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Abstract

Style representations aim to embed texts with
similar writing styles closely and texts with
different styles far apart, regardless of content.
However, the contrastive triplets often used for
training these representations may vary in both
style and content, leading to potential content
leakage in the representations. We introduce
STYLEDISTANCE, a novel approach to train-
ing stronger content-independent style embed-
dings. We use a large language model to create
a synthetic dataset of near-exact paraphrases
with controlled style variations, and produce
positive and negative examples across 40 dis-
tinct style features for precise contrastive learn-
ing. We assess the quality of our synthetic
data and embeddings through human and auto-
matic evaluations. STYLEDISTANCE enhances
the content-independence of style embeddings,
which generalize to real-world benchmarks
and outperform leading style representations
in downstream applications. Our model can be
found at https://huggingface.co/StyleDi
stance/styledistance.

1 Introduction

The most common objective when training text em-
beddings is to place texts with similar semantics
close together in the embedding space (Reimers
and Gurevych, 2019). Style representations, by
contrast, aim to embed texts with similar writing
styles near each other and texts with different styles
far apart, regardless of their semantic content (Weg-
mann et al., 2022). Embeddings are usually trained
via contrastive learning, with triplets consisting of
an anchor text, a positive text (which should be
embedded closely to the anchor), and a negative
text (which should be embedded far from the an-
chor) (Goldberger et al., 2004; Khosla et al., 2020;
Schroff et al., 2015). Existing approaches often use
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Figure 1: STYLEDISTANCE embeddings are trained us-
ing contrastive learning from synthetic parallel (positive
and negative) examples representing 40 style features.
The illustrated example is for the “Usage of Active
Voice” feature.

social media datasets with the assumption that all
writing by the same author shares a similar style
and that texts by different authors exhibit dissimi-
lar styles (Wegmann et al., 2022). These methods
also attempt to minimize content representation in
the resulting embeddings. They select a text from
the same author on a different topic as the positive
example, and a text from a different author on the
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same topic as the negative example, approximat-
ing topic similarity using subreddit or conversation
metadata. However, these methods are limited by
the imperfect nature of data acquired under such
assumptions. For example, the same author may
write about the same topic even in different subred-
dits. As a result, these imperfect contrastive triplets
do not explicitly control for content, leading to style
embeddings with weak content-independence. The
“content leakage” caused by such proxy objectives
(illustrated in Figure 2) can undermine the effective-
ness of style representations in tasks that require
strict separation between style and content, such
as stylistic analysis, authorship tasks, style transfer
steering, and automatic style transfer evaluation.
To overcome this, a more controlled approach to
style contrastive learning is necessary.

In this paper, we introduce STYLEDISTANCE,
a novel method for training stronger, content-
independent style embeddings which leverages syn-
thetic parallel text examples generated by a large
language model (LLM) (OpenAl et al., 2024). By
creating near-exact paraphrases with controlled
stylistic variations, we produce positive and nega-
tive examples across 40 distinct style features. This
synthetic dataset, which we call SYNTHSTEL, en-
ables more precise contrastive learning (visualized
in Figure 1) and is more robust to the content leak-
age inherent in existing datasets. We evaluate our
method on both human and automated benchmarks,
measuring the content-independence, quality, and
utility of STYLEDISTANCE embeddings.

In summary, our primary contributions are:

1. We generate and release SYNTHSTEL, a
dataset of near-exact paraphrases across 40
distinct style features.

2. We introduce STYLEDISTANCE, a new ap-
proach to style representation learning which
uses synthetic parallel examples with con-
trolled stylistic variations. We release the em-
bedding model as a resource.

3. We demonstrate that STYLEDISTANCE sig-
nificantly improves the content-independence
of style embeddings, generalizing effectively
to real-world benchmarks of style representa-
tion quality and outperforming existing style
representations in downstream applications.

2 Related Work

Style Representations In previous work, style
representations were learned from unlabeled texts
(Zhu et al., 2022; Dai et al., 2019; Riley et al., 2021,
inter alia). Due to the lack of parallel datasets cov-
ering diverse style features, Hay et al. (2020) and
Wegmann et al. (2022) have both recently used au-
thorship as a proxy for style as we discussed previ-
ously. Rivera-Soto et al. (2021) trained embeddings
to uniquely represent different authors. Although
these embeddings capture features representative
of authors’ style, they also capture content features
due to the lack of control for content-related as-
pects. Patel et al. (2023) trained LISA, a style
vector created by annotating texts with their stylis-
tic features using LLMs. LISA, however, trades off
performance to create a vector with interpretable
dimensions. The highest quality style representa-
tions to date come from approaches that employ
a contrastive learning objective (Wegmann et al.,
2022). In this paper, we propose leveraging the
strengths of generative LLMs to build a dataset that
will serve to train strong content-independent style
embeddings using a contrastive learning objective.
From a practical perspective, style representations
are useful in downstream applications such as arbi-
trary text style transfer (Khan et al., 2023; Horvitz
et al., 2023, 2024) where they help steer and guide
transfer, and content-independence is important for
reducing hallucinations in generations.

LLMs and Text Style LLMs are commonly used
for style transfer (Reif et al., 2022; Suzgun et al.,
2022; Patel et al., 2022; Fisher et al., 2024) and
style analysis (Saakyan and Muresan, 2023; Patel
et al., 2023). Their strength with style-related tasks
has been demonstrated, yet leveraging this knowl-
edge to build strong content-independent style rep-
resentations has not yet been explored.

3 Data Generation

A core component of our proposed STYLEDIS-
TANCE approach is a LLM that generates a syn-
thetic dataset with controlled content and style. The
dataset is composed of pairs of sentences which
are paraphrases of each other (i.e. their content is
similar) but differ in style. Each pair includes a
positive example that showcases a specific stylis-
tic feature (e.g., usage of active voice or emojis)
and a corresponding negative example that lacks
this feature. In this section, we outline the selected
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Contrastive example used for Wegmann et al. (2022)

Contrastive example used for STYLEDISTANCE
(“Usage of Active Voice” Style Feature)

Awesome game. Took off from
work to play it. Halfway through

I adored the Dolce & Gabbana

Anchor:  the week playing nonstop. Such a mauve leather creation with a sig-
quality product. The Spider-Man nature lock.
game we’ve needed for years.
Such a great Spider-Man game.
Y g . u Same Style . .
» It really is the best one I've  g,c Content I observed the impact ris- ¢ . giore
Positive: played. Easy to Play crazy fun (leads to content leakage in ing temperatures had " on Different Content
to master. There is so much you style representations) tropical diseases.
can do with Peter’s moves... o ' '
Different Style e ;
... No Android version? I guess I’'m Different Content The Dolce & Gabbana mauve Different Style
Negative: leather creation with a signature

not getting it

(leads to content leakage in
style representations)

lock was adored by me. Same Content

Figure 2: In the training triplets used by Wegmann et al. (2022) (left), an anchor text is paired with a positive
instance written by the same author, and a negative instance written by a different author, assuming content can be
controlled via subreddit/conversation metadata. However, this assumption can fail, leading to uncontrolled content
as illustrated. In our dataset used to train STYLEDISTANCE (right), we control for both style and content.

style features and provide implementation details
for our synthetic data generation procedure. Addi-
tionally, we present evaluations conducted to assess
the quality of the synthetic dataset prior to its use
in training our style embeddings.

