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ABSTRACT

The field of natural language processing (NLP) has been dramatically impacted by the creation
and proliferation of large language models that are pretrained on Internet-scale text data. These
models have led to significant improvements on a myriad of NLP tasks. However, as the capabil-
ities of these models drive up performance on existing task benchmarks, there is a critical need
for evaluation metrics that are up-to-date with current models. In this dissertation, we develop
NLP evaluation methodologies that benchmark and leverage pretrained language models. We
first present two multi-task benchmarks for evaluating the generalization ability of NLP models
and discuss the role of these benchmarks in the development of large language models. Next,
we demonstrate that we can leverage the capabilities of pretrained language models to develop
new automatic evaluation metrics that better measure the semantics of model-generated text.
Specifically, we make use of the question answering abilities of pretrained models to evaluate the
faithfulness of automatically generated summaries. Finally, we explore methods for crowdsourc-
ing high-quality and challenging text generation data to address issues of data quality that have
been surfaced by the ability of language models to replicate noise in benchmark datasets. Overall,
we show that the rise of pretrained language models presents both challenges and opportunities
in how we evaluate NLP systems, and that incorporating these very models into our evaluation

methodologies offers a promising path forward.
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1 INTRODUCTION

In standard supervised machine learning problems, we are provided with a dataset on which we
train a model and another heldout dataset drawn from the same distribution as the training on
which we evaluate the quality of the learned model. However, in natural language processing
(NLP), where the task inputs and/or outputs are text, there has been increased interest in models
that can be applied to arbitrary NLP tasks, not only the ones that match the distribution of the
training data the model was trained on. Because these tasks all involve human language to some
degree, the hope is that a model with some understanding of language can transfer that under-
standing across tasks. This hope has given rise to pretrained language models, colossal machine
learning models that are trained on language modeling objectives with hundreds of billions of
tokens and that generalize extremely well to downstream NLP tasks. The rapid development and
proliferation of pretrained language models has had a profound impact across a variety of long-
standing NLP tasks, such as text classification and question answering [Devlin et al. 2019; Radford
et al. 2018; Lewis et al. 2020; Raffel et al. 2020, i.a.], and also quickly led to the development of
surprising new capabilities, such as writing code [Austin et al. 2021] and solving math problems
[Hendrycks et al. 2021].

The progress brought about by pretrained language models opens up a host of opportunities
for the way we evaluate NLP systems. Pretrained language models have driven rapid progress on
longstanding benchmark datasets for a variety of tasks, saturating them and limiting their utility.

To continue to be able to accurately measure the capabilities of these models, we must develop



new methods for building more challenging and higher quality evaluation data. Additionally,
because their ability to generalize to downstream tasks is unmatched by previous approaches,
we must create new evaluation paradigms to quantify this generalization ability and to measure
their capacity to perform new skills. In conjunction, we can experiment with incorporating the
emergent capabilities of these models into the evaluation methodologies themselves. In this dis-
sertation, we explore these questions and opportunities.

First, we develop evaluation resources to measure how effectively pretrained models can adapt
to different tasks. In Chapter 2, we introduce the GLUE benchmark, which measures how well
NLP systems can generalize to diverse task and settings. The GLUE benchmark is a multi-task
benchmark where all tasks share the same task format but some of the task training datasets con-
sist of only a few hundred examples, necessitating knowledge transfer from some outside source
to do well on the task. GLUE has enjoyed rapid adoption in the field, and the state-of-the-art on
the benchmark has risen rapidly to the point of being saturated with respect to human crowd-
worker performance on the benchmark. In Chapter 3, we introduce the SuperGLUE benchmark,
which refreshes the GLUE benchmark by selecting a set of more diverse set of task formats and
more challenging set of tasks. Like the GLUE benchmark, the SuperGLUE benchmark has become
one of the standard approaches for measuring model generalization in NLP.

Next, as the capabilities of NLP models based on large LMs continue to evolve, we can harness
them to evaluate system capabilities in new ways and more robustly than before. In Chapter 4, we
explore the use of pretrained language models in detecting hallucinations in the outputs of neural
text summarization systems. While the outputs of text generation models have become highly
fluent, they frequently contain inconsistencies with respect to previous tokens they have gener-
ated or to the input document they are conditioned on. These hallucinations or inconsistencies
are a major barrier to the usability and reliability of text generation systems, but existing evalua-
tion metrics for NLG systems are insensitive to these types of errors. We decompose the problem

of detecting these hallucinations into one of question answering and question generation, two



problems on which pretrained language models have made significant progress in recent years.
We demonstrate that evaluation metrics based on pretrained language models are substantially
better at detecting hallucinations in generated text compared to existing evaluation metrics. The
success of the method is indicative of the promise of leveraging pretrained models to measure a
variety of properties of generated text that was beyond the scope of the previous generation of
evaluation metrics.

Finally, as system capabilities evolve, our evaluation data need to similarly evolve, as older
datasets saturate and more powerful models are better able to exploit unexpected biases and ex-
pose issues in the evaluation data. Sourcing and maintaining high data quality for text generation
tasks is particularly challenging as text generation datasets typically rely on finding naturally oc-
curring data sources or using heuristics to massage data sources into the task format. In the
context of summarization, this approach to dataset creation has led to benchmark datasets that
contain a myriad of problems that are picked up by models trained on the datasets [Kryscinski
etal. 2019]. In Chapter 5, we explore alternate methods for creating high-quality test sets for natu-
ral language generation tasks. In particular, we focus on crowdsourcing summaries for short sto-
ries in a cost-efficient manner. The resulting dataset SQUALITY is a high-quality, multi-reference
summarization dataset that is beyond the capabilities of existing summarization models.

Altogether, we present a overview of the evaluation landscape of NLP models in the era of
large language models, including methods for evaluating such models and for incorporating these
models into evaluation methodologies. We conclude in Chapter 6 with a discussion of open prob-

lems and opportunities for further research in robust evaluation of modern NLP systems.
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2 GLUE: A MuLTi-TAsk BENCHMARK AND
ANALYSIS PLATFORM FOR NATURAL

LANGUAGE UNDERSTANDING

2.1 INTRODUCTION

The human ability to understand language is general, flexible, and robust. In contrast, most NLU
models above the word level are designed for a specific task and struggle with out-of-domain
data. If we aspire to develop models with understanding beyond the detection of superficial
correspondences between inputs and outputs, then it is critical to develop a more unified model
that can learn to execute a range of different linguistic tasks in different domains.

To facilitate research in this direction, we present the General Language Understanding Eval-
uation (GLUE, gluebenchmark.com) benchmark: a collection of NLU tasks including question
answering, sentiment analysis, and textual entailment, and an associated online platform for
model evaluation, comparison, and analysis. GLUE does not place any constraints on model ar-
chitecture beyond the ability to process single-sentence and sentence-pair inputs and to make
corresponding predictions. For some GLUE tasks, training data is plentiful, but for others it is
limited or fails to match the genre of the test set. GLUE therefore favors models that can learn

to represent linguistic knowledge in a way that facilitates sample-efficient learning and effective



knowledge-transfer across tasks. While none of the datasets in GLUE were created from scratch
for the benchmark, four of them feature privately-held test data, which will be used to ensure
that the benchmark is used fairly.

To understand the types of knowledge learned by models and to encourage linguistic or
semantically-meaningful solution strategies, GLUE also includes a set of hand-crafted analysis
examples for probing trained models. This dataset is designed to highlight common phenomena,
such as the use of world knowledge, logical operators, and lexical entailments, that models must
grasp if they are to robustly solve the tasks.

To better understand the challenged posed by GLUE, we conduct experiments with simple
baselines and state-of-the-art sentence representation models. We find that unified multi-task
trained models slightly outperform comparable models trained on each task separately. Our best
multi-task model makes use of ELMo [Peters et al. 2018], a recently proposed pre-training tech-
nique. However, this model still achieves a fairly low absolute score, indicating room for improved
general NLU systems. Analysis with our diagnostic dataset reveals that our baseline models deal
well with strong lexical signals but struggle with deeper logical structure.

In summary, we offer: (i) A suite of nine sentence or sentence-pair NLU tasks, built on es-
tablished annotated datasets and selected to cover a diverse range of text genres, dataset sizes,
and degrees of difficulty. (ii) An online evaluation platform and leaderboard, based primarily on
privately-held test data. The platform is model-agnostic, and can evaluate any method capable
of producing results on all nine tasks. (iii) An expert-constructed diagnostic evaluation dataset.

(iv) Baseline results for several major existing approaches to sentence representation learning.

2.2 RELATED WORK

Collobert et al. [2011], one of the earliest works exploring deep learning for NLP, used a multi-task

model with a shared sentence understanding component to jointly learn POS tagging, chunking,



Corpus |Train| |Dev| |Test| Task Metrics Domain

Single-Sentence Tasks

CoLA 8.5k 1k 1k acceptability Matthews corr. misc.
SST-2 67k 872 1.8k sentiment acc. movie reviews

Similarity and Paraphrase Tasks

MRPC 3.7k 408 1.7k  paraphrase acc./F1 news
STS-B 7k 1.5k 1.4k sentence similarity ~Pearson/Spearman corr. misc.
QQP 364k 40k 391k paraphrase acc./F1 Quora

Inference Tasks

MNLI 393k 20k 20k NLI matched/mismatched acc. misc.
QNLI 108k 5.7k 5.7k QA/NLI acc. Wikipedia
RTE 2.5k 276 3k NLI acc. misc.
WNLI 634 71 146 coreference/NLI acc. books

Table 2.1: Task descriptions and statistics. All tasks are single sentence or sentence pair classification,
except STS-B, which is a regression task. MNLI has three classes; all other classification tasks have two.
Test sets shown in bold use labels that have never been made public in any form.

named entity recognition, and semantic role labeling. More recent work has explored using labels
from core NLP tasks to supervise training of lower levels of deep neural networks [Segaard and
Goldberg 2016; Hashimoto et al. 2016] and automatically learning cross-task sharing mechanisms
for multi-task learning [Ruder et al. 2017].

Beyond multi-task learning, much work towards developing general NLU systems has focused
on sentence-to-vector encoder functions [Le and Mikolov 2014; Kiros et al. 2015, i.a.], leveraging
unlabeled data [Hill et al. 2016; Peters et al. 2018], labeled data [Conneau and Kiela 2018; McCann
et al. 2017], and combinations of these [Collobert et al. 2011; Subramanian et al. 2018]. In this
line of work, a standard evaluation practice has emerged, recently codified as SentEval [Conneau
et al. 2017; Conneau and Kiela 2018]. Like GLUE, SentEval relies on a set of existing classification
tasks that involve either one or two sentences as inputs. Unlike GLUE, SentEval only evaluates
sentence-to-vector encoders. Specifically, SentEval feeds the output of a pre-trained sentence
encoder into lightweight task-specific models (typically linear classifiers) that are trained and

tested on task-specific data.



SentEval is well-suited for evaluating sentence representations in isolation. However, cross-
sentence contextualization and alignment, such as that yielded by methods like soft-attention,
is instrumental in achieving state-of-the-art performance on tasks such as machine translation
[Bahdanau et al. 2014; Vaswani et al. 2017], question answering [Seo et al. 2016; Xiong et al.
2016], and natural language inference [Rocktaschel et al. 2016] . GLUE is designed to facilitate
the development of these methods: it is model-agnostic, allowing for any kind of representation
or contextualization, including models that use no systematic vector or symbolic representations
for sentences whatsoever. Indeed, among the baseline models we evaluate, the use of attention
consistently leads to improved performance on GLUE.

GLUE also diverges from SentEval in the selection of evaluation tasks that are included in the
suite. Many of the SentEval tasks are closely related to sentiment analysis, such as MR [Pang and
Lee 2005], SST [Socher et al. 2013], CR [Hu and Liu 2004], and SUBJ [Pang and Lee 2004]. Other
tasks are so close to being solved that evaluation on them is relatively uninformative, such as
MPQA [Wiebe et al. 2005] and TREC question classification [Voorhees et al. 1999]. In GLUE, we
attempt to construct a benchmark that is both diverse and difficult.

In work which appeared after the initial launch of GLUE, McCann et al. [2018] introduce de-
caNLP, which also scores NLP systems based on their performance on multiple datasets. Their
benchmark recasts the ten evaluation tasks as question answering, converting tasks like sum-
marization and text-to-SQL semantic parsing into question answering using automatic transfor-
mations. That benchmark lacks the leaderboard and error analysis toolkit of GLUE, but more
importantly, we see it as pursuing a more ambitious but less immediately practical goal: While
GLUE rewards methods that yield good performance on a circumscribed set of tasks using meth-
ods like those that are currently used for those tasks, their benchmark rewards systems that make

progress toward their goal of unifying all of NLU under the rubric of question answering.



2.3 TAsks

GLUE is centered on nine English sentence understanding tasks, which cover a broad range of
domains, data quantities, and difficulties. As the goal of GLUE is to spur development of gen-
eralizable NLU systems, we design the benchmark such that good performance should require a
model to share substantial knowledge (e.g., trained parameters) across all tasks, while still main-
taining some task-specific components. Though it is possible to train a single model for each task
and evaluate the resulting set of models on this benchmark, we expect that our inclusion of sev-
eral data-scarce tasks will ultimately render this approach uncompetitive. We describe the tasks
below and in Table 2.1. Appendix A.1.1 includes additional details. Unless otherwise mentioned,

tasks are evaluated on accuracy and are balanced across classes.

2.3.1 SINGLE-SENTENCE TASKS

CoLA The Corpus of Linguistic Acceptability [Warstadt et al. 2019] consists of English accept-
ability judgments drawn from books and journal articles on linguistic theory. Each example is
a sequence of words annotated with whether it is a grammatical English sentence. Judgments
of this particular kind are the primary form of evidence in syntactic theory [Schiitze 1996], so a
machine learning system capable of predicting them reliably would offer potentially substantial
evidence on questions of language learnability and innate bias. Following the authors, we use
the Matthews correlation coefficient [Matthews 1975] as the evaluation metric, which evaluates
classifiers on unbalanced binary classification and ranges from -1 to 1, with 0 being the per-
formance of uninformed guessing. We use the standard test set, for which we obtained private
labels from the authors. We report a single performance number on the combination of the in-

and out-of-domain sections of the test set.
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SST-2 The Stanford Sentiment Treebank [Socher et al. 2013] consists of sentences extracted
from movie reviews and human annotations of their sentiment. Given a sentence, the task is to
determine the sentiment of the sentence. We use the two-way (positive/negative) class split, and

use only sentence-level labels.

2.3.2 SIMILARITY AND PARAPHRASE TASKS

MRPC The Microsoft Research Paraphrase Corpus [Dolan and Brockett 2005] is a corpus of
sentence pairs automatically extracted from online news sources, with human annotations for
whether the sentences in the pair are semantically equivalent. Because the classes are imbalanced

(68% positive, 32% negative), we follow common practice and report both accuracy and F1 score.

QQP The Quora Question Pairs' dataset is a collection of question pairs from the community
question-answering website Quora. Given two questions, the task is to determine whether they
are semantically equivalent. As in MRPC, the class distribution in QQP is unbalanced (37% pos-
itive, 63% negative), so we report both accuracy and F1 score. We use the standard test set, for

which we obtained private labels from the authors.

STS-B The Semantic Textual Similarity Benchmark [Cer et al. 2017] is a collection of sentence
pairs drawn from news headlines, video and image captions, and natural language inference data.
Each pair is human-annotated with a similarity score from 1 to 5; the task is to predict these scores.

Follow common practice, we evaluate using Pearson and Spearman correlation coefficients.

2.3.3 INFERENCE TASKS

MNLI The Multi-Genre Natural Language Inference Corpus [Williams et al. 2018] is a crowd-

sourced collection of sentence pairs with textual entailment annotations. Given a premise sen-

ldata.quora.com/First-Quora-Dataset-Release-Question-Pairs
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tence and a hypothesis sentence, the task is to predict whether the premise entails the hypothesis
(entailment), contradicts the hypothesis (contradiction), or neither (neutral). The premise sen-
tences are gathered from ten different domains of text, including transcribed speech, fiction, and
government reports. We use the standard test set, for which we obtained private labels from the
authors, and evaluate on both the matched (in-domain) and mismatched (cross-domain) sections.
We also use and recommend the SNLI corpus [Bowman et al. 2015] as 550k examples of auxiliary

training data.

ONLI The Stanford Question Answering Dataset (Rajpurkar et al. 2016) is a question-answering
dataset consisting of question-paragraph pairs, where one of the sentences in the paragraph
(drawn from Wikipedia) contains the answer to the corresponding question (written by an an-
notator). We convert the task into sentence pair classification by forming a pair between each
question and each sentence in the corresponding context, and filtering out pairs with low lexical
overlap between the question and the context sentence. The task is to determine whether the
context sentence contains the answer to the question. This modified version of the original task
removes the requirement that the model select the exact answer, but also removes the simplifying
assumptions that the answer is always present in the input and that lexical overlap is a reliable
cue. This process of recasting existing datasets into NLI is similar to methods introduced in White

et al. [2017]. We call the converted dataset QNLI (Question-answering NLI).

RTE The Recognizing Textual Entailment (RTE) datasets come from a series of annual chal-
lenges on the task of textual entailment. We combine the data from RTE1 [Dagan et al. 2006],
RTE2 [Bar Haim et al. 2006], RTE3 [Giampiccolo et al. 2007], and RTE5 [Bentivogli et al. 2009].2
Examples are constructed based on news and Wikipedia text. We convert all datasets to a two-
class split, where for three-class datasets we collapse neutral and contradiction into not_entailment,

for consistency.

2RTE4 is not publicly available, while RTE6 and RTE7 do not fit the standard NLI task.
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Tags Sentence 1 Sentence 2 Fwd Bwd
Lexical Entailment (Lexical The timing of the meeting The timing of the meet- N E
Semantics), Downward has not been set, according ing has not been consid-
Monotone (Logic) to a Starbucks spokesper- ered, according to a Star-

son. bucks spokesperson.
Universal Quantifiers  Our deepest sympathies are  Our deepest sympathiesare E N
(Logic) with all those affected by with a victim who was af-

this accident. fected by this accident.
Quantifiers  (Lexical Se- I have never seen a hum- I have never seen a hum- N E

mantics), Double Negation

mingbird not flying.

mingbird.

(Logic)

Table 2.2: Examples from the diagnostic set. Fwd denotes the label when sentence 1 is the premise; Bwd
is the label when sentence 2 is the premise. Labels are entailment (E), neutral (N), or contradiction (C).
Examples are tagged with the phenomena they demonstrate, and each phenomenon belongs to one of
four broad categories (in parentheses). See Table A.1in Appendix A.1.1 for a complete tag taxonomy.

WNLI The Winograd Schema Challenge [Levesque et al. 2012] is a reading comprehension task
in which a system must read a sentence with a pronoun and select the referent of that pronoun
from a list of choices. The examples are manually constructed to foil simple statistical meth-
ods: Each one is contingent on contextual information provided by a single word or phrase in
the sentence. To convert the problem into sentence pair classification, we construct sentence
pairs by replacing the ambiguous pronoun with each possible referent. The task is to predict if
the sentence with the pronoun substituted is entailed by the original sentence. We use a small
evaluation set consisting of new examples derived from fiction books® that was shared privately
by the authors of the original corpus. While the included training set is balanced between two
classes, the test set is imbalanced between them (35% entailment, 65% not entailment). As with
ONLL each example is evaluated separately, so there is not a systematic correspondence between
a model’s score on this task and its score on the unconverted original task. We call converted

dataset WNLI (Winograd NLI).

3See similar examples at cs.nyu.edu/faculty/davise/papers/WinogradSchemas/WS.html
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2.3.4 EVALUATION

The GLUE benchmark follows the same evaluation model as SemEval and Kaggle. To evaluate a
system on the benchmark, one must run the system on the provided test data for the tasks, then
upload the results to the website for scoring. The benchmark site then shows per-task scores, as
well as a macro-average of those scores to determine a system’s position on the leaderboard. For
tasks with multiple metrics (e.g., accuracy and F1), we use an unweighted average of the metrics
as the score for the task when computing the overall macro-average. The website also provides

fine- and coarse-grained results on the diagnostic dataset. See Appendix A.1.3 for details.

2.3.5 DATA AND Bias

We do not endorse the use of the task training sets for any specific non-research use. They do
not cover every dialect of English one may wish to handle, nor languages other than English. As
all of them contain text or annotations that were collected in uncontrolled settings, they contain
evidence of stereotypes and biases that one may not wish one’s system to learn [Rudinger et al.

2017].

2.4 DiaAgNosTIC DATASET

Drawing inspiration from the FraCaS suite [Cooper et al. 1996] and the recent Build-It-Break-It
competition [Ettinger et al. 2017], we include a small, manually-curated test set (with private
labels) for the analysis of system performance. While the main benchmark mostly reflects an
application-driven distribution of examples, our diagnostic dataset highlights a pre-defined set
of modeling-relevant phenomena.

Each example in the diagnostic dataset is an NLI sentence pair with fine-grained tags for

the phenomena it demonstrates. The NLI task is well-suited to this kind of analysis, as it can
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straightforwardly evaluate the full set of skills involved in (ungrounded) sentence understanding,
from the resolution of syntactic ambiguity to pragmatic reasoning with world knowledge. We
ensure that the data is reasonably diverse by producing examples for a wide variety of linguistic
phenomena, and basing our examples on naturally-occurring sentences from several domains.
This approaches differs from that of FraCaS, which was designed to test linguistic theories with
a minimal and uniform set of examples. A sample from our dataset is shown in Table 2.2, and a

full list of linguistic categories is in Table A.1 in the appendix.

DomaIins We construct sentence pairs based on text from four domains: News (articles linked
from the front page), Reddit (threads linked from the Front Page), Wikipedia (Featured Articles),
and academic papers from recent ACL conferences. We include 100 sentence pairs constructed

from each source and 150 artificially-constructed sentence pairs for 550 total.

ANNOTATION PROCESs We begin with a target set of phenomena, based roughly on those used
in the FraCaS suite [Cooper et al. 1996]. We construct each example by locating a sentence that
can be easily made to demonstrate a target phenomenon, and editing it in two ways to produce
an appropriate sentence pair. We make minimal modifications so as to maintain high lexical and
structural overlap within each sentence pair and limit superficial cues. We then label the inference
relationships between the sentences, considering each sentence alternatively as the premise, pro-
ducing two labeled examples for each pair (1100 total). Where possible, we produce several pairs
with different labels for a single source sentence, to have minimal sets of sentence pairs that are
lexically and structurally very similar but correspond to different entailment relationships. The

resulting labels are 42% entailment, 35% neutral, and 23% contradiction.

EvarvaTioN Since the class distribution in the diagnostic set is not balanced, we use R; [Gorod-
kin 2004], a three-class generalization of the Matthews correlation coefficient, for evaluation.

In light of recent work showing that crowdsourced data often contains artifacts which can be
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exploited to perform well without solving the intended task [Schwartz et al. 2017; Gururangan
et al. 2018; Poliak et al. 2018b; Tsuchiya 2018], we audit the data for such artifacts. We reproduce
the methodology of Gururangan et al. [2018], training two fastText classifiers [Joulin et al. 2017]
to predict entailment labels on SNLI and MNLI using only the hypothesis as input. Testing the
trained classifiers on the diagnostic data, we obtain accuracies close to chance, 32.7% and 36.4%
respectively, showing that the data does not suffer from artifacts of this kind.

To establish human baseline performance on the diagnostic set, we have six NLP researchers
annotate 50 sentence pairs (100 entailment examples) randomly sampled from the diagnostic set.
Inter-annotator agreement is high, with a Fleiss’s k of 0.73. The average R; score among the

annotators is 0.80, much higher than any of the baseline systems described in Section 2.5.

