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Abstract

Text-to-image models have demonstrated remarkable capa-
bilities in producing high-fidelity images from natural lan-
guage prompts. The widespread application and increasing
accessibility of pioneering models, such as Stable Diffusion,
have gained significant attention regarding the impact of gen-
erated images on representations in downstream tasks. Con-
currently, ethical considerations on text-to-image generation
have emerged especially regarding gender bias. This paper
presents three projects that explore generative models on their
capabilities and bias. The first project leverages Stable Diffu-
sion to disentangle content and style in art paintings, paving
the way for applying the generative model to digital human-
ities. The second project evaluates gender bias in text-to-
image generation, analyzing its origins and manifestations in
generated images. The third project presents a survey on so-
cietal bias evaluation in generative models, targeting to syn-
thesize current research and provide insights into future di-
rections. Through these projects, we aim to contribute to the
growing body of knowledge on the applications and potential
societal impacts of text-to-image generation, fostering a more
nuanced understanding of their capabilities and limitations.

Introduction
Text-to-image models have demonstrated remarkable capa-
bilities in producing high-fidelity images from natural lan-
guage prompts. The widespread application and increasing
accessibility of pioneering models, such as Stable Diffusion
(Rombach et al. 2022), have gained significant attention re-
garding the impact of generated images on representations
in downstream tasks (Wu, Nakashima, and Garcia 2024).
Concurrently, ethical considerations on text-to-image gen-
eration have emerged especially regarding gender bias. This
paper presents three projects that explore generative models
on their capabilities and bias. The first project leverages Sta-
ble Diffusion to disentangle content and style in art paint-
ings, paving the way for applying the generative model to
digital humanities (Wu, Nakashima, and Garcia 2023) (Sec.
). The second project evaluates gender bias in text-to-image
generation (Wu, Nakashima, and Garcia 2024), analyzing its
origins and manifestations in generated images (Sec. ). The
third project presents a survey on societal bias evaluation in
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generative models, targeting to synthesize current research
and provide insights into future directions (Sec. ). Through
these projects, we aim to contribute to the growing body of
knowledge on the applications and potential societal impacts
of text-to-image generation, fostering a more nuanced un-
derstanding of their capabilities and limitations.

Completed work: Stable Diffusion for content
and style disentanglement in art

Background. Content and style are two fundamental ele-
ments in the analysis of art. Content answers what the art-
work is about, delivering the semantics depicted in the im-
age. In contrast, style portrays the visual appearance of the
image, conveying how the artwork looks. While humans can
easily distinguish between content and style, the boundary
is less clear from a computer vision perspective. Most stud-
ies in art analysis regarding content and style, rely on full
supervision (Garcia, Renoust, and Nakashima 2019). How-
ever, the current label, often single words, fails to capture
the subtle characteristics of individual images, instead sum-
marizing only general traits of artwork sets.

Method. To overcome the limitations of human anno-
tations, we propose a novel approach that leverages the
generative power of text-to-image models to learn disen-
tangled content and style embeddings of paintings (Wu,
Nakashima, and Garcia 2023). Our method, named GOYA
(disentanGlement of cOntent and stYle with generAtions),
utilizes the knowledge distilled from Stable Diffusion as a
prior with contrastive learning. We create prompts by com-
bining content and style descriptions, separated by commas,
and use these prompts to generate synthetic images with Sta-
ble Diffusion. Subsequently, we extract initial embeddings
from the synthetic images using a frozen CLIP image en-
coder (Radford et al. 2021). Two independent transforma-
tion networks are then employed to disentangle content and
style embeddings through contrastive learning. This simple
yet powerful approach allows us to train GOYA on synthetic
images, exploring the application of generative models to art
analysis.

Results. We evaluate GOYA on test set from the WikiArt
dataset (Tan et al. 2019) on three tasks: content-style dis-
entanglement, art classification, and art retrieval. We com-
pute the Distance Correlation (DC) (Liu et al. 2021) between
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content and style embeddings to evaluate disentanglement.
Our results demonstrate that GOYA achieves effective dis-
entanglement, despite relying solely on synthetic images.
For art classification, we train two independent classifiers
with a single linear layer on top of the examined embed-
dings. When trained on diffusion-generated images, GOYA
achieves the best performance among all models tested. In
similarity retrieval tasks, we observe that paintings retrieved
in the content space generally depict scenes similar to the
query image, while those in the style space tend to exhibit
similar styles but different content. Our experiments show
that the knowledge in Stable Diffusion can be effectively
distilled for art analysis and performs well in disentangle-
ment, classification, and art retrieval, shedding light on the
adoption of generative models in the analysis of the digital
humanities.

Completed work: Gender bias evaluation on
Stable Diffusion

Research questions. Previous studies have shown that
certain adjectives or professions can lead to generating
stereotypes regarding the demographic attributes of faces.
However, beyond the areas of faces, disparities between gen-
ders may also exist in other parts. To automatically evaluate
gender bias in text-to-image models, we propose an eval-
uation protocol (Wu, Nakashima, and Garcia 2024). This
protocol begins by generating counterfactual feminine and
masculine prompts from neutral prompts (e.g., a person
in a park), which are derived from captions in vision-
language datasets. Our approach allows us to formulate and
address three key research questions (RQs):

• RQ1 Do images generated from neutral prompts ex-
hibit greater similarity to those generated from mascu-
line prompts than to images generated from feminine
prompts, and if so, why?