Style Feature Selection There is no predefined
set of style features, and what features are consid-
ered to describe style vs. content can vary across
different studies (Jin et al., 2022). For this work,
we select 40 style features across 7 broad categories
(visualized in Figure 3) which have been addressed
in different works on text style (Tausczik and Pen-
nebaker, 2010; Kang and Hovy, 2019; Wegmann
and Nguyen, 2021; Jin et al., 2022; Patel et al.,
2023). Specifically, we select features for which
it is possible to generate both positive and nega-
tive examples (e.g., formal/informal, passive/active
voice). Since some features can blur the line be-
tween style and content (e.g., usage of sarcasm),
it might be difficult to generate perfectly parallel
positive and negative pairs, with the same content.
For these features, we control the generation as
much as possible with the aim to obtain near-exact
paraphrases. Furthermore, some style features may
be impossible to fully remove from a sentence in
order to generate a negative example (e.g., usage
of articles). For these, we aim for the positive ex-
ample to contain the feature with higher frequency
than the negative example. For more details on all
the selected style features, see Appendix A. While
these 40 features may not cover the infinite number
of styles that may exist, we believe they can serve
to learn more primitive features (e.g., use of con-

tractions, use of long words, use of formal style)
which may help generalize to more complex styles
involving these features (e.g., “professorial style”).
We discuss and test this generalization assumption
in Section 5.1.

Generation For each of the selected features, we
generate 100 pairs of positive and negative exam-
ples by prompting GPT-4 (OpenAl et al., 2024)
with the DataDreamer library (Patel et al., 2024).
Each generated pair contains a sentence where the
feature is present (positive example), and a para-
phrase where the feature is absent or less present
(negative example).

Attribute Values

Topic A randomly extracted fine-grained
topic from C4.

Sentence Length [10-15 words’, ‘15-20

words’, ‘20-25 words’,
€25-30 words’]
[‘first-person’,
‘second-person’,
‘third-person’]

Point of View

Tense [‘past’, ‘present’,
‘future’]

Type of Sentence [‘Declarative’, ‘Semicolon
Structure (compound)’,
‘Question’, ‘Exclamation’]

Table 1: Attributes sampled for the attributed prompt
string generation.

Yu et al. (2023) found that LLMs struggle with
diversity when prompted to generate text exam-
ples. We use their proposed attributed prompt (At-
trPrompt) method to ensure generations are suffi-
ciently diverse and varied across basic attributes,
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Syntactic Features

Usage of Conjunctions

Usage of Articles

Frequent Usage of Function Words
Usage of Personal Pronouns
Usage of Pronouns

; ) Usage of Certain Tone
Usage of Active Voice

Emotional and Cognitive Features

Positive Sentiment Expression

Usage of Words Indicating Affective vs. Perceptual Processes
Usage of Words Indicating Cognitive vs. Perceptual Processes
Usage of Words Indicating Affective vs. Cognitive Processes

Stylistic and Aesthetic Features
Usage of Metaphors

Usage of Formal Tone
Incorporation of Humor

Fluency in Sentence Construction
Complex Sentence Structure
Usage of Sarcasm

Usage of Contractions

Frequent Usage of Determiners
Usage of Prepositions

Graphical and Digital Features
Usage of Numerical Substitution
Usage of Uppercase Letters

Usage of Polite Tone
Usage of Text Emojis

Social and Interpersonal Features

Usage of Offensive Language

Usage of Self-Focused Language vs. You-Focused

Usage of Self-Focused Perspective vs. Third-person Singular
Usage of Self-Focused Language vs. Inclusive-focused
Usage of Self-Focused Language vs. Audience-focused

Lexical Features

Usage of Long Words

Usage of Nominalizations
Frequent Usage of Common Verbs

Usage of Emojis

Presence of Misspelled Words
Usage of Only Uppercase Letters
Usage of Only Lowercase Letters
Usage of Numerical Digits
Frequent Usage of Punctuation

Temporal and Aspectual Features
Usage of Present-focused vs. Future-
focused

Usage of Present-focused vs. Past-focused

Figure 3: We generate synthetic parallel examples to train STYLEDISTANCE for a wide range of style features in
seven linguistic and stylistic categories. Further details on these features can be found in Appendix A.

such as “Sentence Length” and “Type of Sentence”.
The method randomly selects values from a defined
set of attributes to be included in the prompt, which
serve as conditioning for the text generation. In Ta-
ble 1, we showcase the attributes we sample from
in our attributed prompt in order to vary our gen-
erations. See Appendix B.2 for details on our full
attributed prompt and inference parameters.

For the “Topic” attribute, we sample fine-grained
distinct topics for each generation from the C4 cor-
pus (Raffel et al., 2020). We do this by extracting
a random sentence from a random document in C4,
and we then use a zero-shot prompt (given in Ap-
pendix B.1) with GPT-4 to identify the fine-grained
topic of that sentence. We employ several heuris-
tics to select sentences from C4 that have desired
characteristics: written in English, sufficiently long
(greater than 32 words), and consist of natural text
rather than formatting text found in some C4 doc-
uments. We provide an implementation of these
heuristics in our supplementary materials.

We call our final synthetically generated dataset
SYNTHSTEL, and create train and test splits using
a 90%/10% split stratified by style feature.

Dataset Evaluation We conduct a human and an
automatic evaluation of the quality of our synthetic
dataset for a number of different properties using
the test split.

First, we measured the extent to which humans
judge our positive examples do contain the desired
style feature and our negative examples do not.
Note that the appreciation of some style features
(such as “Incorporation of Humor™) can be sub-
jective, and some other features (e.g., “Usage of

Articles”) are not fully removed in negative exam-
ples but might appear less frequently therein than
in positive examples. In spite of these intricacies
which made the annotators’ task more difficult, our
human evaluation results were strong: 92% of the
time, annotators judged the positive and negative la-
bels correct (random chance is 50%). Each instance
was annotated by 10 different annotators from a
pool of 73 graduate students in a NLP class. We
also assessed inter-annotator agreement with Krip-
pendorf’s Alpha (Krippendorff, 2011) and achieved
a reliability score of 0.55. For more details about
the human annotation, see Appendix C.

We also run automatic evaluations to assess other
properties of the dataset:

* Content Similarity measures the average se-
mantic similarity between the positive and
negative parallel examples (Reimers and
Gurevych, 2019).!

* Fluency measures the average fluency of our
examples? using a classifier trained on CoLA
(Warstadt et al., 2019).

* Diversity uses the score proposed by Yang
et al. (2024) to measure how different each
generated text is from every other in terms of
content/topic using semantic similarity.

We compute a baseline for these scores with
natural data from the dataset of sentence pairs in
Wegmann and Nguyen (2021). The results of these

'For evaluations using semantic similarity, we use the
all-mpnet-base-v2 model.

2We exclude generations for style features that specifically
address disfluency.
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evaluations can be found in Table 2. Our gener-
ated examples fare well in all these aspects: they
are topically diverse and fluent, and the similarity
inside each pair of positive/negative examples is
high. An additional (less direct) evaluation of the
quality of our synthetic dataset is proposed in Sec-
tion 5, where we evaluate the STYLEDISTANCE
embeddings that we train on this dataset.

Metric Baseline Score

Style Feature Presence

(% humans judged correct) 0.50 0.92
Content Similarity 0.88 0.88
Fluency 0.80 0.92
Diversity 0.95 0.91

Table 2: Results of the human and automatic evaluations
of our synthetic dataset.

4 STYLEDISTANCE

We next describe how we trained STYLEDISTANCE
embeddings using our synthetic dataset.

4.1 Sampling Contrastive Triplets

After generating 100 pairs of positive and nega-
tive examples for each style feature, we construct
feature-specific triplets as follows: We select an
“anchor” (a) and a “positive” example (p) from dif-
ferent pairs available for a feature, ensuring that the
two examples are identical in style but not in con-
tent. For the “Usage of Active Voice” example in
Figure 1, a and p are two active sentences (I adored
..., L observed...) on different topics. As a negative
example (n), we use the paraphrase of either a or p
which does not contain the feature; therefore, n is
always different in style. In the example in Figure
1, n is the paraphrase of the anchor in passive voice
(...adored by me).

In terms of content, n is a paraphrase of the an-
chor a in half of the triplets, and has different con-
tent in the other half. This ensures that the trained
model will not only learn to discriminate parallel
(paraphrased) texts, but will be able to generalize to
texts with different content during inference. This
sampling process results in ~320K unique triplets.
The implementation of this simple algorithm is
shared in the supplementary materials.

