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BACKGROUND: Automated Radio-Frequency Identification (RFID)-based hand hygiene monitoring technology has been implemented in an infectious disease department to study healthcare workers' (HCWs) practices and improve hand hygiene.

AIM: Assess HCWs' attitudes towards this innovative monitoring device in order to anticipate resistance to change and facilitate future implementation.

METHOD:

In-depth interviews and an ethnographic approach.

FINDINGS:

From the perspective of HCWs, while they recognise the usefulness of RFID technology to prevent the transmission of infections to patients, they expressed concerns about risks related to RFID electromagnetic waves, as well as control by their superiors. Overall, HCWs' opinions oscillate between positive feelings characterised by enthusiasm for the possibility of changing their practices using technologies and research, and negative feelings marked by strong criticisms of these technologies and research. These criticisms included blaming hand hygiene monitoring technology for decontextualising HCWs practices. They perceived the technologies through the prism of the local and national contexts in which they are embedded. From their point of view, technologies are primarily in the best interests of the project team. Thus, they affirm and maintain the different interests and objectives between themselves and the project team, crystallising a conflict of professional norms and values between these two groups. The forms of resistance taken by HCWs were practical as well as oral.

CONCLUSION: Innovative technologies should be developed to address HCWs' attitudes surrounding

RFIDs. It is crucial to inform HCWs about the nature of these technologies, although some criticisms about monitoring systems are based on more structural causes.

Introduction

Hospital-acquired infections (HAIs) have caused the largest epidemic of infectious disease worldwide in terms of patient morbidity and mortality, as well as cost [START_REF]WHO Guidelines on hand hygiene in health care: first global patient safety challenge clean care is safer care[END_REF]. Improving the observance of hand hygiene techniques by healthcare workers (HCWs), including the use of hydro-alcoholic solutions (HAS), is one of the most effective ways to reduce these infections [START_REF] Pittet | Effectiveness of a hospital-wide programme to improve compliance with hand hygiene. Infection Control Programme[END_REF]. The establishment of regular audits of healthcare facilities through direct or indirect observation is strongly advocated [START_REF] Sax | The World Health Organization hand hygiene observation method[END_REF][START_REF] Sax | My five moments for hand hygiene': a user-centred design approach to understand, train, monitor and report hand hygiene[END_REF]. The former, which is considered the gold standard, has several biases, the main one being the Hawthorne Effect [START_REF] Hagel | Quantifying the Hawthorne effect in hand hygiene compliance through comparing direct observation with automated hand hygiene monitoring[END_REF]. For this reason automated technologies are playing an increasingly important role in producing more accurate hand hygiene compliance data [START_REF] Boudjema | MediHandTrace®: a tool for measuring and understanding hand hygiene adherence[END_REF]. The infectious disease unit (IDU) of the Hôpital Nord in Marseille set up an automated RFID-based system called MediHandTrace® (MHT).