• RQ2 Do object occurrences in images significantly vary
based on the gender specified in the prompt? If yes, do
these object occurrences from neutral prompts exhibit
greater similarity to those from masculine or feminine
prompts?

• RQ3 Does the gender in the input prompt influence the
prompt-image dependencies in text-to-image models,
and if so, which prompt-image dependencies are more
predisposed to be affected?

Proposed protocol. Our evaluation protocol addresses
each research question through distinct analytical ap-
proaches. To answer RQ1, we investigate representational
disparities to study gender bias within the internal compo-
nents of Stable Diffusion models. By computing cosine sim-
ilarities in the disparities in (neutral, feminine) and (neutral,
masculine) pairs, we aim to reveal if gender bias originates
from the input prompt and how it perpetuates through the
generation process. For RQ2, we extract objects from the
generated images, and analyze object co-occurrence simi-
larity and bias score between image pairs generated from
triplet prompts. This analysis helps us uncover the influ-
ence of gender on objects in image generation. To address

RQ3, we extract objects from both input prompt and gener-
ated images, and then categorize them into five groups based
on proposed prompt-image dependencies: explicitly gen-
erated, implicitly generated, explicitly independent, implic-
itly independent, and hidden. These groups represent differ-
ent relationships between objects in the prompts and images.
We then analyze prompt-image dependencies among triplet
prompts, conduct statistical tests, and compute bias score to
quantify the differences introduced by gender. This compre-
hensive protocol allows us to systematically evaluate gen-
der bias across various aspects of text-to-image generation,
from internal model representations to object occurrences
and prompt-image dependencies.

Findings. Our experiments reveals that gender bias ex-
tends beyond people’s representations, permeating through
the entire image and affecting the generated objects.
Through the generation of free-form triplet prompts differ-
ing only gender indicators, our findings indicate that: 1)
Prompts that use neutral words to refer to people consis-
tently yield images more similar to the ones generated from
counterfactual masculine prompts than from counterfactual
feminine prompts; 2) There are statistically significant dif-
ferences in the objects generated in the image based on the
gender indicators in the prompt; 3) The frequency of objects
generated explicitly from prompts exhibit similar behavior
for different genders; 4) Objects not explicitly mentioned in
the prompt exhibit significant differences for each gender; 5)
We particularly observed significant statistical disparities in
generated objects based on gender in items related to cloth-
ing and traditional gender roles such as sports, which are
highly skewed towards images generated from masculine
prompts, and food, which are skewed towards images gen-
erated from feminine prompts. Based on these observations,
we provided recommendations for developers and users to
reduce such representational disparities and gender bias in
the generated images. We hope these insights contribute to
underscoring the nuanced dynamics of gender bias in image
generation, offering a new and valuable perspective to the
growing body of research on this topic.

Ongoing work: A survey on societal bias
evaluation in generative models

This project aims to review recent work on societal bias eval-
uation in generative models, including gender bias, skin-
tone bias, and age bias in text-to-image generation, and
image-to-image generation. Bias evaluation is crucial for
regulating the development of generative models. Unlike
well-established metrics for evaluating image quality or fi-
delity, the evaluation of bias presents challenges and lacks
standard approaches. By analyzing recent work and dis-
cussing trends, we aim to provide insights for future work
and bias mitigation strategies.

Our initial focus is on gender bias evaluation in text-to-
image generation, involving bias evaluation setup, bias eval-
uation metrics, and findings and trends. A consistent finding
across various studies is that models tend to generate man
more frequently for professions. This tendency is observed
in Stable Diffusion, DALL E 2 (Ramesh et al. 2022) and
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minDALL-E (Kim et al. 2021; Cho, Zala, and Bansal 2023).
Furthermore, specific professions, such as singers, may ex-
hibit different bias tendencies (Cho, Zala, and Bansal 2023).
Beyond gender bias in professions, models like Stable Dif-
fusion and minDALL-E have shown a tendency to gener-
ate gender-specific attire, such as skirts for woman and suits
for man (Wu, Nakashima, and Garcia 2024; Cho, Zala, and
Bansal 2023). Moreover, the Safety Checker module in Sta-
ble Diffusion is prone to label female as “unsafety” (Garcia
et al. 2023). An emerging trend is the increasing comprehen-
siveness of model evaluations, with a broader range of mod-
els, diverse prompts, and multiple axes of bias assessment.
Recent work is also focusing on a more detailed examina-
tion of bias sources, offering valuable insights for future bias
mitigation methods (Wu, Nakashima, and Garcia 2024).

As we continue to review recent research on societal bias
in generative models, we hope that this survey will provide
crucial insights for future work, contributing to the develop-
ment of more equitable and unbiased AI systems.

Conclusion
This paper presented three projects exploring the applica-
tions and societal bias of generative models. We introduced
GOYA for art analysis, proposed an evaluation protocol for
gender bias in text-to-image models, and surveyed societal
bias evaluation in generative models. Future work should fo-
cus on safe and responsible usage, harnessing the capabili-
ties while minimizing potential harm.
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