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Abstract and small decisions like bringing an umbrella or

Despite increasingly fluent, relevant, and co-
herent language generation, major gaps remain
between how humans and machines use lan-
guage. We argue that a key dimension that is
missing from our understanding of language
models (LMs) is the model’s ability to inter-
pret and generate expressions of uncertainty.
Whether it be the weatherperson announcing
a chance of rain or a doctor giving a diagno-
sis, information is often not black-and-white
and expressions of uncertainty provide nuance
to support human-decision making. The in-
creasing deployment of LMs in the wild mo-
tivates us to investigate whether LMs are capa-
ble of interpreting expressions of uncertainty
and how LMs’ behaviors change when learn-
ing to emit their own expressions of uncer-
tainty. When injecting expressions of uncer-
tainty into prompts (e.g., "I think the answer
is..."), we discover that GPT3’s generations
vary upwards of 80% in accuracy based on
the expression used. We analyze the linguistic
characteristics of these expressions and find a
drop in accuracy when naturalistic expressions
of certainty are present. We find similar ef-
fects when teaching models to emit their own
expressions of uncertainty, where model cali-
bration suffers when teaching models to emit
certainty rather than uncertainty. Together,
these results highlight the challenges of build-
ing LMs that interpret and generate trustwor-
thy expressions of uncertainty.

1 Introduction

As natural language systems are increasingly used
in real-life scenarios, it is becoming important to
not only produce fluent and correct answers but
also to properly communicate uncertainties. From
weather reports to doctors’ offices, humans are con-
stantly integrating expressions of uncertainty into
decision-making processes. Expressions of uncer-
tainty inform us of the confidence, source, and
limitations of information, helping us make big

starting a course of chemotherapy. Despite substan-
tial literature on methods for quantifying statistical
uncertainty, there has been comparatively less atten-
tion on how such linguistic uncertainties might in-
teract with the natural language generation system,
resulting in a lack of understanding of this critical
component of how models interact with natural lan-
guage. Our work makes progress in answering this
question by asking: are language models (LMs)
capable of interpreting expressions of uncertainty
and how do LMs’ behaviors change when trained
to emit their own expressions of uncertainty?

Naturalistic expressions of uncertainty cover a
broad range of discourse acts such as signaling hes-
itancy, attributing information, or acknowledging
limitations. While prior work has explored lin-
guistically calibrating model generations, this has
primarily focused on learning the mapping between
the internal probabilities of a model and a verbal
or numerical ordinal output (Kadavath et al., 2022;
Lin et al., 2022; Mielke et al., 2022). Our work, by
contrast, seeks to understand and incorporate non-
uni-dimensional linguistic features such as hedges
or epistemic markers (e.g., It could be ...), factive
verbs (e.g., We realize it’s...), and evidential mark-
ers (e.g., Wikipedia says it’s...) — building our
understanding of how these additional properties
and evidentiality impact natural language genera-
tion.

We begin with an investigation of how LMs in-
terpret uncertainty in prompts, followed by a small
study on how LMs behave when generating their
own uncertainties via in-context learning. We focus
on studying this question in the question-answering
(QA) setting, due to its real-world relevance and
existing benchmarks. The first experiments are
conducted in a zero-shot setting, making it possible
to analyze and isolate the effects of uncertainty in
prompting, while the second experiments exam-
ine how learning to express uncertainty impacts



generation in QA tasks.

In both sets of experiments, we find shortcom-
ings when expressions of high certainty are used,
both in accuracy and calibration. In zero-shot
prompting, we find that there are systematic losses
in accuracy when expressions of certainty are used
to strengthen prepositions (i.e., "We’re 100% cer-
tain..."). In the second in-context learning scenario,
we find that teaching the model to emit weakeners
rather than strengtheners results in better calibra-
tion without sacrificing accuracy. We then discuss
designing linguistically calibrated models, espe-
cially given the potential downfalls of models emit-
ting highly certain language.

Our work offers four key contributions:

* We provide a framework and carry out analy-
sis on how expressions of uncertainty interact
with large language models.

* We introduce a typology of expressions of
uncertainty to evaluate how linguistic features
impact LM generation.

* We demonstrate how model accuracy suffers
when models use expressions of certainty
(e.g., factive verbs) or idiomatic language
(e.g., ‘I'm 100% certain’)

* Our results in in-context learning suggest that
GPT3 struggles to emit expressions of cer-
tainty in a calibrated manner but that expres-
sions of uncertainty might lead to better cali-
bration.

Together, our findings illustrate the need for
model analysis through the lens of uncertainty,
especially as LMs become deployed in real-life
decision-making settings.

2 Expressions of Certainty and
Uncertainty: Linguistic Background

There is a broad literature on linguistic markers
that relate to certainty and uncertainty, both for
weakening category membership and weakening
speaker commitment to the truth value of a propo-
sition (see Related Work). For convenience in this
paper we broadly group these linguistic devices
into weakeners and strengtheners.

