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Abstract
Sustainability is a complex topic, and it needs consideration in all aspects of recommendations. For example,
the fashion industry’s significant environmental and social impact necessitates new approaches to promote
sustainable consumption behaviors. This work focuses specifically on two critical and interconnected aspects
of sustainable recommendation: promoting environmentally conscious user behavior and reducing the com-
putational environmental footprint of recommendation algorithms. First, it investigates the application of
digital nudging techniques in fashion recommender systems to encourage environmentally conscious purchasing
decisions. It describes a comprehensive user study with 251 participants, testing three interface designs that
incorporate textual nudges and visual sustainability labels. Results demonstrate remarkable success in promoting
second-hand garment selection, with 50-67% of participants choosing used items compared to a 7% market
rate. However, the computational requirements of multimodal recommendation systems introduce their own
environmental considerations. To address this paradox, this work describes a Transformer-based architecture
leveraging attention bottlenecks for more efficient multimodal fusion. Early experiments suggest a significant
reduction in representation dimensionality while maintaining recommendation performance. The main goal
of this work is to provide a complete picture of what sustainability in recommendation entails, from consumer
decisions to resource usage by recommendation algorithms.
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1. Sustainability in Recommendation

Sustainability represents a complex topic and is attracting attention due to the increasing necessity
to move towards a more environmentally friendly lifestyle: in 2015, the United Nations defined the
Sustainable Development Goals (SDGs) in the 2030 Agenda for Sustainable Development1, and public
awareness is increasing. Recommender systems present opportunities and challenges across multiple
sustainability dimensions, including supply chain impacts, algorithmic fairness, resource consumption,
and behavioral influence. This work focuses specifically on two critical and interconnected aspects of
sustainable recommendation: promoting environmentally conscious user behavior and reducing the
computational environmental footprint of recommendation algorithms.

Regarding the first aspect, recommender systems have the potential to influence consumer behavior
toward more sustainable choices. The fashion industry exemplifies this opportunity, where traditional
recommendation approaches typically optimize for immediate user satisfaction while overlooking
the environmental and social implications of suggested purchases [1]. However, by incorporating
sustainability awareness into the recommendation process through techniques such as digital nudging,
these systems can guide users toward responsible consumption without compromising their autonomy
or satisfaction. One possible approach for this is detailed in Section 3.

At the algorithmic level, the computational infrastructure powering modern recommender systems
introduces its own environmental footprint. Contemporary multimodal recommendation approaches,
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while offering enhanced accuracy through rich data representations, demand substantial computational
resources for both training and inference. Section 4 describes our approach to reduce this impact.

Starting from these approaches, the goal is their integration as a step toward holistic, sustainable
recommendation systems that consider both the outcomes they promote and the resources they consume
in achieving those outcomes.

2. Nudging

The concept of nudging, originally developed in behavioral economics, involves modifying subtle as-
pects within choice environments to encourage specific decisions while preserving individual freedom
of choice. Weinmann et al. defined digital nudging as “the use of user-interface design elements to guide
people’s behavior in digital choice environments” [2]. This approach has gained significant traction in
the digital realm, where interface design can subtly influence user decisions without restricting their
options. In traditional brick-and-mortar retail environments, nudging has been implemented through
various strategies, such as using color-coded labels to communicate the healthiness of food products
[3]. However, the digital environment allows for sophisticated nudging mechanisms that can adapt to
individual user preferences and behaviors in real-time, increasing the potential of this technique, and
its complexity. The application of digital nudging in recommender systems represents a particularly
promising frontier. While traditional recommender systems focus primarily on predicting user prefer-
ences to optimize suggested items, they often overlook orthogonal factors that could benefit both users
and society. For instance, a recipe recommendation system might suggest comfort food that maximizes
user satisfaction but neglects nutritional considerations; an e-commerce platform might recommend
products that satisfy immediate desires while ignoring their environmental impact due to long-distance
shipping. Digital nudges offer a path toward a more holistic approach to recommendation, encouraging
virtuous choices while maintaining user autonomy [4, 5, 6]. This is particularly relevant in domains
where individual choices have broader societal implications, such as environmental sustainability and
health [7].