INTENDED USE  Because these analysis examples are hand-picked to address certain phenomena,
we expect that they will not be representative of the distribution of language as a whole, even in
the targeted domains. However, NLI is a task with no natural input distribution. We deliberately
select sentences that we hope will be able to provide insight into what models are doing, what
phenomena they catch on to, and where are they limited. This means that the raw performance
numbers on the analysis set should be taken with a grain of salt. The set is provided not as a
benchmark, but as an analysis tool to paint in broad strokes the kinds of phenomena a model may
or may not capture, and to provide a set of examples that can serve for error analysis, qualitative

model comparison, and development of adversarial examples that expose a model’s weaknesses.

2.5 BASELINES

We evaluate a simple multi-task learning model trained on the benchmark tasks, as well as sev-
eral more sophisticated variants based on recent pre-training methods, as baselines. We briefly

describe them here. See Appendix A.1.2 for details. We implement our models in the AllenNLP
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Single Sentence Similarity and Paraphrase Natural Language Inference
Model Avg CoLA  SST-2 MRPC QQP STS-B MNLI ONLI RTE WNLI

Single-Task Training

BiLSTM 62.0 15.7 859  69.3/79.4 81.7/61.4 66.0/62.8 70.3/70.8 60.8 52.8 62.3
+ELMo 66.2  35.0 90.2  69.0/80.8  85.7/65.6  64.0/60.2  72.9/73.4 694 501  65.1
+CoVe 62.4 145 88.5 73.4/81.4  833/59.4  67.2/64.1  64.5/648 648 535 61.6
+Attn 60.0 15.7 859  68.5/80.3 83.5/62.9 59.3/55.8 74.2/73.8 51.9 51.9 55.5
+Attn, ELMo 648  35.0 90.2  68.8/80.2 86.5/66.1  555/52.5 76.9/76.7  61.1 504  65.1
+Attn, CoVe 60.8 14.5 88.5  68.6/79.7 84.1/60.1 57.2/53.6 71.6/71.5 53.8 52.7 64.4

Multi-Task Training

BiLSTM 63.5 24.0 85.8  71.9/82.1 80.2/59.1 68.8/67.0 65.8/66.0 71.1 46.8 63.7
+ELMo 64.8 27.5 89.6  76.2/83.5 78.5/57.8 67.0/65.9 67.1/68.0 66.7 55.7 62.3
+CoVe 62.2 16.2 843  71.8/80.0 82.0/59.1 68.0/67.1 65.3/65.9 70.4 44.2 65.1
+Attn 65.7 0.0 85.0 75.1/83.7  84.3/63.6  73.9/71.8  72.2/72.1 82.1 617 63.7
+Attn, ELMo ~ 69.0 18.9 91.6 77.3/83.5  853/63.3  72.8/71.1  756/759 817 612  65.1
+Attn, CoVe 64.3 19.4 83.6  75.2/83.0 84.9/61.1 72.3/71.1 69.9/68.7 78.9 38.3 65.1

Pre-Trained Sentence Representation Models

CBoW 58.9 0.0 80.0  73.4/81.5 79.1/51.4 61.2/58.7 56.0/56.4 75.1 54.1 62.3
Skip-Thought 61.5 0.0 81.8  71.7/80.8 82.2/56.4 71.8/69.7 62.9/62.8 74.7 53.1 65.1
InferSent 64.7 4.5 85.1  74.1/81.2 81.7/59.1 75.9/75.3 66.1/65.7 79.8 58.0 65.1
DisSent 62.1 4.9 83.7  74.1/81.7 82.6/59.5 66.1/64.8 58.7/59.1 75.2 56.4 65.1
GenSen 66.6 7.7 83.1 76.6/83.0  82.9/59.8 79.3/79.2 714/71.3 823 59.2 65.1

Table 2.3: Baseline performance on the GLUE tasks. For MNLI, we report accuracy on the matched and
mismatched test sets. For MRPC and Quora, we report accuracy and F1. For STS-B, we report Pearson and
Spearman correlation. For CoLA, we report Matthews correlation. For all other tasks we report accuracy.
All values are scaled by 100. A similar table is presented on the online platform.

library [Gardner et al. 2017].

ARCHITECTURE Our simplest baseline architecture is based on sentence-to-vector encoders, and
sets aside GLUE’s ability to evaluate models with more complex structures. Taking inspiration
from Conneau et al. [2017], the model uses a two-layer, 1500D (per direction) BiLSTM with max
pooling and 300D GloVe word embeddings [840B Common Crawl version; Pennington et al. 2014].
For single-sentence tasks, we encode the sentence and pass the resulting vector to a classifier.
For sentence-pair tasks, we encode sentences independently to produce vectors u,v, and pass
[u;0; |u — v|; u = v] to a classifier. The classifier is an MLP with a 512D hidden layer.

We also consider a variant of our model which for sentence pair tasks uses an attention mech-

anism inspired by Seo et al. [2016] between all pairs of words, followed by a second BiLSTM with
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max pooling. By explicitly modeling the interaction between sentences, these models fall outside

the sentence-to-vector paradigm.

PRE-TRAINING We augment our base model with two recent methods for pre-training: ELMo
and CoVe. We use existing trained models for both.

ELMo uses a pair of two-layer neural language models (one forward, one backward) trained
on the Billion Word Benchmark [Chelba et al. 2013]. Each word is represented by a contextual
embedding, produced by taking a linear combination of the corresponding hidden states of each
layer of the two models. We follow the authors’ recommendations* and use ELMo embeddings
in place of any other embeddings.

CoVe [McCann et al. 2017] uses a sequence-to-sequence model with a two-layer BiLSTM en-
coder trained for English-to-German translation. The CoVe vector of a word is the corresponding
hidden state of the top-layer LSTM. As in the original work, we concatenate the CoVe vectors to

the GloVe word embeddings.

TRAINING We train our models with the BILSTM sentence encoder and post-attention BiLSTMs
shared across tasks, and classifiers trained separately for each task. For each training update, we
sample a task to train with a probability proportional to the number of training examples for each
task. We train our models with Adam [Kingma and Ba 2014] with initial learning rate 107> and
batch size 128. We use the macro-average score as the validation metric and stop training when
the learning rate drops below 107> or performance does not improve after 5 validation checks.
We also train a set of single-task models, which are configured and trained identically, but
share no parameters. While this is generally an effective model for the tasks under study, to
allow for fair comparisons with the multi-task analogs we do not tune parameter or training
settings for each task, so these single-task models do not generally represent the state of the art

for each task.

4github.com/allenai/allennlp/blob/master/tutorials/how_to/elmo.md
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SENTENCE REPRESENTATION MoODELs Finally, we evaluate the following trained sentence-to-
vector encoder models using our benchmark: average bag-of-words using GloVe embeddings
(CBoW), Skip-Thought [Kiros et al. 2015], InferSent [Conneau et al. 2017], DisSent [Nie et al.
2017], and GenSen [Subramanian et al. 2018]. See Appendix A.1.2 for additional details. For these

models, we only train task-specific classifiers on the representations they produce.

2.6 BENCHMARK RESULTS

We train three runs of each model and evaluate the run with the best macro-average development
set performance. For single-task and sentence representation models, we evaluate the best run
for each individual task. We present performance on the main benchmark tasks in Table 2.3.

In most cases, using multi-task training over single-task training yields better overall scores,
particularly among the parameter-rich attention models. Attention generally hurts performance
in single task training, but helps in multi-task training. We see a consistent improvement in using
ELMo embeddings in place of GloVe or CoVe embeddings, particularly for single-sentence tasks.
Using CoVe slightly improves on GloVe for single task training but not for multi-task training.

Among the pre-trained sentence representation models, we observe fairly consistent gains
by moving from CBoW to Skip-Thought to Infersent and GenSen. Relative to the models trained
directly on the GLUE tasks, InferSent is competitive and GenSen outperforms all but the two best.

Looking at results per task, we find that the sentence representation models substantially un-
derperform on CoLA compared to the models directly trained on the task. Similarly, with the
exception of InferSent, the sentence representation models are outperformed on SST by our BiL-
STM and its non-CoVe variants. These discrepancies indicate a need for better transfer methods
for generalizing outside of the tasks a model was trained on and for task diversity in evaluation
methods, as we have sought to do with GLUE. On the other hand, for STS-B, there is a significant

gap between the models trained directly on the task and the best sentence representation model,
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Coarse-Grained Fine-Grained
Model All LS PAS L K UQuant MNeg 2Neg Coref Restr Down

Single-Task Training

BiLSTM 21 25 24 16 16 70 33 4 21 -15 12
+ELMo 20 20 21 14 17 70 20 42 33 -26 -3
+CoVe 21 19 23 20 18 71 47 -1 33 -15 8
+Attn 25 24 30 20 14 50 47 21 38 -8 -3
+Attn, ELMo 28 30 35 23 14 85 20 42 33 -26 -3
+Attn, CoVe 24 29 29 18 12 77 50 1 18 -1 12

Multi-Task Training

BiLSTM 19 16 22 16 17 71 35 -8 26 0 8
+ELMo 19 15 21 17 21 70 60 15 26 0 12
+CoVe 17 15 21 14 16 50 31 -8 25 -15 12
+Attn 25 23 32 19 16 58 26 -5 28 -1 -20
+Attn, ELMo 23 24 30 17 13 78 27 37 30 -15 -20
+Attn, CoVe 20 16 25 15 17 78 37 14 31 -15 8

Pre-Trained Sentence Representation Models

CBoW 9 6 13 5 10 3 0 13 28 -15 -11
Skip-Thought 12 2 23 11 9 61 6 -2 30 -15 0
InferSent 18 20 20 15 14 77 50 -20 15  -15 -9
DisSent 16 16 19 13 15 70 43 -11 20 -36 -09
GenSen 20 28 26 14 12 78 57 2 21 -15 12

Table 2.4: Results on the diagnostic set. We report Rs coefficients between gold and predicted labels,
scaled by 100. The coarse-grained categories (left) are Lexical Semantics (LS), Predicate-Argument Structure
(PAS), Logic (L), and Knowledge and Common Sense (K). Our example fine-grained categories (right) are
Universal Quantification (UQuant), Morphological Negation (MNeg), Double Negation (2Neg), Anaphora/-
Coreference (Coref), Restrictivity (Restr), and Downward Monotone (Down).

which we interpret as indicating the necessity of using transfer learning methods trained on data
outside of the GLUE benchmark in order to solve it. Finally, there are tasks for which no model
does particularly well. On WNLI, no model exceeds most-frequent-class guessing (65.1%). On
RTE and in aggregate, even our best baselines leave room for improvement. These early results

indicate that solving GLUE is beyond the capabilities of current models and methods, and that

training on auxiliary tasks seems a necessary and promising direction.
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2.7 ANALYSIS

We analyze the baselines by evaluating each model’s MNLI classifier on the diagnostic set to get

a better sense of their linguistic capabilities. Results are presented in Table 2.4.

CoARSE CATEGORIES Overall performance is low for all models: The highest total score of 28
still denotes poor absolute performance. Performance tends to be higher on Predicate-Argument
Structure and lower on Knowledge, though numbers are not closely comparable across categories.
Unlike on the main benchmark, the multi-task models are almost always outperformed by their
single-task counterparts. This is perhaps unsurprising, since with our simple multi-task training
regime, there is likely some destructive interference between MNLI and the other tasks. The
models trained on the GLUE tasks largely outperform the pretrained sentence representation
models, with the exception of GenSen. Using attention has a greater influence on diagnostic
scores than using ELMo or CoVe, which we take to indicate that attention is especially important

for generalization in NLI.

FINE-GRAINED SUBCATEGORIES Most models handle universal quantification relatively well. Look-
ing at relevant examples, it seems that catching on to lexical cues such as “all” often suffices for
good performance. Similarly, lexical cues often provide good signal in examples of morphological
negation.

We also observe weaknesses that vary between models. Double negation is especially difficult
for the GLUE-trained models that only use GloVe embeddings. This is ameliorated by ELMo, and
to some degree CoVe, perhaps because the translation and language modeling objectives teach
models that phrases like “not bad” and “okay” have similar distributions. Also, while attention
improves overall results, attention models tend to struggle with downward monotonicity. Exam-

ining their predictions, we found that the models were sensitive to hypernym/hyponym substi-
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tutions as signals of entailment, but predicted it in the wrong direction (as if the substituted word
was in an upward monotone context). Restrictivity examples, which often depend on nuances of
quantifier scope, are especially difficult for all models.

Overall, there is evidence that going beyond sentence-to-vector representations, e.g. with an
attention mechanism, might aid performance on out-of-domain data, and that transfer methods
like ELMo and CoVe encode linguistic information specific to their supervision signal. However,
increased representational capacity may lead to overfitting, such as the failure of attention models
in downward monotone contexts. We expect that our platform and diagnostic dataset will be
useful for similar analyses in the future, so that model designers can better understand their

models’ generalization behavior and implicit knowledge.

2.8 CONCLUSION

We introduce GLUE, a platform and collection of resources for evaluating and analyzing natural
language understanding systems. We find that, in aggregate, models trained jointly on our tasks
see better performance than the combined performance of models trained for each task separately.
We confirm the utility of attention mechanisms and transfer learning methods such as ELMo
in NLU systems, which combine to outperform the best sentence representation models on the
GLUE benchmark, but still leave room for improvement. When evaluating these models on our
diagnostic dataset, we find that they fail (often spectacularly) on many linguistic phenomena,
suggesting possible avenues for future work. In sum, the question of how to design general-
purpose NLU models remains unanswered, and we believe that GLUE can provide fertile soil for

addressing this challenge.
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2.9 RETROSPECTIVE

In Chapter 2, we introduced the GLUE benchmark, a standardized evaluation protocol for multi-
task NLP based on a set of challenging and diverse NLP tasks. The benchmark incentivizes knowl-
edge transfer between tasks or from pretraining by including tasks with small training datasets
and a uniform interface across tasks (sentence or sentence-pair classification (and regression)).
This common task interface also improves the usability of the benchmark by allowing users to
avoid needing to create many task-specific models.

At the time of release, our best performing baseline used the pretrained model ELMo [Peters
et al. 2018]. ELMo uses two unidirectional language models (one left-to-right and one right-to-
left) to compute contextual word embeddings. The language models are pretrained on the Billion
Word Benchmark [Chelba et al. 2013], a large unlabeled text corpus. Shortly after the release of
GLUE, GPT [Radford et al. 2018] substantially improved upon ELMo predominantly by scaling up
the language model pretraining with larger models, more training data, and longer training time.
Since then, scaling up language modeling pretraining has been the most consistently effective
way to progress on the GLUE benchmark and to learn more generalizable NLU models. Pretrained
language models such as BERT [Devlin et al. 2019], GPT2 [Radford et al. 2019], RoBERTa [Liu et al.
2019e], XLNet [Yang et al. 2019], and T5 [Raffel et al. 2020] have led to rapid advancement on the
GLUE benchmark, such that within a year of the initial benchmark release, automatic systems
were nearing estimates of human performance on the benchmark [Nangia and Bowman 2019].

The release of GLUE also inspired similar multi-task benchmarks. Many of these benchmarks
expanded the English-centric (only) language understanding focus of the GLUE benchmark to
other languages (such as Mandarin [CLUE, Xu et al. 2020], French [FLUE, Le et al. 2020], Korean
[KLUE, Park et al. 2021], Polish [KLE] (Polish for "glue"), Rybak et al. 2020], and Indonesian
[IndoNLU, Wilie et al. 2020]) or crosslingual language understanding (such as XTREME [Hu

et al. 2020] or XGLUE [Liang et al. 2020]). Other works extended the multi-task benchmark
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framework to different settings, such as multimodal language understanding tasks [VALUE, Li
et al. 2021] or language generation tasks [GLGE, Liu et al. 2021]. The common methodology
of these benchmarks is in assessing the generalizability of NLU models within a particular class
of problems or languages by evaluating models across a variety of tasks within the benchmark
scope.

In light of the relatively fast progress on the GLUE benchmark due to the proliferation of
large pretrained language models, we also set out to create a more challenging general-purpose

language understanding benchmark in the style of GLUE, which we describe in Chapter 3.
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3 SUPERGLUE: A STICKIER BENCHMARK
FOR GENERAL-PURPOSE LANGUAGE

UNDERSTANDING SYSTEMS

3.1 INTRODUCTION

Recently there has been notable progress across many natural language processing (NLP) tasks,
led by methods such as ELMo [Peters et al. 2018], OpenAI GPT [Radford et al. 2018], and BERT
[Devlin et al. 2019]. The unifying theme of these methods is that they couple self-supervised
learning from massive unlabelled text corpora with effective adapting of the resulting model to
target tasks. The tasks that have proven amenable to this general approach include question
answering, textual entailment, and parsing, among many others [Devlin et al. 2019; Kitaev et al.
2019, ia.].

In this context, the GLUE benchmark [Wang et al. 2019b] has become a prominent evaluation
framework for research towards general-purpose language understanding technologies. GLUE
is a collection of nine language understanding tasks built on existing public datasets, together
with private test data, an evaluation server, a single-number target metric, and an accompanying
expert-constructed diagnostic set. GLUE was designed to provide a general-purpose evaluation

of language understanding that covers a range of training data volumes, task genres, and task
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Figure 3.1: GLUE benchmark performance for submitted systems, rescaled to set human performance to
1.0, shown as a single number score, and broken down into the nine constituent task performances. For
tasks with multiple metrics, we use an average of the metrics. More information on the tasks included
in GLUE can be found in Wang et al. [2019b] and in Warstadt et al. [2019, CoLA], Socher et al. [2013,
SST-2], Dolan and Brockett [2005, MRPC], Cer et al. [2017, STS-B], and Williams et al. [2018, MNLI], and
Rajpurkar et al. [2016, the original data source for QNLI].

formulations. We believe it was these aspects that made GLUE particularly appropriate for ex-
hibiting the transfer-learning potential of approaches like OpenAI GPT and BERT.

The progress of the last twelve months has eroded headroom on the GLUE benchmark dra-
matically. While some tasks (Figure 3.1) and some linguistic phenomena (Figure A.2 in Ap-
pendix A.2.2) measured in GLUE remain difficult, the current state of the art GLUE Score as of
early July 2019 [88.4 from Yang et al. 2019] surpasses human performance [87.1 from Nangia and
Bowman 2019] by 1.3 points, and in fact exceeds this human performance estimate on four tasks.
Consequently, while there remains substantial scope for improvement towards GLUE’s high-level
goals, the original version of the benchmark is no longer a suitable metric for quantifying such
progress.

In response, we introduce SuperGLUE, a new benchmark designed to pose a more rigorous
test of language understanding. SuperGLUE has the same high-level motivation as GLUE: to

provide a simple, hard-to-game measure of progress toward general-purpose language under-

standing technologies for English. We anticipate that significant progress on SuperGLUE should
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require substantive innovations in a number of core areas of machine learning, including sample-
efficient, transfer, multitask, and unsupervised or self-supervised learning.

SuperGLUE follows the basic design of GLUE: It consists of a public leaderboard built around
eight language understanding tasks, drawing on existing data, accompanied by a single-number
performance metric, and an analysis toolkit. However, it improves upon GLUE in several ways:

More challenging tasks: SuperGLUE retains the two hardest tasks in GLUE. The remaining
tasks were identified from those submitted to an open call for task proposals and were selected
based on difficulty for current NLP approaches.

More diverse task formats: The task formats in GLUE are limited to sentence- and sentence-
pair classification. We expand the set of task formats in SuperGLUE to include coreference reso-
lution and question answering (QA).

Comprehensive human baselines: We include human performance estimates for all bench-
mark tasks, which verify that substantial headroom exists between a strong BERT-based baseline
and human performance.

Improved code support: SuperGLUE is distributed with a new, modular toolkit for work
on pretraining, multi-task learning, and transfer learning in NLP, built around standard tools
including PyTorch [Paszke et al. 2017] and AllenNLP [Gardner et al. 2017].

Refined usage rules: The conditions for inclusion on the SuperGLUE leaderboard have been
revamped to ensure fair competition, an informative leaderboard, and full credit assignment to
data and task creators.

The SuperGLUE leaderboard, data, and software tools are available at super. gluebenchmark. com.

3.2 RELATED WORK

Much work prior to GLUE demonstrated that training neural models with large amounts of avail-

able supervision can produce representations that effectively transfer to a broad range of NLP
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Table 3.1: Development set examples from the tasks in SuperGLUE. Bold text represents part of the
example format for each task. Text in italics is part of the model input. Underlined text is specially marked
in the input. Text in a monospaced font represents the expected model output.

Passage: Barq’s — Barq’s is an American soft drink. Its brand of root beer is notable for having caffeine. Barq’s, created by Edward Barq

BoolQ

and bottled since the turn of the 20th century, is owned by the Barq family but bottled by the Coca-Cola Company. It was known as Barq’s
Famous Olde Tyme Root Beer until 2012.
Question: is barq’s root beer a pepsi product Answer: No

Text: B: And yet, uh, I we-, I hope to see employer based, you know, helping out. You know, child, uh, care centers at the place of employment

8 and things like that, that will help out. A: Uh-huh. B: What do you think, do you think we are, setting a trend?
Hypothesis: they are setting a trend  Entailment: Unknown
E Premise: My body cast a shadow over the grass. Question: What’s the CAUSE for this?
8 Alternative 1: The sun was rising. Alternative 2: The grass was cut.
Correct Alternative: 1
g Paragraph: Susan wanted to have a birthday party. She called all of her friends. She has five friends. Her mom said that Susan can invite
9..3 them all to the party. Her first friend could not go to the party because she was sick. Her second friend was going out of town. Her third
S friend was not so sure if her parents would let her. The fourth friend said maybe. The fifth friend could go to the party for sure. Susan was
a little sad. On the day of the party, all five friends showed up. Each friend had a present for Susan. Susan was happy and sent each friend
a thank you card the next week
Question: Did Susan’s sick friend recover? Candidate answers: Yes, she recovered (T), No (F), Yes (T), No, she didn’t recover (F), Yes, she
was at Susan’s party (T)
a Paragraph: (CNN) Puerto Rico on Sunday overwhelmingly voted for statehood. But Congress, the only body that can approve new states,
8 will ultimately decide whether the status of the US commonwealth changes. Ninety-seven percent of the votes in the nonbinding referendum
& favored statehood, an increase over the results of a 2012 referendum, official results from the State Electorcal Commission show. It was the
fifth such vote on statehood. "Today, we the people of Puerto Rico are sending a strong and clear message to the US Congress ... and to the
world ... claiming our equal rights as American citizens, Puerto Rico Gov. Ricardo Rossello said in a news release. @highlight Puerto Rico
voted Sunday in favor of US statehood
Query For one, they can truthfully say, “Don’t blame me, I didn’t vote for them, ” when discussing the <placeholder> presidency
Correct Entities: US
r[ﬂ Text: Dana Reeve, the widow of the actor Christopher Reeve, has died of lung cancer at age 44, according to the Christopher Reeve Foundation.
& Hypothesis: Christopher Reeve had an accident. ~Entailment: False
Q Context 1: Room and board. ~ Context 2: He nailed boards across the windows.
2 Sense match: False
§ Text: Mark told Pete many lies about himself, which Pete included in his book. He should have been more truthful. =~ Coreference: False

tasks [Collobert and Weston 2008; Dai and Le 2015; Kiros et al. 2015; Hill et al. 2016; Conneau
and Kiela 2018; McCann et al. 2017; Peters et al. 2018]. GLUE was presented as a formal challenge
affording straightforward comparison between such task-agnostic transfer learning techniques.
Other similarly-motivated benchmarks include SentEval [Conneau and Kiela 2018], which specif-
ically evaluates fixed-size sentence embeddings, and DecaNLP [McCann et al. 2018], which re-
casts a set of target tasks into a general question-answering format and prohibits task-specific

parameters. In contrast, GLUE provides a lightweight classification API and no restrictions on
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model architecture or parameter sharing, which seems to have been well-suited to recent work
in this area.