The most widely studied weakeners are hedges,
first defined by Lakoff (1975) as related to mod-
ifying or weakening the category membership of
a predicate or nominal. The most central kind of
hedges are approximators (e.g., somewhat, kind
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Figure 1: Lexical Features of Expressions of Uncer-
tainty. Uncertainty classification partly adapted from
(Prince et al., 1982). Certainty markers are strength-
eners which contain factive verbs. Evidential markers
can be both expressions of certainty and uncertainty
(strengtheners or weakeners). Personal pronouns and
reference to sources are additional dimensions of ex-
pressions of (un)certainty not shown in this diagram.
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of, about, approximately), which hedge proposi-
tional content. Another class of weakeners that
some (like Prince et al. (1982)) but not others clas-
sify under hedges are plausibility shields (Prince
et al., 1982) which express a speaker’s lower level
of commitment (e.g., I think, I believe).

Strengtheners are liguistic constructions that
mark certainty. We use the term strengtheners both
to refer to strengthening speaker commitment to
truth value, and to strengthening category mem-
bership. Strengtheners include boosters or intensi-
fiers like "I am certain" or "Undoubtedly” (Hyland,
2005, 2014).

Whereas boosters can assert certainty or truth,
a second kind of strengthening construction, the
factive verb, is used to presuppose certainty or
truth. Factive verbs like "know", "realize", or "un-
derstand" (Kiparsky and Kiparsky, 1970) presup-
pose the truth of the complement sentence. The
statement “X realizes Y" presupposes that Y is true,
(and also asserts that X is aware of it). By contrast,
“X believes Y" makes no presupposition about the
truth of Y. Thus the sentence “He realizes [Madrid
is the capital of France]" is infelicitous, because
“realize" as a factive verb presupposes the truth of
its complement clause, which in this case is false
(Madrid is not the capital of France).

We note the existence of a third class of mark-
ers that can be used to mark both certainty and
uncertainty by directly indicating the source of
the information. Such expressions (like Accord-
ing to Wikipedia, or I heard or I saw) are called
evidential marker, linguistic signals that tells the
hearer where the information came from (Aikhen-



vald, 2004). One subtype of evidential markers,
quotative markers, are used when reported infor-
mation overtly references a source (e.g., According
to research in the latest issue of Nature, Two re-
cent studies demonstrate that...). Specifically, we
examine when references are citing a source (e.g.,
Wikipedia says) versus when the source is unspeci-
fied or very indirect (e.g., They said). We’ll refer
to this former case as sourced as a shorthand for
indicating that a source is mentioned.

Finally, first-person personal pronouns (e.g.,
I, we, our) can be used to mark subjectivity and
uncertainty in expressions like "I think".

2.1 Expressions of Uncertainty Typology

We compiled a list of fifty expressions of verbal un-
certainty from both crowd-workers and the authors,
focusing on the use of weakeners, strengtheners,
plausibility shields, factives, evidential markers,
mentions of sources, and personal pronouns. We
then coded each expression with the linguistic fea-
tures above. The final list (Table B) allows us to
systematically analyze how expressions of uncer-
tainty impact language modeling in the QA setting.
Figure 1 shows a diagram of how each of these
features relates to certainty and uncertainty in our
coding scheme (details in Appendix B).

3 Methods

Our work studies LM expressions of uncertainty in
the context of open-ended question answering. In
both of our settings, we insert linguistic expressions
of uncertainty into a QA question through hand-
crafted templates (Figure 2), and query the LM
using this modified question answering prompt.

In the first setting, we use zero-shot promoting
with expressions of uncertainty to elicit answers.
We inject verbal uncertainties into trivia questions,
converting a prompt like "What is the capital of
France?" to, "What is the capital of France, I think
it’s...".

In the second setting, we create an in-context
learning prompt with nearly fifty samples that con-
tain question-answer pairs, along with an expres-
sion of (un)certainty for any (un)certain examples.
For example, if the model has high confidence in an
answer, the sample might appear in the in-context
learning prompt as, "What’s the capital of France?
Paris. I’'m sure". And vice versa for low-confidence
answers.
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Figure 2: Two key settings to analyze expressions of un-
certainty. The first uses zero-shot promoting and injects
verbal and numerical uncertainties into trivia questions.
The second uses multi-shot in-context learning to teach
models to emit expressions of certainty or uncertainty
(not shown here) in its generation.

3.1 Datasets

We perform our analysis across four question an-
swering datasets: TriviaQA, a standard dataset that
has been used on a variety of QA related tasks
(Joshi et al., 2017); Natural Questions (closed-
book) which were aggregated queries to Google
(Kwiatkowski et al., 2019a); CountryQA, which
we constructed using names of countries and
capitals in the form of "What is the capital of
Afghanistan?"; Jeopardy questions which were
crawled from a fan-created database, J! Archive.!
We treat this as an open-ended question answering
task with a single-token answer by subsampling
the datasets down to questions which have a single
token answer based on GPT3’s vocabulary. This
avoids the potential confounder of generating subto-
kens for OOV answers (which allows us to more
accurately measure the probability placed on the
gold answers).

We use a random subset of 200 questions for
three of our datasets and calculate 95% confidence
intervals using bootstrap resampling. For Coun-
tryQA, there are 53 questions whose answers were
in vocabulary, of which we sample 50. We test each
of our fifty templates across this subset of questions

"https://j-archive.com/



3.2 LM, Prompting, and Evaluation Details

We study OpenAl’s GPT3 model (davinci 175B) as
it is a commonly used large language model with
reasonable statistical calibration properties (Liang
et al., 2022a). For the generated tokens, we take
the sum of the probability assigned to the gold
answer(s) to be the probability-on-gold. When
calculating accuracy, we generate 10 tokens and if
any of the tokens matches the answer, we’ll count
that as a correct generation. This is done to not
unfairly disadvantage templates that are prone to
generating words prior to emitting the answer (e.g.,
"Allegedly, it’s said to be...") (details in A.1).