This system aims to monitor HCW hand hygiene and also generates quantitative data for scientific research [START_REF] Boudjema | MediHandTrace®: a tool for measuring and understanding hand hygiene adherence[END_REF][START_REF] Dufour | Evaluation of handhygiene compliance and associated factors with a radio-frequency-identification-based-real-time continuous automated monitoring system[END_REF]. A study using MHT data in this ward highlighted a compliance rate of 22.6% [START_REF] Dufour | Input of innovative technology for surveillance and improvement of hand hygiene: the Medihandtrace® contribution to hand disinfection monitoring and intervention[END_REF]. From the beginning of the research project, a team of social science researchers was involved in collecting qualitative data. One of their objectives was to investigate HCWs' opinions and attitudes toward the hand hygiene monitoring system, as well as the unforeseen consequences of its introduction. Indeed, monitoring systems can improve hand hygiene compliance [START_REF] Staats | Motivating process compliance through individual electronic monitoring: an empirical examination of hand hygiene in healthcare[END_REF] but human factors have an important role in this process [START_REF] Anderson | Using human factors engineering to improve the effectiveness of infection prevention and control[END_REF]. This is why it is crucial to take into account opinions and attitudes of HCWs toward these devices and to evaluate their acceptability in order to facilitate the future implementation of such technologies in routine practice [START_REF] Dawson | Assessing user acceptance towards automated and conventional sink use for hand decontamination using the technology acceptance model[END_REF]. We mobilise a broad definition of the notion of attitude strongly rooted in the field of social psychology: as a more or less sustainable judgement or evaluation of an object, an individual or a situation, according to a certain degree of favour or disadvantage [START_REF] Ajzen | Attitudes, Personality, and Behaviour[END_REF][START_REF] Eagly | The Psychology of Attitudes[END_REF]. It includes affective, cognitive and behavioural components [START_REF] Eagly | The Psychology of Attitudes[END_REF][START_REF] Katz | A Preliminary Statement to a Theory of Attitude Structure and Change[END_REF][START_REF] Rosenberg | Belief, Attitude, intention and behavior. An introduction to theory and research[END_REF]. The expression of an attitude can be verbal, in which case we can talk about opinion, or nonverbal [START_REF] Katz | The Functional Approach to the Study of Attitudes[END_REF].

Context

Focus on MHT technology

The MHT project is a consortium of private companies and public organisations that share a common objective: to reduce the risk of HAIs by improving HCWs' practices. The MHT technology consists of a combination of electronic chips (tags) inserted into HCWs' shoes and antennae which are glued to the floor of the patient's room and connected to an HAS dispenser by RFID, allowing the HCW to be identified when using the dispenser. A feedback screen is located in the HCWs' office and provides real-time hand disinfection rates by occupational group, also known as "scores".

A short demo video is available at the following link: https://www.youtube.com/watch?v=d1Oa7vNT_iQ

Focus on the implementation process

The implementation process was divided into three main phases between January 2012 and March 2015. Each of these phases corresponded to a particular moment in the chronology of the implementation of the monitoring technology (Figure 1); and to specific modalities for managing the issues related to this implementation process: nature of the meetings, actors involved and themes addressed (Table I). Phase two was also a period of technological testing, which resulted in some scientific publications [START_REF] Boudjema | MediHandTrace®: a tool for measuring and understanding hand hygiene adherence[END_REF].

Methodology

Among the professionals working in the unit, we distinguished between different groups: HCWs who included the so-called paramedical staff (nurses (N), nursing assistants (NA) hospital housekeepers (HHK), and students); physicians most often referred to as medical staff. This study focused on the HCWs group. Indeed, these categories performed the most care paths during a shift and had the lowest hand hygiene compliance rate in the unit compared to physicians [START_REF] Dufour | Input of innovative technology for surveillance and improvement of hand hygiene: the Medihandtrace® contribution to hand disinfection monitoring and intervention[END_REF][START_REF] Barrau | Hand antisepsis: evaluation of a sprayer system for alcohol distribution[END_REF]. As a result, these categories are both the most exposed to the MHT system and the most concerned with improving hand hygiene. Trainee students were excluded from our surveys to limit bias.

The interview survey

This study involved 24 semi-structured face-to-face interviews with HCWs (13 N, 6 NA, 4 HHK) using a topic guide (Table II) and undertaken by CT and PP between January 2014 and January 2015. One HHK explicitly refused to be interviewed because she was "not interested in the study". Some professionals asked to postpone their interview several times due to time constraints and were finally not interviewed.

The ethnographic survey

In order to limit social desirability bias and compare different kinds of data, an additional data collection method was added. This took the form of ethnographic fieldwork in the ward conducted by CT 2-3 days a week between July 2014 and January 2015. The purpose was to observe the professionals of the IDU unit during their work. Field observations and informal discussions related to the study objectives were recorded in a notebook. CT also attended nearly 25 meetings with the project team (steering, technical or scientific committees) from which he also drew ethnographic observations. The project team included the department head, researchers, product engineers, technicians and sales managers. In the project team, the role of interlocutor with the HCWs was usually assigned to the department head. Triangulation of data sources [START_REF] Denzin | The research act: a theoretical introduction to sociological methods[END_REF] confirmed that we had reached data saturation [START_REF] Guest | How many interviews are enough? An experiment with data saturation and variability[END_REF] (more details are available in Table III).