4.2 Contrastive Learning Objective

In our final dataset of triplets D, each triplet
(a,p,n) € D contains an anchor text (a), a pos-

itive text (p), and a negative text (n). We train our
embedding model fy(-) with a triplet loss (with
margin «) (Schroff et al., 2015):

Li6) = Xupmen [Iol@) = fo@)I3 = 1fola) — fo(m)I3 +a]

We use roberta-base as our base model for fine-
tuning—the same base model used for the style
embeddings in Wegmann et al. (2022)—and per-
form training with DataDreamer and LoRA (Patel
et al., 2024; Hu et al., 2021). We use a margin of
0.1, a learning rate of 1e-4, and a batch size of 512.
We further split our training set into a train and
validation split (90%/10%) and train using an early
stopping patience of 1 epoch. For full details on
the training setup, see Appendix D.

4.3 Training

We train two versions of our model.
STYLEDISTANCEgynry 1S fine-tuned only on
the synthetic triplets described in Section 4.1. We
also train a version using the synthetic triplets for
data augmentation (STYLEDISTANCE). In this
case, our training set is comprised of 50% natural
data—i.e. the triplets used to train the Wegmann
et al. (2022) model’>— and 50% synthetic data. For
the augmented model, we hypothesize that mixing
in these perfectly parallel synthetic examples
will help regularize the model, and discourage
it from representing content-related features in
favor of style-related ones offering the potential
advantages of both approaches: (1) enhanced
content-independence, and (2) the ability to
capture niche style features in the natural data. We
provide a visualization of the learned embedding
space of our model after contrastive training using
UMAP (Mclnnes et al., 2018) in Appendix E.

5 Evaluation

We propose a direct evaluation of the quality of
STYLEDISTANCE embeddings, and an evaluation
of their utility in downstream applications. We use
other leading style representations like LISA (Patel
et al., 2023) and the embeddings from Wegmann
et al. (2022) as baselines, and compare them with
our style embeddings on the STEL and STEL-or-
Content tasks (Wegmann and Nguyen, 2021; Weg-
mann et al., 2022). We also compare to the LUAR
model (Rivera-Soto et al., 2021), an authorship rep-
resentation model which does not explicitly train
content-independent representations but captures

3We use the train-conversation split.
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Model Formal Complex Numb3r C’tion Emoji Avg
STEL S-0-C STEL S-0-C STEL S-0-C STEL S-0-C STEL S-0-C STEL S-0-C

Content-Aware Representations

roberta-base 0.83 0.09 0.73 0.01 0.94 0.13 1.00 0.00 0.98 0.03 0.90 0.05

LUAR 0.80 0.14 0.67 0.00 0.74 0.03 0.77 0.00 0.99 0.02 0.86 0.03

Content-Independent Style Representations

LISA 0.73 0.05 0.65 0.00 0.85 0.03 0.92 0.00 0.77 0.02 0.71 0.03

Wegmann et al. (2022) 0.83 0.70 0.58 0.27 0.56 0.03 0.96 0.02 0.95 0.07 0.77 0.22

STYLEDISTANCE 0.89 0.72 0.64 0.25 0.84 0.12 1.00 0.20 0.99 0.15 0.87 0.29

STYLEDISTANCEsyxtn ~ 0.85 0.73 0.60 0.27 0.71 0.28 0.99 0.22 0.63 0.07 0.76 0.31

Table 3: Accuracy on the STEL/STEL-or-Content (S-0-C) tasks. STYLEDISTANCE leads on both tasks among
representations trained for content-independence, and STYLEDISTANCEgyny generalizes remarkably well to real

text data despite being trained only on synthetic data.

Features Features Formal Complex Numb3r C’tion Emoji Avg Retained
Tested Used  GTEL S-0-C STEL S-0-C STEL S-0-C STEL S-0-C STEL S-0-C STEL S-o-C ‘e
Tn-Domain 400utof40| 085 073 060 027 028 099 022 063 007 076 031 | 100%

Out-of-Domain 34 outof 40| 0.85 0.67 0.62 0.28
Out-of-Distribution 25 outof40| 0.64 049 0.65 0.26

0.15 0.80 0.00 060 001 0.68 0.22 65%
0.11 0.63 0.02 068 002 0.63 0.18 50%

Table 4: We evaluate how well STYLEDISTANCEgynty embeddings generalize to unseen style features by ablating
features from the synthetic training dataset under three conditions: In-Domain, Out-of-Domain, Out-of-Distribution.
We evaluate their performance on the STEL and STEL-or-Content (S-0-C) tasks.

both content and style features in an attempt to rep-
resent different authors. LUAR is sometimes used
for automatic style transfer evaluation, where we
believe a strong style representation would be bet-
ter suited. We thus choose this task for evaluation.

5.1 STEL and STEL-or-Content Evaluation

We first benchmark our embeddings on the STEL
and STEL-or-Content tasks that allow for a direct
evaluation of the quality of style representations.
We briefly describe these tasks below and illustrate
examples of these tasks in Appendix F:

¢ STEL: Given two anchor sentences (Al, A2)
and two test sentences (S1, S2), STEL mea-
sures the ability of an embedding model to
pair each test sentence with the anchor sen-
tence that shares the same style based on the
cosine similarity of the embeddings of the sen-
tences.

* STEL-or-Content: The STEL-or-Content
task is similar to STEL but more adversarially
challenging, hence better for testing content-
independence. In this task, there are again two
test sentences (S1, S2) but only a single an-
chor sentence (A). The test sentence that best
matches the style of the anchor must be se-
lected; but the incorrect test sentence—which
is written in a different style—is a paraphrase

of the anchor with similar content. Therefore,
in order to succeed on the STEL-or-Content
task, a model needs to represent style features
stronger than content features.

In their paper, Wegmann and Nguyen (2021)
provide a STEL and STEL-or-Content evaluation
benchmark over five features with curated natural
data. We test our models on this benchmark and
present the results in Table 3. Our results are consis-
tent with results reported by Wegmann and Nguyen
(2021), who showed that even untrained models
like roberta-base can capture style information
well, resulting in stronger STEL performance than
any of their fine-tuned models. However, the more
challenging STEL-or-Content task, which better
tests content-independence, shows that only mod-
els specifically trained for content-independence
are able to capture style features better than content
features. Our results indicate that the embeddings
generated with our STYLEDISTANCE approach
lead over other style representations on both the
STEL and STEL-or-Content tasks. Interestingly,
we find that STYLEDISTANCEgynTy captures style
remarkably well, and manages to generalize to the
natural text examples in the evaluation benchmark
despite only being trained on our synthetic con-
trastive triplets. We conclude using synthetic paral-
lel examples during training makes the model more
content-independent and helps better capture style.
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5.2 Generalization Experiment

In an ablation study, we test the ability of our
training approach to produce embeddings that can
generalize to unseen style features which are not
present in the synthetic dataset. We conduct this
evaluation by ablating features from the data used
to train STYLEDISTANCEgynty under three con-
ditions and show the results in Table 4. In the
In-Domain condition, all 40 style features are
included. In the Out-of-Domain condition, we
exclude synthetic examples corresponding to the
five style features in the STEL/STEL-or-Content
benchmark.* In the Out-of-Distribution condi-
tion, we further exclude examples for any features
similar or indirectly related to the five evaluated
features. Details on the exact 15 style features ab-
lated can be found in Appendix H. We compare
the Out-of-Domain and Out-of-Distribution perfor-
mance of STYLEDISTANCEgynty On the two tasks
to its In-Domain performance, obtained when it
was trained on data for all 40 style features. Even
in the challenging Out-of-Distribution condition,
STYLEDISTANCEgynty retains 50% of its perfor-
mance on the challenging STEL-or-Content task
(see the “Retained Perf.” column). This study indi-
cates our training approach generalizes reasonably
well to out-of-domain style features which can be
composed from style features selected for genera-
tion and, to some extent, even to out-of-distribution
style features fully outside the selected set.