4 The Impact of Uncertainty on
Language Generation

Information in real-life text is rarely in black-and-
white, and expressions of uncertainty are neces-
sary in supporting decision-making processes. In
this section, we investigate how GPT3’s generation
changes based on the expressions of uncertainty in
its prompt (Figure 2, top) and whether some expres-
sions of uncertainty can have systematic effects on
model behavior.

We begin this section by studying two hypothe-
ses for how LMs might respond to expressions of
uncertainty. The first hypothesis is that a model
“knows what it knows” and regardless of the un-
certainty templates used, the answer remains the
same. In other words, the model is robust to adding
expressions of uncertainty in its input. The second
hypothesis is that models will respond differently
based on the uncertainty cues, and ideally in a cali-
brated manner. Under this hypothesis, a confident
template would be more likely to produce the cor-
rect response than a low confidence template. This
hypothesis would be consistent with prior work
which has shown that LMs can generate language
in the style of diverse personas (Lee et al., 2022;
Park et al., 2022).

4.1 Variation in GPT3 Responses Across
Verbal Uncertainties

We evaluate GPT3 using zero-shot prompting on
our four datasets and find that our results do not
support the first hypothesis: we find that GPT3
is highly sensitive to uncertainty cues, and accu-
racy changes significantly depending on the uncer-
tainty expression used. Across our datasets, we
find that accuracies can change by up to 80% on
the exact same set of questions. This is especially

pronounced in CountryQA where a template like,
"We realize it’s.." achieves 14% accuracy while
many other templates result in perfect accuracy. In
TriviaQA, when prompted with a template such as
"I’'m certain it’s..." the model’s accuracy is 42% but
when prompted with "I would need to double check
but maybe it’s...", accuracy actually increases to
56%. Our findings illustrate that expressions of
uncertainty affect language generation and that the
changes resulting from these expressions have sub-
stantive impact on overall accuracy.

Returning to our second hypothesis, we seek to
understand if GPT3’s responses to QA answers
are linguistically calibrated based on the expres-
sion of uncertainty used in the prompt. Surpris-
ingly, we find that weakeners perform significantly
better than strengtheners across all four of our
datasets. The average accuracy among weaken-
ers across all four datasets is 47% compared to
40% among strengtheners. This effect is especially
large in CountryQA where the accuracy gap is 17%.
This effect is driven by the use of factive verbs in
strengtheners (as nearly all uses of factive verbs
in our templates are strengtheners)?, and the use
of factive verbs consistently results in significant
losses in accuracy (Figure 3). In other words, when
the template presupposes the truth, accuracy drops.

This finding contradicts the second hypothesis,
as we might have expected expressions of certainty
to improve performance, not hurt it. This is par-
ticularly concerning as confident prompts which
intuitively seem like they might result in better gen-
erations actually lead to worse generations.

Furthermore, we find that in three of our four
datasets, the use of evidential markers significantly
improves performance. In fact, some of the best
performing templates include evidential markers
with a source. The top ten performing prompts for
each dataset are listed in Appendix C.

The results across the other linguistic features
are mixed. Across the four datasets, there is not a
consistent improvement from the use of plausibility
shields, sources, or personal pronouns. (Figure 7).

4.2 A Redistribution of Probability Mass
When Prompted with Weakeners

What explains our surprising finding that templates
with weakeners outperform templates with strength-
eners? One hypothesis could be that weakeners are
changing the underlying probability distribution of

The exception being "I vaguely remember it’s...".
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Figure 3: Significant and consistent accuracy losses for templates with factive verbs (left). Use of evidential
markers significantly improves accuracy in three out of our four datasets (right). 95% CI calculated using bootstrap

resampling.

the potential answers, placing more weight on the
correct generations.

If weakeners change the answer distribution, we
might expect weakeners to induce an increase in
the probability-on-gold (which is defined as the
sum of the probabilities placed on all of the answer
aliases). We calculate the average probability-on-
gold among all correctly predicted answers and find
this is not the case. In fact, the probability-on-gold
from templates with weakeners is slightly lower
than the probability-on-gold from templates with
strengtheners. This is true across three of our four
datasets NaturalQA (42% vs 45%), JeopardyQA
(47% vs 51%), and TriviaQA (53% vs 55%).

Furthermore, we find that weakeners led to a flat-
tening of the distribution of probability mass across
answers, compared to strengtheners. We look at
the entropy of the probability distribution of top to-
kens not counting the top prediction; essentially the
uncertainty among all but the top candidate. This
entropy is significantly higher among weakeners
than strengtheners (Table 1). Our finding suggests
that the increase in accuracy of weakeners is not
due to an increase in answer confidence, but rather
when a weakener is used, the model responds by
placing probability more evenly across each of the
remaining possible options.

4.3 Expressions of Uncertainty Compared to
the Standard Prompting Method

Lastly, we find that in certain cases, the use of
expressions of uncertainty might actually lead to
better performance than the standard prompting
method (i.e., just simply using "Q: <question> A:").

