(1901 4521 (3421 (57 1821 [59) 455 (4391 1231 3831 (1121 [59) 357} 531 [1421 (2141 2031 3741 3141 [T701 [87 (1871 3001 3551 12621 17) 2601 268 2801 [T 441 298] 2631 1201 2491 011
14221 [436) [181 108 1131 [176] 2831 [245] 4331 [158] 2181 [122] 3131 [1721 3801 1365 (1541 [3851 2501 13881 247 216 [67) 98 368 [177 1641 2891 3201 321 [186] [4001 (16l 2371 421
4311157 3751 2721 4061 2591 3131 [T17) (7711521 [3061 434 [721 [T66) 392 44 [2321 (146 [TT8) [T07) [6T1 (1291 [501 [143] 427 [T44) 3701 3111336 4471
(10512631 2561 2151 [1251 (167} 240 (2261 [195] 481 [1941 200 31 213 354} [340) 43] 141} [102) 3321 511 4431 [331 (€8] -

Those papers that reference this claim without citation include (78212 #28) 116 8 223 B07) B 217 2611 70 169 343 153
2191206 204! 21 3501 1561 1341 221 [TT51 2571 B531 2791 851 4241 [258] (3671 [T0) (454 2571 2751 (1401 3561 (791 521 14441 [901 2521 [TT11 2961 2931 3211 3581 411 54 [T591 369
7111801 3011 [741 3631 241 861 2531 12701 13901 3291 3331 [3481 [2331 16 [124) [448) [3591 12361 2431 335 2101 2841 [211 [121 379 2741 2021 [4151 377} 3731 2711 /82 [3761 2421
(183118813221 3931 2391 3381 1491 2881 4081 1361 1281 K6l [T63] 28] A12) [T0T) (328 (731 1601 201 [T031 [T5T1 29} 287} [T11 3041 [T6.1) 2851 3411 5] 423 324 3711 [531 (1841 3441
[162] 4141 [1101[346] 2641 (1791 (1911 [0 [1891 13621 3161 [1751 [188] 15} 3891|4191 [1091 (93] [3511 133 231 3961 13031 431 3641 [1681 [165] (1141 2501 [248| 4301 1231 14161 341 398
(1991 1561 761 351 12691 2911 041 [228] 2411 4531 2111 [1601 [T51 2201 2861 91 2991 (1391 4421 96 (3721 [301 [1961 1691 1751 360! 2311 2351 267 (171 [T90) 342} [57) 4391 3831 [T12)
3913571 2141 3141 [87) 1873001 2621 [7) 260} 280 4] [1201 2491 /511 [18) [108] (113} [176] 2831 245 (1221 [172] 3801 [154] 3851 290) 2161 [67) [164 2891 [186] [400) [16] 421 4311
(157137511771 306} [T661 4491 2301 2321 [T46) [TT8] [T07) (611 (3701 3111 3361 4471 [T03) 263 2561 (1251 2401 31 3541 (3401 451 [T41) [1021 [3321 443]

Those that do so while citing only other papers that themselves never reference or argue Claim ]
include {28 219202 (350) 156 734 22165 2511 273 [356) 791 52 ) 90) [358) T} 1591 3691 741 86 (2701 3331 6) (122 (359 243 [210) 284 12} 379 4151 3771
[3731 3951 2391 [1361 [128) 3281 731 [201 (103 291 [T11 304 2851 51 [162) (141 2641 [T911 944 [T891 [T73] 4191 1331 3031 (3641 [T631 2501 251 (4161 13981 351 228] 2411 14531 2111
[160! 151 28611391 961 37211301 691 751 3601 2311 2351 [171) (112 [591 357} 3141 [262] (71 441 [120) [18} [113] 1761 [283] [122] [1721 154 [3851 290 2161 289 43 11 [157) 3751 2301
(1461 [TT81 1071 (6T [3TT1 3361 131 451 [T411 332]

All papers identified, manual screening results, and extracted quotes will be made available upon
publication.

53



Claim

References

Commentary

Precision-recall curves or other associated
metrics may more appropriately reflect de-
ployment objectives than the receiver op-
erating characteristic.

AUPRC does not depend on the number of
true-negatives, so will be less optimistic
than the AUROC

AUPRC will often be significantly lower,
farther from optimality, and/or will grow
more non-linearly as model performance
improves than AUROC for low-prevalence
tasks

AUPRC depends on prevalence, which is
a desirable property

AUPRC better captures differentiating a
positive sample with high score from a
“hard” negative sample (“hard” meaning
one also with high score)

AUROC is otherwise “optimistic” in low-
prevalence settings

AUPRC focues more on the positive (mi-

nority) class

AUROC can not appropriately detect mod-
els with poor recall

7812121 428) 2791 831 1371 [Gh

2121 4281 2571 790

[78) @) 17 261) [70l [T34) 425] 25T} [363)
[448] 236] [3351 [58) [317) [12) 202

‘While this claim is true, the informativeness of the PR curve for
target deployment metrics is not sufficient to conclude that the
AUPRC is superior to the AUROC in all cases of class imbalance.
Despite this, it is often taken to assert this more general claim
without caveat.