As a test bed for nudging, we focused on fashion, as it presents a particularly interesting case study
for digital nudging applications due to its significant environmental and social footprint. Promoting
sustainable fashion consumption is particularly challenging, as several complex factors influence buying
decisions. Fashion serves as a symbol of personal identity and social status [8], making it particularly
resistant to rational decision-making processes. Even environmentally conscious consumers often
abandon their sustainable principles when making fashion purchases, prioritizing style, price, and
trends over environmental and ethical considerations [9]. Furthermore, research has consistently
shown a strong preference for new clothing over second-hand alternatives. Studies indicate that even
environmentally conscious consumers rarely purchase second-hand daily goods, including clothes [10].
For example, in Sweden, the revenue from second-hand clothes sales amounted to only 7% of total
clothing revenue in 2020 [11], highlighting the significant gap between sustainability awareness and
actual purchasing behavior.

3. Nudging for Green Fashion Consumption

To investigate the effectiveness of digital nudging in promoting sustainable fashion consumption, we
conducted a comprehensive user study involving 251 participants [12]. The study tested three user
interfaces designed to encourage selecting environmentally friendly and ethically produced clothing
items. For each interface, we first asked participants to choose a garment they liked to infer their
search goals. Then, we displayed similar items employing a different nudging strategy for each
user interface. Participants could decide whether to keep the originally chosen item or swap it for
one of the suggested options. The interfaces were the following. (i) SH recommended only second-
hand garments. It featured textual nudges promoting clothes with the message “Take a look at these
second-hand products: you could save money and help the environment with a GREEN choice”. (ii)



Figure 1: Recommendations page of the LABELSHNEW user interface. The other interfaces only differ in the
type of nudging and/or items displayed.

LABELSH recommended only second-hand garments but combined textual nudges with visual labels
summarizing sustainability and ethical standards, including detailed information about CO₂ emissions,
water consumption, workers’ well-being, and respect for animals. (iii) LABELSHNEW presented both
new and second-hand alternatives with the same visual labels as LABELSH.

The results of the experiment showed remarkable success in promoting second-hand garment se-
lection. Across the different user interfaces, 50-67% of participants chose second-hand products as
their final selection, a dramatic improvement over the 7% estimated from previous market studies [11].
Specifically, LABELSHNEW achieved a 50% conversion rate to second-hand, while SH and LABELSH
achieved 64% and 67% respectively. For LABELSHNEW, 21% of users chose a new cloth, but in 57% of
cases the item was more ethical and sustainable than the original garment. Interestingly, users chose
many more environmentally sustainable items: 80% had a better air conservation score, and 70% a better
water conservation score. On the contrary, only 38% had a better workers’ wellbeing score, and 27%
had a better animal welfare score. This suggests that ethical considerations influenced user behavior
less than the ones about environmental sustainability.

After interacting with each user interface, we asked users to evaluate the decision-making process,
the interface adequacy and their satisfaction. The LABELSH interface received the highest ratings for
decision-making support, with users finding the visual labels particularly useful for product comparison.
Conversely, the LABELSHNEW interface was perceived as the most intuitive and informative, benefiting
from its comprehensive presentation of product types. It also received the best overall satisfaction score.

Additionally, we asked users to pinpoint the factors that influenced their choices. While price was
the most influential (ranging from 56 to 59%, depending on the interface), as well as style (39-49%),
color (60-64%), and materials (43-53%), users also frequently considered environmental sustainability
(33-38%) and ethical standards (38-40%). This is in contrast with the data from final selections above,
which show that environmental sustainability is more influential in practice than ethical standards.

The preliminary results we obtained suggest increasing the adoption of nudges in clothes recom-
mender systems to enhance user awareness about items, their sustainability, and their social impact.

4. Resource Consumption and Sustainable Computing

The environmental impact of digital systems has gained increasing attention as data centers and machine
learning operations consume growing amounts of energy.

While digital nudging can promote sustainable consumption behaviors, the computational infras-
tructure supporting recommender systems introduces its own environmental considerations. Modern
systems, particularly those utilizing multimodal item representations (incorporating text, images, audio,
and other data types), require substantial computational resources for training and operation.

