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Hand hygiene is critical for preventing infections, yet maintaining compliance remains challenging across healthcare, schools, and communities. Despite strong evidence, lapses occur due to cognitive barriers, understaffing, limited resources, and antimicrobial resistance. Behavioral science highlights factors like time constraints and cognitive biases affecting adherence, with compliance rates as low as 40%. Nudge theory, developed by Thaler and Sunstein, offers promising solutions by using subtle interventions, like visual or auditory cues, to encourage hand hygiene without imposing strict regulations. Recent innovations integrate artificial intelligence (AI) with nudges, enhancing compliance through real-time feedback. AI-powered systems, such as smart dispensers and wearable devices, provide reminders using visual or auditory cues at critical moments. For example, dispensers may light up or chime when a healthcare worker enters a patient’s room, prompting hand hygiene. Studies show these AI-driven interventions significantly improve compliance, with rates increasing by up to 30% in some cases. AI can also analyze patterns of non-compliance, deploying personalized nudges during high-risk periods. Combining nudge theory with gamification, such as team-based competitions and rewards, further reinforces positive habits. However, implementing AI solutions in countries like India faces challenges, including limited resources, resistance to new technologies, and cultural barriers. Despite hurdles, integrating AI-driven nudges with behavioral strategies has the potential to transform hand hygiene practices. This approach fosters accountability, reduces infection rates, and ensures safer patient care by embedding compliance into daily routines, paving the way for sustainable improvements in infection control.
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Introduction

Hand hygiene is a key element in infection prevention, recognized worldwide for reducing pathogen transmission. Despite its effectiveness, adherence remains a challenge in healthcare, schools, and communities. A meta-analysis by Allegranzi and Pittet (1) highlighted that proper hand hygiene among healthcare workers significantly reduces healthcare-associated infections (HAIs), improving patient outcomes and lowering costs.

Despite strong evidence supporting the effectiveness of hand hygiene in preventing infections, maintaining compliance remains a persistent challenge. Infection control rates often fluctuate due to various interrelated factors, including lapses in hygiene practices, inadequate implementation of standardized protocols, and deficiencies in healthcare infrastructure. These challenges are exacerbated in resource-limited settings, where access to essential supplies such as soap, alcohol-based hand sanitizers, or even clean water may be inconsistent.

Understaffing in healthcare facilities significantly contributes to non-compliance, as healthcare workers often face overwhelming workloads and time constraints that deprioritize proper hand hygiene. Additionally, limited access to hygiene resources within high-pressure environments, such as emergency rooms or rural health centers, further hampers adherence to recommended practices. The situation is further complicated by the growing prevalence of antimicrobial-resistant (AMR) pathogens. AMR pathogens not only increase the risks associated with lapses in hygiene but also escalate the consequences of infection outbreaks. Poor hand hygiene provides a pathway for the transmission of these resistant strains, making the task of infection control even more critical and complex. These multifaceted challenges underscore the importance of not only promoting education and awareness around hand hygiene but also ensuring the availability of adequate resources, reinforcing protocols, and addressing systemic issues in healthcare infrastructure. Innovative solutions, such as the integration of technology and behavioral strategies, are increasingly being explored to overcome these barriers and ensure sustainable compliance with hand hygiene standards (1).

Are we looking in the wrong places? AI in healthcare could help tackle human behavior challenges. Despite education, healthcare workers face cognitive barriers to hand hygiene. AI and behavioral science, like nudge theory, offer solutions through real-time feedback, enhancing compliance and infection control.



The role of human behavior in hand hygiene compliance

Healthcare workers (HCWs) navigate numerous cognitive demands daily, and hand hygiene frequently takes a backseat to more immediate tasks. Behavioral science identifies key factors that contribute to lapses in hygiene, including time constraints, risk perceptions, and cognitive biases (2). A systematic review by Eramus et al. points out the hand hygiene guideline compliance among 96 empirical studies were pretty low (40%) and a minority of those included studies only looked for behavioral determinants of hand hygiene stated previously. Nudge theory, developed by Richard Thaler and Cass Sunstein, suggests that small, subtle interventions, or “nudges,” can significantly influence behavior without limiting choices as humans are driven by “choice architecture” (3). Nudges are particularly useful in healthcare because they guide professionals toward the desired action—hand hygiene—without imposing stringent regulations (3).

A common example is the “default bias,” where individuals are more likely to follow preset guidelines if they do not require much effort to deviate from. It is a psychological tendency where individuals are more likely to stick with a preselected option or follow preset guidelines, primarily because it requires minimal effort to opt out or make an alternative choice. This bias leverages human preference for convenience and simplicity, capitalizing on the tendency to avoid additional cognitive or physical effort.

In the context of hand hygiene, default bias can be harnessed to encourage compliance by designing environments and systems that make the desired behavior—such as washing or sanitizing hands—the easiest or most natural action. For example, strategically placing hand sanitizer dispensers at prominent, unavoidable locations like the entrance of patient rooms or near medical equipment ensures that healthcare workers encounter these reminders as part of their routine workflow. The physical proximity and accessibility of these dispensers reduce the effort needed to perform hand hygiene, aligning with default bias.