Since its release, GLUE has been used as a testbed and showcase by the developers of sev-
eral influential models, including GPT [Radford et al. 2018] and BERT [Devlin et al. 2019]. As
shown in Figure 3.1, progress on GLUE since its release has been striking. On GLUE, GPT and
BERT achieved scores of 72.8 and 80.2 respectively, relative to 66.5 for an ELMo-based model
[Peters et al. 2018] and 63.7 for the strongest baseline with no multitask learning or pretraining
above the word level. Recent models [Liu et al. 2019d; Yang et al. 2019] have clearly surpassed
estimates of non-expert human performance on GLUE [Nangia and Bowman 2019]. The success
of these models on GLUE has been driven by ever-increasing model capacity, compute power,
and data quantity, as well as innovations in model expressivity (from recurrent to bidirectional
recurrent to multi-headed transformer encoders) and degree of contextualization (from learning
representation of words in isolation to using uni-directional contexts and ultimately to leveraging
bidirectional contexts).

In parallel to work scaling up pretrained models, several studies have focused on comple-
mentary methods for augmenting performance of pretrained models. Phang et al. [2018] show
that BERT can be improved using two-stage pretraining, i.e., fine-tuning the pretrained model on
an intermediate data-rich supervised task before fine-tuning it again on a data-poor target task.
Liu et al. [2019d,c] and Bach et al. [2018] get further improvements respectively via multi-task
finetuning and using massive amounts of weak supervision. Clark et al. [2019b] demonstrate
that knowledge distillation [Hinton et al. 2015; Furlanello et al. 2018] can lead to student net-
works that outperform their teachers. Overall, the quantity and quality of research contributions
aimed at the challenges posed by GLUE underline the utility of this style of benchmark for ma-
chine learning researchers looking to evaluate new application-agnostic methods on language
understanding.

Limits to current approaches are also apparent via the GLUE suite. Performance on the GLUE
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Table 3.2: The tasks included in SuperGLUE. WSD stands for word sense disambiguation, NL/ is natural
language inference, coref. is coreference resolution, and QA is question answering. For MultiRC, we list
the number of total answers for 456/83/166 train/dev/test questions.

Corpus |Train| |Dev| |Test| Task Metrics Text Sources

BoolQ 9427 3270 3245 QA acc. Google queries, Wikipedia
CB 250 57 250 NLI acc./F1  various
COPA 400 100 500 QA acc. blogs, photography encyclopedia

MultiRC 5100 953 1800 QA F1,/EM  various
ReCoRD 101k 10k 10k QA F1/EM  news (CNN, Daily Mail)

RTE 2500 278 300 NLI  acc. news, Wikipedia
WiC 6000 638 1400 WSD acc. WordNet, VerbNet, Wiktionary
WSC 554 104 146 coref. acc. fiction books

diagnostic entailment dataset, at 0.42 R, falls far below the average human performance of 0.80 R3
reported in the original GLUE publication, with models performing near, or even below, chance on
some linguistic phenomena (Figure A.2, Appendix A.2.2). While some initially difficult categories
saw gains from advances on GLUE (e.g., double negation), others remain hard (restrictivity) or
even adversarial (disjunction, downward monotonicity). This suggests that even as unsupervised
pretraining produces ever-better statistical summaries of text, it remains difficult to extract many
details crucial to semantics without the right kind of supervision. Much recent work has made
similar observations about the limitations of existing pretrained models [Jia and Liang 2017; Naik

et al. 2018; McCoy and Linzen 2019; McCoy et al. 2019; Liu et al. 2019a,b].

3.3 SuPERGLUE OVERVIEW

3.3.1 DESIGN PROCESS

The goal of SuperGLUE is to provide a simple, robust evaluation metric of any method capable
of being applied to a broad range of language understanding tasks. To that end, in designing
SuperGLUE, we identify the following desiderata of tasks in the benchmark:

Task substance: Tasks should test a system’s ability to understand and reason about texts
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in English.

Task difficulty: Tasks should be beyond the scope of current state-of-the-art systems, but
solvable by most college-educated English speakers. We exclude tasks that require domain-
specific knowledge, e.g. medical notes or scientific papers.

Evaluability: Tasks must have an automatic performance metric that corresponds well to
human judgments of output quality. Some text generation tasks fail to meet this criteria due to
issues with automatic metrics like ROUGE and BLEU [Callison-Burch et al. 2006; Liu et al. 2016,
ia.].

Public data: We require that tasks have existing public training data in order to minimize
the risks involved in newly-created datasets. We also prefer tasks for which we have access to
(or could create) a test set with private labels.

Task format: We prefer tasks that had relatively simple input and output formats, to avoid
incentivizing the users of the benchmark to create complex task-specific model architectures.
Still, while GLUE is restricted to tasks involving single sentence or sentence pair inputs, for Su-
perGLUE we expand the scope to consider tasks with longer inputs. This yields a set of tasks
that requires understanding individual tokens in context, complete sentences, inter-sentence re-
lations, and entire paragraphs.

License: Task data must be available under licences that allow use and redistribution for
research purposes.

To identify possible tasks for SuperGLUE, we disseminated a public call for task proposals
to the NLP community, and received approximately 30 proposals. We filtered these proposals
according to our criteria. Many proposals were not suitable due to licensing issues, complex
formats, and insufficient headroom; we provide examples of such tasks in Appendix A.2.4. For
each of the remaining tasks, we ran a BERT-based baseline and a human baseline, and filtered
out tasks which were either too challenging for humans without extensive training or too easy

for our machine baselines.
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3.3.2 SELECTED TASKS

Following this process, we arrived at eight tasks to use in SuperGLUE. See Tables 3.2 and 3.1 for
details and specific examples of each task.

BoolQ [Boolean Questions, Clark et al. 2019a] is a QA task where each example consists of a
short passage and a yes/no question about the passage. The questions are provided anonymously
and unsolicited by users of the Google search engine, and afterwards paired with a paragraph
from a Wikipedia article containing the answer. Following the original work, we evaluate with
accuracy.

CB [CommitmentBank, de Marneffe et al. 2019] is a corpus of short texts in which at least
one sentence contains an embedded clause. Each of these embedded clauses is annotated with the
degree to which it appears the person who wrote the text is committed to the truth of the clause.
The resulting task framed as three-class textual entailment on examples that are drawn from the
Wall Street Journal, fiction from the British National Corpus, and Switchboard. Each example
consists of a premise containing an embedded clause and the corresponding hypothesis is the
extraction of that clause. We use a subset of the data that had inter-annotator agreement above
80%. The data is imbalanced (relatively fewer neutral examples), so we evaluate using accuracy
and F1, where for multi-class F1 we compute the unweighted average of the F1 per class.

COPA [Choice of Plausible Alternatives, Roemmele et al. 2011] is a causal reasoning task
in which a system is given a premise sentence and must determine either the cause or effect of
the premise from two possible choices. All examples are handcrafted and focus on topics from
blogs and a photography-related encyclopedia. Following the original work, we evaluate using
accuracy.

MultiRC [Multi-Sentence Reading Comprehension, Khashabi et al. 2018] is a QA task where
each example consists of a context paragraph, a question about that paragraph, and a list of

possible answers. The system must predict which answers are true and which are false. While
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many QA tasks exist, we use MultiRC because of a number of desirable properties: (i) each ques-
tion can have multiple possible correct answers, so each question-answer pair must be evaluated
independent of other pairs, (ii) the questions are designed such that answering each question re-
quires drawing facts from multiple context sentences, and (iii) the question-answer pair format
more closely matches the API of other tasks in SuperGLUE than the more popular span-extractive
QA format does. The paragraphs are drawn from seven domains including news, fiction, and his-
torical text. The evaluation metrics are F1 over all answer-options (F1,) and exact match of each
question’s set of answers (EM).

ReCoRD [Reading Comprehension with Commonsense Reasoning Dataset, Zhang et al. 2018]
is a multiple-choice QA task. Each example consists of a news article and a Cloze-style question
about the article in which one entity is masked out. The system must predict the masked out
entity from a list of possible entities in the provided passage, where the same entity may be ex-
pressed with multiple different surface forms, which are all considered correct. Articles are from
CNN and Daily Mail. We evaluate with max (over all mentions) token-level F1 and exact match
(EM).

RTE (Recognizing Textual Entailment) datasets come from a series of annual competitions on
textual entailment. RTE is included in GLUE, and we use the same data and format as GLUE: We
merge data from RTE1 [Dagan et al. 2006], RTE2 [Bar Haim et al. 2006], RTE3 [Giampiccolo et al.
2007], and RTE5 [Bentivogli et al. 2009]. All datasets are combined and converted to two-class
classification: entailment and not_entailment. Of all the GLUE tasks, RTE is among those that
benefits from transfer learning the most, with performance jumping from near random-chance
(~56%) at the time of GLUE’s launch to 86.3% accuracy [Liu et al. 2019d; Yang et al. 2019] at the
time of writing. Given the nearly eight point gap with respect to human performance, however,
the task is not yet solved by machines, and we expect the remaining gap to be difficult to close.

WiC [Word-in-Context, Pilehvar and Camacho-Collados 2019] is a word sense disambigua-

tion task cast as binary classification of sentence pairs. Given two text snippets and a polysemous
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word that appears in both sentences, the task is to determine whether the word is used with the
same sense in both sentences. Sentences are drawn from WordNet [Miller 1995], VerbNet [Schuler
2005], and Wiktionary. We follow the original work and evaluate using accuracy.

WSC [Winograd Schema Challenge, Levesque et al. 2012] is a coreference resolution task in
which examples consist of a sentence with a pronoun and a list of noun phrases from the sen-
tence. The system must determine the correct referrent of the pronoun from among the provided
choices. Winograd schemas are designed to require everyday knowledge and commonsense rea-
soning to solve.

GLUE includes a version of WSC recast as NLI, known as WNLI. Until very recently, no sub-
stantial progress had been made on WNLI, with many submissions opting to submit majority class
predictions.! In the past few months, several works [Kocijan et al. 2019; Liu et al. 2019d] have
made rapid progress via a hueristic data augmentation scheme, raising machine performance to
90.4% accuracy. Given estimated human performance of ~96%, there is still a gap between ma-
chine and human performance, which we expect will be relatively difficult to close. We therefore
include a version of WSC cast as binary classification, where each example consists of a sentence
with a marked pronoun and noun, and the task is to determine if the pronoun refers to that noun.
The training and validation examples are drawn from the original WSC data [Levesque et al.
2012], as well as those distributed by the affiliated organization Commonsense Reasoning.? The
test examples are derived from fiction books and have been shared with us by the authors of the

original dataset. We evaluate using accuracy.

'WNLI is especially difficult due to an adversarial train/dev split: Premise sentences that appear in the training
set often appear in the development set with a different hypothesis and a flipped label. If a system memorizes the
training set, which was easy due to the small size of the training set, it could perform far below chance on the
development set. We remove this adversarial design in our version of WSC by ensuring that no sentences are shared
between the training, validation, and test sets.

Zhttp://commonsensereasoning.org/disambiguation.html
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3.3.3 SCORING

As with GLUE, we seek to give a sense of aggregate system performance over all tasks by aver-
aging scores of all tasks. Lacking a fair criterion with which to weight the contributions of each
task to the overall score, we opt for the simple approach of weighing each task equally, and for

tasks with multiple metrics, first averaging those metrics to get a task score.

3.3.4 TooLrLs FOR MODEL ANALYSIS

ANALYZING LINGUIsTIC AND WORLD KNOWLEDGE IN MODELS  GLUE includes an expert-constructed,
diagnostic dataset that automatically tests models for a broad range of linguistic, commonsense,
and world knowledge. Each example in this broad-coverage diagnostic is a sentence pair labeled
with a three-way entailment relation (entailment, neutral, or contradiction) and tagged with la-
bels that indicate the phenomena that characterize the relationship between the two sentences.
Submissions to the GLUE leaderboard are required to include predictions from the submission’s
MultiNLI classifier on the diagnostic dataset, and analyses of the results were shown alongside
the main leaderboard. Since this diagnostic task has proved difficult for top models, we retain it
in SuperGLUE. However, since MultiNLI is not part of SuperGLUE, we collapse contradiction and
neutral into a single not_entailment label, and request that submissions include predictions on the
resulting set from the model used for the RTE task. We estimate human performance following
the same procedure we use for the benchmark tasks (Section A.2.3). We estimate an accuracy of
88% and a Matthew’s correlation coefficient (MCC, the two-class variant of the R3 metric used in

GLUE) of 0.77.

ANALYZING GENDER B1as IN MODELS Recent work has identified the presence and amplification
of many social biases in data-driven machine learning models [Lu et al. 2020; Zhao et al. 2018,

i.a.]. To promote the detection of such biases, we include Winogender [Rudinger et al. 2018] as
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an additional diagnostic dataset. Winogender is designed to measure gender bias in coreference
resolution systems. We use the Diverse Natural Language Inference Collection [Poliak et al.
2018a] version that casts Winogender as a textual entailment task. Each example consists of a
premise sentence with a male or female pronoun and a hypothesis giving a possible antecedent of
the pronoun. Examples occur in minimal pairs, where the only difference between an example and
its pair is the gender of the pronoun in the premise. Performance on Winogender is measured with
accuracy and the gender parity score: the percentage of minimal pairs for which the predictions
are the same. A system can trivially obtain a perfect gender parity score by guessing the same
class for all examples, so a high gender parity score is meaningless unless accompanied by high
accuracy. We collect non-expert annotations to estimate human performance, and observe an
accuracy of 99.7% and a gender parity score of 0.99.

Like any diagnostic, Winogender has limitations. It offers only positive predictive value: A
poor bias score is clear evidence that a model exhibits gender bias, but a good score does not mean
that the model is unbiased. More specifically, in the DNC version of the task, a low gender parity
score means that a model’s prediction of textual entailment can be changed with a change in
pronouns, all else equal. It is plausible that there are forms of bias that are relevant to target tasks
of interest, but that do not surface in this setting [Gonen and Goldberg 2019]. Also, Winogender
does not cover all forms of social bias, or even all forms of gender. For instance, the version of
the data used here offers no coverage of gender-neutral they or non-binary pronouns. Despite
these limitations, we believe that Winogender’s inclusion is worthwhile in providing a coarse
sense of how social biases evolve with model performance and for keeping attention on the social

ramifications of NLP models.
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3.4 UsING SUPERGLUE

SorTwARE TooLs To facilitate using SuperGLUE, we release jiant [Wang et al. 2019c¢] > amodu-
lar software toolkit, built with PyTorch [Paszke et al. 2017], components from AllenNLP [Gardner
et al. 2017], and the transformers package.* jiant implements our baselines and supports the
evaluation of custom models and training methods on the benchmark tasks. The toolkit includes
support for existing popular pretrained models such as OpenAI GPT and BERT, as well as support

for multistage and multitask learning of the kind seen in the strongest models on GLUE.

ELiGIBILITY Any system or method that can produce predictions for the SuperGLUE tasks is
eligible for submission to the leaderboard, subject to the data-use and submission frequency poli-
cies stated immediately below. There are no restrictions on the type of methods that may be used,
and there is no requirement that any form of parameter sharing or shared initialization be used
across the tasks in the benchmark. To limit overfitting to the private test data, users are limited

to a maximum of two submissions per day and six submissions per month.

Data Data for the tasks are available for download through the SuperGLUE site and through a
download script included with the software toolkit. Each task comes with a standardized training
set, development set, and unlabeled test set. Submitted systems may use any public or private data
when developing their systems, with a few exceptions: Systems may only use the SuperGLUE-
distributed versions of the task datasets, as these use different train/validation/test splits from
other public versions in some cases. Systems also may not use the unlabeled test data for the tasks
in system development in any way, may not use the structured source data that was used to collect
the WiC labels (sense-annotated example sentences from WordNet, VerbNet, and Wiktionary) in

any way, and may not build systems that share information across separate test examples in any

Shttps://github.com/nyu-mll/jiant
‘https://github.com/huggingface/transformers
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way.
To ensure reasonable credit assignment, because we build very directly on prior work, we ask
the authors of submitted systems to directly name and cite the specific datasets that they use,

including the benchmark datasets. We will enforce this as a requirement for papers to be listed on

the leaderboard.

3.5 EXPERIMENTS

3.5.1 BASELINES

Table 3.3: Baseline performance on the SuperGLUE test sets and diagnostics. For CB we report accuracy
and macro-average F1. For MultiRC we report F1on all answer-options and exact match of each question’s
set of correct answers. AXp is the broad-coverage diagnostic task, scored using Matthews’ correlation
(MCC). AX, is the Winogender diagnostic, scored using accuracy and the gender parity score (GPS). All
values are scaled by 100. The Avg column is the overall benchmark score on non-AX, tasks. The bolded
numbers reflect the best machine performance on task. *MultiRC has multiple test sets released on a
staggered schedule, and these results evaluate on an installation of the test set that is a subset of ours.

Model Avg BoolQ CB COPA MultiRC ReCoRD RTE WiC WSC AX, AX,
Metrics Acc. F1/Acc. Acc. F1,/EM F1/EM Acc. Acc. Acc. MCC GPS Acc.
Most Frequent 47.1 62.3 21.7/484 50.0 61.1/ 0.3 33.4/325 503 50.0 65.1 0.0 100.0/ 50.0
CBoW 443 62.1 49.0/71.2 51.6 0.0 / 04 14.0/13.6 49.7 53.0 651 -0.4 100.0/50.0
BERT 69.0 774 75.7/83.6 70.6 70.0 / 24.0 72.0/71.3 71.6 69.5 64.3 23.0 97.8/51.7
BERT++ 71.5 79.0 84.7/904 738 70.0/24.1 72.0/71.3 79.0 69.5 64.3 380 99.4/514
Outside Best - 80.4 -/ - 84.4 70.4°/24.5* 74.8/73.0 82.7 - - - -/

Human (est.) 89.8 89.0 95.8/98.9 100.0 81.8"/51.9* 91.7/91.3 93.6 80.0 100.0 77.0 99.3/99.7

BERT Our main baselines are built around BERT, variants of which are among the most suc-
cessful approach on GLUE at the time of writing. Specifically, we use the bert-large-cased
variant. Following the practice recommended in Devlin et al. [2019], for each task, we use the
simplest possible architecture on top of BERT. We fine-tune a copy of the pretrained BERT model
separately for each task, and leave the development of multi-task learning models to future work.
For training, we use the procedure specified in Devlin et al. [2019]: We use Adam [Kingma and

Ba 2014] with an initial learning rate of 10 and fine-tune for a maximum of 10 epochs.
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For classification tasks with sentence-pair inputs (BoolQ, CB, RTE, WiC), we concatenate
the sentences with a [SEP] token, feed the fused input to BERT, and use a logistic regression
classifier that sees the representation corresponding to [cLs]. For WiC, we also concatenate the
representation of the marked word. For COPA, MultiRC, and ReCoRD, for each answer choice, we
similarly concatenate the context with that answer choice and feed the resulting sequence into
BERT to produce an answer representation. For COPA, we project these representations into a
scalar, and take as the answer the choice with the highest associated scalar. For MultiRC, because
each question can have more than one correct answer, we feed each answer representation into
a logistic regression classifier. For ReCoRD, we also evaluate the probability of each candidate
independent of other candidates, and take the most likely candidate as the model’s prediction.
For WSC, which is a span-based task, we use a model inspired by Tenney et al. [2019]. Given
the BERT representation for each word in the original sentence, we get span representations of
the pronoun and noun phrase via a self-attention span-pooling operator [Lee et al. 2017], before

feeding it into a logistic regression classifier.

BERT++ We also report results using BERT with additional training on related datasets before
fine-tuning on the benchmark tasks, following the STILTs style of transfer learning [Phang et al.
2018]. Given the productive use of MultiNLI in pretraining and intermediate fine-tuning of pre-
trained language models [Conneau et al. 2017; Phang et al. 2018, i.a.], for CB, RTE, and BoolQ, we
use MultiNLI as a transfer task by first using the above procedure on MultiNLI. Similarly, given
the similarity of COPA to SWAG [Zellers et al. 2018], we first fine-tune BERT on SWAG. These
results are reported as BERT++. For all other tasks, we reuse the results of BERT fine-tuned on

just that task.

OTHER BASeLINEs We include a baseline where for each task we simply predict the majority

class,” as well as a bag-of-words baseline where each input is represented as an average of its

For ReCoRD, we predict the entity that has the highest F1 with the other entity options.
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tokens’ GloVe word vectors [the 300D/840B release from Pennington et al. 2014]. Finally, we list
the best known result on each task as of May 2019, except on tasks which we recast (WSC), resplit
(CB), or achieve the best known result (WiC). The outside results for COPA, MultiRC, and RTE

are from Sap et al. [2019], Trivedi et al. [2019], and Liu et al. [2019d] respectively.

HuMmAN PERFORMANCE Pilehvar and Camacho-Collados [2019], Khashabi et al. [2018], Nangia
and Bowman [2019], and Zhang et al. [2018] respectively provide estimates for human perfor-
mance on WiC, MultiRC, RTE, and ReCoRD. For the remaining tasks, including the diagnostic set,
we estimate human performance by hiring crowdworker annotators through Amazon’s Mechan-
ical Turk platform to reannotate a sample of each test set. We follow a two step procedure where
a crowd worker completes a short training phase before proceeding to the annotation phase,
modeled after the method used by Nangia and Bowman [2019] for GLUE. See Appendix A.2.3 for

detalils.

3.5.2 RESULTS

Table 3.3 shows results for all baselines. The most frequent class and CBOW baselines do not
perform well overall, achieving near chance performance for several of the tasks. Using BERT
increases the average SuperGLUE score by 25 points, attaining significant gains on all of the
benchmark tasks, particularly MultiRC, ReCoRD, and RTE. On WSC, BERT actually performs
worse than the simple baselines, likely due to the small size of the dataset and the lack of data
augmentation. Using MultiNLI as an additional source of supervision for BoolQ, CB, and RTE
leads to a 2-5 point improvement on all tasks. Using SWAG as a transfer task for COPA sees an 8
point improvement.

Our best baselines still lag substantially behind human performance. On average, there is a
nearly 20 point gap between BERT++ and human performance. The largest gap is on WSC, with a

35 point difference between the best model and human performance. The smallest margins are on
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BoolQ, CB, RTE, and WiC, with gaps of around 10 points on each of these. We believe these gaps
will be challenging to close: On WSC and COPA, human performance is perfect. On three other
tasks, it is in the mid-to-high 90s. On the diagnostics, all models continue to lag significantly
behind humans. Though all models obtain near perfect gender parity scores on Winogender, this

is due to the fact that they are obtaining accuracy near that of random guessing.

3.6 CONCLUSION

We present SuperGLUE, a new benchmark for evaluating general-purpose language understand-
ing systems. SuperGLUE updates the GLUE benchmark by identifying a new set of challenging
NLU tasks, as measured by the difference between human and machine baselines. The set of eight
tasks in our benchmark emphasizes diverse task formats and low-data training data tasks, with
nearly half the tasks having fewer than 1k examples and all but one of the tasks having fewer
than 10k examples.