Multimodal recommendation algorithms often rely on very high-dimensional data. For example, in



the context of an e-commerce website for fashion, the following information could be fed as input to the
algorithm: (i) Visual features: High-resolution image embeddings capturing style, color, and aesthetic
properties; (ii) Textual descriptions: Natural language processing of product descriptions, materials,
and brand information; (iii) User interaction data: Historical preferences and behavioral patterns.

While these rich representations enable more accurate and nuanced recommendations, they also
create computational challenges. The high dimensionality of multimodal features introduces significant
overhead in terms of memory usage, processing time, and energy consumption during both training
and inference phases. At the same time, however, different modalities could share some information,
resulting in redundancy. As a high-level example, a garment’s color might be present both in the
visual embeddings from the product image, and in the textual description. Information fusion involves
combining multiple information sources into one [13, 14], and may be exploited to reduce this, with the
goal of optimizing the computational cost of training and inference.

Traditional approaches to multimodal fusion have been applied to recommendation in the literature
[15, 16, 17], but the state of the art lacks focus on a custom information fusion architecture with the
goal of reducing the computational cost of recommendation.

We are currently experimenting with a novel Transformer-based architecture leveraging attention
bottlenecks [18] to develop a plug-and-play approach for more efficient multimodal recommendation,
which is agnostic to the specific algorithm used. Early experiments suggest that this approach can sig-
nificantly reduce representation dimensionality while maintaining or even improving recommendation
performance across multiple algorithms and datasets.

5. Future Directions

The above findings on digital nudging effectiveness and computational efficiency challenges point toward
an important future direction, i.e., the development of comprehensive, sustainable recommendation
systems that integrate user-centered sustainability promotion and resource-efficient algorithmic design.
Rather than treating these as separate concerns, future research should focus on creating unified
frameworks that optimize simultaneously for sustainable user behavior and minimal environmental
impact. For example, we plan to further develop our fusion mechanism, making it possible to prioritize
salient features such as sustainability and ethics, enabling seamless integration with the user interface
for the nudging we developed.

Furthermore, using the data collected in [5, 12], this architecture may be adapted to be personalized
to the user (e.g., based on individual sensitivities to different sustainability and ethics aspects), with the
potential of optimizing the sustainability and ethics profile of items selected by users based on their
tendencies, in addition to the visual nudges we already explored.

The ultimate vision encompasses recommender systems that serve as comprehensive sustainability
platforms, integrating efficient algorithmic design with effective behavioral interventions to create
measurable positive environmental impact while maintaining user satisfaction and commercial viability.

Acknowledgments

I want to thank my supervisors, Liliana Ardissono and Noemi Mauro, for their invaluable guidance and
support, which has been essential in developing this work.

Declaration on Generative AI

During the preparation of this work, the author used Claude2 to: Paraphrase and reword, and Grammar
and spelling check. After using these tools, the author reviewed and edited the content as needed. The
author takes full responsibility for the publication’s content.

2https://claude.ai/

https://claude.ai/


References

[1] Y. Deldjoo, F. Nazary, A. Ramisa, J. Mcauley, G. Pellegrini, A. Bellogin, T. Di Noia, A review of
modern fashion recommender systems, 2022. URL: https://arxiv.org/abs/2202.02757. doi:10.48550/
ARXIV.2202.02757.

[2] M. Weinmann, C. Schneider, J. vom Brocke, Digital nudging, Business & Information Systems
Engineering 58 (2016) 433–436. URL: http://dx.doi.org/10.2139/ssrn.2708250. doi:10.2139/ssrn.
2708250.

[3] K. L. Hawley, C. A. Roberto, M. A. Bragg, P. J. Liu, M. B. Schwartz, K. D. Brownell, The sci-
ence on front-of-package food labels, Public Health Nutrition 16 (2013) 430–439. URL: https:
//www.cambridge.org/core/product/identifier/S1368980012000754/type/journal_article. doi:10.
1017/S1368980012000754.