5.3 Synthetic Data for Probing

Our previous experiments demonstrate that training
on our synthetic dataset yields strong style embed-
dings. Next, we investigate whether the synthetic
dataset can be used for an entirely different purpose:
to probe which specific style features are captured
by existing style representations. Our SYNTHSTEL
dataset allows for the creation of synthetic STEL
and STEL-or-Content task instances across a range
of 40 style features—much broader than the Weg-
mann and Nguyen (2021) benchmark where five
features were addressed. We use the test split of
SYNTHSTEL to generate task instances for prob-
ing. We examine whether LISA vectors and the
Wegmann et al. (2022) style embeddings capture
these 40 style features, which STYLEDISTANCE
models are directly trained to represent. We show
average results over all 40 features in Table 5. Per

*In our 40 features, there are two separate features for

emoji and text emoticons (:-D) so we exclude 6 total features
for this condition instead of 5 features, resulting in 34 features.

Model STEL  S-0-C
LISA 0.79 0.06
Wegmann et al. (2022) 0.76 0.25

Table 5: Results obtained by LISA and the Weg-
mann et al. (2022) embeddings on STEL and STEL-
or-Content instances created from the test split of our
SYNTHSTEL dataset. See Appendix G for full results.

feature results are provided in Appendix G. Our
findings reveal only moderate coverage by LISA
and Wegmann et al. (2022), with high variance de-
pending on the evaluated feature (e.g., “Usage of
Nominalizations” is poorly captured, with a near-
zero STEL-or-Content score for both models). We
calculate the mean squared error (MSE) between
the STEL and STEL-or-Content scores for the real
and synthetic task instances across the five features
in the real benchmark, finding an average MSE
of 0.039. This small MSE value shows that using
synthetic data for probing can reasonably serve to
assess which style features are represented by a
model without need for manual example curation.

5.4 Downstream Evaluation

We next evaluate and/or demonstrate our style em-
beddings in three downstream applications.

Authorship Verification We first test our style
embeddings on the authorship verification (AV)
task (Koppel and Winter, 2014). Given two docu-
ments by unknown authors, the goal of the author-
ship verification (AV) task is to determine whether
they were written by the same author, based on
their stylistic similarities and differences (Kocher
and Savoy, 2017). We use a series of AV shared
task datasets released by PAN in 2011-2015 (Arga-
mon and Juola, 2011; Juola and Stamatatos, 2013;
Stamatatos et al., 2014, 2015).5 Since the two
documents may be about different topics, good
content-independent style representations would
be expected to perform better in the AV task than
embeddings that capture content. We calculate the
cosine similarity of the two documents using our
tested style embedding models with no fine-tuning,
to measure their off-the-shelf ability to identify
whether two documents were written by the same
author and report results using the standard ROC-
AUC metric used in AV. In Table 6, we compare

SPAN is the “Plagiarism Analysis, Authorship Identifica-
tion, and Near-Duplicate Detection” workshop. No AV shared
task was proposed in 2012. (URL: https://pan.webis.de)
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Model PAN’11 PAN’13 PAN’14 PAN’15 Avg
LISA 0.55 0.66 0.43 0.64 0.57
Wegmann et al. 0.65 0.39 0.57 0.63 0.56
(2022)

STYLEDISTANCE 0.62 0.68 0.58 0.67 0.64

Table 6: ROC-AUC results on the PAN 2011-2015 Au-
thorship Verification (AV) shared tasks.

the performance of STYLEDISTANCE embeddings
against LISA and the Wegmann et al. (2022) style
embeddings. On average, STYLEDISTANCE out-
performs the other representations on AV, demon-
strating its effectiveness in representing style.

Automatic Style Transfer Evaluation Patel et al.
(2022) proposed the LUAR embedding model as
an automatic measure for “style transfer accuracy”.
This approach was effective and was subsequently
adopted for style transfer evaluation (Liu et al.,
2024; Horvitz et al., 2023, 2024). However, the
LUAR model considers both style and content,
hence confounding two aspects of style transfer
evaluation—accuracy and meaning preservation—
which are typically measured separately. Content-
independent style representations would be a better
measure for this task. We use the same evaluation
dataset of 675 task instances used by Patel et al.
(2022) where given an example text of a target au-
thor’s style, the task is to discriminate which of
two texts (a style transfer output and another actual
text by the target author) is written by the target
author. We show our results on this task in Table
7. STYLEDISTANCE proves to be a more effective
discriminator than all models, including LUAR.
All models surpass human performance in distin-
guishing style transfer outputs. Since automatic
style transfer evaluation typically includes a sepa-
rate score for meaning preservation, using a model
like LUAR (which is not content-independent) for
measuring style transfer accuracy undermines the
rigor of the style transfer accuracy metric. We
find that a robust content-independent model like
STYLEDISTANCE may enhance automatic style
transfer evaluation by: (1) acting as a stronger dis-
criminator, and (2) ensuring style transfer accuracy
is assessed independently of meaning preservation.

Style Transfer Steering Previous systems, like
TinyStyler, have leveraged style embeddings to
steer style transfer (Horvitz et al., 2024). While
the original TinyStyler system rewrites text by
conditioning on Wegmann et al. (2022) embed-

Model Accuracy
Human 0.37
LUAR 0.38
Wegmann et al. (2022) 0.39
STYLEDISTANCE 0.46

Table 7: Accuracy results on style transfer evaluation.

dings, we demonstrate that STYLEDISTANCE pro-
vides an alternative, and reproduce TinyStyler with
STYLEDISTANCE embeddings. We showcase an
example of an output in Table 8 with more details
and results in Appendix I. We will make this ver-
sion of TinyStyler available as a resource. With
this result, we demonstrate STYLEDISTANCE can
be used as a simple drop-in replacement for down-
stream applications in systems where weaker style
representations have been previously used.

Source Text (Informal) "its keeping me up at nite, i

have to know what it is"

Wegmann et al. (2022) "Have to know what this is,

(— Formal) keeping me up at night."
STYLEDISTANCE
" o .
(— Formal) What is it? It is keeping me

up at night."

Table 8: A demonstration of TinyStyler conditioned on
STYLEDISTANCE embeddings.

6 Conclusion

We introduced STYLEDISTANCE, a novel method
for training content-independent style embeddings
using synthetic parallel examples. By employing a
large language model to generate a dataset of near-
exact paraphrases with controlled style variations,
we overcome limitations associated with content
leakage and imperfect parallel examples in existing
style embedding methods. Evaluations using the
STEL and STEL-or-Content tasks demonstrate that
embeddings trained solely on synthetic examples
can capture style extremely well. Additionally, the
technique’s ability to generalize to unseen style fea-
tures indicates its potential to represent a broader
range of style attributes beyond those addressed in
synthetic data generation. Notably, our results high-
light the efficiency of large language models in cre-
ating task-specific representations. This approach
circumvents the need for manual dataset collection
and the reliance on weak implicit assumptions over
data, offering a more direct and accurate method
for training on the precise task-specific features of
interest.
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Model, Data, and Code We release the
STYLEDISTANCE models, the SYNTHSTEL
dataset, and our code for other researchers to use
at: https://huggingface.co/StyleDistance/.

Limitations

Our approach shows strong results using 40 style
features across 7 categories, though it does not
fully cover the near-infinite range of possible style
variations. The synthetic data may introduce some
systematic biases, and we observe occasional repet-
itive patterns in the generated examples. Nonethe-
less, our method outperforms existing style rep-
resentations, and we find that training on our se-
lected 40 features offers strong generalization to
unseen styles. Expanding this feature set could
further enhance performance. While generating
perfectly parallel examples for all style features
is challenging—particularly for certain style fea-
tures that may have overlap with content (Jin et al.,
2022)—our model effectively leverages synthetic
data to improve content-independence. Addition-
ally, our current focus on sentence-level genera-
tions leaves room for future work to explore vary-
ing text lengths and multi-sentence style variations,
which could further strengthen our approach.