Data analysis

CT coded transcripts and ethnographic data independently using an inductive approach based on grounded theory [START_REF] Strauss | The hospital and its negotiated order[END_REF] identifying recurrent and salient themes. CT then met with PB and PPW to compare, discuss and adjust the codes (for additional information on the methodology see Table III).

In a second round, PB, RW, KG and PPW did critical revisions to the manuscript. We illustrated our study in quotes provided in Table IV and in the text next to the corresponding sentence using the symbol "Q" followed by quotation number.

Along the same lines, twelve interviewees (12/24) explained that "scores" on the feedback screen were biased because it did not reflect the reality of work in relation to the number of staff and tasks assigned to each professional category (Q16).

MHT and the professional context

Seven of the twenty-four interviewees reported negative perceptions of MHT technologies and verbal manifestations of resistance were often associated with problematic professional contexts, such as lack of human or material resources (Q17, Q18). Indeed, phase 3 of the implementation process began at a time when health care workers felt short of staff and equipment. In this context, HCWs did not understand why such significant funding was being allocated to research when they considered that the priority was to fund jobs and equipment (Q19). Although this topic is not a majority in the interview corpus, it was also frequently mentioned in informal discussions during observations (Q20). These sentiments were still evident even after the project team had explained, at information meetings, the nature of funding and the inability to use scientific funding to create jobs or purchase equipment. This type of discourse reduced when HCWs felt less distressed about team size and workload.

Distant relationships with the goals of the project team

Finally, some interviewees (5/24) perceived MHT technologies mainly as a tool to conduct scientific research and expressed their feelings of being used by the project team for scientific research and their feeling of a lack of recognition for their work and the difficulties they face (Q21). The interview data did not reflect the reality of these remarks because the observation revealed that they were very significant in the service. These comments highlighted the divisions that HCWs perceived with the research team, blaming them for their inability to understand the HCWs' work and the difficulties they faced because they were too busy doing their research (Q22). It was the same kind of criticisms when a HCW claimed that the implementation of the MHT system was primarily a way to access professional recognition within the scientific community by publishing in scientific journals (Q23).

From speeches to acts of resistance

Rejection of automated data feedback

The ethnography also revealed that the feedback screen had been disconnected several times. The HCWs admitted that one of them was responsible for this, but never identified the culprit or prevented them from doing so. This issue was raised several times during information meetings. The project team stressed the importance and usefulness of this device in improving patient care, its costs and the potential for disciplinary action against perpetrators. This behaviour continued throughout the entire investigation. HCWs never expressed the reasons for these acts to the project team and the anthropologist.

Discussion

In order to reduce HAIs, a number of innovative technologies have been developed to promote hand hygiene [START_REF] Ward | Automated and electronically assisted hand hygiene monitoring systems: a systematic review[END_REF][START_REF] Marra | New technologies to monitor healthcare worker hand hygiene[END_REF]. Few of these have been tested for accuracy or sensitivity, most are expensive, difficult to install and maintain, but their increasing use in hospitals is a key issue to improve hand hygiene [START_REF] Staats | Motivating process compliance through individual electronic monitoring: an empirical examination of hand hygiene in healthcare[END_REF][START_REF] Srigley | Hand hygiene monitoring technology: protocol for a systematic review[END_REF][START_REF] Larson | Monitoring hand hygiene: meaningless, harmful, or helpful?[END_REF]. Nevertheless, it is important to test these technologies in multiple and different settings to understand the factors that can positively or negatively influence their efficacy [START_REF] Srigley | Hand hygiene monitoring technology: a systematic review of efficacy[END_REF]. In the same way, it is also essential to investigate opinions and attitudes of HCWs toward these automated monitoring systems according to this variety of contexts [START_REF] Boscart | Acceptability of a wearable hand hygiene device with monitoring capabilities[END_REF]. Indeed, improving hand hygiene also requires adapting interventions, contexts and technologies for better acceptability [START_REF] Dawson | Assessing user acceptance towards automated and conventional sink use for hand decontamination using the technology acceptance model[END_REF][START_REF] Larson | Monitoring hand hygiene: meaningless, harmful, or helpful?[END_REF][START_REF] Ellingson | Healthcare personnel perceptions of hand hygiene monitoring technology[END_REF].

