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Study design, operationalization of AI in nursing care and reporting
A sequential explorative mixed methods study was conducted from April 2020 to November 2020 with an emphasis on qualitative data. Mixed methods designs involve the collection and analysis of both qualitative (QUAL) and quantitative (quan) data and integrating it in the design analysis by merging, connecting or embedding the data in order to achieve a more complete understanding of the research topic (Cresswell 2014). Figure 1 shows the sequence and interaction of the QUAL and quan strands of data collection and analysis of the study. To address the study objective and research questions, the initial findings of a rapid review of application scenarios of AI in nursing care (Seibert et al. 2021) informed the construction of an interview guideline and schedule for the online workshop. Based on the results of the online workshop a questionnaire for the online survey was developed. Alongside observations and results of an additional datathon, results from the online workshop, expert interviews and online survey led to answering the research questions and discussion of results against the literature base identified by the rapid review. Methods for the online workshop, expert interviews and online survey are summarized below. 
Practice and subject areas of nursing care can vary significantly between countries and no internationally comprehensive definition to clearly distinct areas of expertise and settings that do or do not contain nursing care activities exists. We operationalized the subject area of nursing care by considering characteristics of the person involved in nursing care activities, the person receiving nursing care and the setting of care delivery. Figure 2 shows the matrix used for the operationalization of the subject area nursing care. Nursing care activities on the micro-level of care delivery include a person in need of care according to Book XI of the German Social Code (SGB XI) or care delivered by a certified nurse (field A to C). It further allows for including care tasks and activities arising from delegation from doctors as well as of care provided by informal caregivers. However, this does not take into account areas of activity that, for example, prevent or delay the need for care by means of privately procured assistive technologies, i.e., in which neither a formal status of care-dependency exists nor care professionals are usually involved (field D). For this reason, operationalization indicated by field A to C was used for the literature review. In the subsequent data collection, participants were informed that relevant aspects can also arise from field D, as there are intersections with relevant nursing activities, i.e., in counselling activities. We also included the meso-level of nursing care, which comprises the level of institutions, providers and organizations that organize and are responsible for the provision of nursing care, as well as the macro-level, which comprises the overall planning and organization of the health care system and consists in particular of political decision-makers.
Figure 2 Matrix for the operationalization of the subject area nursing care.
While the definition of AI given above was made explicit to all participants, the study allowed for subjective understandings of the term AI by the participants to ensure that the survey is as comprehensive as possible. To structure selected results, we used the types of AI approaches described above (ML, expert systems, hybrid systems).
The reporting follows the guidelines provided by the consolidated criteria for reporting qualitative research (COREQ) (Tong et al. 2007) and criteria on mixed methods reporting (O'Cathain et al. 2008). 
Execution of the sequential approach
The online workshop aimed at exploring and identifying relevant topics of AI in nursing care. Experiences and perspectives of relevant stakeholders should be collected in moderated discussion rounds on the three topics "Needs for artificial intelligence", "Promising application areas and focal points for research and development" and "Conditions for success of research projects". Stakeholders were selected by the study team in agreement with the BMBF and included nurses, directors of nursing and management from hospitals, nursing homes and home care services, informal caregivers, and scientists with a background in nursing, nursing education, computer science and AI research or ethics. Further, digitization officers or people with a working background in digitization in nursing care or in processing and analyzing routine data in nursing care were invited. All participants were initially contacted by email. For the majority of participants, there was some form of established relationship with the members of the study team prior to study commencement, either through participating in earlier research projects together or taking part in academic discourse.
The workshop took place in June 2020 via the open-source web conferencing system BigBlueButton (https://bigbluebutton.org/), which was set up on a server at the University of Bremen and lasted 4 hours. After an introduction to the study and the topic of AI in nursing, the research-guiding topics of the workshop discussed with the participants in an online world café format (Brown and Isaacs 2005) lasting 90 minutes in three small groups based on structured guidelines. Appendix 1 contains the interview guideline of the workshop. 
The individual stations of the world café were moderated and documented by two members of the study team. Visualization of the topics and participants’ statements was done using MURAL (digital workspace for the visualization of collaborative thinking processes and co-creation, https://www.mural.co/). After the world café, all participants had the opportunity to elaborate on or add important aspects in an online plenary. At the beginning and end of the workshop, all participants and members of the study team also assessed the statement "For me, nursing care seems to be a suitable field of the application of AI". Only the members of the study team and the participants were present during the data collection. The entire workshop was recorded locally on computers using Open Broadcaster Software (https://obsproject.com/de) and the resulting video files were stored on a password-protected server at the University of Bremen. Only the audio track, the chat progress and the visualizations in MURAL were included in the data analysis. 
Data analysis was carried out deductively by structuring and summarizing participants’ statements along with the guiding questions in a Microsoft excel file. After clustering the key words and topics, central aspects of the thematic areas were summarized in writing by a member of the study team based on the categories established beforehand. Subsequently, the corresponding audio recording was listened to and, if necessary, aspects and categories were supplemented, and cross-cutting themes were elaborated. Anchor quotes were transcribed for the main categories as well as subcategories by naming the status group of the participants and the timestamp of the audio recording. The resulting categories were compared with the audio recording by a second member. In addition, needs and application areas for AI in care nursing were summarized along the application fields and dimensions of AI identified from the literature review. In a further step, the results were screened for statements about specific care settings to derive setting-specific categories.   