Ethical Considerations

This work demonstrates the potential of synthetic
data for enhancing style embeddings. However, it
is important to recognize that the synthetic data gen-
erated by large language models may reflect and
reinforce existing biases inherent in these models
(Patel et al., 2023). While our approach shows sig-
nificant promise, ongoing efforts should ensure that
such synthetic datasets are evaluated for fairness
and bias to promote more equitable outcomes.
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A Style Features and Definitions

We list all style features selected for our synthetic dataset below along with the positive and negative
prompts (used for constructing a full prompt for generating positive and negative examples as shown in
Appendix B.2) and definitions (used to help define the style feature to human annotators in the annotation

interface in Appendix C).

Style Feature

Positive and Negative Prompts

Style Feature Definition

Usage of Conjunctions

Usage of Numerical Substitution

Usage of Words Indicating Affective Processes

Usage of Metaphors

Usage of Long Words

Usage of Uppercase Letters

Usage of Articles

Usage of Text Emojis

Usage of Nominalizations

Frequent Usage of Function Words

Usage of Self-Focused Perspective or Words

Usage of Formal Tone

Usage of Emojis

Usage of Offensive Language

Usage of Present Tense and Present-Focused
‘Words

Positive: With conjunctions
Negative: Less frequent conjunctions

Positive: With number substitution
Negative: Without number substitution

Positive: Affective processes
Negative: Cognitive processes

Positive: With metaphor
Negative: Without metaphor

Positive: Long average word length
Negative: Short average word length

Positive: With uppercase letters
Negative: Without uppercase letters

Positive: With articles
Negative: Less frequent articles

Positive: Text Emojis
Negative: No Emojis

Positive: With nominalizations
Negative: Without nominalizations

Positive: With function words
Negative: Less frequent function words

Positive: Self-focused
Negative: Third-person singular

Positive: Formal
Negative: Informal

Positive: With Emojis

Negative: No Emojis

Positive: Offensive
Negative: Non-Offensive

Positive: Present-focused
Negative: Future-focused

The "Usage of Conjunctions" text style feature refers to the use of words that
connect clauses or sentences. Conjunctions are words like "and", "but", "or",
"s0", "because", etc. They are used to make sentences longer, more complex,
or to show the relationship between different parts of a sentence.

Numerical substitution refers to the practice of replacing certain letters in words
with numbers that visually resemble those letters. For example, replacing the
letter e’ with the number *3” in the word "hello’ to make it "h3110’. This is a
common feature in internet slang and informal digital communication.

The text style feature "Usage of Words Indicating Affective Processes" refers
to the use of words that express emotions, feelings, or attitudes. These could
be words that show happiness, sadness, anger, fear, surprise, or any other
emotional state. The presence of such words in a text indicates that the writer
is expressing some form of emotional reaction or sentiment.

The "Usage of Metaphors" text style feature refers to the presence of phrases
or sentences in the text that describe something by comparing it indirectly to
something else. This is often done to make a description more vivid or to
explain complex ideas in a more understandable way. For example, saying
"time is a thief" is a metaphor because it’s not literally true but it helps to
convey the idea that time passes quickly and can’t be regained.

The "Usage of Long Words" text style feature refers to the frequency or
prevalence of long words, typically those with more than six or seven letters,
in a given text. This style feature is often used to measure the complexity or
sophistication of the text. If a text has many long words, it is said to have a
high usage of long words.

The usage of uppercase letters as a text style feature refers to the frequency or
manner in which capital letters are used in a text. This could be for emphasis,
to denote shouting or strong emotions, or to highlight specific words or phrases.
It’s not just about the start of sentences or proper nouns, but also about other
uses of capital letters in the text.

The "Usage of Articles" text style feature refers to how often a text uses words
like "a", "an", and "the". These words are called articles and they are used
before nouns. This feature measures the frequency of these articles in a given
text.

The text style feature "Usage of Text Emojis" refers to the inclusion of emoti-
cons or smileys in the text. These are combinations of keyboard characters that
represent facial expressions or emotions, such as :-D for a big grin or happy
face. The presence of these symbols in a text indicates the use of this style
feature.

Nominalizations refer to the use of verbs, adjectives, or adverbs as nouns in a
sentence. This style feature is often used to make sentences more concise or
formal. For example, "the investigation of the crime" is a nominalization of
"investigate the crime".

The text style feature "Frequent Usage of Function Words" refers to the regular
use of words that have little meaning on their own but work in combination
with other words to express grammatical relationships. These words include
prepositions (like ’in’, "at’, on’), conjunctions (like "and’, but’, or’), articles
(like "a’, ’an’, "the’), and pronouns (like "he’, "they’, ’it’).

The "Usage of Self-Focused Perspective or Words" text style feature refers to
the use of words or phrases that focus on the speaker or writer themselves. This
includes the use of first-person pronouns like "I", "me", "my", "mine", and
"myself", or statements that express the speaker’s personal thoughts, feelings,
or experiences.

The "Usage of Formal Tone" text style feature refers to the use of language
that is polite, impersonal and adheres to established conventions in grammar
and syntax. It avoids slang, contractions, colloquialisms, and often uses more
complex sentence structures. This style is typically used in professional,
academic, or official communications.

The "Usage of Emojis” text style feature refers to the inclusion of emojis, or
digital icons, in a text. Emojis are often used to express emotions, ideas, or
objects without using words. If a text contains emojis, it has this style feature.

The "Usage of Offensive Language" text style feature refers to the presence
of words or phrases in the text that are considered rude, disrespectful, or
inappropriate. These can include swear words, slurs, or any language that
could be seen as insulting or derogatory.

The text style feature "Usage of Present Tense and Present-Focused Words"
refers to the use of verbs in the present tense and words that focus on the
current moment or situation. This means the text is primarily discussing events,
actions, or states that are happening now or general truths. It’s like the text is
talking about what is happening in the present time.
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Style Feature Name

Positive and Negative Prompts

Style Feature Definition

Presence of Misspelled Words

Incorporation of Humor

Usage of Personal Pronouns

Fluency in Sentence Construction

Usage of Only Uppercase Letters

Usage of Self-Focused Perspective or Words

Usage of Pronouns

Usage of Words Indicating Cognitive Processes

Complex Sentence Structure

Positive Sentiment Expression

Usage of Numerical Digits

Usage of Words Indicating Affective Process

Usage of Active Voice

Usage of Only Lowercase Letters

Frequent Usage of Common Verbs

Usage of Prepositions

Positive:
Words
Negative: Normal Sentence

Sentence With a Few Misspelled

Positive: With Humor
Negative: Without Humor

Positive: With personal pronouns
Negative: Less frequent pronouns

Positive: Fluent sentence
Negative: Disfluent sentence

Positive: All Upper Case
Negative: Proper Capitalization

Positive: Self-focused
Negative: Inclusive-focused

Positive: With pronouns
Negative: Less frequent pronouns

Positive: Cognitive process
Negative: Perceptual process

Positive: Complex
Negative: Simple

Positive: Positive
Negative: Negative

Positive: With digits
Negative: Less frequent digits

Positive: Affective process
Negative: Perceptual process

Positive: Active
Negative: Passive

Positive: All Lower Case
Negative: Proper Capitalization

Positive: With common verbs
Negative: Less frequent common verbs

Positive: With prepositions
Negative: Less frequent prepositions

The text style feature "Presence of Misspelled Words" refers to the occurrence
of words in a text that are not spelled correctly according to standard dictionary
spelling. This could be due to typing errors, lack of knowledge about the correct
spelling, or intentional for stylistic or informal communication purposes.

The "Incorporation of Humor" text style feature refers to the use of language,
phrases, or expressions in a text that are intended to make the reader laugh
or feel amused. This could include jokes, puns, funny anecdotes, or witty
remarks. It’s all about adding a touch of comedy or light-heartedness to the
text.

The "Usage of Personal Pronouns" text style feature refers to the use of words
in a text that refer to a specific person or group of people. These words include
"I", "you", "he", "she", "it", "we", and "they". The presence of these words in
a text can indicate a more personal or direct style of communication.