Dataset ‘ weakeners | strengtheners
TriviaQA 2.980 +0.01 | 2.917 +£0.01
CountryQA | 3.078 £ 0.02 | 2.875 + 0.03
Jeopardy 3.170 + 0.01 | 3.089 + 0.01
NaturalQA | 3.167 £ 0.01 | 3.106 + 0.01

Table 1: Average entropy of the probability distribution
of alternative tokens among weakeners and strengthen-
ers. Across all four datasets, entropy is higher among
weakeners, an indication the model places probability
more evenly across the alternative answers. 95% CI
calculated using standard error.

In TriviaQA and the template "Online says it’s..."
achieves an accuracy of 66% compared to 63%
achieved by the standard method. In Natural Ques-
tions, there are seven templates that outperform
the standard method, six of which are expressions
of uncertainty. Although these results vary across
datasets, we see promising results suggesting that
including uncertainty may not only help human
decision makers, it may also improve the absolute
accuracy of the model.

4.4 The Impact of the Degree of Uncertainty
on Performance

Results from Section 4.1 illustrate that GPT3’s gen-
eration is highly sensitive to uncertainty in prompts,
and certainty seems to lead to diminished accuracy.
Here, we extend these results to study uncertainty
at a more fine-grained level, allowing us to ask if
the degree of uncertainty could play a role in the
accuracy of model generation.
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Figure 4: The X-axis indicates the percentage that was injected into the verbal uncertainty. The Y-axis indicates the
accuracy across numerical uncertainties. Note the consistent drop in accuracy between 90% and 100% uncertainty
and the increase in accuracy between 0% and 10% uncertainty.

Introducing Numerical Values To study the
role of uncertainty at a more fine-grained level
rather than just certain (strengthener/factive) and
uncertain (weakener), we introduce numerical val-
ues into our verbal expressions of uncertainty. The
setup of our task changes from “What is the capital
of Belarus? I'm sure it’s...” to “What is the capital
of Belarus? I'm 90% sure it’s..””. We use a set
of seven expressions covering a range of numer-
ical uncertainty expressions, including those that
use personal pronouns to weaken uncertainty ("I'm
90% certain...") and those which indicate uncer-
tainty probabilistically but without mentioning the
self ("70% chance it’s..."). We also downsample
our test set to 50 questions per dataset and evaluate
each template at 0%, 10%, 30%, 50%, 70%, 90%
and 100% intervals.

4.4.1 100% Certainty is not 100% Accurate

Our findings for numerical uncertainties extend our
earlier analysis by enabling us to obtain more fine-
grained results on whether a model is linguistically
calibrated, and how much certainty causes perfor-
mance degradation.

First, we find that numerical uncertainties are
poorly calibrated. For example, the prompt ”I'm
90% sure it’s...” in TriviaQA only produces the
correct answer 57% of the time. Formally, we
evaluate the expected calibration error (ECE) and
find poor values ranging from 0.50 to 0.30, 0 being

the best (Figures 4).

Second, consistent with our findings from Sec-
tion 4, we find that certainty does hurt model per-
formance. However, we find this is true only at the
extremes. We see performance on models peaks
usually between 70% and 90% in numerical val-
ues but drops in accuracy when using 100% in the
prompt. Across all four datasets, with seven tem-
plates each, 21 out of the 28 templates which use
100% numerical values had a lower probability-
on-gold than templates which used 90% numerical
values (Figure 8). Additionally, at the other ex-
treme, when 0% is used in templates, there is also
a drastic drop to accuracy.

The Effect of Hyperbolic Language What
could be causing these results? We hypothesize
that this could be caused by the use of hyperbolic or
exaggerated language in the training set, in which
numbers are used non-literally. When someone
says “I’'m 100% certain there was pie left”, they
don’t necessarily mean they are 100% certain is
there pie — but rather are speaking loosely to em-
phasize their strong belief there was pie. Similarly,
saying “I have zero confidence my car will start”
isn’t a literally calculated value but just an expres-
sion of doubt in their car’s abilities. We hypothe-
size that models somehow recognize the idiomatic,
non-literal uses of these extreme values, resulting
in lower performances on tasks when introduced
into prompts.



Another confounder in how model’s interpret
numerical values could be the distribution of nu-
merical frequencies in typical model training data.
Querying the Pile (Gao et al., 2020), a popular
dataset used to train GPT-like models, we find that
there are drastic imbalances in the use of percent-
ages in training datasets. There are significant
spikes in frequency at the upper extremes (50%,
95% and 100%) (Figure 5). This might be happen-
ing as humans might naturally exaggerate values
or use colloquial terms to describe confidence. The
presence of scientific language like "95% confi-
dence interval” could be another possible source
of imbalance. Although spoken natural language
also includes rounded percentages, the use of only
textual data might be further exacerbating this bias.
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Figure 5: Visualization of the Frequency of percentages
found in the pile. Note the peaks at the extremes, (0, 50,
10), and peaks at every 10 and 5 intervals from the first
1,000,000 samples queried from the Pile dataset using
the HuggingFace APL.

5 When LMs Emit Their Own
Uncertainty

Having studied the impact of uncertainty as part of
the prompt, we turn to our second motivating ques-
tion and ask: how does model performance change
when models learn to emit their own expressions
of uncertainty? This question is becoming increas-
ingly important as researchers have studied training
models to generate expressions of uncertainty (Lin
et al., 2022; Kadavath et al., 2022; Mielke et al.,
2022). Here, we study how model performance
changes based on in-context learning examples.
Specifically, we follow Lin et al. (2022)’s method
in few-shot learning with 50 samples which has
been shown to be nearly as effective as fine-tuning
on datasets that are magnitudes larger. To ensure
that our in-context learning dataset covers a range
of confidence levels, our dataset contains 48 sam-
ples whose probability-on-gold is uniformly dis-
tributed (in buckets of 10) between 0 and 100.