We evaluate BERT-based baselines and find that they still lag behind humans by nearly 20
points. Given the difficulty of SuperGLUE for BERT, we expect that further progress in multi-task,
transfer, and unsupervised/self-supervised learning techniques will be necessary to approach
human-level performance on the benchmark. Overall, we argue that SuperGLUE offers a rich
and challenging testbed for work developing new general-purpose machine learning methods

for language understanding.

3.7 RETROSPECTIVE

In Chapter 3, we introduced the SuperGLUE benchmark, the successor to the GLUE benchmark
that updates it with more diverse and more challenging tasks. Tasks are selected from a pool of

community-proposed tasks and after verification that the task is easily solved by humans and
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beyond the capability of state-of-the-art models at the time. At release, SuperGLUE was indeed
challenging for NLP models, and it successfully served as one of the primary evaluation methods
for prominent large language models such as RoBERTa [Liu et al. 2019¢], T5 [Raffel et al. 2020],
and ERNIE [Sun et al. 2021]. However, progress on SuperGLUE improved so quickly that within
six months of its release, the best models had already matched human crowdworker performance.
The steps taken to ensure the difficulty of the benchmark were not successful in outpacing the
speed of model improvements, and it seems unlikely that another round of benchmark creation
similar to that of SuperGLUE would produce a benchmark that stands up against the rapid pace
of model progress. However, there have been several recent innovations in benchmark creation
that seem promising in developing sustainable, challenging benchmarks.

The most obvious spiritual successor to the GLUE and SuperGLUE benchmarks is the Beyond
the Imitation Game benchmark [BIG-bench, BIG-bench collaboration 2021].° Like SuperGLUE,
BIG-bench evaluates NLP models by their ability to perform a diverse set of tasks that have been
crowdsourced from the NLP research community. Unlike SuperGLUE, BIG-bench focuses on the
few-shot setting, where there are typically very few training examples for a task. Additionally,
BIG-bench differs from SuperGLUE in that it sets out to measure whether scaling up language
models can eventually solve any text-based task. To answer this, BIG-bench not only includes
traditional NLP tasks, such as machine reasoning or question answering, but also extremely niche
tasks, such as solving crosswords puzzles, recognizing ASCII art, or answering questions about
cryobiology in Spanish. In order to produce such a diverse range of tasks, BIG-bench uses an
open, light-weight reviewing process for community-proposed tasks. All tasks are defined with
a consistent format in order to facilitate easy task reviewing and model evaluation, ultimately
allowing for a large volume of tasks to be considered. The current version of BIG-bench consists
of 209 tasks across dozens of tasks types.

Another prominent successor to SuperGLUE is the Dynabench platform [Kiela et al. 2021],

®https://github.com/google/BIG-bench
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which benchmarks NLP models by explicitly trying to create examples that are challenging for
existing models. Dynabench offers three key innovations over GLUE and SuperGLUE. First, Dyn-
abench focuses on task examples that existing models get wrong, rather than the average exam-
ple for a task. In order to facilitate the collection of such hard examples, Dynabench relies on a
process called adversarial data collection, wherein crowdworkers try to write task examples that
"break" current models. The examples that workers write are immediately evaluated against the
model, and the worker receives feedback as to whether their example was successful in fooling
the model. However, the efficacy of adversarially generated data in evaluating models fairly has
recently been called into question [Bowman and Dahl 2021; Phang et al. 2021; Li and Michael
2022]. Second, Dynabench uses these adversarial examples to periodically update the test sets
for each task, rather than relying on a single static dataset release. Because the benchmark test
sets are dynamic, it is not as problematic if they become saturated because they will soon be
updated with more challenging examples. Third, users of the benchmark submit models, rather
than model predictions. This allows submitted models to be run not only on current and previous
dataset releases, but also future datasets that have yet to be collected. Additionally, the best mod-
els can then be incorporated into the adversarial data collection process to create even harder test
sets for the next data release. Finally, because users submit models and all models are run in con-
sistent environments, Dynabench includes fair measures of model inference time and memory
consumption. Users can then use these performance measures, as well as other measures such as
accuracy or robustness, to rerank models based on how heavily they weigh these factors.
Dynabench is one example of a broader trend of making more difficult benchmarks by fo-
cusing on more challenging, constrained, and adversarial settings. An orthogonal line of work
focuses on models’ ability to learn to perform new tasks with few training examples (few-shot
learning); FewGLUE [Schick and Schiitze 2021], FewNLU [Zheng et al. 2022], FewCLUE [Xu et al.
2021] have been developed to standardize evaluation in this data-constrained setting. In response

to concerns about the energy consumption of large pretrained language models, benchmarks like
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HULK [Zhou et al. 2021] have been developed to incentivize computation- or parameter-efficient
models In a similar vein, a modified version of SuperGLUE was used as the shared task of the Sus-
taiNLP workshop [Wang and Wolf 2020], where models were evaluated not only based on their
predictive performance, but also on the energy consumed to produce a full set of test predictions.
Finally, while SuperGLUE focused on sentence- or paragraph-level tasks, the SCROLLS bench-
mark [Shaham et al. 2022] evaluates models’ ability to perform NLU tasks on long-document
inputs, such as books and meeting transcripts, where the inputs are thousands to hundreds of

thousands of words long.
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4 QAGS: ASKING AND ANSWERING
QUESTIONS TO EVALUATE THE FACTUAL

CONSISTENCY OF SUMMARIES

4.1 INTRODUCTION

Automatic summarization aims to produce summaries that are succinct, coherent, relevant, and —
crucially — factually correct. Recent progress in conditional text generation has led to models that
can generate fluent, topical summaries [Lewis et al. 2020]. However, model-generated summaries
frequently contain factual inconsistencies, limiting their applicability [Kryscinski et al. 2019].

The problem of factual inconsistency is due in part to the lack of automatic evaluation metrics
that can detect such errors. Standard metrics for evaluating generated text are predominantly
based on counting n-grams, which weigh all n-grams equally and are insensitive to semantic
errors. This inadequacy leaves human evaluation as the primary method for evaluating the factual
consistencies, which has been noted to be challenging even for humans [Daume III and Marcu
2005; Kryscinski et al. 2019], in addition to being slow and costly.

We argue that evaluation metrics that are able to capture subtle semantic errors are required
to build better models. In this work, we introduce a general framework for evaluating conditional

text generation that is designed to detect factual inconsistencies in generated text with respect
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to some input. Our framework consists of three steps: (1) Given a generated text, a question
generation (QG) model generates a set of questions about the text. (2) We then use question
answering (QA) models to answer these questions given both the input and the generated text.
(3) A quality score is computed based on the similarity of corresponding answers.

This approach leverages recent progress in QA and QG to ask and answer human readable,
on-topic questions [Devlin et al. 2019; Song et al. 2019]. It only assumes access to a question
answering dataset to train the QG and QA models, and is applicable to any modality where a QA
model is available, e.g. text, images, or knowledge graphs.

We use this framework to develop QAGS (Question Answering and Generation for Summa-
rization), a metric for evaluating the factual consistency of abstractive document summaries.
Compared to commonly used automatic metrics such as ROUGE [Lin 2004], QAGS shows dramat-
ically higher correlations with human judgements of factuality, for example achieving a Pearson
correlation coefficient of 54.52 on the CNN/DailyMail summarization task, compared to 17.72
for ROUGE-2. QAGS also achieves new state-of-the-art results on evaluating the factuality of
summaries, outperforming recently proposed NLI models for this task [Kryscinski et al. 2019].

Finally, we analyse the robustness of QAGS through an ablation study. QAGS shows robust-
ness to the quality of the underlying QG and QA models, the domain of the models, and the
number of questions asked. Even under the worst ablation settings, QAGS still has stronger cor-
relation with human judgments than other automatic metrics.

Overall, we contribute the following: (1) We introduce QAGS, an automatic model-based eval-
uation metric for measuring the factual consistency of model-generated text. (2) We collect a new
set of human judgments of factual consistency of model-generated summaries for two summa-
rization datasets. We demonstrate that QAGS correlates with these judgments significantly better
than other automatic metrics. (3) We show via ablations that QAGS is robust to a number of fac-
tors including underlying model quality and domain mismatch. (4) We analyze the questions and

answers produced in computing QAGS to illustrate which parts of summaries are inconsistent.
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(5) We will release models and code to compute QAGS.

4.2 BACKGROUND: AUTOMATICALLY EVALUATING MACHINE

GENERATED TEXT

Standard approaches to evaluating generated text are primarily based on counting n-gram over-
lap. These methods assume access to one or more reference texts, and score a generated summary
based on the precision and recall of all reference n-grams in the generated summary. We briefly
describe the most common metrics in this family, and refer readers to Liu et al. [2016] for further
discussion.

ROUGE [Lin 2004] was developed specifically for evaluating automatic summarization, and
its variants are the de facto standard for such. The most common variant is ROUGE-n (typically
n € {1,2}), which computes the F1 score for all reference n-grams in the generated summary.
ROUGE-L, another commonly used variant, is the length of the longest common subsequence
(possibly non-consecutive) between a summary and references.

BLEU [Papineni et al. 2002] is closely related to ROUGE but was developed for machine trans-
lation. BLEU computes the precision of the reference n-grams in the generated summary. ME-
TEOR [Lavie and Agarwal 2007] extends BLEU by using an alignment between the generated text
and a reference, as well as using stemming and synonym replacement for more flexible n-gram
matching.

We identify two key deficiencies when using these n-gram based evaluation metrics to detect
factual inconsistencies in generated text.

First, these metrics require one or more reference texts to compare against. Obtaining ref-
erences can be expensive and challenging, and as such many text generation datasets contain
only a single reference. This problem is exacerbated with high-entropy generation tasks, such as

summarization or dialogue, where there is a very large number of acceptable outputs. In these
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Source

Leeds showed they are in good shape to

cope with Kevin Sinfield’s retirement as summary
they claimed a 26 - 12 derby victory over
Castleford in front of a sell-out crowd at
the Mend-a-Hose Jungle. [...] Ryan Hall
was sent to the sin-bin for the first time in
his career [...] Joel Moon scored his first
try of the season [...] Leeds extended
their unbeaten run against the Tigers to

six matches ﬁ
Source Generated % Summary

Answers Questions Answers

Joel Moon Who scored their first try Kevm Sinfield x
of the season?
Who was sent to Leeds x
<unanswerable> <:| (Rhino for the first time? ) |:> Ryan Hall
Six matches How many matches did Six matches /
they win?

Figure 4.1: Overview of QAGS. A set of questions is generated based on the summary. The questions
are then answered using both the source article and the summary. Corresponding answers are compared
using a similarity function and averaged across questions to produce the final QAGS score.

Summarization Kevin Sinfield scored his first try of the
season against Castleford. Leeds Rhino
scored unbeaten run against Tigers to
six matches. Ryan Hall was sent to
Leeds Rhino for first time in his career .

settings, comparing against a single reference is woefully inadequate.

Second, given a reference to compare against, n-gram based approach weigh all portions of the
text equally, even when only a small fraction of the n-grams carry most of the semantic content.
Factual inconsistencies caused by minor changes may be drowned out by otherwise high n-gram
overlap, making these metrics insensitive to these errors. For example, the sentences “T am writing
my paper in Vancouver.” and “I am not writing my paper in Vancouver.” share nearly all unigrams

and bigrams despite having the opposite meaning.

4.3 A FRAMEWORK FOR AUTOMATICALLY EVALUATING FACTUAL

CONSISTENCY

We introduce a framework for automatically detecting factual inconsistencies in generated text

while also addressing the deficiencies of current approaches. Let X and Y be sequences of tokens
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coming from a vocabulary V where X is a source text and Y is a summary of X. We define p(Q|Y)
as a distribution over all possible questions Q given summary Y, and p(A|Q, X) and p(A|Q,Y)
as distributions over all possible answers A to a particular question Q given either the source X
or the summary Y. We constrain the questions Q and answers A to also be sequences of tokens

from V. Then the factual consistency of the summary Y is

Eo-p(olv) [D(P(AlQ, X), p(A|Q, Y))], (4.1)

where D is some function measuring the similarity of the two answer distributions. This
expression is maximized when Y contains a subset of the information in X such that it produces
the same answer for any question from p(Q|Y). This happens trivially when Y = X, i.e. we take
X as its own summary, but in many cases this solution is unacceptable.

This framework addresses the two issues with n-gram based approaches. Instead of requiring
a reference to compare against, our framework asks questions based on the generation itself, and
compares answers with the provided source text. Also, the use of questions focuses the metric on
the semantically relevant parts of the generated text, rather than weighting all parts of the text
equally.

In practice, exactly computing the expectation in Equation 4.1 is intractable due to the large
space of possible questions. One potential workaround is to randomly sample questions from
p(Q|Y), but this suffers from high variance and requires many samples to obtain a good estimate.
Instead, we focus on producing highly probable questions, e.g. as produced by beam search,
which may be biased in the limit, but will require fewer questions to estimate because of the

higher quality of the questions.
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44 QAGS

Using this framework requires specifying the question distribution p(Q|Y), the answer distribu-
tions p(A|Q, *), and the answer similarity function D. We apply this framework to summarization

to develop QAGS and describe our instantiations of these components.

QuEsTION GENERATION To instantiate p(Q|Y), we draw on recent work on automatic question
generation (QG), which models this distribution using neural seq2seq models [Du et al. 2017;
Krishna and Iyyer 2019]. We over-sample questions, and then filter out low quality questions as
follows.

First, we train and generate from answer-conditional QG models. During training, the model
receives both the answer and the source article, and is trained to maximize the likelihood of the
paired question. At test time, given a summary Y, we determine candidate answers. We condition
on these answers and the summary to generate questions.

Next, we filter out low-quality questions using a number of heuristics, such as duplicates and
questions less than three tokens long. We also found it especially useful to run the QA model (see
next section) on all of the candidate questions, and filter out questions for which the QA model

predicted no answer or a different answer than expected.

QUESTION ANSWERING We instantiate the answer distributions p(A|Q, *) as extractive QA mod-
els, for simplicity. In using extractive QA models, we assume the facts are represented as text
spans in the article and summary. Future work should explore using abstractive QA models,

which could match paraphrases of the same answer.
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ANSWER SIMILARITY We use token-level F1 to compare answers, which is standard for extractive

QA and equivalent to defining D as

F1(arg max p(A|Q, X), argmax p(A|Q, Y))

THE QAGS Score Given these components, we obtain the QAGS score of a generation by (1)
generating K questions conditioned on the summary, (2) answering the questions using both
the source article and the summary to get two sets of answers, (3) comparing corresponding
answers using the answer similarity metric, and (4) averaging the answer similarity metric over

all questions. We depict this process in Figure 4.1.

4.5 EXPERIMENTS

45.1 HumaN EVALUATION

We test whether QAGS accurately measures the factual consistency of a summary with respect

to a source article by computing correlations with human judgments of factual consistency.

DAataseTs We focus on abstractive summarization, which is particularly interesting because
factual consistency with the original text is crucial to usability, and a lack of such consistency
has plagued abstractive neural summarization models [Cao et al. 2018; Falke et al. 2019; Kryscinski
etal. 2019, i.a.]. To compare with prior work on evaluating summarization, we use two common
abstractive summarization datasets, CNN/Daily Mail [CNNDM, Hermann et al. 2015; Nallapati
et al. 2016] and XSUM [Narayan et al. 2018a].

CNN/DM is a standard dataset for summarization that consists of CNN and DailyMail arti-
cles. Each reference summary consists of the concatenation of three editor-written, bullet point

highlights. For summaries, we use 235 test outputs from Gehrmann et al. [2018].
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Metric CNN/DM XSUM

ROUGE-1 28.74 13.22
ROUGE-2 17.72 8.95
ROUGE-L 24.09 8.86
METEOR 26.65 10.03
BLEU-1 29.68 11.76
BLEU-2 25.65 11.68
BLEU-3 23.96 8.41
BLEU-4 21.45 5.64
BERTScore 27.63 2.51
QAGS 54.53 17.49

Table 4.1: Summary-level Pearson correlation coefficients between various automatic metrics and human
judgments of correctness for summarization datasets. All correlations are significant at p < .01 and
p < .05 for CNN/DM and XSUM, respectively. QAGS obtains substantially higher correlations than all
other automatic metrics.

XSUM was created by taking the first sentence of a news article as the summary, and using
the rest of the article as the source. Consequently, XSUM summaries are significantly more ab-
stractive than those of CNN/DM, and extractive summarization models perform poorly on this
dataset.

We found that while the XSUM summaries are more abstractive, frequently there are facts (e.g.
first names) in the summary that are not available in the “article”. This quirk made it especially
difficult for humans and QAGS to tell when factual errors were being made by the summarization
model. To remedy this, for human evaluation and QAGS, we prepend the summary back to the

“article”. We use a subset of 239 test outputs from BART fine-tuned on XSUM [Lewis et al. 2020].

ANNOTATION PrOTOCOL  We collect human judgments on Amazon Mechanical Turk’ via ParlAl
[Miller et al. 2017]. We present summaries one sentence at a time, along with the entire article.
For each summary sentence, the annotator makes a binary decision as to whether the sentence is
factually consistent with the article. Workers are instructed to mark non-grammatical sentences

as not consistent, and copies of article sentences as consistent. Workers are paid $1 per full

'https://www.mturk.com/
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summary annotated. See Appendix A.3.1 for further details.

We collect 3 annotations per summary. To obtain a single consistency score per summary,
we first take the majority vote for each sentence, then average the binary scores across summary
sentences to produce a final score.

Inter-annotator agreement as measured by Krippendorft’s « is 0.51 and 0.34 for CNN/DM
and XSUM, respectively indicating “moderate” and “fair” agreement [Ageeva et al. 2015]. While
not perfect, these agreement numbers are in-line with similar figures from previous work on

summarization evaluation [Daume III and Marcu 2005].

4.5.2 EXPERIMENTAL DETAILS

QUESTION GENERATION We train answer-conditional QG models by fine-tuning a pretrained
BART language model [Lewis et al. 2020] on NewsQA [Trischler et al. 2017], a dataset consisting
of CNN articles and crowdsourced questions. During training, the model receives the concatena-
tion of the source article and an answer, and is trained to predict the question. The answer, source
article, and question are concatenated with intervening special tokens to mark the boundaries.
At test time, the model receives the concatentation of a summary and an expected answer, and
outputs question candidates. For each summary, we extract 10 named entities and noun phrases
as answer candidates using the en-web-sm spaCy model.”? For each summary-answer pair, we
generate questions using beam search with width 10, for a total of 100 question candidates. We
experimented with generating via top-k [Holtzman et al. 2019] and top-p [Fan et al. 2018] sam-
pling, but the generated questions, while diverse, were noisy and frequently nongrammatical.
After filtering, we use the K = 20 most probable questions. If a summary has too few filtered
questions, we randomly sample questions to reach the required number. For additional filtering
and training details, see Appendix A.3.2. We implement these models with fairseq [Oftt et al.

2019].

2https://spacy.io/api/entityrecognizer
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QUESTION ANSWERING We train extractive QA models by fine-tuning BERT [Devlin et al. 2019]
on SQuAD2.0 [Rajpurkar et al. 2018]. We use the 1arge-uncased BERT variant via the transformers
library [Wolf et al. 2020].

We found that allowing the model to predict that a question is unanswerable, as is the case in
SQuAD2.0, is particularly useful in filtering out bad questions, as questions based on hallucinated

facts in the summary should be unanswerable using the source article.

BASELINES We compare against a number of automatic evaluation metrics: ROUGE [Lin 2004],
METEOR [Lavie and Agarwal 2007], BLEU [Papineni et al. 2002], and BERTScore [Zhang et al.
2019a]. The latter uses BERT representations to compute an alignment between generation and
reference tokens, and which is then used to compute a soft version of unigram F1. We use the

large-uncased BERT variant.

45.3 RESULTS

We present Pearson correlations between human-judged consistency scores and various auto-
matic metrics in Table 4.1. For CNN/DM, all results are significant with p < 0.01; for XSUM,
all results are significant with p < .05. QAGS strongly outperforms other automatic evaluation
metrics in terms of correlation with the summary-level human judgments of factual consistency.
BLEU and ROUGE perform comparably, and lower order n-gram metrics work better. BERTScore
matches the best n-gram metrics on CNN/DM, but the worst overall on XSUM.

On CNN/DM, QAGS obtains nearly twice the correlation of the next best automatic metric
(BLEU-1). We speculate that this large increase is due to the sensitivity of the QA model to the sen-
tence fusing behavior exhibited in many summarization models trained on CNN/DM [Lebanoff
et al. 2019]. When two sentences are fused to produce an incorrect summary statement, the QA
model produces different answers when using the source article than when using the summary.

On XSUM, all metrics correlate worse with human judgments than on CNN/DM, which re-
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SQuAD CNN/DM XSUM

QA model (F1) (Pear.) (Pear.)
bert-base 75.95 55.20 20.71
bert-large 81.57 54.53 17.49
bert-large-wwm  84.36 51.36 18.07

Table 4.2: Pearson correlations between human judgments of factual consistency and QAGS using QA
models of different qualities, as measured by performance on the SQUAD2.0 development set (F1). The
correlations are stable across QA model quality.

NewsQA CNN/DM XSUM
(ppl) (Pear)  (Pear.)

5.48 54.53 17.49
9.50 50.09 19.93
18.56 47.92 16.38

Table 4.3: Pearson correlations between human judgments of factual consistency and QAGS with QG
models of varying quality, as measured by perplexity on the NewsQA development set. We see some
decrease in correlation on CNN/DM as QG perplexity increases, though we do not see a similar trend for
XSUM.

flects the fact that XSUM is more abstractive. QAGS still outperforms the next best automatic

metric.

454 ABLATIONS

A potential issue with model-based evaluation is that the quality of the evaluation metric may
depend heavily on specific hyperparameter settings. We explore the extent to which this is true

with QAGS by performing ablations on several factors.

MobEeL QuaLiTy We first consider the degree to which the quality of the underlying models
impacts their evaluation capabilities.

For QA quality, we answer this question by training QA models of varying quality by fine-
tuning different versions of BERT on SQuAD. We present results in Table 4.2. The QA models

perform similarly despite substantially different performances on the SQuAD development set.
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# Questions CNN/DM XSUM

5 41.61 15.63
10 41.17 15.49
20 54.53 17.49
50 57.94 17.74

Table 4.4: Pearson correlation coefficients between QAGS scores with varying number of questions and
human judgments of correctness for summarization datasets. The correlation increases with the number
of questions used, but with decreasing marginal benefit.

Surprisingly, using the best QA model (bert-large-wwm) does not lead to the best correlations
with human judgments. On CNN/DM, bert-large-wwm slightly underperforms bert-base and
bert-large. On XSUM, bert-base slightly outperforms the other two BERT variants. These
results indicate that QAGS is fairly robust to the quality of the underlying QA model, though
we note that BERT is a strong QA baseline, and using weaker QA models might lead to larger
performance dropofts.

To ablate QG quality, we use models with increasing perplexity on the NewsQA development
set. Results in Table 4.3 show that QAGS is robust to the QG model quality, with some decrease
in correlation with human judgments as perplexity increases on CNN/DM, and no clear trend on
XSUM. Even the weakest QG model still significantly outperforms all other automatic metrics in

Table 4.1.

DomaIN ErrecTs Our approach relies on having a labeled dataset to train QG and QA models.
However, for relatively niche domains, such a labeled QA/QG dataset may not exist. Instead, we
may need to resort to using models trained on out-of-domain data, leading to domain shift effects
that negatively impact the quality of the QAGS scores. We simulate this setting by fine-tuning
the QG model on SQuUAD, which is of similar size to NewsQA but drawn from Wikipedia articles
rather than CNN articles, which exactly matches the genre of the summarization datasets.
Evaluating with this QG model, we get correlations of 51.53 and 15.28 with human judgments

on CNN/DM and XSUM respectively, versus 54.53 and 17.49 when using the NewsQA-tuned QG
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model. The drop in performance indicates a negative domain shift effect. However using the
SQuAD-tuned QG model still substantially outperforms all other automatic metrics, again point-

ing to the robustness of QAGS.