Our results reveal that HCWs attitudes towards the MHT system oscillate between enthusiasm and adherence on the one hand, and strong criticism or even acts of sabotage on the other. Positive remarks are in line with results of other studies reporting tolerance of HCWs toward these technologies, their desire to improve their practices or their adherence to the competitive game [START_REF] Ellingson | Healthcare personnel perceptions of hand hygiene monitoring technology[END_REF][START_REF] Marques | How can information systems provide support to nurses' hand hygiene performance? Using gamification and indoor location to improve hand hygiene awareness and reduce hospital infections[END_REF]. Nevertheless, competition is not necessarily well perceived. In this case, indifference, or at worst sabotage, may be a response to a tool considered biased or contrary to team spirit.

This study shows that, from the HCWs' point of view, technologies may introduce new types of health and social control risks. Other studies also reported that RFID systems give the impression of being controlling [START_REF] Fisher | Tracking the social dimensions of RFID systems in hospitals[END_REF] or raise concerns about potential punitive uses of the system and its inability to take into account the context and the possibilities or not in terms of hand hygiene [START_REF] Ellingson | Healthcare personnel perceptions of hand hygiene monitoring technology[END_REF]. The lack of information initially given to the HCWs is likely to play a role in their acceptance of the devices, especially regarding misconceptions about health effects and the fear of repressive use on HCWS.

Thus, our study also reveals that transparency and communication play a crucial role in acceptance [START_REF] Boscart | Acceptability of a wearable hand hygiene device with monitoring capabilities[END_REF][START_REF] Ellingson | Healthcare personnel perceptions of hand hygiene monitoring technology[END_REF][START_REF] Meng | Technological innovations in infection control: A rapid review of the acceptance of behavior monitoring systems and their contribution to the improvement of hand hygiene[END_REF].

Another of our results is supported by qualitative studies on this subject. This is the inability to assess the situational context of hand hygiene options [START_REF] Ellingson | Healthcare personnel perceptions of hand hygiene monitoring technology[END_REF]. These situations are also characterised by professional dilemmas -we can talk about conflicts of professional norms -that the system cannot take into account. For example, when a HCW prefers not to disinfect his or her hands to stay in contact with the patient.

Our study also reveals some original results. Indeed, HCWs perceive the MHT system through the prism of a broader and more global context, thus intertwining local and national contexts. The local context corresponds to the working conditions and professional experiences in this context. The system was set up at a time of difficulties that HCWs associated with a lack of human and material resources. A favourable or unfavourable professional context can influence HCWs perceptions toward monitoring technologies. In this perspective, the implementation of this tool is potentially a tool for HCWs to advocate and negotiate regarding their working conditions. The implementation of a project, that was seen to be disconnected from real care issues and mainly associated with the world of research, crystallised and strengthened these claims for HCWs. These perceptions correspond to the political context of national reforms of hospitals in France since the 1990s, inspired by the New Public Management paradigm, which contribute to intensifying the work of HCWs and have provoked protests from them, particularly in France over the past decade [START_REF] Belorgey | L'hôpital sous pression. Enquête sur le "nouveau management public[END_REF].