As shown in Theoremm AUROC and AUPRC can both be naturally
expressed as a function of the expectation of the model’s false
positive rate. More generally, lack of dependence on one quadrant
among the mutually dependent four quadrants of a confusion matrix
is not an informative property for the AUROC and AUPRC metrics.
Metric utility for model comparison depends on how appropriately
it prioritizes model improvements, and is therefore less about the
raw magnitude of the metric and more about the situations in which
the order of a set of models will differ under one metric vs. another.
One could easily make AUROC yield smaller values or grow more
quickly near optimality by simply exponentiating it, but this would
not yield a better metric.

This statement is too vague to be formally evaluated; whether or not
this dependence on prevalence is desirable depends on the context.
For model comparison in general, we argue it is not desirable in this
form as it induces the biases inhere in AUPRC previously discussed.
‘While this claim is true by Theorem it is not clear why this
would be desired in general; this implicitly favors comparing “hard”
negatives against “easy” positives as opposed to “easy” negatives
against “hard” positives.

This claim is underspecified, and un-true. AUROC always means
the same thing, probabilistically, and that meaning independent
from class imbalance.

This is unfounded; both AUROC and AUPRC are weighted expec-
tations over the model’s false positive rate—AUPRC cares more
about samples in regions of low firing rate, not explicitly about
positive or minority samples.

This claim is unfounded; the AUROC clearly depends on the
model’s recall. Besides, if recall is the measure of interest, then that
should be measured explicitly.

Table 2: Various arguments and our responses to them present on a subset of papers for this claim in
the literature.

L5 Code Availability

All code pertaining to the literature review search can be found in the following GitHub repository:
https://github.com/Lassehhansen/ArxivMLClaimSearch

54


https://github.com/Lassehhansen/ArxivMLClaimSearch

Claim

References

Valid?

Commentary

Precision-recall curves or
other associated metrics
may more appropriately re-
flect deployment objectives
than the receiver operating
characteristic.

AUPRC does not depend
on the number of true neg-
atives, so will be less opti-
mistic than the AUROC

(78} 1212} 339} 1435, 140% 292,
3311145112221 1428]

212, [121.179]

‘While this claim is true, the informativeness
of the PR curve for target deployment metrics
is insufficient to conclude that the AUPRC is
superior to the AUROC in all cases of class
imbalance. Despite this, it is often taken to
assert this more general claim without caveat.
As shown in Theorem [[] AUROC and
AUPRC can both be naturally expressed as
a function of the expectation of the model’s
false positive rate. More generally, the lack
of dependence on one quadrant among the
mutually dependent four quadrants of a con-
fusion matrix is not an informative property
for the AUROC and AUPRC metrics.

AUPRC will often be signif-  [212} 1435, 121, 254} 331} v Metric utility for model comparison depends
icantly lower, farther from 45111222} 1428| [79]] on how appropriately it prioritizes model im-
optimality, and/or will grow provements. Therefore, it is less about the
more non-linearly as model raw magnitude of the metric and more about
performance improves than the situations in which the order of a set of
AUROC for low-prevalence models will differ under one metric vs. an-
tasks other. One could easily make AUROC yield
smaller values or grow more quickly near op-
timality by simply exponentiating it, but this
would not yield a better metric.
AUPRC depends on preva-  [339,1121},435] This statement is too vague to be formally
lence, which is a desirable evaluated; whether or not this dependence
property on prevalence is desirable depends on the
context. For model comparison in general,
we argue it is not desirable in this form as
it induces the biases in AUPRC previously
discussed.
AUPRC better captures dif-  [331] v While this claim is true by Theorem[2] it is

ferentiating a positive sam-
ple with high score from
a “hard” negative sample
(“hard” meaning one also
with high score)

not clear why this would be desired in gen-
eral; this implicitly favors comparing “hard”
negatives against “easy” positives as opposed
to “easy” negatives against “hard” positives.

Table 3: Various arguments and our responses to them present on a subset of papers for this claim in
the literature.
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NeurlIPS Paper Checklist

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?

Answer: [Yes]
Justification: The claims made in the abstract reflect this paper’s contributions and scope.
Guidelines:

e The answer NA means that the abstract and introduction do not include the claims
made in the paper.

* The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: We discuss limitations and future work in Section
Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

* The authors are encouraged to create a separate "Limitations" section in their paper.

The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

* The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory Assumptions and Proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [Yes]
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Justification: The requisite assumptions and associated proofs for all theorems are provided
in full technical detail in the appendix.