"Fluency in Sentence Construction" refers to the smoothness and ease with
which sentences are formed and flow together. It involves using correct gram-
mar, appropriate vocabulary, and logical connections between ideas. A text
with this feature would read smoothly, without abrupt changes or awkward
phrasing.

The usage of only uppercase letters style feature refers to the practice of writing
all the letters in a text in capital letters. This means that every single letter in
the text, whether at the beginning, middle, or end of a sentence, is capitalized.
It’s like the *Caps Lock’ key on your keyboard is always turned on while
typing the text.

The "Usage of Self-Focused Perspective or Words" text style feature refers to
the use of words or phrases that focus on the speaker or writer themselves. This
includes the use of first-person pronouns like "I", "me", "my", "mine", and
"myself", or statements that express the speaker’s personal thoughts, feelings,
or experiences.

The "Usage of Pronouns" text style feature refers to the frequency and types of
pronouns used in a text. Pronouns are words like "he’, ’she’, ’it’, "they’, "we’,
’you’, ", etc., that stand in place of names or nouns in sentences. This feature
can indicate the level of personalization, formality, or perspective in a text.

The text style feature "Usage of Words Indicating Cognitive Processes" refers
to the use of words that show thinking or mental processes. These words
can express understanding, knowledge, belief or doubt. For example, words
like *think’, "know’, ’believe’, 'understand’ are used to indicate cognitive
processes.

The "Complex Sentence Structure" text style feature refers to sentences that
contain multiple ideas or points, often connected by conjunctions (like *and’,
’but’, “or’) or punctuation (like commas, semicolons). These sentences often
include dependent clauses, which are parts of the sentence that can’t stand
alone as a complete thought, alongside independent clauses, which can stand
alone. In simpler terms, if a sentence has more than one part and these parts
are linked together in a way that they give more detailed information or express
multiple thoughts, it has a complex sentence structure.

Positive Sentiment Expression is a text style feature that refers to the use of
words, phrases, or expressions that convey a positive or optimistic viewpoint
or emotion. This could include expressions of happiness, joy, excitement, love,
or any other positive feelings. The text is considered to have this feature if it
makes the reader feel good or positive after reading it.

The "Usage of Numerical Digits" text style feature refers to the presence and
use of numbers in a text. This includes any digit from 0-9 used alone or
in combination to represent quantities, dates, times, or any other numerical
information.

The "Usage of Words Indicating Affective Process” text style feature refers to
the use of words that express emotions, feelings, or attitudes. These words can
show positive or negative sentiments, like happiness, anger, love, or hate. If a
text uses a lot of these words, it means the writer is expressing a lot of emotion
or personal feelings.

The usage of active voice in a text style feature refers to sentences where the
subject performs the action stated by the verb. In other words, the subject is
active and directly involved in the action. For example, in the sentence "The
cat chased the mouse", ’the cat’ is the subject that is actively doing the chasing.

The style feature "usage of only lowercase letters" refers to the practice of
writing all words in a text with small letters only, without using any capital
letters. This means that even the first word of a sentence, proper nouns, or
the pronoun "I’ are not capitalized. It’s like writing a whole text without ever
pressing the shift key on your keyboard.

The text style feature "Frequent Usage of Common Verbs" refers to the regular
use of basic action words in a text. These are often simple, everyday verbs that
are widely used in language, such as ’is’, "have’, ’do’, "say’, "go’, etc. If a text
frequently uses these common verbs, it has this style feature.

The "Usage of Prepositions" text style feature refers to the use of words that
link nouns, pronouns, or phrases to other words within a sentence. These words
often indicate location, direction, time, or manner. Examples of prepositions

include words like "in", "at", "on", "over", "under", "after", and "before".
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Style Feature Name

Positive and Negative Prompts

Style Feature Definition

Usage of Self-Focused Language

Usage of Certain Tone

Usage of Present-Focused Tense and Words

Usage of Sarcasm

Usage of Self-Focused Perspective or Words

Frequent Usage of Punctuation

Usage of Polite Tone

Usage of Contractions

Frequent Usage of Determiners

Positive: Self-focused
Negative: Audience-focused

Positive: Certain
Negative: Uncertain

Positive: Present-focused
Negative: Past-focused

Positive: With sarcasm
Negative: Without sarcasm

Positive: Self-focused
Negative: You-focused

Positive: With frequent punctuation
Negative: Less Frequent punctuation

Positive: Polite
Negative: Impolite

Positive: With contractions
Negative: Without contractions

Positive: With determiners
Negative: Less frequent determiners

The "Usage of Self-Focused Language" text style feature refers to the use of
words or phrases that focus on the speaker or writer themselves. This includes
the use of first-person pronouns like "I", "me", "my", "mine", and "myself".
It’s a way of writing or speaking where the person is often referring to their
own thoughts, feelings, or experiences.

This text style feature refers to the use of a confident tone in writing, where
the author avoids using uncertain words or phrases such as 'I think’, *might’,
or ’seems’. This results in a text that appears more assertive and sure of the
information being presented.

The "Usage of Present-Focused Tense and Words" text style feature refers to
the use of verbs in the present tense and words that focus on the current moment
or situation. This means the text is primarily discussing events, actions, or
states that are happening right now or generally true.

The "Usage of Sarcasm" text style feature refers to the presence of statements
or expressions in the text that mean the opposite of what they literally say,
often used to mock or show irritation. This style is often characterized by irony,
ridicule, or mockery, and is used to express contempt or to criticize something
or someone in a humorous way.

The "Usage of Self-Focused Perspective or Words" text style feature refers to
the use of words or phrases that focus on the speaker or writer themselves. This
includes the use of first-person pronouns like "I", "me", "my", "mine", and
"myself", or statements that express the speaker’s personal thoughts, feelings,
or experiences.

The text style feature "Frequent Usage of Punctuation" refers to the regular
and abundant use of punctuation marks such as commas, periods, exclamation
points, question marks, etc., in a piece of text. This style feature is present
when the writer often uses these symbols to structure their sentences, express
emotions, or emphasize certain points.

The "Usage of Polite Tone" text style feature refers to the use of respectful
and considerate language in a text. This can include using words like “please’,
*thank you’, or phrases that show deference or respect to the reader. It’s about
making the text sound courteous and respectful, rather than demanding or rude.

The "Usage of Contractions” text style feature refers to the use of shortened
forms of words or phrases in a text. These are typically formed by omitting
certain letters or sounds and replacing them with an apostrophe, such as "don’t"
for "do not" or "I'm" for "I am". If a text frequently uses such shortened forms,
it has this style feature.

The text style feature "Frequent Usage of Determiners” refers to the regular
use of words that introduce a noun and give information about its quantity,
proximity, definiteness, etc. These words include ’the’, ’a’, an’, "this’, "that’,
‘these’, “those’, 'my’, ’your’, *his’, "her’, ’its’, "our’, ’their’. If a text often
uses such words, it has this style feature.

Table 9: The style features selected for synthetic data generation in this work.
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B Generation Prompts and Details
Below we detail the structure of our prompts and inference parameters used for synthetic data generation.

B.1 Extracting Topics from C4

We select random sentences from C4 (Raffel et al., 2020), and extract the fine-grained topic of the sentence
using GPT-4 (OpenAl et al., 2024) and the zero-shot prompt shown below. We perform sampling with
temperature = 1.0 and top_p = 0.0.

What is the fine-grained topic of the following text: {sentence} Only return the topic.

The fine-grained topic is then used as part of the attributed prompt described in Section B.2 to ensure
diversity in the generations.

B.2 Generating Positive and Negative Example Sentences for Each Style Feature

For each style feature, we generate positive and negative parallel examples using a zero-shot prompt and
the attributed prompt (AttrPrompt) method (Yu et al., 2023) with GPT-4 to create diverse and realistic
synthetic examples. To generate many examples per style feature, we use a new unused topic extracted
from C4 in the prompt each time, we randomly sample a new permutation of the attributes in the prompt,
and we perform sampling with temperature = 1.0 and top_p = 1.0. We demonstrate an example below
for the “Usage of Active Voice” style feature.