While the participants of the online workshop primarily represented the levels of management and nursing professionals, the expert interviews aimed to include a nursing science perspective and to classify specific aspects, such as the operationalization of nursing-specific knowledge. In addition, the perspective of informatics on nursing as an object of R&D of AI applications should be deepened and significant ethical and legal aspects of the topic should be given space. Guided interviews enable the incorporation of different topics defined by the research objective, as well as the collection of precisely determinable information (Gläser and Laudel 2010). Appendix 2 contains the interview guidelines for the expert interviews. Guiding questions arose from the results of the online workshop, the theoretical discussion of the topic in the project team and discussion with BMBF. The expert interviews were intended to facilitate an iterative approach to recording and discussing further aspects and provided for an expansion of the question catalogue with each expert interview conducted. 
Participants of the expert interviews were selected by the study team in agreement with the BMBF. A total of 34 individuals were invited. These included experts in the focus area of nursing and health science, informatics, R&D, and ethics and law. The expert interviews took place as single or group interviews in July 2020, also using BigBlueButton and Open Broadcaster Software for data collection and preservation. Only the members of the study team and the participants were present during the data collection. In the two-hour long interviews, the participants first received an introduction to the study and its objectives and were then presented with the summarized results of the online workshop. After they were given the opportunity to ask follow-up questions, the actual expert interview began. Two members of the study team were present for each interview. One person guided the interview, the second person documented the course of the interview in handwriting.
[bookmark: _GoBack]Data analysis followed the procedure of a structuring qualitative content analysis (Mayring 2010) and entailed the conversion of handwritten minutes into a digital documentation of the conversation in a Microsoft word file. The video recordings were then watched by the member of the study team who moderated the respective interview, and handwritten minutes were supplemented or expanded if necessary. In this step, it was also checked whether answers to a question addressed topics that were asked elsewhere and, if necessary, assigned to these topics. Parallel to this, text passages and anchor quotations were transcribed. Transcripts were not returned to participants for comments. Depending on the aspect of the guiding question addressed, the anchor citations were transferred into a synthesis of results, which brings together the answers of the various expert focal points (nursing science, R&D, ethics and law), paraphrases them and transfers them summarized into a category system. This system was initially structured deductively by the topics of the guiding questions but was open to new categories that emerge from the material. 
The online survey aimed at prioritizing and evaluating the findings generated in the online workshop.  First, the participants of the online workshop as well as individuals who were invited to participate in the online workshop but could not attend or who were requested for expert interviews (n=77) were invited to take part. In addition, the network of the study team and the BMBF were used to invite further participants. The online survey took place from July to August 2020 when participants were sent a non-personalized access link and included a reminder of all invited individuals after 3 weeks.
Survey items were derived from the results of the online workshop and focused on topics that had been referred to as a need and a promising starting point for AI development and application as well as potential benefits of an AI application for nurses, people in need of care, or informal caregivers or the technical feasibility of specific AI applications. In addition, an assessment of the individual topics’ ranking within the framework of research funding was also requested. In addition, socio-demographic data of the respondents were collected, which included information on their participation in the online workshop, their main professional activities, the sponsorship or provider of their professional institutions and whether they had previous experience in research projects on AI in nursing care.
Data collection was carried out using the online tool EFS Survey. Data analysis was carried out descriptively along the research questions and, if necessary, differentiated according to relevant characteristics, using the software R version 4.0.0 (R Core Team 2020). Only the responses of persons who completed the questionnaire and answered at least one question were included in the analysis.
Synthesis of quantitative and qualitative results and researchers’ background
Mixing of data and results during the phases of data collection entailed the inclusion of qualitative and quantitative results from the rapid review into the development of the interview guideline and input presentation of the online workshop. Findings from the literature and the online workshop also informed the development of the interview guidelines for the expert interviews while the online survey aimed at rating and prioritizing results from the online workshop from the perspective of the stakeholders. Results for the QUAL and the quan strand of this study are reported complementarily in relation to the research questions given above. As the online workshop, expert interviews and online survey were conducted in German, results were initially compiled in German and then translated to English for publication. The study design was conceptualized by the authoring team, which consists of health, nursing, social science, computer science and engineering researchers with comprehensive expertise in conducting quantitative and qualitative research. The authors, primarily responsible for data collection and analysis (KS, DD) both hold a nursing degree and have been working in different clinical settings for acute in- and outpatient care. They have conducted prior research on use and implementation of digital technologies in nursing (Huter et al. 2020; Seibert et al. 2020; Domhoff et al. 2021) and have gained expertise in quantitative and qualitative research methods over several years. 
Ethical aspects and consent
Participation was voluntary; the selected experts were considered a non-vulnerable population in the study context and participation wasn’t classified as of particular risk. After receiving written information on the study including statements on data protection and concordance with the European General Data Protection Regulation, all participants provided written consent to participation, to pseudonymised analysis of the data and to publication of anonymized results. Due to the short duration of the study, no additional ethics approval was obtained, as available hearing dates didn’t correspond with the timeframe of the study. Phrasing and content used in the written information and informed consent statements had previously been used in multiple studies of the research group after prior receiving approval by ethics committees. Participants of the online workshop received a lump sum reimbursement of 100 €, which they had not been informed about before. 
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