Guidelines:

The answer NA means that the paper does not include theoretical results.

All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

All assumptions should be clearly stated or referenced in the statement of any theorems.

The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

Theorems and Lemmas that the proof relies upon should be properly referenced.

4. Experimental Result Reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: We describe the experiments completely and fully release our code. All
datasets used are either synthetic and reproducible in the code itself or publicly available.

Guidelines:

The answer NA means that the paper does not include experiments.

If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.

If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.

Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

While NeurIPS does not require releasing code, the conference does require all submis-
sions to provide some reasonable avenue for reproducibility, which may depend on the
nature of the contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code
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Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?

Answer: [Yes]

Justification: As stated above, all data used is either synthetic and fully reproducible or
publicly available.

Guidelines:

» The answer NA means that paper does not include experiments requiring code.

* Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

* The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

* Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.

6. Experimental Setting/Details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [NA]

Justification: While we do have some model training results to assess metrics (and for
such results all training and test details are fully described in this paper and the full set of
parameters and code is publicly released), this study is not actually a modelling study, but
rather a study of machine learning metrics, so our main contribution is not a modeling result
that is directly dependent on released test/split/hyperparameter details.

Guidelines:

* The answer NA means that the paper does not include experiments.
* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.

7. Experiment Statistical Significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer: [Yes]

Justification: We perform appropriate statistical significance tests and report them in this
work.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.
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8.

10.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).

¢ It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

* If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.

Experiments Compute Resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]

Justification: Our synthetic experiments can be replicated in a colab notebook with the
provided Jupyter notebook file, and the real data experiments are adequately described with
released code.

Guidelines:

» The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute
than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

. Code Of Ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines]?

Answer: [Yes]
Justification: We conform with the code of ethics.
Guidelines:

* The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).

Broader Impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]

Justification: Our work is about correcting a major misunderstanding in the ML community
regarding a widely used evaluation metric, and the potential fairness implications of this
misunderstanding. In that sense, our entire work is clearly about the potential societal
impacts of this misunderstanding, and how it should be corrected. We also clearly discuss
the limitations of our work in Section [6]
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11.

12.

Guidelines:

* The answer NA means that there is no societal impact of the work performed.

* If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.

* The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [NA]
Justification: We do not release new data or models in this work.
Guidelines:

* The answer NA means that the paper poses no such risks.

* Released models that have a high risk for misuse or dual-use should be released with
necessary safeguards to allow for controlled use of the model, for example by requiring
that users adhere to usage guidelines or restrictions to access the model or implementing
safety filters.

* Datasets that have been scraped from the Internet could pose safety risks. The authors
should describe how they avoided releasing unsafe images.

* We recognize that providing effective safeguards is challenging, and many papers do
not require this, but we encourage authors to take this into account and make a best
faith effort.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [NA]
Justification: Only public datasets, appropriately cited, are used in this work.
Guidelines:

» The answer NA means that the paper does not use existing assets.
* The authors should cite the original paper that produced the code package or dataset.

* The authors should state which version of the asset is used and, if possible, include a
URL.

* The name of the license (e.g., CC-BY 4.0) should be included for each asset.
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13.

14.

15.

* For scraped data from a particular source (e.g., website), the copyright and terms of
service of that source should be provided.

o If assets are released, the license, copyright information, and terms of use in the
package should be provided. For popular datasets, paperswithcode.com/datasets
has curated licenses for some datasets. Their licensing guide can help determine the
license of a dataset.

* For existing datasets that are re-packaged, both the original license and the license of
the derived asset (if it has changed) should be provided.

* If this information is not available online, the authors are encouraged to reach out to
the asset’s creators.
New Assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [NA]
Justification: No new assets are released in this work.
Guidelines:

» The answer NA means that the paper does not release new assets.

* Researchers should communicate the details of the dataset/code/model as part of their
submissions via structured templates. This includes details about training, license,
limitations, etc.

* The paper should discuss whether and how consent was obtained from people whose
asset is used.

* At submission time, remember to anonymize your assets (if applicable). You can either
create an anonymized URL or include an anonymized zip file.

Crowdsourcing and Research with Human Subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA]

Justification: No crowdsourcing experiments were done in this work, nor was any research
with human subjects done. The manual annotation of reviewed papers in this work was
solely performed by authors of this work.

Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.

* Including this information in the supplemental material is fine, but if the main contribu-
tion of the paper involves human subjects, then as much detail as possible should be
included in the main paper.

* According to the NeurIPS Code of Ethics, workers involved in data collection, curation,
or other labor should be paid at least the minimum wage in the country of the data
collector.

Institutional Review Board (IRB) Approvals or Equivalent for Research with Human
Subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
Justification: No human subjects research was performed in this work.
Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.
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paperswithcode.com/datasets

* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
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