Generate a pair of active and passive sentences with the following attributes:
1. Topic: {topic}

Length: {sentence_length}

Point of view: {point_of_view}

Tense: {tense}

Type of Sentence: {sentence_type}

g w N

Ensure that the generated sentences meet the following conditions:
1. There is no extra information in one sentence that is not in the other.
2. The difference between the two sentences is subtle.
3. The two sentences have the same length.
{special_conditions_for_style_feature}

Use Format:
Active: [sentence]
Passive: [sentence]

Your response should only consist of the two sentences, without quotation marks.

For the exact prompts for each style feature, see the code in our supplementary materials for this work.
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C Human Annotation Details

We provide an example of a task instance in our annotation interface. Human annotators were asked to
rate whether the style feature was present or not in the sentence, with the option to also select "Possibly"

if the annotator was unsure (instructed to use sparingly). We provide annotators with a definition of each
style feature as well.

Select an option

Text Style Feature: Usage of Pronouns 1-No 1

Sentence: A user will find the boat lift device convenient; the automatic system adjusts based on the water level. 2-Possibly 2
3-Yes 3

Definition of the Text Style Feature: The "Usage of Pronouns" text style feature refers to the frequency and types of

pronouns used in a text. Pronouns are words like ‘he’, 'she’, it ‘they', ‘we', 'you', I, etc., that stand in place of names

or nouns in sentences. This feature can indicate the level of personalization, formality, or perspective in a text.

Figure 4: The annotation interface used for human annotation.

We used a population of graduate students taking a class on natural language processing as the annotators.
Each task instance was annotated by 10 distinct human annotators. We assign a score of 0 to “No”, 0.5 to
“Possibly”, and 1 to “Yes”. We average the scores from all 10 annotators assigned to each task instance.
We consider to have agreement for a positive example if the average score is >=0.5, and for a negative
example if the average score is < 0.5.

We measure inter-annotator agreement using Krippendorf’s Alpha (Krippendorff, 2011) which indicates
moderate agreement of 0.55. As a more easily interpretable measure of agreement between annotators,
for each task instance, we also find, on average, around 8 out of the 10 annotators annotated in agreement
on whether a style feature was present or not in the text.
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D Training Details

Hyperparameter Value

Model Facebook/roberta-base
Hardware 4x or 8x NVIDIA RTX A6000
Distributed Protocol PyTorch FSDP

Data Type torch.bfloat16

Loss Function TripletLoss (Schroff et al., 2015)
Triplet Loss Margin 0.1

LoRA (Hu et al., 2021)

Optimizer

Learning Rate

Weight Decay

Learning Rate Scheduler
Warmup Steps

Batch Size
Train-Validation Split
Early Stopping Threshold
Early Stopping Patience

all-linear, r=8
lora_alpha=8
lora_dropout=0.0
adamw_torch
le-4
0.01
linear
0
512
90/10%
0.0
1 epoch

Table 10: Hyperparameters selected for contrastive learning training experiments.
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E Visualization of STYLEDISTANCE Embedding Space

We compare the embedding space of Wegmann et al. (2022) and STYLEDISTANCE on informal/formal
texts from GYAFC® (Rao and Tetreault, 2018) in Figure 5 below.

® Informal ® Informal

:
<) %ﬁ

v ¢ ¥

Wegmann et al. (2022) STYLEDISTANCE

Figure 5: UMAP visualizations of style embeddings from Wegmann et al. (2022) and STYLEDISTANCE on n = 100
random parallel formal/informal examples. Wegmann et al. (2022) forms two distinct clusters of informal texts,
making many informal examples distant in the embedding space despite sharing the same style.

8Grammarly’s Yahoo Answers Formality Corpus which contains 110K informal/formal sentence pairs.
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F STEL and STEL-or-Content Task Visualization

STEL

1 2

r u a fan of them or Are you one of their
Anchor (A) something? fans?

Oh, and also, that Oh yea and that youn:
Sentence (S) | young physician got an y Lyoung

. . dr got a bad haircut.
unflattering haircut.

N~

Re-order S1, S2 to match A1, A2 by style

STEL-or-Content

1 2
r u a fan of them or
Anchor (A) something?
Are you one of their Oh yea and that young
Sentence (S) fans? dr got a bad haircut.

Select which of S1, S2 matches the anchor by style

Figure 6: A visualization of the STEL and STEL-or-Content task evaluation we describe in Section 5.1.
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G STEL and STEL-or-Content Results on SYNTHSTEL

Style Feature LISA Wegmann et al. (2022) STYLEDISTANCE STYLEDISTANCEsyntH
STEL S-0-C STEL S-0-C STEL S-0-C STEL S-0-C
Usage of Polite Tone 093 0.18 0.76 0.53 1.00 1.00 0.78 1.00
Incorporation of Humor 078 027 0.76 0.31 1.00 1.00 0.82 0.89
Usage of Sarcasm 0.60 0.04 0.87 0.11 0.98 1.00 0.53 0.56
Usage of Metaphors 091 0.02 053 0.16 0.98 0.73 0.58 0.82
Usage of Offensive Language 1.00 040 0.80 0.13 1.00 1.00 0.49 0.93
Positive Sentiment Expression 1.00 051 0.51 0.04 0.96 1.00 0.47 0.53
Usage of Active Voice 064 0.00 0.64 0.07 1.00 1.00 0.91 1.00
Usage of Certain Tone 1.00  0.20 0.60 0.00 0.87 1.00 0.87 0.93
Usage of Self-Focused Language vs. 0.87 0.00 0.64 0.00 0.76 1.00 0.69 0.89
Inclusive-focused
Usage of Self-Focused Language vs. 096 0.00 0.73 0.04 0.78 1.00 0.60 0.80
You-Focused
Usage of Self-Focused Language vs. 0.73 0.00 1.00 0.16 0.91 1.00 0.67 1.00
Audience-focused
Usage of Self-Focused Perspective vs.  0.76 ~ 0.00  0.44 0.02 0.73 1.00 0.60 0.82
Third-person Singular
Usage of Personal Pronouns 0.64 0.00 0.56 0.04 0.82 1.00 0.80 0.78
Usage of Present-focused vs. .00 0.00 0.56 0.02 0.58 1.00 0.62 0.80
Future-focused
Usage of Present-focused vs. 0.89 0.00 0.60 0.04 0.89 1.00 0.47 0.91
Past-focused
Usage of Words Indicating Affective .00 0.07 0.87 0.09 0.64 1.00 0.69 1.00
vs. Cognitive Processes
Usage of Words Indicating Affective 0.69 0.02 0.67 0.00 1.00 1.00 1.00 1.00
vs. Perceptual Processes
Usage of Words Indicating Cognitive ~ 0.76  0.04  0.56 0.04 0.91 1.00 0.71 0.69
vs. Perceptual Processes
Usage of Articles 0.69 0.00 0.69 0.02 0.89 1.00 0.82 0.93
Fluency in Sentence Construction 0.60 0.00 091 0.62 0.98 1.00 1.00 1.00
Frequent Usage of Function Words 0.58 0.02 0.56 0.24 0.82 1.00 0.80 0.96
Frequent Usage of Common Verbs 0.67 0.00 0.82 0.07 0.78 0.89 0.49 0.89
Usage of Pronouns 096 0.00 0.53 0.24 0.78 1.00 0.62 0.80
Usage of Prepositions 0.67 0.00 0.78 0.13 0.73 1.00 0.82 0.71
Frequent Usage of Determiners 0.53 0.00 0.69 0.07 0.93 1.00 0.53 0.98
Usage of Conjunctions 049 0.00 0.64 0.31 0.67 1.00 0.67 0.96
Usage of Nominalizations 0.58 0.00 0.96 0.07 0.80 1.00 0.56 1.00
Usage of Long Words 1.00  0.00 091 0.44 1.00 1.00 0.64 0.91
Usage of Numerical Digits 058 0.00 0.58 0.02 0.93 0.80 0.58 0.62
Usage of Uppercase Letters 0.78  0.00 1.00 0.98 1.00 1.00 1.00 1.00
Frequent Usage of Punctuation 056 0.00 093 0.58 0.78 1.00 0.67 0.80
Usage of Formal Tone 0.89 0.00 0.98 0.36 1.00 1.00 0.64 0.98
Complex Sentence Structure 0.56 0.00 0.60 0.16 0.51 0.76 0.73 0.87
Usage of Contractions 071 0.02 1.00 0.31 1.00 0.89 1.00 0.93
Usage of Numerical Substitution 0.81 0.00  0.90 0.04 0.90 0.87 0.90 1.00
Usage of Only Lowercase Letters 0.89 0.00 1.00 1.00 1.00 1.00 1.00 1.00
Usage of Only Uppercase Letters 098 033 0.87 0.18 1.00 1.00 1.00 1.00
Presence of Misspelled Words 1.00 024 1.00 0.91 1.00 1.00 1.00 0.96
Usage of Text Emojis .00 0.02 091 0.78 1.00 1.00 1.00 1.00
Usage of Emojis 1.00 0.00 1.00 0.47 1.00 1.00 1.00 1.00
Average 079 0.06 0.76 0.25 | 0.88 0.97 0.74 0.89