In addition, our findings show that HCWs rarely disassociate questions of monitoring technologies from those of scientific research. Most importantly, HCWs expressed differences in objectives and interests between their group and the project team, demonstrating that different social norms and values exist between them, in a context where they consider their identity and professional recognition threatened. This reflects the idea that the definition of risks and the priorities given to the means of reducing them differ according to whether it is a professional in charge of daily care tasks or an external actor seeking to manage patient safety through a direct approach [START_REF] Dixon-Woods | An ethnographic study of classifying and accounting for risk at the sharp end of medical wards[END_REF].

Limitations and strengths of the study

While the results of this study are very similar to those of other similar studies, they may not be more broadly relevant. Like all studies, the characteristics of the people interviewed also depended on its specific local context and the cultural, social, political and economic characteristics.

Nevertheless, there are still few qualitative studies on this subject, even though the challenges of hand hygiene are significant. Among these studies, few use several qualitative methods together: interviews and ethnography. Nevertheless, this study also shows the importance of questioning the singularities and characteristics of each context to understand caregivers' attitudes towards these technologies.

Conclusion

Although monitoring technologies are generally tolerated, they are always perceived from the context in which they are integrated.

Resistance and criticisms from HCWs towards MHT monitoring technologies have multiple causes. Some of these are the result of a simple lack of information and communication between HCWs and the project team. However, other causes are structural and depend on the coexistence of different professional cultures within the working environment.

A social and anthropological approach helped us to understand HCWs' perceptions and behaviour towards MHT. Through such an approach, resistance to these technologies can be anticipated; the benefits of which have been demonstrated with hand hygiene compliance [START_REF] Morgan | Automated hand hygiene count devices may better measure compliance than human observation[END_REF].

Finally, MHT technologies should be developed with the input of HCWs. They should be adapted to their routine practices taking into account the complex care environments in which they work, as well as the specific care constraints they face.
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Results

Positive opinions towards MHT devices

A tool for improvement

Half of the HCWs interviewed (12/24) expressed an opinion on the importance of HAIS prevention and believed in the role of the MHT system in achieving this goal. For example, they considered MHT technologies as a way to acquire in-depth knowledge about hand hygiene and good practice (Q1) and/or they mentioned the positive impact of evaluation in raising awareness of their practices and trying to improve them (Q2). Three of them stated that these devices could have a lasting impact on HCWs behaviours (Q3). Nevertheless, these kind of enthusiasm were always nuanced by different kinds of critical comments.

The feedback screen, from interest to indifference

Among the half of HCWs with positive comments, four of them also expressed particularly enthusiastic remarks on the usefulness of the feedback screen to change practice and stated that they had joined the competition as a game over time(Q4). Three other HCWs stated that they were interested and stimulated by the feedback screen at the very beginning of its installation, but that they gradually became completely disinterested in this device (Q5).

A risk free technology? Health risk and social control Some HCWs (5/24) had concerns regarding the possible impact of RFID waves (and their perceived carcinogenic potential) on their health (Q6).

In addition, some HCWs (8/24) also explained that the principle of being "tagged" promoted the feeling of being watched and controlled by their superiors (Q7). The project team addressed the concerns of HCWs at information meetings where the harmless nature of RFID waves, anonymisation of data, scientific objectives and the non-punitive nature of the project were discussed. This has had a reassuring effect on health care workers and they no longer express such apprehensions.

Criticisms according to HCWs

Indifference and inefficiency

The other half of the caregivers (12/24) expressed their indifference to this system (Q8), considered it ineffective, explaining that it did not change their behaviours (Q9), whether it was about the tags, the feedback screen or both (Q10, Q11). These remarks very often went hand in hand with more specific criticisms. One of these interviewees explicitly blamed the principle of competition between occupational categories (Q12)

The MHT system does not take context into account Just under half of the interviewees (10/24) claimed that the MHT technology and the scientific research relating to it did not take into account the complex context in which they operate and the reasons for their actions (Q13). For example, in discussing with these interviewees their opinion of these technologies, they discussed the difficulties of matching disinfection recommendations with gloves recommendations in practices (Q14), or the issue that disinfection recommendations created in the relationship with the patient (Q15).
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