NUMBER OF QUESTIONS Next, we investigate the correlation with human judgments when vary-
ing the number of questions used. Results in Table 4.4 show that increasing the number of ques-
tions used improves correlations with human judgments. We observe a large increase when mov-
ing from 10 to 20 questions, and a smaller increase from 20 to 50 questions, indicating decreasing
marginal benefit moving beyond 50 questions. However, we observe frequent clusters of gener-
ated questions that only differ by a few tokens. Encouraging greater diversity when generating
questions might lead to better correlations when more questions are used. Still, with just 5 ques-

tions used QAGS substantially outperforms other automatic metrics, indicating its robustness.

ANSWER SIMILARITY METRIC Finally, we consider using exact match as an alternative answer
similarity metric. Exact match is another common evaluation metric for extractive QA, and is
more restrictive than F1. When using EM, we obtain Pearson correlations with human judgments

of 45.97 and 18.10 on CNN/DM and XSUM, as opposed to 54.53 and 17.49 when using F1.

4.6 RE-RANKING WITH QAGS

Several works explore the use of natural language inference (NLI) models to detect factual consis-
tency in generated text [Welleck et al. 2019; Falke et al. 2019]. We compare against these methods
by evaluating on the sentence ranking experiment from Falke et al. [2019]. The experiment uses
373 triplets of source sentences from CNN/DM and two summary sentences generated from the
model from Chen and Bansal [2018]. One summary sentence is factually consistent with the
source sentence, and the other is inconsistent. A metric (or model) is evaluated based on how

often it ranks the consistent sentence higher than the inconsistent sentence.
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Model/Metric % Correct (T)

Random 50.0%
BERT NLI 64.1%
ESIM 67.6%
FactCC 70.0%
QAGS 72.1%

Table 4.5: Results on the sentence ranking task from Falke et al. [2019]. Results using BERT NLI and
ESIM are from Falke et al. [2019]; FactCC is from Kryscinski et al. [2020]. QAGS performs best.

We present the results in Table 4.5. Results using two NLI models fine-tuned on MultiNLI
[Williams et al. 2018], BERT NLI, and ESIM [Chen et al. 2017], are from Falke et al. [2019]. FactCC
[Kryscinski et al. 2019] is an NLI-based fact-checking model that is trained on a dataset tailor
made for detecting factual inconsistencies in generated text. QAGS outperforms these methods,

while requiring no special supervision for this task.

4.7 QUALITATIVE ANALYSIS

INTERPRETING QAGS The questions and answers produced in computing QAGS are directly
interpretable, and highlight errors in summaries. We present examples of articles, summaries,
and the QAGS questions and answers in Table 4.6.

On the first example (Table 4.6, top), QAGS detects several factual inconsistencies in the gen-
erated summary: The summary mistakes the first name of the attacker, the location of the attack,
and the weapons used. Because the QG model focuses on these details, QAGS is able to correctly
penalize the summary for its hallucinations. Because the answer candidates used are mostly
named entities and noun phrases, QAGS is particularly effective at detecting errors of this kind.
Using more diverse answer candidates may broaden the set of inconsistencies that QAGS is able
to detect.

The second example (Table 4.6, bottom), illustrates failure modes of QAGS. For example, the

QA model incorrectly marks question 2 as unanswerable. On question 4, both answers produced
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Article: On Friday, 28-year-old Usman Khan stabbed reportedly several people at Fishmongers’ Hall in London with a large
knife, then fled up London Bridge. Members of the public confronted him; one man sprayed Khan with a fire extinguisher,
others struck him with their fists and took his knife, and another, a Polish chef named Lukasz, harried him with a five-foot
narwhal tusk. [...]

Summary : On Friday afternoon , a man named Faisal Khan entered a Cambridge University building and started attacking
people with a knife and a fire extinguisher .

Question 1: What did the attacker have ?

Article answer: a large knife Summary answer: a knife and a fire extinguisher

Question 2: When did the attack take place ?

Article answer: Friday Summary answer: Friday afternoon

Question 3: What is the attacker’s name ?

Article answer: Usman Khan Summary answer: Faisal Khan

Question 4: Where did the attack take place ?

Article answer: Fishmongers’ Hall Summary answer: Cambridge University building

Article: In findings published on Wednesday in the journal PLOS ONE, an international team of scientists report ancient
Egyptians captured sacred ibises (Threskiornis aethiopicus) from the wild for use in ritual sacrifice rather than domesticating
the birds. [...] The team collected DNA samples from mummified birds collected from six separate catacombs including sites at
Abydos, Saqqara, and Tuna el-Gebel with permission from the Egyptian Ministry of State for Antiquity, and several museums
offered to send tissue samples from the mummified ibises in their collections. [...]

Summary : Archaeologists have used DNA samples from ancient ibis birds to determine whether the birds were domesticated
or sacrificed in ancient Egypt

Question 1: Archaeologists have used what to determine whether the birds were domesticated ?

Article Answer: hatchery structures Summary Answer: DNA samples

Question 2: Who used DNA samples to determine whether the birds were domesticated ?

Article Answer: [NO ANSWER] Summary Answer: Archaeologists

Question 3: What are archeologists using to determine whether the birds were domesticated ?

Article Answer: DNA samples Summary Answer: DNA samples

Question 4: Where were the birds found?

Article Answer: six separate catacombs Summary Answer: ancient Egypt

Table 4.6: Example questions and answers generated when computing QAGS. The ques-
tions are overwhelmingly fluent and relevant. = The answers indicate which tokens in the
summary are factually consistent or inconsistent. The news articles are originally from
https://en.wikinews.org/wiki/Bystanders_foil_knife-weilding_man_on_London_Bridge_
with_fire_extinguisher, _whale_tusk and https://en.wikinews.org/wiki/Ancient_Egyptians_
collected_wild_ibis_birds_for_sacrifice, _says_study.

are correct, but because they have no common tokens, they are marked inconsistent by QAGS.

ERROR ANALYSIS The interpretability of QAGS allows for error analysis on the metric. We man-
ually annotate 400 triplets of generated questions, article answers, and summary answers that are
produced in computing QAGS on the XSUM summaries, and label them by the quality of the gen-
erated questions, predicted answers, and answer similarity scores.

Among the generated questions, 8.75% are nonsensical, while 3.00% are well-formed but unan-

swerable using the generated summary they were conditioned upon. These figures indicate that
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the vast majority of questions are understandable and on-topic. We frequently observe multi-
ple questions with slightly different wordings, which is likely due to the low number of answer
candidates in XSUM summaries (which are one sentence long) and due to beam search. 8.25% of
questions are well-formed but unanswerable using the source, which is usually due to a halluci-
nated fact in the summary that the QG model turns into a question.

Among predicted answers, 1.75% of questions are potentially answerable using the summary,
but are incorrectly answered. This percentage increases to 32.50% for the article, which indicates
that the transfer ability of the QA model is lacking. In a small number of cases, we found that
while a question had a single answer in the summary, it could have multiple answers in the article.

Finally, for 8.00% of the examples, the question is answered correctly using both the article
and summary, but the answers have high lexical variation such that F1 score fails to detect their
similarity. While this happens in a relatively small number of cases, exploring similarity metrics

other than n-gram based approaches could be useful.

Limitations We emphasize that QAGS and our overall framework are specifically designed to
detect factual inconsistencies in generated summaries relative to the source article. QAGS does
not measure other desirable properties of generated text, including fluency, readability, or factual
recall. We therefore recommend using QAGS in conjunction with complementary evaluation
metrics.

The choices of QG and QA models in QAGS are particular to abstractive summarization and
may require adaptation to be used for other conditional text generation tasks. For example, we
expect that extractive summarization models may obtain nearly perfect QAGS scores because

facts and statements are directly copied from the source article.
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4.8 RELATED WORK

Automatic summarization and its evaluation are long-standing lines of work in NLP, dating at
least as far back as the Document Understanding Conferences [Chali and Kolla 2004]. The pri-
mary evaluation metric then and now is ROUGE [Lin 2004], though much work has demonstrated
the limited ability of ROUGE and its relatives to evaluate summaries [Dorr et al. 2004; Liu and
Liu 2009; Kedzie et al. 2018, i.a.]. Other metrics have focused on specific aspects of summariza-
tion quality, including content selection [Nenkova and Passonneau 2004], relevance prediction
[Daume III and Marcu 2005], and many more.

The idea of evaluating summaries by their ability to answer a set of questions is also long-
standing [Mani et al. 1999]. Like our work, Eyal et al. [2019] and Scialom et al. [2021] extend
this line of work by incorporating neural network modules. We diverge from these works in two
important ways. First, both works use Cloze-style questions, which are generated by masking
entities in either the source document or the reference summary. We instead generate the ques-
tions with a model, allowing a much greater range of questions. Second, we produce questions
conditioned on the generated summary, rather than the reference summary or source article.
Producing questions from the generated summary is more appropriate for verifying the accuracy
of the text, whereas using the reference or source measures content selection.

There has been a recent resurgence of work leveraging NLU models for evaluating the fac-
tuality of generated text. Goodrich et al. [2019] use information extraction models to measure
factual overlap, but facts are restricted to pre-defined schemas. Falke et al. [2019] investigate the
use of NLI models to evaluate the factual correctness of CNN/DM summaries, and conclude that
current NLI models are too brittle to be reliably used in this manner. Kryscinski et al. [2019] train
a NLI-based fact-checking model by building a dataset of factual inconsistencies based on noise
heuristics. Our QA approach allows a finer-grained analysis, because NLI operates on complete

sentences, whereas QAGS can ask many different questions about the same sentence.
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4.9 CONCLUSION

We introduce a framework for automatically detecting factual inconsistencies in conditionally
generated texts and use this framework to develop QAGS, a metric for measuring inconsisten-
cies in abstractive summarization. QAGS correlates with human judgments of factuality signif-
icantly better than standard automatic evaluation metrics for summarization, and outperforms
related NLI-based approaches to factual consistency checking. QAGS is naturally interpretable:
The questions and answers produced in computing QAGS indicate which tokens in a generated
summary are inconsistent and why:.

The framework we present is general, and extending it to other conditional text generation
tasks such as image captioning or machine translation is a promising direction. Inspecting the
generated questions and answers, we identify the transfer ability of QA models and the rigidity
of F1 score as a measure of answer similarity as two key performance bottlenecks. We expect
improvements in either would straightforwardly improve the quality of QAGS evaluation. Addi-
tionally, incorporating a content selection mechanism to focus the generated questions on salient
facts is a promising direction. Overall, we believe QAGS demonstrates the potential of this frame-

work to quantify and incentivize factually consistent text generation.

4.10 RETROSPECTIVE

There have been many similar works on detecting hallucinations and measuring faithfulness of
generated text that have been published around and after the release of QAGS. FEQA [Durmus
et al. 2020], released concurrently with QAGS, proposes a similar pipeline of automatically gener-
ating questions about spans in the candidate summary, answering question using both the sum-
mary and input document, then comparing corresponding answers. Fabbri et al. [2021] extend

QAGS with improved QA components while Scialom et al. [2021] extend it by jointly measuring
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faithfulness and content selection with QA models.

A competing line of work uses natural language inference models to detect hallucinations in
text [Falke et al. 2019; Kryscinski et al. 2019; Laban et al. 2021; Goyal and Durrett 2020]. Whether it
is better to use QA or NLI models for detecting hallucinations remains an open question. Several
works have tried to compare the various methods, as well as standardize meta-evaluation of
evaluation metrics for faithfulness, though there is positive evidence for both classes of models
[Maynez et al. 2020; Gabriel et al. 2021; Laban et al. 2021; Fabbri et al. 2021; Pagnoni et al. 2021;
Honovich et al. 2022].

The above metrics are part of a broader trend of incorporating pretrained models into auto-
matic evaluation metrics. While the aforementioned metrics focus on evaluating faithfulness and
detecting hallucinations, many recent metrics try to predict a general quality score of the candi-
date text. Like ROUGE and BLEU, BERTScore [Zhang et al. 2019a] computes similarity between
a reference and a candidate generation, except similarity is defined as cosine similarity in the
BERT embedding space. BLEURT [Sellam et al. 2020a] is a regression model that is trained to di-
rectly predict human judgments of translation quality that has achieved good results on machine
translation metrics development shared tasks [Sellam et al. 2020b; Pu et al. 2021]. BARTScore
[Yuan et al. 2021] defines the goodness of a generation as the token-averaged log-probability of
the generation using a BART pretrained model.

In parallel to the rise of metrics for measure generation faithfulness, many works have ex-
plored various methods for mitigating hallucinations in model outputs. Given the rise of evalu-
ation metrics for faithfulness, a natural approach is to train models by optimizing these metrics.
QUALS [Nan et al. 2021a] does this by training summarization models using a soft, differentiable
version of QAGS so that the model receives signal to produce faithful outputs during training. An
orthogonal line of work trains controllable text generation models where one controllable fea-
tures is whether or not the model should generate a hallucination in the output [Filippova 2020;

Rashkin et al. 2021; Choubey et al. 2021]. At test time, the model is always set to produce gen-
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erations without any hallucinations. This line of work typically uses heuristics to extract signal
for which examples in the training data contain hallucinations. Another line of work modifies
the decoding procedure to only generate faithful tokens, e.g. only generating tokens with high
confidence [Tian et al. 2019] or that verified to be supported by the input document [Zhao et al.
2020].

Finally, a number of recent studies have identified that the datasets used to train and evaluate
text generation models themselves contain hallucinations or unsupported facts. For example,
many dialogue datasets contain utterances that draw on background information not available in
from the dialogue history [Rashkin et al. 2021; Dziri et al. 2022]. For summarization, a significant
portion of the most popular benchmark datasets, CNN/DailyMail [Nallapati et al. 2016] and XSUM
[Narayan et al. 2018b], contain information that is not directly supported by the input article
[Kryscinski et al. 2019; Tejaswin et al. 2021; Nan et al. 2021b]. Models that are trained on these
datasets will produce similar noise patterns in their generations, which points to dataset quality
as a partial source of model hallucinations. Given these the necessity of high-quality datasets
for evaluating text generation systems, in Chapter 5, we explore methods for creating a new

summarization dataset that is free of these issues.
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5 SQUALITY: A QUALITY DATASET FOR

QUESTION-FOCUSED SUMMARIZATION

5.1 INTRODUCTION

Research on automatic text summarization generally requires adequate benchmark datasets. Ex-
isting datasets in this area often have issues that seriously limit their usability: For instance,
summaries from the popular scraped benchmark summarization dataset CNN/DailyMail [Nalla-
pati et al. 2016] contain HTML artifacts, links to other news articles, and other types of noise
[Kryscinski et al. 2019; Tejaswin et al. 2021].

A common approach to creating summarization datasets is to develop heuristics to extract
pseudo-summaries from existing texts. While scraped summaries can be cleaned of noise, these
heuristics can lead to more fundamental data artifacts. For example, the XSum dataset [Narayan
et al. 2018b] was created by extracting the first sentence of a news article to act as the summary
for the rest of the document. However, studies have found that 30-50% of summaries created this
way contain facts that are unsupported by the rest of the article [Tejaswin et al. 2021; Nan et al.
2021b]. Models trained on this dataset learn to repeat this noise pattern by hallucinating facts in
their outputs. It appears that known heuristics do not produce reliable data.

Another approach to creating summarization datasets relies on serendipity in finding natu-

rally occurring summaries. For example, the arXiv and PubMed datasets [Cohan et al. 2018] use
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the abstracts of scientific papers as summaries of the papers. BigPatent [Sharma et al. 2019] and
GovReport [Huang et al. 2021] use expert-written summaries that come with patent filings and
government reports, respectively. While these summaries are likely high-quality, the domain of
the data poses a significant challenge for system evaluation: Automatic evaluation metrics for
summarization are unreliable [Kryscinski et al. 2019; Gehrmann et al. 2022], but the summaries
are too technical and jargonistic for non-specialist human raters to evaluate reliably. Because we
rely on chance in finding these summaries, we are beholden to whatever domain they come from,
rather than the domain we are interested in.

Relying on finding and scraping summarization data is also problematic in that, often, the
found data is proprietary and not freely distributable. For example, many researchers and or-
ganizations are unwilling to host or distribute the CNN/DailyMail dataset,’ despite it being one
of the most popular summarization datasets to experiment on. Similarly, several recent summa-
rization datasets built on data such as scientific journal papers [Meng et al. 2021] or SparkNotes
book summaries [Ladhak et al. 2020; Kryscinski et al. 2021] have never been made available to
researchers. The dataset creators instead ask potential users to re-scrape them, which can be a
serious obstacle to reproducibility.

In this work, we propose a crowdsourcing protocol for collecting original summaries free
of these issues. Crowdsourcing summaries has been under-explored because straightforward
approaches for doing so are quite labor-intensive. While our protocol is still fairly demanding,
we structure it in a way that makes the cost per summary more tractable (~$6/summary) while
also including incentives and checks to ensure the summaries are high-quality. The protocol does
not rely on finding naturally occurring summaries and is agnostic to the input documents used,
so we are free to choose the input documents we want to summarize. We use short stories from

Project Gutenberg to avoid the aforementioned domain and licensing issues.

ISee discussion here.
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We use this protocol to collect SQUALITY? (Summary-format QUestion Answering with Long
Input Texts, Yes!), a dataset for question-focused abstractive summarization of short stories.
SQUALITY summaries are created by having trained writers read short stories, then ask ques-
tions about different aspects of the story. The writers then answer the questions by writing
summaries focusing on that aspect. Each question is answered by four different annotators, who
then review each other’s work to ensure the data is high-quality. In total, SQUALITY consists of
3

100 stories, 500 questions, and 2000 summaries.

Overall, we make the following contributions:

1. We develop a crowdsourcing protocol for collecting summaries that partially ameliorates

the high cost of crowdsourcing long textual responses while maintaining data quality.

2. We use this protocol to collect SQUALITY, an abstractive summarization dataset. SQUAL-

ITY is question-focused, multi-reference, and distributed with a CC BY license.

3. We conduct preliminary experiments on SQUALITY with pretrained language models using
human evaluation. We find that state-of-the-art summarization models produce summaries

that are significantly worse than human-written summaries.

4. We identify that common automatic evaluation metrics for summarization correlate very
poorly with human judgments of quality. We also find that having multiple references when

computing automatic evaluation metrics does not improve the correlation of the metric.

SQUALITY is a challenging benchmark for long-context text generation models. We will make
the SQUALITY dataset, our baseline models, and our templates for human evaluation of models

publicly available upon publication.

2Named because it uses many of the same stories as the multiple choice QA dataset QUALITY [Pang et al. 2021b].
3This paper releases SQUALITY v1.0. We will soon release SQUALITY v1.1, which consists of 127 stories.
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Title: Pick A Crime (https://www.gutenberg.org/ebooks/51656)

Q: What is the CPA and what does it do?

The Crime Prevention Association is an organiza-
tion that stops crime. Instead of capturing crim-
inals, the goal of the Association is to prevent
the crime from ever happening. They implement
thousands of crime-prevention methods and de-
vices. There are many amateur cops who con-
stantly follow criminals around in hopes of catch-
ing them in the act so that they may be hailed a
hero and...

The CPA is Crime Prevention Organization. It
fights crime by all means and reduces its rates to
a very small level. They put microphones and de-
tectors everywhere to hear the conspiracies. They
place robots as bartenders to control the level of
alcohol in visitors to prevent them being drunk.
They make all the women learn self-defense. The
organization’s made crime almost impossible...

The CPA, Crime Prevention Association, is a sys-
tem that detects different kinds of crimes and pre-
vents them from happening. Thousands of robots
and devices make crimes impossible. The associa-
tion will not punish any crime, instead, the crimi-
nal will be send to a CPA hospital for some treat-
ments that will result in getting the best jobs. The
CPA also hands out ID cards that states one’s...

The CPA is meant to prevent crime and not punish
crime. It stands for Crime Prevention Association.
The CPA organization has made crime nearly im-
possible through various methods of surveillance
and intelligence gathering. The crime was not
punished by the CPA but addressed by sending the
person to a hospital for expensive treatment to cor-
rect and remove the deviance from the person’s...

Table 5.1: An example question and four human-written references from SQUALITY. The full references

are available in Table A.6 in the appendix.

5.2 RELATED WORK

STORY SUMMARIZATION A common focus of summarization research is on stories and narratives.
BookSum [Kryscinski et al. 2021] consists of public domain books and summaries of those books,
chapters, and paragraphs. Similarly, Ladhak et al. [2020] propose a dataset for summarizing chap-
ters of public domain books. Both of these datasets use summaries scraped from popular study
guide websites such as SparkNotes, apparently without an overt license, and thus the datasets
cannot be legally distributed. SummScreen Chen et al. [2022] consists of fan-written transcripts

of TV episodes paired with Wikipedia and fan-written summaries of those episodes.

QUESTION-FOCUSED SUMMARIZATION In question-focused summarization (QFS) the summary

focuses on a specific aspect of the source text as a way answering a specific question. QFS has
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received increasing attention from the summarization literature in recent years, and we expect it
to be a viable proxy benchmark task for narrative-text summarization broadly. The Debatepedia
dataset [Nema et al. 2017] is a found dataset of questions and summary-answers based on articles
about social and philosophical issues. FacetSum [Meng et al. 2021] is a found dataset consisting
of scientific papers paired with author-written summaries focusing on different aspects of the
paper. WikiAsp [Hayashi et al. 2021] and AQuaMuSe [Kulkarni et al. 2020] are two heuristically
created, multi-document QFS datasets derived from Wikipedia.

Most similar to our dataset is QMSum [Zhong et al. 2021], a long-document QFS dataset built
around meeting transcripts. Like our work, QMSum questions and summaries are composed by
writers who have read full transcripts and are guided by a list of question templates. Unlike our
work, their primary mechanism for quality control is researcher review of the collected responses,

whereas we use a crowdsourcing protocol wherein writers review each other’s work.

LoNG-ForM QA  QFS is a special case of long-form question answering (LFQA). In LFQA, the
inputs are also a question and an input document, and the task is to produce an answer at least
one long sentence in length. LFQA answers can draw from a single portion of the document,
whereas summaries for QFDS should cover multiple parts of the input document, if not the whole

document.

5.3 DATASET CONSTRUCTION

SoUuRCE DocUMENTS Our considerations in selecting a corpus of documents for which to col-
lect summaries are: (1) The documents are long, as document-level tasks are more challenging
than paragraph-level ones; (2) The documents can support several substantive summaries, as we
will collect multiple summaries per document for cost-efficiency; (3) The documents have a per-

missive license so they can be easily distributed; (4) The documents are lay-accessible, such that
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the average college-educated English-fluent speaker can both understand them and confidently
evaluate the correctness of summaries derived from them.

We use short stories from Project Gutenberg as they meet all of these desiderata.” Specifically,
we use a collection of science fiction short stories written in the 1930s-1970s and are between
3000 to 6000 words long. Many of the stories used are also included in the QUALITY [Pang et al.
2021b] dataset, and we coordinate with the QUALITY creators such that stories that appear in
both datasets are assigned to the same split. We use the same preprocessing for the stories as

used in QUALITY.