Another application involves visual or auditory cues, such as dispensers that light up or emit a soft chime when approached. These cues serve as gentle nudges, reinforcing the preselected guideline of sanitizing hands before or after patient interaction. By incorporating these prompts into the environment, compliance becomes the path of least resistance, minimizing the likelihood of neglect. Default bias is particularly effective because it works subtly, without requiring conscious decision-making. By embedding the desired action into the default setting, healthcare institutions can promote consistent hand hygiene practices while reducing the cognitive burden on busy staff. This approach not only improves compliance but also fosters habitual behavior, contributing to better infection control outcomes. In hand hygiene, visual or auditory cues serve as nudges that subtly remind HCWs to wash their hands, even in low-risk settings where compliance is typically lower (4). By tapping into human psychology, nudges can trigger automatic compliance behaviors that would otherwise be neglected (4).



AI-driven nudges can enhance hand hygiene practices

Recent innovations in AI are reshaping how healthcare settings implement nudges. Automated systems such as AI-driven smart dispensers and wearable devices and other automated electronic motoring system can monitor hand hygiene and offer real-time feedback based on individual behaviors (5). AI can go beyond passive monitoring and employ nudges like visual cues (lights on dispensers) or auditory prompts (alerts or chimes) to remind healthcare workers to wash their hands at the most opportune moments (5). For instance, when a healthcare worker approaches a patient room, the hand sanitizer dispenser could glow or emit a gentle chime as a nudge, reminding them to sanitize before entering. On these lights, a systematic review by Wang C et al. have found that, these can be a useful tool while keeping in mind the challenges that these bring along, such as issues of accuracy, usability, associated costs etc. (5).

Research shows that these AI-driven nudges have been highly effective in boosting compliance. A study involving AI-powered badges that provide auditory feedback every time a hand hygiene opportunity was missed showed a 30% increase in compliance rates (6). These interventions combine real-time feedback with gentle nudges, reinforcing habitual behavior without imposing direct control. It was found to be as effective as human observation in one of its kind trial done by Singh et al. (7).

Furthermore, AI-driven predictive analytics can identify patterns of non-compliance, allowing systems to deploy nudges at the most critical times. For example, AI can detect if a healthcare worker has a history of skipping hand hygiene during high-stress periods or after prolonged patient interaction. In such cases, personalized nudges, such as a voice prompt from the dispenser or a vibrating wearable, could pre-emptively remind the worker to wash their hands.



Integrating nudge theory and AI for sustainable behavioral compliance

While technology plays a critical role, it is the combination of AI-driven nudges and behavioral feedback that can sustain long-term compliance. Nudge theory posits that consistent, subtle cues will eventually create habits that persist even when the prompts are no longer present (3–5). Healthcare settings that integrate nudges into their hand hygiene protocols use behavioral models, such as the cue-action-reward loop, to reinforce the desired action.

In hospitals, visual cues like color-changing lights and auditory signals such as chimes help reinforce hand hygiene, gradually becoming part of healthcare workers’ routines and reducing the effort needed to remember hygiene practices. Studies have shown that combining these nudges with gamification—another behavioral strategy—can enhance adherence (6). This technology can be leveraged here as when AI systems track team performance and offer rewards for high compliance, healthcare workers are more likely to sustain positive habits. One study at Netherlands involving nine public hospitals introduced team-based competitions with public recognition for high hand hygiene scores, leading to a significant (9%) improvement in compliance among nursing officers. Several institutions have successfully implemented AI-powered nudge systems to enhance hand hygiene compliance. At, New York City Health + Hospitals/South Brooklyn Health AHHR (automated hand hygiene reminder system) combined with real-time feedback increased hand hygiene compliance from around 86 to 89% in MSU wards over a 2 week period (8). The system was successfully implemented in that hospital and stands as a solid example to this initiative. Talking about India’s experiments, A Delhi based design studio “Quicksan” in partnership with Jhon’s Hopkin’s University launched a project called “Safehands” in labor rooms and district hospitals and community health centers across India aiming to find a solution to hand hygiene compliance. The device named was “HAIgeine,” consisting a camera to capture the hand movements, an AI based processing unit to give feedback. Although there was probably less flaw in the novel tool, rather the acceptance was something to be concerned for. There has been report that at some centers the physician’s particularly avoided the washbasin with this system enabled (9).

However, implementing AI-enabled nudge theory for hand hygiene in India faces challenges due to the country’s diverse healthcare system. In rural areas, inconsistent access to clean water and overstretched staff makes AI solutions difficult. Cultural shifts have complicated traditional hygiene practices, and resistance to AI systems is common due to unfamiliarity. High costs further limit adoption, especially in rural hospitals, widening healthcare inequalities. AI alone cannot address deeper behavioral issues like hierarchy, work pressure, and overconfidence.