[4] M. Jesse, D. Jannach, Digital nudging with recommender systems: Survey and future directions,
Computers in Human Behavior Reports 3 (2021) 100052. URL: https://www.sciencedirect.com/
science/article/pii/S245195882030052X. doi:https://doi.org/10.1016/j.chbr.2020.100052.

[5] A. G. Cossatin, N. Mauro, L. Ardissono, Enriching Recommender Systems Results with Data about
Sustainability and Ethical Standards of Brands, in: 2023 IEEE International Conference on Web
Intelligence and Intelligent Agent Technology (WI-IAT), IEEE, Venice, Italy, 2023, pp. 238–242.
URL: https://ieeexplore.ieee.org/document/10350100/. doi:10.1109/WI-IAT59888.2023.00037.

[6] S. E. Forwood, A. L. Ahern, T. M. Marteau, S. A. Jebb, Offering within-category food swaps to
reduce energy density of food purchases: a study using an experimental online supermarket,
International Journal of Behavioral Nutrition and Physical Activity 12 (2015) 85. URL: https://ijbnpa.
biomedcentral.com/articles/10.1186/s12966-015-0241-1. doi:10.1186/s12966-015-0241-1.

[7] A. D. Starke, E. Asotic, C. Trattner, E. J. Van Loo, Examining the user evaluation of multi-list
recommender interfaces in the context of healthy recipe choices, ACM Trans. Recomm. Syst.
(2023). URL: https://doi.org/10.1145/3581930. doi:10.1145/3581930, just Accepted.

[8] M. Barnard, Fashion as Communication, Routledge, London, UK, 2008.
[9] D. Mandarić, A. Hunjet, G. Kozina, Perception of consumers’ awareness about sustainability of fash-

ion brands, Journal of Risk and Financial Management 14 (2021) 594. doi:10.3390/jrfm14120594.
[10] D. Moon, K. Kurisu, K. Tahara, Which products are bought second-hand and by whom?: Analysis

of consumer-preferred acquisition modes by product type, Resources, Conservation and Recycling
190 (2023) 106860. URL: https://www.sciencedirect.com/science/article/pii/S0921344922006929.
doi:https://doi.org/10.1016/j.resconrec.2022.106860.

[11] O. Persson, J. B. Hinton, Second-hand clothing markets and a just circular economy? exploring
the role of business forms and profit, Journal of Cleaner Production 390 (2023) 136139. URL:
https://www.sciencedirect.com/science/article/pii/S0959652623002974. doi:https://doi.org/10.
1016/j.jclepro.2023.136139.

[12] A. G. Cossatin, N. Mauro, L. Ardissono, Promoting Green Fashion Consumption Through Digital
Nudges in Recommender Systems, IEEE Access 12 (2024) 6812–6829. URL: https://ieeexplore.ieee.
org/document/10380588/. doi:10.1109/ACCESS.2024.3349710.

[13] D. Lahat, T. Adali, C. Jutten, Multimodal Data Fusion: An Overview of Methods, Challenges,
and Prospects, Proceedings of the IEEE 103 (2015) 1449–1477. URL: http://ieeexplore.ieee.org/
document/7214350/. doi:10.1109/JPROC.2015.2460697.

[14] M. Pawłowski, A. Wróblewska, S. Sysko-Romańczuk, Effective Techniques for Multimodal Data
Fusion: A Comparative Analysis, Sensors (Basel, Switzerland) 23 (2023) 2381. URL: https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC10007548/. doi:10.3390/s23052381.

[15] X. Chen, H. Chen, H. Xu, Y. Zhang, Y. Cao, Z. Qin, H. Zha, Personalized Fashion Recommendation
with Visual Explanations based on Multimodal Attention Network: Towards Visually Explainable
Recommendation, in: Proceedings of the 42nd International ACM SIGIR Conference on Research
and Development in Information Retrieval, ACM, Paris France, 2019, pp. 765–774. URL: https:
//dl.acm.org/doi/10.1145/3331184.3331254. doi:10.1145/3331184.3331254.