5.1 Experiment Details

To study how LMs respond when emitting their
own uncertainty, we follow Lin et al. (2022)’s setup
but modify it for the strengtheners and weakeners,
which are inherently non-numerical (Figure 2). In
our setting, instead of teaching a model to output
a percentage confidence, we teach it to output a
strengthener when the confidence is above a thresh-
old and nothing otherwise.> Conversely, when we
study weakeners, we teach it to output a weakener
when the probability is below a threshold and noth-
ing otherwise.

As an example, consider the question “What is
the capital of France”. We record the LM’s proba-
bility over Paris (the probability-on-gold) and ap-
pend “I’m sure” to the in-context example if the
model’s confidence was above 0.5. We repeat this
for all the in-context examples to obtain our in-
context learning training set.

5.2 Prompting Perturbations

Recent work has shown the drastic differences that
appear based on simple changes to prompting setup
(Suzgun et al., 2022; Lu et al., 2021). We design
our in-context learning samples with various per-
turbations to ensure robustness in our results.

We select high performing weakeners and
strengtheners from Section 4 and experiment with
appending expressions of uncertainty after the an-
swer (e.g., “Paris. I think™) (Table 9).* We then
use three different sample orderings to perturb our
learning samples: ascending and descending order
of probability-on-gold and random ordering.’ Fi-
nally, we experiment with a variety of thresholds
(0.3, 0.5, 0.7, 0.9) for determining when expres-
sions of (un)certainty should be inserted into the
example. These perturbations are done on a small
scale to help identify the best hyper-parameters
(threshold, placement, and ordering) to use.

We find that varying the threshold across does
not drastically change accuracy (with all methods
attaining ~ 83% in accuracy), although the thresh-
old does significantly impact the balance of the
training datasets. Similarly, we find limited differ-
ences in the ordering of the samples. With these

3We choose to emit nothing rather than emit an expression
of uncertainty, as we wish to isolate the effect of each linguistic
expression of uncertainty.

*Here, we exclude expressions with attribution shields for
concerns of false attribution, more on this in the discussion.

5In the ascending and descending orders, all the samples

in the beginning or all the samples at the end will include
expressions of (un)certainty.



results, we choose a threshold of 0.5 (creating a
balanced dataset) and random ordering (simplest
setting) as our hyper-parameters for our remain-
ing scenarios and analysis, which we test on 100
TriviaQA questions.

5.3 Results

Gains in Model Calibration When Learning
Uncertainty Overall, GPT3 has a limited abil-
ity to learn naturalistic expressions of uncertainty
in a calibrated manner. We measured calibration
based on whether models successfully emit the ex-
pressions of uncertainty when the probability of the
top token above or below our training threshold. In
our setup, when learning to emit certainty, answers
with probability-on-gold of greater than 0.5 had
a strengthener and answers with less than 0.5 had
nothing. Therefore, in its generation when the prob-
ability on the top token is greater than 0.5, we’d
expect the model to also generate a strengthener
and vice versa for weakeners. We measure whether
the model successfully generates strengtheners and
weakeners through the F1 score, and find that the
template with the highest macro-F1 score for un-
certainty templates to be 0.56 compared to 0.53 for
certainty templates.® This is close to the random
guessing baseline on this test set which results in
an F1 score of 0.45.

To illustrate the difference in calibration between
uncertainty and certainty, we can look at the aver-
age accuracy when a model emits an expression or
not. When learning to express weakeners, the gen-
eration of a weakener results in an accuracy of 74%
but this increases to 83% when the model doesn’t
generate a weakener. This is the intended behavior,
with the model hedging answers it is more likely to
get incorrect. However, when teaching the model to
emit strengtheners, the generation of strengtheners
does not lead to a significant increase in accuracy
(79% with or without an emission of strengtheners).
This means that when the model emits certainty,
the answer is not more likely to be correct, creating
a concerning issue for linguistic calibration (Table
2).

Modeling Changes in Entropy Despite low
model calibration when emitting expressions of cer-
tainty and uncertainty, we find that the underlying
entropy of the probability distribution of the gen-
erated answer is well-calibrated to the expressions

8 Average F1 scores being .52 average for uncertainty and
.49 average of certainty

Entropy  Emitting Not Emitting
Uncertainty  0.699* 0.522
Certainty 0.461 0.617%
Control N/A 0.541
Accuracy Emitting Not Emitting
Uncertainty 0.738 0.829*
Certainty 0.799 0.789
Control N/A 0.78

Table 2: Entropy is higher when uncertainty is be-
ing expressed and also higher when certainty is not
expressed. Accuracy is also higher when uncertainty
is not expressed but accuracy is not significant higher
when certainty is expressed (an indication or poor cal-
ibration). *Significantly higher value calculated using
two-sample t-test, p < 0.05.

of uncertainty. Analyzing the top five predictions
for each token, we find that when teaching mod-
els weakeners, the entropy of the distribution of
potential generations is higher when a weakener is
emitted and lower when it is not. The inverse is
true when teaching models strengtheners, entropy
is lower when strengtheners are emitted and higher
when it is not. Although the calibration scores are
not strong for either uncertainty or certainty, we see
promising behaviors in the entropy of the model’s
top generations. When emitting weakeners, the
model places more consideration on alternative an-
swers and less when emitting strengtheners.