Table 11: STEL and STEL-or-Content results for top-performing models on the SYNTHSTEL test split. This table
shows the performance variations and coverage of LISA and Wegmann et al. (2022) embeddings for the 40 different
style features found in the dataset. After training STYLEDISTANCE models on the SYNTHSTEL train split, we
observe strong coverage of these 40 style features as expected, demonstrating the successful distillation of the
LLM’s strong style knowledge into a more efficient representation model (Hinton et al., 2015).
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H Style Feature Ablation Details

For the generalization experiment and ablation results we demonstrate in Table 4, we list the style features
ablated (removed from the training data) for the Out-of-Domain and Out-of-Distribution conditions.

Out-of-Domain:
1. Usage of Formal Tone
2. Usage of Contractions
3. Usage of Numerical Substitution
4. Complex Sentence Structure
5. Usage of Text Emojis

6. Usage of Emojis

Out-of-Distribution:

1. Usage of Formal Tone
2. Usage of Polite Tone
3. Fluency in Sentence Construction
4. Usage of Only Uppercase Letters
5. Usage of Only Lowercase Letters
6. Incorporation of Humor
7. Usage of Sarcasm
8. Usage of Contractions
9. Usage of Numerical Substitution

10. Usage of Numerical Digits

11. Complex Sentence Structure

12. Usage of Long Words

13. Usage of Text Emojis

14. Usage of Emojis

15. Presence of Misspelled Words
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I Style Transfer Performance

TinyStyler is a style transfer system that reconstructs texts by conditioning on style embeddings Horvitz
et al. (2024). The original system is trained on the Reddit Million User Dataset (MUD) (Khan et al., 2021)
with a four step procedure:

1. A modified TS5 model (Raffel et al., 2020) is trained to reconstruct texts from paraphrases and style
embeddings (Wegmann).

2. This unsupervised model is then used to generate style transfer outputs between multiple authors
from the original corpus.

3. The resulting synthetic data is then filtered using style embedding (Wegmann) distance and meaning
preservation metrics.

4. Finally, a model is then fine-tuned on the resulting filtered dataset.

We reproduce the TinyStyler procedure with the exact dataset and hyperparameters in the original paper.
We make only one modification: replacing Wegmann embeddings with STYLEDISTANCE in the generation
and filtering steps. We include the formality transfer evaluation results in Table 12. In these automatic
evaluations, the STYLEDISTANCE conditioned model performs comparably. We additionally include
examples comparing model output in Table 13.

Method Acc (— F,— 1) Sim (— F,— 1)  Fluency (— F,— 1) Joint(— F,— 1) GPT-2
TSTYLERWEGMANN 0.94 (0.90,0.98) 0.82(0.81,0.82) 0.77 (0.83, 0.72) 0.78 (0.77, 0.80) 112.5
TSTYLERSTyreDisTance  0.96 (0.94,0.98)  0.80 (0.80, 0.81) 0.77 (0.82, 0.73) 0.80 (0.79, 0.80) 112.4

Table 12: We reproduce the automatic formality transfer evaluation procedure from TinyStyler (Horvitz et al., 2024)
on the GYAFC dataset (Rao and Tetreault, 2018). — F' corresponds to formal transfer, and — I corresponds to
informal transfer.

Source Text (Informal)

WEGMANN (— Formal)

STYLEDISTANCE (— Formal)

"its keeping me up at nite, i have to
know what it is"

"i like journey’s open arms... but i
like mariah carey’s version of that

song better."

"And you can’t rely on rumors."

"Have to know what this is, keeping
me up at night."

"l prefer mariah carey’s version of

Journey, Open Arms."

"You can never trust rumors about
ir."

"What is it? It is keeping me up at
night.”

"l think mariah carey’s version of

that song is better."

"l would say that you can’t rely on
rumors."

Source Text (Formal)

WEGMANN (— Informal)

STYLEDISTANCE (— Informal)

"l favor the man as he is humorous
and grounded."”

"l am sure you will both enjoy it."

"l very much enjoy this song."

"i love tahm as he is humorous and
grounded..."

"ok i am sure you both will enjoy it!"

"i love this song so much, i’m a fan
of it.”

"i’m gonna go with the man...hes
humorous and grounded."”

"oh yea...you’ll both enjoy it"

"i like this song so much man..."
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Table 13: Outputs from TinyStyler, conditioned on Wegmann embeddings and STYLEDISTANCE embeddings.



J Resources

We provide links and citations to resources used in this paper which provide license information, docu-
mentation, and their intended use. Our usage follows the intended usage of all resources.

We utilize the following models:
* GPT-4 (full model, accessed June, 2024) (OpenAl et al., 2024)
* RoBERTa (roberta-base) (Liu et al., 2019; Devlin et al., 2019; Reimers and Gurevych, 2019)
* Learning Universal Authorship Representations (LUAR) Embedding model (Rivera-Soto et al., 2021)
* Style embedding model from Wegmann et al. (2022)
e LISA model (Patel et al., 2023)
* CoLA model (textattack/roberta-base-ColLA) (Warstadt et al., 2019)

¢ all-mpnet-base-v2 Sentence Similarity model (Reimers and Gurevych, 2019) (https://huggingface.co/sentenc
e-transformers/all-mpnet-base-v2)

We utilize the following datasets and resources:
* STEL dataset (Wegmann and Nguyen, 2021)
* Contrastive Authorship Verification dataset (Wegmann et al., 2022)
¢ C4 (Raffel et al., 2020)
e LIWC (Tausczik and Pennebaker, 2010)

* PAN 2011 - 2015 Authorship Verification Datasets (Argamon and Juola, 2011; Juola and Stamatatos, 2013; Stamatatos
etal., 2014, 2015) - Curated at: https://huggingface.co/datasets/swan@7/authorship-verification

¢ GYAFC (Rao and Tetreault, 2018)

We utilize the following software:
¢ DataDreamer (Patel et al., 2024)
¢ Transformers (Wolf et al., 2019)
* Datasets (Lhoest et al., 2021)
e PEFT (Mangrulkar et al., 2022)
» Sentence-Transformers (Reimers and Gurevych, 2019)

* NLTK (Bird and Loper, 2004)

We estimate the total compute budget and detail computing infrastructure used to run the computational
experiments found in this paper below:

* 8x NVIDIA RTX A6000 / 100GB RAM / 16x CPU — 80 hours
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https://huggingface.co/sentence-transformers/all-mpnet-base-v2
https://huggingface.co/sentence-transformers/all-mpnet-base-v2
https://huggingface.co/datasets/swan07/authorship-verification