[16] J. P. Zhou, Z. Cheng, F. Perez, M. Volkovs, TAFA: Two-headed Attention Fused Autoencoder for

https://arxiv.org/abs/2202.02757
http://dx.doi.org/10.48550/ARXIV.2202.02757
http://dx.doi.org/10.48550/ARXIV.2202.02757
http://dx.doi.org/10.2139/ssrn.2708250
http://dx.doi.org/10.2139/ssrn.2708250
http://dx.doi.org/10.2139/ssrn.2708250
https://www.cambridge.org/core/product/identifier/S1368980012000754/type/journal_article
https://www.cambridge.org/core/product/identifier/S1368980012000754/type/journal_article
http://dx.doi.org/10.1017/S1368980012000754
http://dx.doi.org/10.1017/S1368980012000754
https://www.sciencedirect.com/science/article/pii/S245195882030052X
https://www.sciencedirect.com/science/article/pii/S245195882030052X
http://dx.doi.org/https://doi.org/10.1016/j.chbr.2020.100052
https://ieeexplore.ieee.org/document/10350100/
http://dx.doi.org/10.1109/WI-IAT59888.2023.00037
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0241-1
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0241-1
http://dx.doi.org/10.1186/s12966-015-0241-1
https://doi.org/10.1145/3581930
http://dx.doi.org/10.1145/3581930
http://dx.doi.org/10.3390/jrfm14120594
https://www.sciencedirect.com/science/article/pii/S0921344922006929
http://dx.doi.org/https://doi.org/10.1016/j.resconrec.2022.106860
https://www.sciencedirect.com/science/article/pii/S0959652623002974
http://dx.doi.org/https://doi.org/10.1016/j.jclepro.2023.136139
http://dx.doi.org/https://doi.org/10.1016/j.jclepro.2023.136139
https://ieeexplore.ieee.org/document/10380588/
https://ieeexplore.ieee.org/document/10380588/
http://dx.doi.org/10.1109/ACCESS.2024.3349710
http://ieeexplore.ieee.org/document/7214350/
http://ieeexplore.ieee.org/document/7214350/
http://dx.doi.org/10.1109/JPROC.2015.2460697
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10007548/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10007548/
http://dx.doi.org/10.3390/s23052381
https://dl.acm.org/doi/10.1145/3331184.3331254
https://dl.acm.org/doi/10.1145/3331184.3331254
http://dx.doi.org/10.1145/3331184.3331254


Context-Aware Recommendations, in: Fourteenth ACM Conference on Recommender Systems,
ACM, Virtual Event Brazil, 2020, pp. 338–347. URL: https://dl.acm.org/doi/10.1145/3383313.3412268.
doi:10.1145/3383313.3412268.

[17] J. Liu, D. Capurro, A. Nguyen, K. Verspoor, Attention-based multimodal fusion with contrast for
robust clinical prediction in the face of missing modalities, Journal of Biomedical Informatics 145
(2023) 104466. URL: https://linkinghub.elsevier.com/retrieve/pii/S1532046423001879. doi:10.1016/
j.jbi.2023.104466.

[18] A. Nagrani, S. Yang, A. Arnab, A. Jansen, C. Schmid, C. Sun, Attention Bottlenecks for
Multimodal Fusion, in: In Proceedings of the 35th Conference on Neural Information Pro-
cessing Systems (NeurIPS 2021)., 2021. URL: https://proceedings.neurips.cc/paper/2021/file/
76ba9f564ebbc35b1014ac498fafadd0-Paper.pdf.

https://dl.acm.org/doi/10.1145/3383313.3412268
http://dx.doi.org/10.1145/3383313.3412268
https://linkinghub.elsevier.com/retrieve/pii/S1532046423001879
http://dx.doi.org/10.1016/j.jbi.2023.104466
http://dx.doi.org/10.1016/j.jbi.2023.104466
https://proceedings.neurips.cc/paper/2021/file/76ba9f564ebbc35b1014ac498fafadd0-Paper.pdf
https://proceedings.neurips.cc/paper/2021/file/76ba9f564ebbc35b1014ac498fafadd0-Paper.pdf

	1 Sustainability in Recommendation
	2 Nudging
	3 Nudging for Green Fashion Consumption
	4 Resource Consumption and Sustainable Computing
	5 Future Directions