WRITING For writers to create accurate and high-quality summaries, they need to read the en-
tire story, which takes 20-40 minutes. Rather than asking writers to create one summary per
story read, we instead collect multiple summaries per story to amortize the cost of reading across
summaries. We solicit multiple summaries by having writers ask questions about different as-
pects of the story, leading us to create a QFS dataset.

We start each crowdsourcing round by asking writers to read the story and then create ques-
tions satisfying two criteria: (1) Questions should require the whole or multiple parts of the story
to answer, as opposed to a single sentence or paragraph; (2) To minimize disagreements in eval-
uation, writers should avoid questions that require speculating substantially beyond the literal
text of the story when interpreting themes or symbolism. To assist writers in creating questions
satisfying these properties, we provide a list of question templates we expect will meet these prop-
erties in most cases, shown in Appendix A.4.1.1. Writers can also write story-specific questions
not based on any of these templates so long as they follow the criteria.

For each story, we assign one worker to create four questions. The questions are then an-
swered by four writers, including the original question writer. Each writer also creates a general

story summary, framed as answering the question “What is the plot of the story?”, for a total of

‘https://www.gutenberg.org/
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Dataset Domain # Examples Doc. Len Summ. Len Multi-ref? Public?

CNN/DM  news 311k 804 60 X X
XSum news 226k 438 24 X X
BookSum fiction, Sparknotes 12k 5102 505 X X
QMSum meeting transcripts 1808 9067 70 X
SQUALITY sci-fi stories 625 5200 237

Table 5.2: Summary statistics for various summarization datasets. For BookSum, we consider the
chapter-level version. The number of examples is across all splits. For question-based summarization
datasets (SQUALITY and QMSum) we count examples as number of unique document-question pairs.
Statistics for datasets are borrowed from original dataset papers; statistics for CNN/DM and XSum were
borrowed from Kryscinski et al. [2021]. CNN/DM and XSum are often available online in practice, but
distributing the dataset is legally questionable.

five questions per story. Responses are required to be 75-500 words long, to avoid copying the
text of the story verbatim, and to draw on different parts of the story as much as possible. Writers

report that this step takes 40-120 minutes, including time reading the story.

DAtA VALIDATION After a writing step, for each story, we have five questions with four refer-
ence summaries per question. In the second step of each crowdsourcing round, we ask workers
to review the summaries to ensure they are high-quality.

As with writing, asking crowdworkers to review the responses is expensive because verifying
whether a response is faithful to the story requires having read the entire story. We minimize
costs by asking each writer to review the responses of the other three writers. Because the writer
has already read the story, they do not need to fully re-read the story, and because they have
answered the questions previously, they already have a sense of what constitutes a good response
to each question.

In each validation task, we show the reviewer the original story, the set of five questions,
and three responses for each question written by other writers. Reviewers first annotate spans
of the responses that contain typos or factual errors. Next, they rank the three responses from
best to worst. We instruct the reviewers to rank the responses by (1) how well the response

correctly answers the question; (2) how well the summary includes all relevant details; (3) how
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well the response draws from multiple parts of the story, using their judgment to balance the
three factors. Writers are informed during the writing step that their responses will be evaluated
along these dimensions. Finally, reviewers provide written feedback for each response about how
that response could be improved. The feedback is provided to writers between batches of work to
help them improve their responses. Reviewers report that this step typically takes 20-30 minutes.

Afterwards, for each question, we compile the individual reviewer rankings into an aggregate
ranking. We incentivize high-quality writing by awarding bonus payments to writers based on
their response’s placement in the overall ranking. We pay $2.50, $1.25, $0.75, $0.50 for ranking
first, second, third, and fourth respectively.’ The average bonus is $1.25 per response, so writers
earn an average additional bonus of $6.25 per story. Workers are informed of the bonus structure
before writing.

Similarly, we incentivize high-quality reviewing by awarding bonus payments to reviewers
based on how well their rankings agree with the aggregate ranking. For each pair of responses,
we pay a reviewer a bonus of $0.50 if their ranking of the pair agrees with the aggregate ranking
(i.e., if both the aggregate and reviewer’s ranking say response A > response B), so reviewers can
earn up to $1.50 per question and $7.50 per story. On average, individual reviewers agree with the
aggregate ranking on pairwise comparisons 76% of the time, corresponding to an average bonus

of $5.57 per story.

WRITER DETAILs Because our tasks are very time-consuming and detail-oriented, we eschew
crowdsourcing platforms like Amazon Mechanical Turk where eliciting high-quality responses
for these types of tasks can be challenging. Instead, we use a small group of skilled writers for
long-term contracts, drawing both from Upwork® freelancers and undergraduate students from

our institution. We hire 11 Upwork writers and 7 undergraduates.” Details about the hiring

STor ties, we sum the bonuses for the tied positions and distribute them evenly.

Shttps://www.upwork.com/

"We use two worker populations due to spending limits on Upwork. The two populations are not mixed: The
groups do not review each other’s responses.
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process and writer populations are in Appendix A.4.1.

54 SQUALITY

We present examples from SQUALITY in Table 5.1 and summary statistics of SQUALITY and other

summarization datasets in Table 5.2.

DartaA S1ZE AND SPLITS  SQUALITY consists of 100 stories that are split 39/25/36 across the train/-
validation/test splits (or, equivalently, 195/125/180 document-question pairs). We assign stories
to splits to be consistent with the QUALITY dataset [Pang et al. 2021b], so stories that appear in
both datasets are assigned to the same split.

SQUALITY contains a similar number of summaries to QMSum [Zhong et al. 2021], another
crowdsourced summarization dataset, but SQUALITY contains four references per example and
thus fewer input documents. This difference in allocation arises from the crowdsourcing proto-
col: In creating SQUALITY, we have writers review each other’s work while in creating QMSum,
the authors manually review all responses. Protocols wherein workers review each other work
are more scalable. Having multiple references per input is useful for model evaluation, as auto-
matic metrics such as ROUGE were originally developed on multi-reference datasets. While naive
multi-reference ROUGE still correlates poorly with human judgments of quality for SQUALITY
(see Section 5.6), having a diverse set of references opens up opportunities for the development of
new evaluation metrics that take into account the diversity of acceptable summaries for a given

input, even in the question-focused setting.

LENGTH Documents are an average of 5200 tokens long (std. 522) without punctuation, ® with a
range from 3473 to 6165—similar to the chapters version of BookSum, and shorter than QMSum.

Responses average 237 tokens long (std. 133), corresponding to a compression ratio of 95.4%.

8We use the en_core_web_sm spaCy tokenizer.
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N-gram Size

Text 1 9 3 4
Diff. story 19.7 27 01 0.0
Same story 274 58 12 04

Same question 334 87 23 0.8

Story 694 220 50 17

Table 5.3: (Top) Average percentage of unique n-grams shared between pairs of responses from different
sources: two different stories, different questions but the same story, and the same question. (Bottom)
Average percentage of unique summary n-grams that also appear in the corresponding story.

The plot summaries have an average length of 442 tokens and are comparable in length to those

of BookSum. The other responses are shorter with an average length of 186 tokens, but are still

longer than the summaries in QMSum.

RESPONSE DIVERSITY We measure summary abstractiveness by computing the percentage of
summary n-grams that also appear in the story, shown in Table 5.3. The high recall of 1-grams is
unsurprising given the length of the stories, but the low recall of 3- and 4-grams shows that the
summaries are highly abstractive.

We next consider the diversity between pairs of responses to the same question. If responses
are similar, then collecting multiple references is potentially wasteful. We show in Table 5.3
the average percentage of unique n-grams shared between responses to the same question. The
overlap is low: Only 33% of unigrams and less than 10% of bigrams are shared between responses
to the same question. This overlap is only slightly higher than the average overlap between
responses to completely different stories. The low response overlap highlights the diversity of the

summarization task, a property made evident in SQUALITY but not in single-reference datasets.

74



Model R-1 R-2 R-L M BScore

LED 27.7 59 17.7 165 82.7
PEGASUS 38.2 9.0 20.2 234 84.9
BART 40.2 104 20.8 245 85.3

BART+DPR 415 114 210 26.1 85.5

Human* 46.6 125 22.7 30.6 86.2

Table 5.4: Automatic evaluation results with ROUGE (1/2/L), METEOR, and BERTScore. LED performs
worst and tends to repeat a single sentence. PEGASUS performs substantially better, but lags slightly
behind BART. The best performing model is BART+DPR. *The human reference is evaluated with three
references while model-generated summaries are evaluated with four references, artificially raising their
scores.

5.5 BASELINES

5.5.1 MODELS

We evaluate supervised sequence-to-sequence models on SQUALITY using different pretrained
language models as the base model. We implement our baselines using HuggingFace Trans-
formers [Wolf et al. 2020]. We do not explore prompting approaches for summarization with
closed-access models. Previous work has found that models can be prompted zero-shot to pro-
duce high-quality summaries [Radford et al. 2019; Wu et al. 2021], though public models like

GPT-3 do not have the capacity to process full stories from our dataset.

BART BART [Lewis et al. 2020] is a Transformer-based [Vaswani et al. 2017] encoder-decoder
model pretrained on a token in-filling objective and a sentence permutation objective. We use
BART-1large, which has a maximum input sequence length of 1024 tokens, so we truncate stories

dramatically to fit this simple baseline.

BART+DPR We experiment with an extract-then-summarize baseline. Instead of truncating
stories when using BART, we first retrieve story sentences that are most relevant to the ques-

tion and concatenate them to form the input. We use the pretrained Dense Passage Retriever
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[Karpukhin et al. 2020] that encodes the question into a vector representation and retrieves the

story sentences that are most similar to the question.

PEGASUS PEGASUS [Zhang et al. 2020] is a Transformer-based encoder-decoder model that
is pretrained using an objective designed for summarization. The objective is to predict masked
out sentences that are selected to be heuristic pseudo-summaries of the document. PEGASUS
is pretrained on sequences of at most length 512, but we follow previous work in finetuning

PEGASUS-1large with a max sequence length of 2048 tokens, truncating stories to fit.

LED Longformer Encoder-Decoder [Beltagy et al. 2020] is an encoder-decoder model where the
encoder is a Longformer and the decoder is a Transformer. A Longformer modifies the Trans-
former architecture with a more efficient self-attention pattern that allows the model to tractably
scale to long documents. The LED maximum input length can fit entire stories. We use a context
length of 8192 for memory efficiency. The parameters of LED are initialized using BART weights,

copied eight times over. We use LED-base.

5.5.2 TRAINING

We format example inputs by concatenating the question to the beginning and end of the docu-
ment, separated by a special [SEP] token, based on previous work on question-focused summa-
rization [Vig et al. 2021]. Each (story, question, reference) tuple is mapped to a separate training
instance, so each (story, question) input is associated with four training examples, one per refer-
ence. We finetune models using the AdamW optimizer [Loshchilov and Hutter 2018]. Additional

training details are available in Appendix A.4.3.
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Model Corr. Coverage Overall

BART 34.8 15.6 18.1
BART+DPR 454 24.3 27.9
Human 94.1 88.8 91.3

Table 5.5: Human evaluation results for two models and a human-written response. Corr. stands for
correctness. Ratings for each property are averaged across 3 workers, then averaged across questions.

5.5.3 EVALUATION

At test time, we generate summaries using beam search with beam width 4. We evaluate the
summaries with ROUGE [Lin 2004] and METEOR [Banerjee and Lavie 2005], standard automatic
metrics for summarization. We also evaluate with a RoBERTa-1arge based version of BERTScore
[Zhang et al. 2019a], which uses RoBERTa to compute the similarity between references and
model generations. For all metrics, we report F1 and handle multiple references by evaluating a

candidate against each reference individually, and then taking the max score across references.

5.5.4 AutoMATIC EVALUATION RESULTS

We present results using various automatic evaluation metrics in Table 5.4. We observe that LED
fails to learn the task and generally produces outputs containing long, repeated sentences. The
pathological behavior is reflected in the low ROUGE-1 and ROUGE-2 scores for the model. We
hypothesized that the poor performance is because the small dataset size is not enough to finetune
the additional positional embeddings. We explored transfer learning approaches where the model
was first finetuned on a larger long-context summarization dataset, such as arXiv [Cohan et al.
2018] or GovReport [Huang et al. 2021], and then finetuned on SQUALITY. However, training on
intermediate datasets did not fix the issue of degenerate outputs, indicating that the additional
positional embeddings were not the bottleneck in the model’s performance. Overall, we found
that public pretrained models for medium to long input tasks were not effective off the shelf.

PEGASUS, BART, and BART+DPR do substantially better on the task and produce sensible
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outputs, despite having partial inputs. PEGASUS slightly underperforms the BART variants ac-
cording to all metrics. BART+DPR outperforms BART with truncated input across all metrics.
Additionally, we evaluate the human references using the automatic metrics by holding one
reference out and comparing it with the various metric against the remaining three references.
We repeat this process for all references and average the metric score across held-out references.
While this use of three references rather than four disadvantages the human references (see Sec-

tion 5.6), we still find that they score higher than machine outputs.

5.6 HumaAN EVALUATION

Automatic metrics for evaluating text summarization have been well-documented as correlating
poorly with human judgments of various quality [Schluter 2017; Kryscinski et al. 2019; Durmus
et al. 2020]. As such, we accompany automatic evaluation of the baseline systems with human
evaluation. We ask workers to rate the quality of outputs from BART and BART+DPR on the test
data.

For each task, we show the worker a story and for each of its five questions, two model-
generated summaries and a human reference. Workers rate each summary for three proper-
ties: correctness, coverage, and overall quality. Each property is rated on a scale from 1-100,
similar to direct assessment ratings in machine translation [Bojar et al. 2016]. Workers are in-
structed to assign ratings that align with their preference rankings between systems [Sakaguchi
and Van Durme 2018]. We annotate 20 stories (100 questions) with three Upwork workers per
story. Finally, we average property ratings across annotators. The worker details and property
definitions are available in Appendix A.4.5.

We present results of the human evaluation in Table 5.5 and sample model generations in
Appendix A.4.4. The standard deviations of property ratings across questions are shown in Ap-

pendix A.4.5. For all questions and all properties, all human annotators rank the human-written
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Metric Model Only Human Only All

ROUGE-1 -7.4 6.8 63.17
ROUGE-2 -7.8 5.2 42.8*
ROUGE-L -3.2 14.0 47.8*
METEOR -11.1 -43 54.1%
BERTScore 5.5 0.8 68.7"

Table 5.6: Pearson correlations (multiplied by 100) between automatic evaluation metrics and human
judgments of overall quality for three subsets of the human evaluation data: only model-generated sum-
maries (‘'model only’), only human written summaries Chuman only’), and both (all’). Correlations are
only significant (*) when considering all summaries.

response as better than the model responses. The human-written response has an average rat-
ing around or above 90 for all three properties. On the other hand, BART and BART+DPR have
an average rating below 50 for all three properties, substantially below corresponding ratings
for the human response. Across all three properties, BART+DPR is ranked as better than BART
on 70% of examples. The models receive the highest rating on the correctness property among
all properties. Upon inspecting the model generations, we partly attribute these relatively high
ratings to the fact that the model-generated responses are fairly generic and devoid of specific
details. This lack of specificity is reflected in the especially low coverage ratings of the model-

generated summaries. Overall, we conclude that fully-public automatic summarization systems

still lag significantly behind human writers.

CORRELATION BETWEEN AUTOMATIC AND HUMAN EvALUATIONS We next consider the corre-
lations between automatic and human evaluations for three subsets of the collected data: only
model-written summaries (200 summaries), only human-written summaries (100 summaries), and
all summaries. We present the correlations with the judgments of overall quality for these subsets
in Table 5.6.

When considering all summaries, all metrics have a substantial positive correlation with the
human judgments of overall quality. However, these appear to mostly reflect the fact that the au-

tomatic metrics rank human-written summaries as better than model-written ones: When con-
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sidering only model-written summaries or only human-written summaries, the correlations are
dramatically weaker and are in no cases significant.

The weak correlations in these settings point to the brittleness of using these automatic met-
rics when comparing the outputs of two automatic summarization systems, where metric values
will similarly be in a narrow range. In light of these findings, we caution against relying on au-
tomatic metrics to measure system quality on SQUALITY and instead rely on human evaluation

of model outputs.

MuULTI-REFERENCE AUTOMATIC METRICS We next consider whether having multiple references
improves the correlation of automatic evaluation metrics. ROUGE was originally developed on
multi-reference datasets, but recent summarization datasets are predominantly single reference.
This mismatch may contribute to the poor correlation of ROUGE with human judgments of qual-
ity for these datasets [Pang et al. 2021a; Pagnoni et al. 2021; Scialom et al. 2021, i.a.]. We use the
multiple references of SQUALITY to measure the effect of varying the number of references used
in automatic metrics on the correlation with human judgments.

We find that using fewer references when computing the automatic evaluation metrics does
not substantially change the correlations with human judgments. To demonstrate why, we show
the average and maximum metric values for each automatic metric in Table 5.7. We observe that
for all metrics considered, the maximum value of the metric is relatively close to the average
metric value across references. Despite having diverse references, the metric values are similar
across references. Thus, using multiple references does not improve correlations between auto-
matic metrics and human judgments of overall quality. However, we note that simply taking the
maximum metric value over references is relatively simple, and that there may be more sophisti-

cated ways to use the diverse references to compute generation quality.
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Metric Avg. Max. A

ROUGE-1 37.9 415 3.6
ROUGE-2 87 114 21
ROUGE-L 188 21.0 2.2
METEOR 22.7 261 34
BERTScore 84.8 855 0.7

Table 5.7: Average and maximum metric value across the four references for BART+DPR when considering
only a single reference at a time.

5.7 CONCLUSION

We present SQUALITY, a long-input dataset for abstractive question-focused summarization. Be-
cause the summaries are crowdsourced rather than found, we can use input documents that are
of an accessible domain and under an open license to avoid common issues with existing sum-
marization datasets. Our crowdsourcing protocol gives multiple summaries and references per
input while making the cost of data collection more tractable.

Baseline results with competitive public medium-scale pretrained models suggest that the
dataset remains beyond the capabilities of such systems. Our best performing model is an extract-
then-summarize model where we use the questions to retrieve story sentences as input. The
performance of proprietary larger-scale models remains an open question, and may depend sig-
nificantly on whether such models can process the full stories without truncation.

Given the poor correlation of existing automatic metrics with human judgments of model out-
puts, we expect that automatic metrics will provide a very weak signal for progress on SQUALITY.
We recommend that researchers using SQUALITY evaluate their summarization systems by hav-
ing human annotators read a selection of our source stories and compare model outputs on those
stories. To facilitate this, we will make our templates for human evaluation available, though cre-
ating efficient and effective methods for evaluating summaries of long input documents remains

an open issue.
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6 CONCLUSION

In this dissertation, we explored the effects that pretrained language models have had on how
we evaluate NLP systems. In Chapter 2, we introduced a standardized benchmark for evaluating
the generalization ability of NLP systems by their ability to perform many diverse downstream
NLP tasks. In Chapter 3, we updated this benchmark with a more challenging set of downstream
tasks in light of rapid progress made by pretrained language models, and discussed steps we took
and future directions for developing more challenging general-purpose language understanding
benchmarks. In Chapter 4, we turn pretrained language models on themselves to develop an
improved evaluation metric for measuring faithfulness of automatically generated summaries
that leverages the improved question answering abilities of pretrained language models. Finally,
in Chapter 5, we developed high-quality evaluation data for automatic text summarization by
crowdsourcing summaries rather than relying on found data on the web.

Our work points to a number of open problems remaining in evaluating NLP models. As
model capabilities continue to improve, they become better at exploit biases and data artifacts in
existing datasets, necessitating the creation of higher quality data and more challenging tasks.
One promising approach for developing such data is incorporating NLP models in the data cre-
ation process, such as to discover noisy examples in datasets [Swayamdipta et al. 2020] or by
assisting crowdworkers with machine learning models during the crowdsourcing process [Liu
et al. 2022; Bartolo et al. 2021; Saunders et al. 2022].

For text generation problems specifically, there has been increasing scrutiny paid towards
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human evaluation of model outputs [Howcroft et al. 2020; Iskender et al. 2021; Smith et al. 2022,
ia.]. Human evaluation has traditionally been regarded as the gold standard in evaluating text
generation models. However, recent studies have identified inconsistent task definitions and
standards between papers. Thus, a critical open problem is the development of consistent and
high-quality human evaluation protocols for effective evaluation of NLG systems. Annotations
collected from such protocols could be used to train the next generation of automatic model-based
evaluation metrics, in the vein of Sellam et al. [2020a] or Stiennon et al. [2020], that are trained
to mimic human judgments of complex properties.

Overall, incorporating the growing capabilities of pretrained language models to evaluate the

growing capabilities of language models is a promising future direction.
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A APPENDIX

A.1 APPENDICES FOR GLUE

A.1.1 AbpbDITIONAL DATA DETAILS

A.1.1.1 DATASET CONSTRUCTION

ONLI To construct a balanced dataset, we select all pairs in which the most similar sentence
to the question was not the answer sentence, as well as an equal amount of cases in which the
correct sentence was the most similar to the question, but another distracting sentence was a
close second. Our similarity metric is based on CBoW representations with pre-trained GloVe
embeddings. This approach to converting pre-existing datasets into NLI format is closely related
to recent work by White et al. [2017], as well as to the original motivation for textual entailment
presented by Dagan et al. [2006]. Both argue that many NLP tasks can be productively reduced

to textual entailment.

A.1.1.2 DiacNosTIC DATA

We show the full label set used to tag the diagnostic set in Table A.1.
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Coarse-Grained Categories Fine-Grained Categories

Lexical Entailment, Morphological Negation, Factivity, Symmetry/Collectivity,

Lexical Semantics Redundancy, Named Entities, Quantifiers

Core Arguments, Prepositional Phrases, Ellipsis/Implicits, Anaphora/Coreference
Predicate-Argument Structure  Active/Passive, Nominalization, Genitives/Partitives, Datives, Relative Clauses,
Coordination Scope, Intersectivity, Restrictivity

Negation, Double Negation, Intervals/Numbers, Conjunction,
Logic Disjunction, Conditionals, Universal, Existential,
Temporal, Upward Monotone, Downward Monotone, Non-Monotone

Knowledge Common Sense, World Knowledge

Table A.1: The types of linguistic phenomena annotated in the diagnostic dataset, organized under four
major categories.

A.1.2 ADDITIONAL BASELINE DETAILS

A.1.2.1 ATTENTION MECHANISM

We implement our attention mechanism as follows: Given sequences of hidden states uy, uy, . . ., uy
and 01,0y, ..., 0N, we first compute matrix H where H;; = u; - vj. For each u;, we get attention
weights @; by taking a softmax over the i*" row of H, and get the corresponding context vector
0; = X.j@jv; by taking the attention-weighted sum of the v;. We pass a second BiLSTM with
max pooling over the sequence [u1;01],... [usm;0um] to produce u’. We process the v; vectors

analogously to obtain o’. Finally, we feed [u’;0’; |u’ — ¢'|; 4" * 0’] into a classifier.

A.1.2.2 TRAINING

We train our models with the BiLSTM sentence encoder and post-attention BiLSTMs shared
across tasks, and classifiers trained separately for each task. For each training update, we sample
a task to train with a probability proportional to the number of training examples for each task.
We scale each task’s loss inversely proportional to the number of examples for that task, which
we found to improve overall performance. We train our models with Adam [Kingma and Ba 2014]

with initial learning rate 1073, batch size 128, and gradient clipping. We use macro-average score
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over all tasks as our validation metric, and perform a validation check every 10k updates. We
divide the learning rate by 5 whenever validation performance does not improve. We stop train-

ing when the learning rate drops below 107> or performance does not improve after 5 validation

checks.