Sensitivity to Placement of Template Finally,
we test how model performance differs based on
the placement of the templates. The simple design
difference of probing for the answer before (e.g.,
“I think it’s Paris.”) or after (e.g., “Paris. I think.”)
an expression of uncertainty can have a significant
difference in performance. In our tables, we re-
fer to these places as prefixes (before) and suffixes
(after). We find that when appending expressions
of uncertainty as a prefix, the generation is signif-
icantly worse for accuracy (63% vs 80%). This
is also correlated with probability-on-gold being
lower in prefixed templates (40% vs 67%). An
explanation for this might be that the probability
of generating the correct answer will be lower if
generated after a phrase like “I think it’s...” rather
than just generated immediately after the question.
Our work suggests that ordering effects may be
important when addressing accuracy-calibration



trade-offs in LMs and that there are accuracy gains
when prompting the model to respond with answers
as soon as possible.

Template Certainty Prob Topl1
Prefix Uncertain  0.388 0.592
Certain 0.407 0.674
Suffix Uncertain  0.674 0.800
Certain 0.673 0.792
Control N/A 0.673 0.780

Table 3: Average probability on generated token and
top 1 accuracy across prefix and suffix templates.

6 Related Work

While scholars have studied model uncertainty,
prior work has focused on more accurately ex-
tracting model confidence (Kuhn et al., 2023; Sun
et al., 2022; Gleave and Irving, 2022), measuring
(Kwiatkowski et al., 2019b; Radford et al., 2019;
Liang et al., 2022b) and improving model calibra-
tion (Jiang et al., 2021; Desai and Durrett, 2020a;
Jagannatha and Yu, 2020; Kamath et al., 2020;
Kong et al., 2020). However, the community has
found mixed results on the calibration of neural
model (Minderer et al., 2021; Carrell et al., 2022);
for example, Desai and Durrett (2020b) shows
that pre-trained transformers are relatively well-
calibrated meanwhile Wang et al. (2020) found
severe mis-calibration in neural machine transla-
tion. Another line of work also explore the trade-
off between model performance and calibration
(Stengel-Eskin and Van Durme, 2022).

Closest to our work, Mielke et al. (2022) pro-
pose solutions to reducing model overconfidence
through linguistic calibration, Kadavath et al.
(2022) experiment with models’ ability emit self-
confidence after finding that models are relatively
well-calibrated, and Lin et al. (2022) teach mod-
els to be linguistically calibrated when answering
math questions. We build on these works by incor-
porating other aspects of naturalistic expressions
of uncertainty such as evidentials and factive verbs
into the analysis of NLG systems.

In addition, semanticists and computational lin-
guists have long studied speaker commitment fac-
tors such as factivity (Karttunen, 1971; Degen and
Tonhauser, 2022) and projection (Simons et al.,
2010), and more recent work include corpora

like the CommitmentBank (De Marneffe et al.,
2019) which offers naturally occurring examples,
as well as new experimental paradigms to investi-
gate speaker commitment (Degen et al., 2019). A
wide variety of scholars have examined computa-
tional issues in factuality, veridicality, and commit-
ment (Sauri and Pustejovsky, 2009; de Marneffe
et al., 2012; Stanovsky et al., 2017; Rudinger et al.,
2018; Jiang and de Marneffe, 2021, inter alia) as
well as bias (Pryzant et al., 2020; Patel and Pavlick,
2021) and specific devices like hedges (Prokofieva
and Hirschberg, 2014; Raphalen et al., 2022), and
modality (Pyatkin et al., 2021).

We see our work as a bridge between these two
areas of speaker commitment and natural language
generation, by telling us how models interpret and
generate speaker commitment through expressions
of certainty and uncertainty.

7 Discussion and Conclusion

In this work, we analyzed how naturalistic expres-
sions of uncertainty impact model behavior both
for prompting and in-context learning. We find a
drop in accuracy when naturalistic expressions of
certainty (i.e., strengtheners and factive verbs) are
used in zero-shot prompting; this is also true with
numerical uncertainty when idioms like "I'm 100%
certain" are used. We also find calibration gains
when teaching models to express weakeners rather
than strengtheners. Moving forward, we present a
number of recommendations for the community for
NLG and naturalistic expressions of uncertainty.

A Shift to Uncertainty Beyond calibration,
teaching models to only emit expressions of un-
certainty when they are unsure, rather than when
they are sure, could be a safer design choice for
human-computer interactions. Prior work has
shown cases where Al-assisted decision-making
performed worse than human decision-making
alone, suggesting an over-reliance on Al, even
when systems are wrong (Jacobs et al., 2021; Bus-
sone et al., 2015). This leads us to suspect that
teaching models to emit expressions of certainty
could further exacerbate these challenges — es-
pecially given how poorly calibrated and brittle
the models are. Current literature has focused on
emitting expressions of confidence in a calibrated
manner, but what remains to be investigated is how
humans interpret generated naturalistic expressions.
As a recommendation, we urge the community to
focus on training models to emit expressions of



uncertainty meanwhile further work is conducted.