The future of hand hygiene will combine AI with personalized nudges and wearable feedback, maintaining high compliance even during busy times (4, 5) AI can use hand hygiene data to deliver tailored nudges, such as personalized cues for specific situations like sanitizing after glove removal. This precision can significantly enhance compliance, lower infection rates, and improve patient outcomes.



Conclusion

Combining AI-driven nudges with behavioral feedback effectively addresses hand hygiene compliance. This approach subtly influences behavior, boosts compliance, and fosters a culture of accountability, leading to safer patient care and better infection control.



Recommendations

• To improve hand hygiene compliance, healthcare facilities should leverage behavioral insights like default bias and integrate them with technology-driven solutions. This can be achieved by designing workflows and environments where hand hygiene becomes the easiest and most natural action. For example, hand sanitizer dispensers should be strategically placed at critical points such as patient room entrances, ensuring their accessibility aligns with staff movements.

• Facilities should also adopt AI-enabled systems that provide real-time reminders through visual or auditory cues, such as lights or chimes, to prompt compliance. These systems should be tailored to individual behaviors, using predictive analytics to deploy nudges at high-risk times, such as during busy shifts or after prolonged patient interactions. Combining these interventions with gamification strategies, like team-based competitions and performance recognition, can further motivate healthcare workers to adhere to hygiene protocols.

• Additionally, efforts should focus on addressing systemic barriers, such as understaffing and resource limitations, to sustain compliance. This includes ensuring consistent availability of hygiene supplies, improving staff training, and fostering a culture of accountability through leadership support and ongoing feedback.

• For resource-limited settings, scalable and cost-effective solutions, like low-cost visual cues or simplified AI systems, should be prioritized. Implementing these measures will not only enhance hand hygiene practices but also contribute to reducing healthcare-associated infections and combating antimicrobial resistance, ultimately improving patient outcomes and safety.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

SaB: Writing – original draft, Writing – review & editing. SuB: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that Generative AI was used in the creation of this manuscript. We acknowledge the use of generative AI tools in the preparation of this manuscript. These tools were employed solely for checking grammatical mistakes and language errors, ensuring clarity and precision in the text. The authors affirm that they have critically reviewed and refined the manuscript and take full responsibility for its content, including the ideas, interpretations, and conclusions presented herein.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Allegranzi, B, and Pittet, D. Role of hand hygiene in healthcare-associated infection prevention. J Hosp Infect. (2009) 73:305–15. doi: 10.1016/j.jhin.2009.04.019

 2. Erasmus, V, Daha, TJ, Brug, H, Richardus, JH, Behrendt, MD, Vos, MC , et al. Systematic review of studies on compliance with hand hygiene guidelines in hospital care. Infect Control Hosp Epidemiol. (2010) 31:283–94. doi: 10.1086/650451

 3. Thaler, RH, and Sunstein, CR. Nudge: Improving decisions about health, wealth, and happiness. (2008). Yale University Press.

 4. Pittet, D. Hand hygiene: it’s all about when and how. Infect Control Hosp Epidemiol. (2008) 29:957–9. doi: 10.1086/592218

 5. Wang, C, Jiang, W, Yang, K, Yu, D, Newn, J, Sarsenbayeva, Z , et al. Electronic monitoring systems for hand hygiene: systematic review of technology. J Med Internet Res. (2021) 23:e27880. doi: 10.2196/27880

 6. Fisher, DA, Seetoh, T, Oh May-Lin, H, Viswanathan, S, Toh, Y, Yin, WC , et al. Automated measures of hand hygiene compliance among healthcare workers using ultrasound: validation and a randomized controlled trial. Infect Control Hosp Epidemiol. (2013) 34:919–28. doi: 10.1086/671738

 7. Singh, A, Haque, A, Alahi, A, Yeung, S, Guo, M, Glassman, JR , et al. Automatic detection of hand hygiene using computer vision technology. J Am Med Inform Assoc. (2020) 27:1316–20. doi: 10.1093/jamia/ocaa115

 8. Seferi, A, Parginos, K, Jean, W, Calero, C, Fogel, J, Modeste, S , et al. Hand hygiene behavior change: a review and pilot study of an automated hand hygiene reminder system implementation in a public hospital. Antimicrob Steward Healthc Epidemiol. (2023) 3:e122. doi: 10.1017/ash.2023.195

 9. Chen, Y, Clayton, EW, Novak, LL, Anders, S, and Malin, B. Human-Centered Design to Address Biases in Artificial Intelligence. J Med Internet Res. (2023) 25:e43251. doi: 10.2196/43251


Copyright
 © 2025 Bhattacharjee and Bhattacharya. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Leveraging AI-driven nudge theory to enhance hand hygiene compliance: paving the path for future infection control



		Introduction



		The role of human behavior in hand hygiene compliance



		AI-driven nudges can enhance hand hygiene practices



		Integrating nudge theory and AI for sustainable behavioral compliance



		Conclusion



		Recommendations



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Leveraging Al-driven nudge
theory to enhance hand hygiene
compliance: paving the path for

future infection control












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