A.1.2.3 SENTENCE REPRESENTATION MODELS

We evaluate the following sentence representation models:
1. CBoW, the average of the GloVe embeddings of the tokens in the sentence.

2. Skip-Thought [Kiros et al. 2015], a sequence-to-sequence(s) model trained to generate the
previous and next sentences given the middle sentence. We use the original pre-trained
model’ trained on sequences of sentences from the Toronto Book Corpus (Zhu et al. 2015,

TBC).
3. InferSent [Conneau et al. 2017], a BILSTM with max-pooling trained on MNLI and SNLI.

4. DisSent [Nie et al. 2017], a BiLSTM with max-pooling trained to predict the discourse
marker (because, so, etc.) relating two sentences on data derived from TBC. We use the

variant trained for eight-way classification.

5. GenSen [Subramanian et al. 2018], a sequence-to-sequence model trained on a variety of
supervised and unsupervised objectives. We use the variant of the model trained on both
MNLI and SNLIL the Skip-Thought objective on TBC, and a constituency parsing objective

on the Billion Word Benchmark.
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Rank Name Model URL Score  ColLA SST-2 MRPC STSB QQP MNLI-m MNLI-mm  QNLI RTE  WNLI

1 JDExplore d-team Vega vl 913 738 97.9 94.5/92.6 93.5/93.1 76.7/91.1 921 91.9 96.7 924 97.9 514
2 Microsoft Alexander v-team Turing NLR v& =z 912 726 976 93.8/91.7 937/933 76.4/911 926 924 979 941 959 570
3 DIRL Team DeBERTa + CLEVER 911 747 97.6 93.3/91.1 93.4/93.1 76.5/91.0 921 918 96.7 932 96.6 533
4 ERNIE Team - Baidu ERNIE E 911 755 97.8 93.9/91.8 93.0/92.6 75.2/90.9 923 917 973 926 95.9 51.7
5 AliceMind & DIRL StructBERT + CLEVER g 91.0 753 97.7 93.9/91.9 93.5/93.1 75.6/90.8 9.7 915 974 925 95.2 491
6  DeBERTa Team - Microsoft DeBERTa / TuringNLRv4 E’i 90.8 i 97.5 94.0/92.0 92.9/92.6 76.2/90.8 KhikD 91.6 99.2 932 945 53.2
7  HFLIFLYTEK MacALBERT + DKM 90.7 748 97.0 945/926 928/92.6 74.7/90.6 913 91.1 97.8 92.0 945 52.6
+ 8  PING-AN Omni-Sinitic ALBERT + DAAF + NAS 90.6 735 97.2 94.0/92.0 93.0/924 76.1/91.0 916 913 975 917 945 512
9  T5Team - Google T5 E 903 716 97.5 92.8/904 93.1/92.8 75.1/90.6 922 91.9 96.9 9238 945 531
10 Microsoft D365 Al & MSR Al & GATECH MT-DNN-SMART 8 89.9 69.5 97.5 93.7/91.6 92.9/925 73.9/90.2 91.0 90.8 99.2 89.7 945 50.2
+ 11 Huawei Noah's Ark Lab NEZHA-Large 89.8 7 97.3 93.3/91.0 92.4/91.9 75.2/90.7 915 913 96.2 90.3 945 479
+ 12 Zihang Dai Funnel-Transformer (Ensemble B10-10-10H1024) g 89.7 705 97.5 93.4/91.2 92.6/92.3 75.4/90.7 914 911 95.8 90.0 945 51.6
+ 13 ELECTRA Team ELECTRA-Large + Standard Tricks g 894 i 97.1 93.1/90.7 92.9/925 75.6/90.8 913 90.8 958 898 9138 50.7
14 David Kim 2digit LANet 893 7138 97.3 924/89.6 93.0/92.7 75.5/90.5 9138 916 96.4 911 884 546
+ 15 R RoBERTa-large + R-AT 88.8 703 96.7 92.6/90.1 92.1/91.8 75.1/90.5 911 90.9 953 89.9 89.7 482

Figure A.1: The benchmark website leaderboard. An expanded view shows additional details about each
submission, including a brief prose description and parameter count.

A.1.3 BENCHMARK WEBSITE DETAILS

GLUE’s online platform is built using React, Redux and TypeScript. We use Google Firebase for
data storage and Google Cloud Functions to host and run our grading script when a submission

is made. Figure A.1 shows the visual presentation of our baselines on the leaderboard.

lgithub.com/ryankiros/skip-thoughts
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A.2 APPENDICES FOR SUPERGLUE

A.2.1 DEVELOPMENT SET RESULTS

In Table A.2, we present results of the baselines on the SuperGLUE tasks development sets.

Table A.2: Baseline performance on the SuperGLUE development.

Model Avg BoolQ CB COPA MultiRC ReCoRD RTE WiC WSC
Metrics Acc. Acc./F1 Acc. F1,/EM F1/EM Acc. Acc. Acc.
Most Frequent Class  47.7 62.2 50.0/22.2 55.0 59.9/ 0.8 32.4/31.5 52.7 50.0 63.5
CBOW 47.7 62.4 71.4/49.6 63.0 20.3/ 0.3 14.4/ 13.8 54.2 55.3 61.5
BERT 72.2 77.7 94.6/93.7 69.0 70.5/24.7  70.6/69.8 75.8 74.9 68.3
BERT++ 74.6 80.1 96.4/95.0 78.0 70.5/24.7  70.6/69.8 82.3 74.9 68.3

A.2.2 PrErRrForRMANCE oN GLUE DiaGgNOSTICS

Figure A.2 shows the performance on the GLUE diagnostics dataset for systems submitted to the

public leaderboard.

A.2.3 HumMmAN PERFORMANCE ESTIMATION

For collecting data to establish human performance on the SuperGLUE tasks, we follow a two
step procedure where we first provide some training to the crowd workers before they proceed
to annotation. For both steps and all tasks, the average pay rate is $23.75/hr.?

In the training phase, workers are provided with instructions on the task, linked to an FAQ
page, and are asked to annotate up to 30 examples from the development set. After answering
each example, workers are also asked to check their work against the provided ground truth
label. After the training phase is complete, we provide the qualification to work on the annotation

phase to all workers who annotated a minimum of five examples, i.e. completed five HITs during

2This estimate is taken from https://turkerview.com.
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Figure A.2: Performance of GLUE submissions on selected diagnostic categories, reported using the R;
metric scaled up by 100, as in Wang et al. [2019b, see paper for a description of the categories]. Some
initially difficult categories, like double negation, saw gains from advances on GLUE, but others remain
hard (restrictivity) or even adversarial (disjunction, downward monotone).

training and achieved performance at, or above the median performance across all workers during
training.

In the annotation phase, workers are provided with the same instructions as the training
phase, and are linked to the same FAQ page. The instructions for all tasks are provided in Ap-
pendix A.2.3. For the annotation phase we randomly sample 100 examples from the task’s test
set, with the exception of WSC where we annotate the full test set. For each example, we collect

annotations from five workers and take a majority vote to estimate human performance. For

additional details, see Appendix A.2.3.3.

A.23.1 TRAINING PHASE INSTRUCTIONS

In the training step, we provide workers with brief instructions about the training phase. An

example of these instructions is given Table A.3. These training instructions are the same across
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Table A.3: Task-specific instructions for Choice of Plausible Alternatives (COPA). These instructions were
provided during both training and annotation phases.

Plausible Answer Instructions

The New York University Center for Data Science is collecting your answers for use in research on computer
understanding of English. Thank you for your help!

We will present you with a prompt sentence and a question. The question will either be about what caused
the situation described in the prompt, or what a possible effect of that situation is. We will also give you two
possible answers to this question. Your job is to decide, given the situation described in the prompt, which of
the two options is a more plausible answer to the question:

In the following example, option 1. is a more plausible answer to the question about what caused the situation
described in the prompt,

What’s the CAUSE for this?

1. She won a spelling bee.

2. She made a new friend.

In the following example, option 2. is a more plausible answer the question about what happened because of
the situation described in the prompt,

What happened as a RESULT?

1. The fugitive fell to the ground.
2. The fugitive dropped his gun.

If you have any more questions, please refer to our FAQ page.

tasks, only the task name in the instructions is changed.

A.23.2 TASK INSTRUCTIONS

During training and annotation for each task, we provide workers with brief instructions tailored
to the task. We also link workers to an FAQ page for the task. Tables A.3, A.4, and A.5 show the
instructions we used for COPA, CommitmentBank, and WSC respectively.

We collected data to produce conservative estimates for human performance on several tasks
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Table A.4: Task-specific instructions for Commitment Bank. These instructions were provided during
both training and annotation phases.

Speaker Commitment Instructions

The New York University Center for Data Science is collecting your answers for use in research on computer
understanding of English. Thank you for your help!

We will present you with a prompt taken from a piece of dialogue, this could be a single sentence, a few
sentences, or a short exchange between people. Your job is to figure out, based on this first prompt (on top),
how certain the speaker is about the truthfulness of the second prompt (on the bottom). You can choose from
a 7 point scale ranging from (1) completely certain that the second prompt is true to (7) completely certain that
the second prompt is false. Here are examples for a few of the labels:

Choose 1 (certain that it is true) if the speaker from the first prompt definitely believes or knows that the second
prompt is true. For example,

"What fun to hear Artemis laugh. She’s such a serious child. I didn’t know she had a sense of humor."

"Artemis had a sense of humor”

Choose 4 (not certain if it is true or false) if the speaker from the first prompt is uncertain if the second prompt
is true or false. For example,

"Tess is committed to track. She’s always trained with all her heart and soul. One can only hope
that she has recovered from the flu and will cross the finish line."

"Tess crossed the finish line."

Choose 7 (certain that it is false) if the speaker from the first prompt definitely believes or knows that the
second prompt is false. For example,

"Did you hear about Olivia’s chemistry test? She studied really hard. But even after putting in all
that time and energy, she didn’t manage to pass the test"

"Olivia passed the test."

If you have any more questions, please refer to our FAQ page.

that we did not ultimately include in our benchmark, including GAP [Webster et al. 2018], PAWS
[Zhang et al. 2019b], Quora Insincere Questions,® Ultrafine Entity Typing [Choi et al. 2018b], and

Empathetic Reactions datasets [Buechel et al. 2018].

Shttps://www.kaggle.com/c/quora-insincere-questions-classification/data
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Table A.5: Task-specific instructions for Winograd Schema Challenge (WSC). These instructions were
provided during both training and annotation phases.

Winograd Schema Instructions

The New York University Center for Data Science is collecting your answers for use in research on computer
understanding of English. Thank you for your help!

We will present you with a sentence that someone wrote, with one bolded pronoun. We will then ask if you if
the pronoun refers to a specific word or phrase in the sentence. Your job is to figure out, based on the sentence,
if the bolded pronoun refers to this selected word or phrase:

Choose Yes if the pronoun refers to the selected word or phrase. For example,

Does It in "It has a lot" refer to cake?

Choose No if the pronoun does not refer to the selected word or phrase. For example,

Does it in "it was made" refer to ball?

If you have any more questions, please refer to our FAQ page.

A.2.3.3 Task SpecIFic DETAILS

For WSC and COPA we provide annotators with a two way classification problem. We then use

majority vote across annotations to calculate human performance.

CoMMITMENTBANK  We follow the authors in providing annotators with a 7-way classification
problem. We then collapse the annotations into 3 classes by using the same ranges for bucketing
used by [de Marneffe et al. 2019]. We then use majority vote to get human performance numbers
on the task.

Furthermore, for training on CommitmentBank we randomly sample examples from the low
inter-annotator agreement portion of the CommitmentBank data that is not included in the
benchmark version of the task. These low agreement examples are generally harder to classify

since they are more ambiguous.
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DiaGNosTIC DATASET  Since the diagnostic dataset does not come with accompanying training
data, we train our workers on examples from RTE’s development set. RTE is also a textual en-
tailment task and is the most closely related task in the main benchmark. Providing the crowd
workers with training on RTE enables them to learn label definitions which should generalize to

the diagnostic dataset.

ULTRAFINE ENTITY TYPING We cast the task into a binary classification problem to make it an
easier task for non-expert crowd workers. We work in cooperation with the authors of the dataset
[Choi et al. 2018b] to do this reformulation: We give workers one possible tag for a word or phrase
and asked them to classify the tag as being applicable or not.

The authors used WordNet [Miller 1995] to expand the set of labels to include synonyms
and hypernyms from WordNet. They then asked five annotators to validate these tags. The tags
from this validation had high agreement, and were included in the publicly available Ultrafine
Entity Typing dataset, This constitutes our set of positive examples. The rest of the tags from

the validation procedure that are not in the public dataset constitute our negative examples.

GAP For the Gendered Ambiguous Pronoun Coreference task [GAP, Webster et al. 2018], we
simplified the task by providing noun phrase spans as part of the input, thus reducing the original
structure prediction task to a classification task. This task was presented to crowd workers as a

three way classification problem: Choose span A, B, or neither.

A.2.4 ExcLUDED TASKS

In this section we provide some examples of tasks that we evaluated for inclusion but ultimately
could not include. We report on these excluded tasks only with the permission of their authors.

We turned down many medical text datasets because they are usually only accessible with explicit

*https://homes.cs.washington.edu/~eunsol/open_entity.html
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permission and credentials from the data owners.

Tasks like QuAC [Choi et al. 2018a] and STREUSLE [Schneider and Smith 2015] differed sub-
stantially from the format of other tasks in our benchmark, which we worried would incen-
tivize users to spend significant effort on task-specific model designs, rather than focusing on
general-purpose techniques. It was challenging to train annotators to do well on Quora Insincere
Questions °, Empathetic Reactions [Buechel et al. 2018], and a recast version of Ultra-Fine Entity
Typing [Choi et al. 2018b, see Appendix A.2.3.3 for details], leading to low human performance.
BERT achieved very high or superhuman performance on Query Well-Formedness [Faruqui and
Das 2018], PAWS [Zhang et al. 2019b], Discovering Ongoing Conversations [Zanzotto and Fer-
rone 2017], and GAP [Webster et al. 2018].

During the process of selecting tasks for our benchmark, we collected human performance
baselines and run BERT-based machine baselines for some tasks that we ultimately excluded from
our task list. We chose to exclude these tasks because our BERT baseline performs better than our
human performance baseline or if the gap between human and machine performance is small.

On Quora Insincere Questions our BERT baseline outperforms our human baseline by a small
margin: an F1 score of 67.2 versus 66.7 for BERT and human baselines respectively. Similarly, on
the Empathetic Reactions dataset, BERT outperforms our human baseline, where BERT’s predic-
tions have a Pearson correlation of 0.45 on empathy and 0.55 on distress, compared to 0.45 and
0.35 for our human baseline. For PAWS-Wiki, we report that BERT achieves an accuracy of 91.9%,
while our human baseline achieved 84% accuracy. These three tasks are excluded from the bench-
mark since our, admittedly conservative, human baselines are worse than machine performance.
Our human performance baselines are subject to the clarity of our instructions (all instructions
can be found in Appendix A.2.3), and crowd workers engagement and ability.

For the Query Well-Formedness task, the authors set an estimate human performance at 88.4%

accuracy. Our BERT baseline model reaches an accuracy of 82.3%. While there is a positive gap

Shttps://www.kaggle.com/c/quora-insincere-questions-classification/data
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on this task, the gap was smaller than we were were willing to tolerate. Similarly, on our recast
version of the Ultrafine Entity Typing, we observe too small a gap between human (60.2 F1) and
machine performance (55.0 F1). Our recasting for this task is described in Appendix A.2.3.2. On
GAP, when taken as a classification problem without the related task of span selection (details in
A.2.3.2), BERT performs (91.0 F1) comparably to our human baseline (94.9 F1). Given this small
margin, we also exclude GAP.

On Discovering Ongoing Conversations, our BERT baseline achieves an F1 of 51.9 on a version
of the task cast as sentence pair classification (given two snippets of texts from plays, determine
if the second snippet is a continuation of the first). This dataset is very class imbalanced (90%
negative), so we also experimented with a class-balanced version on which our BERT baselines
achieves 88.4 F1. Qualitatively, we also found the task challenging for humans as there was little
context for the text snippets and the examples were drawn from plays using early English. Given
this fairly high machine performance and challenging nature for humans, we exclude this task

from our benchmark.
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A.3 APPENDICES FOR QAGS

A3.1

Is the sentence
supported by the
article?

You are currently at comparison 1/5

In this task, you will read an [E0er on the left and a
on the right.

The task is to determine if the sentences are factually
correct given the contents of the article. Many
'sentences contain portions of text copied directly
from the article. Be careful as some sentences may
be combinations of two different parts of the article,
resulting in sentences that overall aren't supported
by the article. Some article sentences may seem
out of place (for example, "Scroll down for video").
If the sentence is a copy of an article sentence,
including one of these sentences, you should still
treat it as factually supported. Otherwise, if the
sentence doesn't make sense, you should mark it
as not supported. Also note that the article may be
cut off at the end.

If you successfully complete all tasks, we will award
a$0.85 bonus. You should spend at least 30

HumanN EvarLuAaTioN TASK DESIGN

Isobel attwood, 16, has been missing for two days. A missing 16 - year - old schoolgirl who vanished from her
home two days ago is believed to be with a man in his 20s. Isobel attwood has not made contact with her family
since leaving her home in winchester, hampshire, on saturday afternoon. Police are appealing for help to find the
schoolgirl who is described as white, 5t 4ins tall, of a ‘small build' and has brown hair with extensions. Friends
have posted on social media saying the 16 - year - old is in southampton with a man in his 20s. Isobel wrote a
message on facebook last night, saying : “sorry for causing s * * * for everyone. Anyone who's had the police
round theirs i'm sorry. | need to just get away for a while. I'm safe and feel bad for all this." Heather farquharson
said : ‘apparently she's in southampton with her boyfriend who is in his 20s." Vicky saunders said : “apparently
she was on fb last night saying that she was safe and just needed to get away.' Officers are becoming
concerned for the teenager's welfare. They believe she could be in the winchester or southampton area. Pc ross
edwards, from hampshire constabulary, said : ‘e are becoming concerned for isobel's welfare after she left
home around saturday lunchtime. " we believe she could still be in the winchester or southampton areas. " isobel,
if you're reading this, you're not in trouble. Please come home or make contact with s or your family.” we have
been following up several lines of enquiries since isobel went missing and believe she has been seen since but
we've been unable to trace her so far. " if anyone has spotted isobel or a girl matching her description o if
anyone knows where she s, please get in touch.' Anyone with information is asked

Is the sentence factually supported by the article ?

Yes No

Please provide a justification for your choice (a few words or a sentence).

Please enter here.

“small brown help white, is described schoolgirl

who as of extensions. police find appealing and
a hair the build' are to has with for

Figure A.3: Annotation interface and instructions for CNN/DM factual consistency task.

Is the sentence
supported by the
article?

You are currently at comparison 1/3

In this task, you will read an on the left and a

series of m on the right.

The task is to determine if the sentences are factually
correct given the contents of the article. All parts of
the sentence must be stated or implied by the
article to be considered correct. For example, if the

discusses “John Smith* but the only
talks about "Mr. Smith", the fact that the person's first
name is John is NOT supported. Or, if the m
mentions a 15-year-old girl but the only
discusses a young gil, the fact that she is 15 is NOT
supported. Verifying a sentence will often require
combining facts from many different parts of the
article, so read the entire article closely. If the
sentence directly copies the article, you should mark it
as supported. If the sentence doesn't make sense, you
sshould mark it as not supported.

I unis curracefilly ramnlata all tacke wa will award

Sites for testing wave and tidal energy off the west coast of anglesey and south pembrokeshire have been
approved. The crown estate said that leasing the sites for technology development was *critical” for the uk to
unlock the potential of wave and tidal energy. First minister carwyn jones said the benefits could be significant in
terms of the economy and renewable energy. Wales's first commercial tidal energy farm is due to launch off
anglesey in summer 2016. Its electricity generators will operate lie wind turbines but with blades driven by tidal
wave action. Menter mon and wave hub were confirmed by the crown estate as managers for the west anglesey
tidal and south pembrokeshire wave demonstration zones respectively. They will prepare and manage the sites
for sub-letting to developers. In addition, development rights for a tidal site off holyhead deep have been granted
to minesto. Rob hastings, director of energy and infrastructure at the crown estate said: "by providing these
additional seabed rights we are pleased to be enabling further technology development and commercialisation,
which will be critical if the uk is to unlock its significant natural resources for wave and tidal current energy. “this
innovative approach to leasing the seabed sees us responding to market demand and introducing managed
demonstration zones to give other organisations the opportunity to lend tangible support in their local areas."
First minster carwyn jones said: “the energetic waters off our coast are ideal for marine renewable energy
projects. "our ports, supply-chain infrastructure and grid infrastructure also put us in an enviable position for
developing a thriving marine energy market, both as a significant generator and as an exporter of marine energy
knowledge, technologies and services." Gareth clubb, director of friends of the earth cymru said: *to having
testing sites approved for marine renewable energy is a significant step forward."

Is the sentence factually supported by the article ?

Yes No

Please provide a justification for your choice (a few words or a sentence).

Please enter here.

First minister carwyn jones said the benefits.

could be significant in terms of the economy
and renewable energy.

Figure A.4: Annotation interface and instructions for XSUM factual consistency task.

We restrict our pool of workers to US-based workers. Workers are required to have at least

1000 approved HITs with an acceptance rate of at least 98%.
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The base reward for our task is $0.15. For each summary, we include automatic quality checks

including
« Time checks: workers who complete the task under 30s fail the check

« Attention checks: we include exact copies of article sentences and corrupted mixtures of
two article sentences as positive and negative control task. If a worker fails to answer both

of these examples correctly, they fail the check

 Explanation checks: For each sentence in the summary, the worker is required to provide

a short explanation of their decision

If a worker passes all checks, they are awarded a $0.85 bonus, totalling $1.00 per correct anno-
tation. According to turkerview.com, workers of our HIT are paid well in excess of $15.00 on
average.

We show our annotation interfaces for the annotation task for CNN/DM and XSUM respec-
tively in Figures A.3 and A.4. We use slightly different instructions to accommodate for the quirks
of each dataset. For XSUM, we prepend the reference “summary” back onto the source article, as

without it, workers were struggling to identify factual inconsistencies.

A.3.2 MOoODEL AND GENERATION DETAILS

QUESTION GENERATION We fine-tune BART for question generation using the same tuning hy-
perparameters as the original work. We optimize label smoothed cross entropy with smoothing
parameter 0.1 [Pereyra et al. 2017] and a peak learning rate of 2e-5. We optimize for 100k steps
with 5k warmup steps, and use the model with the best perplexity on the development set.

To turn NewsQA into an answer conditional QG dataset, we concatenate the answer to the
source article with a special marker token in between. We then concatenate another special

marker token and the question. At test time, we get 10 named entities and noun phrases as
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answer candidates using the en-web-sm spaCy model. We randomly sample 10 if there are more
than 10, and randomly duplicate some answers if there are fewer than 10. The model predicts the
question after seeing an answer and the article.

During decoding, we use beam search with beam size 10, length penalty 1.0, and trigram
repetition blocking. Generations have minimum length 8 and max length 60.

To filter the questions, we first use simple heuristics, including removing
« everything after the first question mark in a question

« exact duplicates

+ questions shorter than three tokens long

For the remaining questions, we use our QA model to answer each question and we remove
questions for which the QA model deems unanswerable. We then take the top 20 most probable

questions, random sampling some of the filtered questions if there were too few.