The Limitations of Written Text The analysis
of how GPT3 uses expressions of uncertainty high-
lights another limitation of using just written text
for training language generation. We suspect that
the use of weakeners in spoken language will vary
greatly from that of written language and that
cues such as vocal disfluencies could also impact
a model’s interpretation and generation of uncer-
tainty. Future work could explore the interaction of
LMs with spoken expressions of uncertainty.

Verified Attribution We encourage the commu-
nity to explore how to integrate attributions of un-
certainty in a verified manner. In our experiments,
we chose not to experiment with generating attri-
butions as we could not guarantee their validity.
However, some of the best-performing templates
from Section 4 include phrases like "Wikipedia
says...". We hypothesize there is potential to at-
tribute knowledge in a way that supports model
transparency and encourages user trust and think-
ing. However, we would caution the community
away from arbitrarily generating attributions as it
could provide downstream users with a false, yet
highly believable attribution.

Using Expressions of Uncertainty to Sow Doubt
Lastly, we warn the community about the potential
dangers of using expressions of uncertainty mali-
ciously. Imagine a model arbitrarily responding
with weakeners when asked to answer controver-
sial topics (e.g., "Well, supposedly it’s true..." or
"Wikipedia claims it’s happening..."). Beyond the
helpful ways in which expressions of uncertainty
can support human decision-making, expressions
of harm can be used by LMs to undermine individu-
als and to cast doubt on controversial or subjective
questions.

As the community expands the capabilities of
NLG to general language that is more natural, it is
critical we prepare for the opportunity and harms
that may arise from naturalistic expressions of un-
certainty.
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A Appendix
Additional Details
A.1 Additional Details from Section 4

The model generates up to 10 tokens for each ques-
tion and returns the top predictions per token. For
Section 4 we use OpenAl’s researcher API and
retrieve the top 50 most probable predictions per
token. For Section 5 we use the standard API and
retrieve the top 5 most probable predictions per
token.

We are careful that our prompts do not end with
trailing white space (" ") as recommended by Ope-
nAl in order to prompt the best generations. We
also use the delimiters "Q:" and "A:" to signal the
start and end of questions and answers.’

B Amazon Mechanical Turk Results

We use Amazon Mechanical Turk to crowd-source
some additional expressions of uncertainty. A
screenshot of the task is included below. Work-
ers were filtered to be have HITs greater than 99
and to have at least 500 approved HITs. Given
the simplicity of the task, we estimated it would
take users a minute or two to complete the task, a
paid users $0.35 USD for the task which results in
roughly $10.50 USD to $21.00 USD an hour. We
collected a total of 9 samples of 5 examples each.
The authors then read, filtered, and modified the
examples to follow the overall linguistic structure
of the other templates.

Generate five (5) unique expressions of uncertainty.
Examples include: “I'm not sure maybe it's...", *Allegedy it's...", *Online it says it's...". Please do not include the examples as an input.

Thank you!

Type what you would say here.

Type what you would say here.
Type what you would say here.
Type what you would say here.

Type what you would say here.

Figure 6: Screenshot of the Crowdsourced Example

C Top 10 Templates from Section 4

"In CountryQA and TriviaQA, an additional new line char-
acter was added before "A:". To reduce accruing additional
costs, NaturalQA and Jeopardy results were not rerun to match
this exact template.
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Figure 7: The use of plausibility shields, sources, and
personal pronouns are mixed, without significant con-
sistent improvements or drops in accuracy. 95% CI cal-
culated using bootstrap resampling.



Template Strengtheners Shield Evidential Marker  Factive Verb Source 1P
Apparently it’s Weakener None Evidential Not Factive ~ No Source  No
Presumably it’s Weakener None Evidential Not Factive ~ No Source  No
Rumor says it it’s Weakener None Evidential Not Factive ~ No Source  No
Allegedly it’s Weakener None Evidential Not Factive ~ No Source  No
I was told it’s Weakener None Evidential Not Factive =~ No Source  Yes
I’ve heard it’s Weakener None Evidential Not Factive ~ No Source  Yes
They told me it’s Weakener None Evidential Not Factive ~ No Source  Yes
Wikipedia suggests it’s Weakener None Evidential Not Factive Source No
Online says it’s Weakener None Evidential Not Factive Source No
The internet says it’s Weakener None Evidential Not Factive Source No
Wikipedia claims it’s Weakener None Evidential Not Factive Source No
Wikipedia says it’s Weakener None Evidential Not Factive Source No
I read on the internet it’s Weakener None Evidential Not Factive Source Yes
I read on Wikipedia it’s Weakener None Evidential Not Factive Source Yes
I read online it’s Weakener None Evidential Not Factive Source Yes
To the best of o . . .