QUESTION ANSWERING  We fine-tune BERT for question answering following the original work.
Similar to the QG setting, we append the question and answer to the source article with interven-
ing special marker tokens. We optimize using AdamW [Loshchilov and Hutter 2018] with initial
learning rate 5e-5. We train for 3 epochs, with a warmup ratio of 0.1. We use the model with the

best development set performance.
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A.4 APPENDICES FOR SQUALITY

A.4.1 CROWDSOURCING DETAILS

We hire Upworker workers and local undergraduates as writers for our data collection pipeline.
Most writers create 20-40 responses for the dataset, although five authors submitted 10 or fewer
responses. All writers are informed that their writing will be released publicly for use in Al
development.

Our Upwork writers are typically US-based native English speakers. Many of them are college-
educated, frequently with degrees in the humanities and prior experience in professional copy-
writing and editing. We found workers for our task by posting an open call on Upwork to par-
ticipate in a paid interview. In the interview, applicants review an example writing task with
sample questions and responses, and then complete a practice writing task. We hired the top
33% of writers based on their performance on the interview task after manually reviewing their
responses. We pay Upwork workers $13 and $8 for each writing and reviewing task respectively,
with additional opportunities for bonuses described above.

The undergraduates we hire are all English-fluent and come from diverse nationalities and
areas of study—the smaller and more junior pool of applicants prevents us from focusing as much
on relevant experience as we do with Upwork. Students are paid a constant $20/hr.® Students are
hired based on relevant experience and writing samples. After they are hired, we show them
the same example task and have them do the practice writing task that we showed the Upwork

workers.

A4.1.1 QUESTION TEMPLATES

We provide the following question templates to the writers:

®Due to the structure of student employment contracts, we are unable to pay students using the bonus payment
structure and we instead periodically manually review their responses to ensure they are high-quality.
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« What is the plot of the story?

« What happens to [character X] throughout the story?

« What is the relationship between [character X] and [character Y]?
« What is the setting of the story?

« What is the significance of [object X] on the rest of the story?

« How is [theme X] explored throughout the story?

« Story-specific questions

Writers always answer the question “What is the plot of the story?”. For more subjective
templates such as “What is the significance of [object X]?” or “How is [theme X] explored?”, we
ask the writers to use these templates only in cases where they believe the answer will be clear

and unambiguous to someone who has read the story carefully.

A.4.1.2 CROWDSOURCING INTERFACES

We show screenshots of our Uls and abbreviated task instructions for writing and reviewing
summaries in Figures A.5 and A.6, respectively.

A.4.1.3 CoMPARING UPWORK AND UNDERGRADUATES

Generally, we found that both Upwork and undergraduate workers took the task seriously and
produced quality summaries. Writers from Upwork qualitatively produced slightly higher quality
responses, perhaps because we were able to filter more aggressively for relevant backgrounds and
skills when hiring on Upwork. Hiring writers on Upwork was more expensive than hiring student

writers.
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Spend 20-30 minutes reading the provided story, then create and answer five that require izi ignit portions of the story to answer. When you're finished, make sure to hit the "Submit" button at the
bottom of the page. Feel free to use the following templates as a starting point for questions, and refer to the instructions for example questions:

* What is the plot of the story?: You will always have to answer this question.
+ What happens to [character X] throughout the story?
* What is the i ip between X] and Y1?
+ Where does the story take place? or Describe the setting of the story
« What is the significance of [object X]?
+ How is [theme X] explored throughout the story?
You should only use this type of question if the theme explored is very clear and explicit. We do not want questions that require analysis and interpretation of the story.
« Story-specific questions

If this is your first time doing this task, please review the full instructions and guidelines in the the "Instructions" tab above as there are important details that will affect payment. If you have additional questions, check the "FAQ"
tab. We highly recommend drafting your questions and responses on Google Docs or another external text editor.

v Passage 1/1 — Completed

The saucer was interesting, but where was the delegate? ~ ”

Th e VQ\/::si:i‘t)h: :)Im of the story?
DELEGATE |
F RO M Summary

VENUS

By HENRY SLESAR
ILLUSTRATOR NOVICK

Everybody was waiting to see what the delegate from Venus looked like. And all they got for their patience
was the biggest surprise since David clobbered Goliath.

Figure A.5: Screenshot of the writing Ul. Workers are shown the story on the left and five questions on
the right, and they are tasked with writing responses to each of the questions. If the worker is the first
person to work on a story, they write four questions about the story to answer (The question “What is
the plot?” is always asked), and we provide the worker with a list of question templates in the Ul to help
them write good questions.

Anecdotally, the workers we hired from both populations enjoyed the tasks, and we see this
as a significant advantage to using popular fiction in benchmark tasks. However, we did find that
some Upwork contractors quit our task during the course of data collection, and some mentioned
that our task paid less than other tasks on Upwork. Because students were hired for long-term
contracts (on the order of months), they did not drop out of the data collection process, but

working with them did require careful work scheduling around exams and breaks.

A.4.2 DATASET EXAMPLES

Table A.6 shows the full references for the example in Table 5.1. Table A.7 shows additional

examples from SQUALITY.
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In this task, we will show you a story you have already read, and a set of questions you have already answered. For each question, there will be three responses written by other people. Your job is to review and rate these

We briefly the story to yourself with the plot and details of the story.

Important: If you have not previously read the story or you see any responses that you wrote, contact us immediately.

If this is your first time doing the task, please refer to the Instructions tab above for detailed instructions on how to review these responses.

v Passage 1/1

GOURMET

[Transcriber's Note: This etext was produced from
Galaxy Magazine April 1962.

Extensive research did not uncover any evidence that
the U.S. copyright on this publication was renewed.]

This was the endless problem of all
spaceship cooks: He had to feed the men
tomorrow on what they had eaten today!

Unable to get out to the ballgame and a long way off from the girls, men on ships think about, talk about,
bitch about their food. It's true that Woman remains a topic of thoughtful study, but discussion can never
replace practice in an art. Food, on the other hand, is a challenge shipmen face three times a day, so central

Question 2

What are some of the dishes that Bailey cooks for the crew?

Summary 1

One of the first-mentioned dishes that Bailey cooks is hamburger. He tries to
create this out of the algae, seasoning the food to hide the flavors. He also serves
a fudge for dessert that is compounded from the dextrose-paste of the
carbohydrate recycler. After speaking with Paul initially, Bailey serves a dish of
hamburger steak again. There is an individual head of lettuce served, along with a
steak drenched in gravy. Later, he serves them a hot turkey supreme. The
cheese-sauce is very believable, whereas the turkey is white and tender even
though it is made from Chlorella. When Captain Winkelmann pushes Bailey too
far, he begins to create disgusting foods. One of the first dishes he serves is
boiled Chlorella vulgaris that resembles vomit. The coffee at noon also tastes of
salt. However, at the very end of the story, Bailey succeeds in making his
Chlorella steak actually taste like food.

to their thoughts that a history of sea-faring can be read from a commissary list.

Rank:
In the days when salt-sea sailors were charting islands and spearing seals, for example, the fo'c's'le hands

called themselves Lobscousers. celebratina the liauid hash then brominent in the marine menu. The Limev Enndhnal far arimaman

Figure A.6: Screenshot of the reviewing Ul. Workers are shown the story on the left and five questions
on the right. Each of the questions has three responses that the worker is tasked with ranking from best
to worst. Additionally, for each response, the worker is instructed to highlight typos and factual errors, as
well as provide written feedback to the writer. This feedback is later provided to the writer to help them
improve their responses in subsequent rounds of writing.

A.4.3 TRAINING DETAILS

We train models for 5 epochs with the AdamW optimizer and a linear decay with warmup learn-
ing rate schedule. Because of the relatively small size of the training data, we focus on tuning
regularization parameters when training the models. We tune the initial learning rate, warmup
ratio, weight decay, and label smoothing with grid search over a range of values for each hy-
perparameter. Models were selected based on the loss on the validation dataset and the ability
to generate fluent summaries on the validation dataset. We present the search space for each
parameter and the optimal model configurations for each model in Table A.8. Our experiments
with PEGASUS predominantly led to models that produced degenerate summaries consisting of
a single sentence repeated. The final model we use is from the official Google-internal implemen-
tation courtesy of the original authors. LED models were trained on a single Nvidia Quadro RTX

8000. Other models were trained on a single Nvidia V100.
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A.4.4 MobpEeEL OUTPUTS

We present sample model outputs in Table A.9.

A.45 HumAN EVALUATION

As the task is labor-intensive, we use four of the same Upwork writers for the human evalua-
tion as for the data collection. Workers may have previously read the story and thus answered
the questions, and we are careful to not show workers their own responses. If they have not
previously read the stories, workers are paid to read the story. Workers are informed that the
responses are a mixture of human- and machine-written, but not informed which responses are
which. We pay workers $8/task and an additional $8 if they have not previously read the story.
All workers complete the same number of tasks.

We ask human raters to (re-)read the story, and then evaluate the quality of summaries along

three axes:

+ Correctness: Presence of factual errors in responses, where a factual error is a statement
that contradicts the story, or is not directly stated, heavily implied, or logically entailed by

the story.

« Coverage: The degree to which the response contains all information and details from the

story that are relevant to answering the question.

+ Overall: Overall quality of the response, the primary considerations of which are the read-
ability/intelligibility of the response, the correctness, and the coverage. We ask raters to
use their best judgment in balancing these factors, as well as to incorporate other factors

such as conciseness, repetitiveness, and copying.

We show the standard deviation of property ratings across questions in Table A.10.
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SOLDIER BOY

By MICHAEL SHAARA
Illustrated by EMSH

[Transcriber's Note: This etext was produced from
Galaxy Science Fiction July 1953

Extensive research did not uncover any evidence that
the U.S. copyright on this publication was renewed.]

It's one thing to laugh at a man because his job is useless
and outdated—another to depend on him when it suddenly isn't.

In the northland, deep, and in a great cave, by an everburning fire the Warrior sleeps. For this is the resting
time, the time of peace, and so shall it be for a thousand years. And yet we shall summon him again, my
children, when we are sore in need, and out of the north he will come, and again and again, each time we call,
out of the dark and the cold, with the fire in his hands, he will come.

— Scandinavian legend

Throughout the night, thick clouds had been piling in the north; in the morning, it was misty and cold. By eight
o'clock a wet, heavy, snow-smelling breeze had begun to set in, and because the crops were all down and the
winter planting done, the colonists brewed hot coffee and remained inside. The wind blew steadily, icily from
the north. It was well below freezing when, some time after nine, an army ship landed in a field near the
settlement

There was still time. There were some last brief moments in which the colonists could act and feel as they had
always done. They therefore grumbled in annoyance. They wanted no soldiers here. The few who had
convenient windows stared out with distaste and a mild curiosity, but no one went out to greet them

After a while a rather tall, frail-looking man came out of the ship and stood upon the hard ground looking
toward the village. He remained there, waiting stiffly, his face turned from the wind. It was a silly thing to do

Ho wae nhvinnichs nat nnmina in aithar nit nf nrida ar inet nlain armarinace

Figure A.7: Screenshot of the human evaluation Ul. Workers are shown the story on the left and five
questions on the right. Each of the questions has three responses. For each response, the worker is in-
structed to rate the responses along the properties of correctness, coverage, and overall quality each along
a scale of 1-100. Because the worker is shown three responses at a time, their ratings of each response
induce a ranking over the responses. Additionally, workers are asked to highlight errors in responses in

order to help them decide on the correctness property.
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Question 2

Describe the setting of the story.

Summary 1

The story takes place on a planet somewhere in the northland of the universe
The planet is cold and gray, with thick clouds and a heavy, heavy, snow-smelling
breeze. The wind blows in the cold and the sky is gray. The land is covered in
thick, dense, and sometimes icy clouds. The only place that is warm is the
barracks where the soldiers sleep, and there is a fire in the center of the room
The barracks are small, cramped, and bare, with only a table, chairs, and a bed
There is a doorbell that rings when the captain calls, and the captain answers it.
The captain is surprised to see Bob Rossel, the captain’s right-hand man,
standing outside, and he asks him to come inside. The Captain is confused by the
man's behavior and is not happy that he has been summoned by the captain. The
man is not a soldier, but he is a farmer, and his family lives in a village. The village
is small and sparsely populated, with just a few families. The men sleep in
barracks, and women sleep in sleeping bags. The women sleep on the ground,
and men sleep on top of each other. The soldiers sleep in a cave, where they
keep their weapons. The cave is dark and smelly, and filled with old, crumbling
timbers. The story ends with the captain and Bob Rossell discussing their plans to
destroy the invaders.

Correctness Quality:

@————
Content Selection Quality:

® A
Overall Quality:
O




Title: Pick A Crime (https://www.gutenberg.org/ebooks/51656)

Q: What is the CPA and what does it do?

The Crime Prevention Association is an organization
that stops crime. Instead of capturing criminals, the
goal of the Association is to prevent the crime from
ever happening. They implement thousands of crime-
prevention methods and devices. There are many am-
ateur cops who constantly follow criminals around in
hopes of catching them in the act so that they may be
hailed a hero and given a promotion. Hendricks even
explains that the kids have junior CPA clubs, where
they record the criminals in little cardboard boxes.
They will also follow the criminals around until they
die. There are millions of microphones hidden by the
CPA everywhere, and any threatening messages are
sent to the CPA Brain. The CPA Brain is a monster elec-
tronic calculator that can alert police helicopters of any
threatening messages, and there are also many hidden
TVs and metal detectors. For Arson, heat detectors exist
too, and chemical poisoning has made it impossible for
people to get poisoned. There are shock treatments, en-
cephalographic devices, a form of prefrontal lobotomy,
and a dozen other treatments to reform criminals.

The CPA, Crime Prevention Association, is a system
that detects different kinds of crimes and prevents them
from happening. Thousands of robots and devices
make crimes impossible. The association will not pun-
ish any crime, instead, the criminal will be send to a
CPA hospital for some treatments that will result in get-
ting the best jobs. The CPA also hands out ID cards
that states one’s tendency to commit crimes. The CPA
has robot bartenders that can detect the drunkenness
of a person and prevent anyone from actually getting
drunk. There is WSDA teaching judo and jujitsu to
women. There are spy cameras and speakers in each
alley and street watching every person all the time to
prevent all kinds of crimes. The CPA Brain will catch
sentences that indicate crimes and watch them more
carefully. There are heat-detectors, gun and knife de-
tector, chemical detectors, etc. The CPA brainwashes
people, making them believe that crimes are filthy. The
treatment will make the criminal’s brain catch every
attempt that he or she tries to commit a crime and pre-
vents it from happening.

The CPA is Crime Prevention Organization. It fights
crime by all means and reduces its rates to a very small
level. They put microphones and detectors everywhere
to hear the conspiracies. They place robots as bar-
tenders to control the level of alcohol in visitors to pre-
vent them being drunk. They make all the women learn
self-defense. The organization’s made crime almost im-
possible and they do not punish for it, but prevent. All
who tried to commit a crime are given free treatment.
The CPA hospitals treat those few criminals for free and
make them unable to commit any further crime. CPA
seems to be everywhere, those who tell about the crime
are highly rewarded. Neon signs, TV, radio and other
means constantly remind people that crime is filth.

The CPA is meant to prevent crime and not punish
crime. It stands for Crime Prevention Association. The
CPA organization has made crime nearly impossible
through various methods of surveillance and intelli-
gence gathering. The crime was not punished by the
CPA but addressed by sending the person to a hospi-
tal for expensive treatment to correct and remove the
deviance from the person’s mind. A CPA ID card is
required to be carried by everyone and when asked, a
person has to present the ID card. Being drunk is illegal
according to the rules of the CPA.

Table A.6: The four full human-written references from Table 5.1.
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Title: Tolliver’s Orbit (https://www.gutenberg.org/ebooks/61053)

Q: Describe the equipment used throughout the story.

Tolliver is a pilot, but while at the Ganymede branch he drives a trac-
tor. One of the equipment used during the story is the automatic
flight. An automatic flight allows loaded ships to take a slow and eco-
nomical orbit using automatic signaling equipment towards Earth.
As the loaded ship gets closer to Earth, it is boarded by pilots that
land the ship. Another piece of equipment mentioned are spacesuits.
The spacesuits involve valves and seals and microphones for people
to communicate with each other in the spacesuits. The communi-
cation is activated by a switch under the chin on the helmet of the
spacesuit. They also come with a heavy knife.

Various types of transportation are used throughout the story - trac-
tors to travel on Ganymede between the city and the spaceport,
spaceships requiring a lot of fuel and economy orbits which require
less fuel but take much longer to get to the place. In a storeroom
there are plenty spacesuits, some of which need replacement. Knives
are standard suit equipment. Spaceships are equipped with airlocks,
ladders and switch-cover. In the control room there is an acceleration
seat, a button to set off, a radio and TV, with a screen to see the other
side of the call.

Tolliver is first assigned to use an airtight tractor to transport to and
from the spaceport. This tractor is like a regular one, but built specif-
ically to trek across Ganymede with its gravity. When Tolliver and
Betty are locked into Jeffers’ office, he uses a lighter and paper to
bend the plastic of the door. Then, he uses a knife to cut through the
plastic of the dome. Finally, Tolliver and Betty board a ship, where
the orbit is automatically preset in order to preserve fuel. The ship,
which Tolliver knows how to operate, is airlocked. Betty uses a trans-
mitter to contact Space Patrol.

Firstly, Tolliver takes Betty towards Jeffers’ office on a tractor since
it can go through the frozen surface of Ganymede. Then later, when
Betty and Tolliver were put in the empty office, Tolliver uses a lighter
to light up the mess of discarded records so that the plastic can be
bent. Later, inside the storage room, Tolliver finds some spacesuits
for the two to wear. Then finally, when they gets to the control room,
they gets onto the acceleration seat. Using the ship, the two fly into
the economy orbit for Earth in order to escape. In the end, Betty uses
the scanner and microphone to make a call to the Space Patrol so that
they will arrest Jeffers.

Title: Gourmet (https://www.gutenberg.org/ebooks/51597)

Q: What are some of the dishes that Bailey cooks for the crew?

The dishes Bailey cooks for the crew varies greatly, ranging from
artificial vegetables to mock-meats. One dish that he makes is a
mock-meat hamburger, with the pressed Chlorella tinted pink and
seasoned by oregano and thyme. The dish is accompanied by dessert
- a fudge made from dextrose-paste. More mock-meat dishes include
a hamburger steak covered in a rich, meaty gravy lavishly seasoned
with garlic. Another dish includes a mock individual head of lettuce
dressed with vinegar and oil. The lettuce was made by Bailey con-
structing each synthetic lettuce leaf, with the narrator guessing the
process to be out of pressing, rolling and shaping a green Chlorella
paste. In contrast to some of the delicious dishes that Bailey makes,
the Cook also delivers some less tasty meals in response to the Cap-
tain’s critiques. These included boiled Chlorella vulgaris in some
soup and subpar algaeburgers. Bailey’s final dish in the story - and
the best one yet - is an artificial steak that greets the crew with a bar-
becue smell. It is drenched with gravy and seasoned with a peppery
and garlicy taste, and as the crew eats it, they find that the usually
pond-scum taste that accompanies each repurposed chlorella meal is
gone and instead, the taste and texture reflects actual steak.

One of the first-mentioned dishes that Bailey cooks is hamburger. He
tries to create this out of the algae, seasoning the food to hide the
flavors. He also serves a fudge for dessert that is compounded from
the dextrose-paste of the carbohydrate recycler. After speaking with
Paul initially, Bailey serves a dish of hamburger steak again. There
is an individual head of lettuce served, along with a steak drenched
in gravy. Later, he serves them a hot turkey supreme. The cheese-
sauce is very believable, whereas the turkey is white and tender even
though it is made from Chlorella. When Captain Winkelmann pushes
Bailey too far, he begins to create disgusting foods. One of the first
dishes he serves is boiled Chlorella vulgaris that resembles vomit.
The coffee at noon also tastes of salt. However, at the very end of the
story, Bailey succeeds in making his Chlorella steak actually taste like
food.

Throughout their trip, Bailey does the best he can in order to replicate
traditional food using the Algae. To impress the Captain, Bailey cooks
a wide variety of foods including algae burgers, fudge, Steak with
gravy and a head of lettuce, Hot turkey with cornbread and butter
sauce, and medium rare steak. None of these foods impressed the
Captain, so Bailey went back to cooking unappealing food such as a
porridge-like broth and bad coffee. At the end, Bailey serves a new
type of steak, which is hinted to be human steak from the Captain.

Bailey made a lot of different dishes while working on the Sale ship.
He cooked a hamburger and a fudge. He made a steak with rich meat
gravy and lettuce, vinegar, and oil. An ersatz hot turkey supreme
with a cheese sauce, cornbread, and a pottage was also served at some
point. All of these were criticized by Captain Winkelmann. Mostly
Bailey was working on the taste of steak, which at the end of the
story, he managed to perfect to a certain extent, partly thanks to the
captain’s constant remarks.

Table A.7: Additional example questions and reference summaries from SQUALITY.
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Hyperparameter LR

WR WD LS

Search space

{1e-5, 3e-5, 5e-5, le-4} {0.0,0.1,0.2} {0.0,0.01,0.1} {0.0, 0.1, 0.2}

LED le-4
PEGASUS -

BART 5e-5

BART+DPR 5e-5

0.1 0.01 0.1
0.1 0.01 0.1
0.1 0.01 0.1

Table A.8: (Top) Search space for the initial learning rate (LR), warmup ratio (WR), weight decay (WD),
label smoothing (LS). (Bottom) Optimal hyperparameter configurations for models. The final PEGASUS
model we use is from the official Google-internal implementation courtesy of the original authors.

Title: Retief of the Red-Tape Mountain (https://www.gutenberg.org/ebooks/61146)

Q: What is the relationship between the Jaqs and the Terrestrials throughout the story?

Reference: The Jaqs and the Terrestrials fight each
other throughout the story. It started when a human
saw a Jaq and thought it was some type of native game
and shot it. From that incident, the Jags concluded that
the humans were sportsmen like themselves and re-
sponded by going to one of the farms and killing two
cows. Since then, the two sides have been attacking
back and forth, and the humans think the Jags are fight-

ing against them...

LED: Retief is a vice-consul at the Embassy of the Mo-
saic of the Two Dawns. He is in charge of the affairs of
the Embassy and is responsible for keeping the diplo-
matic relations between the two planets in check. He is
also responsible for keeping the diplomatic relations in
check by sending Retief on his expeditious trip to the
planet Adobe. When Retief arrives at the planet, he is
greeted by a large Flap-jack, a creature with talons that
look like lobsters...

BART: The Terrestrials and the Jags have a tense re-
lationship throughout the story. The Terrans have at-
tempted to establish contact with the native life form,
the Jaq, in order to try to gain their trust and gain infor-
mation about their native life forms. The Jags are hos-
tile to the Terrans because they consider them to be an
invasive species that are trying to take over their home
planet, which they consider to be uninhabited. The Jags
have a history of war with the Terran settlers...

BART+DPR: The Terrestrials and the Flap-jacks are an
alien race that live on the planet Adoban. They are hos-
tile to humans and have attempted to stir up trouble
with an intelligent alien life form, the Jaq, three months
ago. The humans are attempting to establish trade with
the aliens in order to gain access to the planet’s re-
sources, but the aliens are having none of it. They have
no intention of trading with the humans and are only
interested in trading with them for food and...

Table A.9: Example model generations on SQUALITY.

Model Correctness Coverage Overall
BART 34.8,60 156133 18.1y34
BART+DPR 454153 243157 279165
Human 94.15 5 88.810.9 91.377

Table A.10: Human evaluation results for two models and a human-written response. Ratings for each
property are averaged across 3 workers, then averaged across questions. Standard deviation of property

ratings across questions are shown in underscore.
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