.y Weakener Plausibility Evidential Not Factive ~ No Source  Yes
my knowledge it’s
As far as ’'m aware it’s Weakener Plausibility Evidential Not Factive ~ No Source  Yes
1 vaguely remember it’s Weakener Plausibility Evidential Not Factive ~ No Source  Yes
It could be Weakener Plausibility Not Evidential Not Factive ~ No Source  No
Cons1d_e rng 2’111 Weakener Plausibility Not Evidential Not Factive ~ No Source  No
the options it’s
It probably is Weakener Plausibility Not Evidential Not Factive ~ No Source  No
Maybe it’s Weakener Plausibility Not Evidential Not Factive ~ No Source  No
Perhaps it’s Weakener Plausibility Not Evidential Not Factive ~ No Source  No
It should be Weakener Plausibility Not Evidential Not Factive ~ No Source  No
I don’t know maybe it’s Weakener Plausibility Not Evidential Not Factive ~ No Source  Yes
I suppose it’s Weakener Plausibility Not Evidential Not Factive ~ No Source  Yes
I would need to Weakener Plausibilit Not Evidential Not Factive ~ No Source  Yes
double check but maybe it’s y
I'wouldn tput . Weakener Plausibility Not Evidential Not Factive ~ No Source  Yes
money on it but maybe it’s
I’m not an expert but maybe it’s Weakener Plausibility Not Evidential Not Factive ~ No Source  Yes
I think it’s Weakener Plausibility Not Evidential Not Factive ~ No Source  Yes
I feel like it should be Weakener Plausibility Not Evidential Not Factive ~ No Source  Yes
It is known that it’s Strengthener None Evidential Factive No Source  No
The most recent , Strengthener None Evidential Factive Source No
evidence shows it’s
The rules state it’s Strengthener None Evidential Factive Source No
;Fwo recent SFLEdleS Strengthener None Evidential Factive Source No

emonstrate it’s

Wikipedia . Strengthener None Evidential Factive Source No
acknowledges it’s
Wikipedia confirms it’s Strengthener None Evidential Factive Source No
Our lab has shown it’s Strengthener None Evidential Factive Source Yes
Evidently it’s Strengthener None Evidential Not Factive ~ No Source  No
f%ccordmg to tl.lej Strengthener None Evidential Not Factive Source No
atest research it’s
gftlzzgks iﬁ;?iglse Strengthener None Evidential Not Factive Source Yes
It must be Strengthener None Not Evidential Factive No Source  No
We realize it’s Strengthener None Not Evidential Factive No Source  Yes
We understand it’s Strengthener None Not Evidential Factive No Source  Yes
We know it’s Strengthener None Not Evidential Factive No Source  Yes
Undoubtedly it’s Strengthener None Not Evidential Not Factive ~ No Source  No
With 100% confidence it’s Strengthener None Not Evidential Not Factive ~ No Source  No
I’'m certain it’s Strengthener None Not Evidential Not Factive ~ No Source  Yes
Tam 100% sure it’s Strengthener None Not Evidential Not Factive ~ No Source  Yes
It’s None None Not Evidential Not Factive ~ No Source  No

Table 4: Full list of expressions of uncertainty coded for six linguistic features. *Claims is a neg-factive but in our
schema, will just be considered not a factive verb. (Sauri and Pustejovsky, 2009)



Template Top 1 Accuracy

0 Online says it’s 0.660
1 Standard Method 0.625
2 Wikipedia confirms it’s 0.600
3 Wikipedia suggests it’s 0.595
4  The internet says it’s 0.585
5 Wikipedia claims it’s 0.575
6 Wikipedia says it’s 0.575
7  We can see in the textbook that it’s 0.565
8 I would need to double check but maybe it’s 0.555
9 Rumor says itit’s 0.550
Table 5: Top 10 Templates For TriviaQA
Template Top 1 Accuracy
0 Standard Method 1.0
1 Iread on Wikipedia it’s 1.0
2 It’s 1.0
3 It should be 1.0
4 Allegedly it’s 1.0
5 TI’m not an expert but maybe it’s 1.0
6 I wouldn’t put money on it but maybe it’s 1.0
7 Presumably it’s 1.0
8 Iread online it’s 1.0
9 Iread on the internet it’s 1.0

Table 6: Top 10 Templates For CountryQA

Template Top 1 Accuracy
0 Standard Method 0.450
1 It must be 0.390
2 It’s 0.380
3 It could be 0.370
4 The internet says it’s 0.370
5 Online says it’s 0.360
6  With 100% confidence it’s 0.350
7 Undoubtedly it’s 0.345
8 Wikipedia says it’s 0.345
9 Wikipedia confirms it’s 0.325

Table 7: Top 10 Templates for Jeopardy
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Figure 8: Variation in probability-on-gold across numerical uncertainties. Note the consistent drop in accuracy

Template

Top 1 Accuracy

Wikipedia claims it’s
Wikipedia says it’s
Online says it’s
Wikipedia suggests it’s
The internet says it’s
Wikipedia confirms it’s
I read on Wikipedia it’s
Presumably it’s
Standard Method

I think it’s

O 00O kW= O

0.340
0.335
0.310
0.305
0.300
0.300
0.295
0.275
0.275
0.270

Table 8: Top 10 Templates for Natural QA

CountryQA

TriviaQA
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== With 0% confidence it's 000 == With 0% confidence it's
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between 90% and 100% uncertainty and the increase in accuracy between 0% and 10% uncertainty.



Expression Suffix Prefix
Uncertainty Undoubtedly. Undoubtedly it’s
Uncertainty With 100% confidence. With 100% confidence it’s
Uncertainty We know it. We know it’s
Uncertainty Evidently. Evidently it’s
Uncertainty It must be. It must be
Certainty I think. I think it’s
Certainty It could be. It could be
Certainty | But I would need to double check. | I would need to double check but maybe it’s
Certainty I suppose. I suppose it’s
Certainty But I wouldn’t put money on it. I wouldn’t put money on it but maybe it’s

Table 9: List of Templates Used for Section 5



