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Introduction: The workforce shortage in the healthcare context is a growing issue that exerts detrimental effects on employees (e.g., higher workload) and patients (e.g., suboptimal patient care). Since traditional approaches alone may not be enough to solve this problem, there is a need for complementary innovative digital health solutions, such as socially assistive robots. Hence, the proposed study aims to investigate the effects of gamified nursing education and physiotherapy delivered by a socially assistive robot on patient- (engagement, perceived quality of care) and employee-related outcomes (perceived self-efficacy, workload).

Methods and analysis: Approximately 90 vascular and thoracic surgery patients will receive either standard care or standard care with additional robot interactions over the course of 3–5 days. Additionally, approximately 34 nursing and physiotherapeutic employees will fill out self-report questionnaires after weeks of not using a social robot and weeks of using a social robot. The main hypotheses will be tested with mixed-design analyses of variance and paired-samples t-tests.

Discussion: While the proposed study has some limitations, the results will provide high-quality and comprehensive evidence on the effectiveness of socially assistive robots in healthcare.

Ethics and dissemination: The study was approved by the Medical Ethics Commission of the University Medical Center and registered in the ISRCTN registry (ISRCTN96689284). The study findings will be summarized in international peer-reviewed scientific journals and meetings and communicated to relevant stakeholders.
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Introduction

The workforce shortage is one of the main challenges faced by the current healthcare system; for example, only in the United Kingdom, the National Health Service reported a workforce shortage of around 100,000 employees in 2019 (1). These numbers, particularly the demand for nurses, are projected to increase due to various reasons, most notably due to population aging (2). The National Health Service estimates that shortages could grow up to 200,000 by the middle of the decade and at least to 250,000 by 2030 (1). Naturally, workforce shortage, together with increasing demands and having to take care of patients who are sicker than in the past (due to reduced patient length of stay), leads to a higher workload of the existing staff (2). On the provider side, this creates a vicious circle; increased workload negatively affects job satisfaction, increases burnout and turnover, and thus additionally contributes to the shortage of employees (3, 4). On the end-user side, employees’ higher workload is associated with suboptimal patient care and may lead to reduced patient satisfaction (4, 5). As a higher workload can lead to omissions of essential nursing care (6), nursing tasks that are generally not a priority, but are important nonetheless, can suffer even more (7). Such overlooked tasks may include educating patients, increasing patients’ health literacy, engaging in non-critical communication, and empowering patients to take a more proactive role in decision-making.

Considering that achieving active patient engagement and self-management is one of the leading healthcare goals of the twenty-first century (8, 9) and that the already overworked staff cannot always sufficiently fulfill this goal, there is a need for innovative solutions that may complement the existing approaches (for example, hiring additional nurses may only help to a certain extent, as the nursing schools are not able to keep up with the increasing educational demand (10)). The gap may be reduced with digital health approaches, which refer to the use of information and communications technologies in medicine and other health professions. Digital health can involve both hardware and software solutions and may serve different functions, including improving the quality of care, providing more personalized healthcare to patients, and improving the overall patient and staff experience (11). While “digital health” is generally a very broad term, socially assistive robots, i.e., robots that assist human users through social interaction, seem to be a particularly promising technology-based solution in this context (12). First, they were designed to provide education, feedback and support, coach patients through tasks, and serve the role of a companion (12–14). Second, many socially assistive robots are equipped with multimodal sensing and can thus collect a wide array of data that can be used for personalizing healthcare and individualized responding to patients’ needs and demands (15). Third, social robots can be developed in a way that facilitates patients’ motivation, learning, and confidence, for example, via integrating elements of gamification (16). Lastly, socially assistive robots can physically interact and work with humans while being immune to diseases such as COVID-19, demonstrating their suitability for situations that require physical distancing and isolation (17).

While hospitals and other healthcare institutions are increasingly adopting socially assistive robots (18, 19), research on their effects on patients and staff is scarce yet promising. In fact, the existing empirical studies suggest that socially assistive robots, if implemented properly, can positively impact patient engagement, satisfaction, and wellbeing (20–22). Furthermore, many healthcare workers perceive social robots as a tool that could alleviate their workload by supporting them to provide better care to older people [e.g., via assisting with medication, providing information, and fetching things (23)]. There is also tangible evidence that placing robots in healthcare institutions can help reduce staff workload (20, 24, 25). However, the generalizability of these studies is somewhat limited as they often employ rather rudimental methodological approaches and relatively small and specific samples, such as the elderly with dementia and children with neurodevelopmental disorders (12, 26–28). Moreover, to our best knowledge, no study has specifically tested the effects of using a socially assistive robot capable of delivering gamified nursing education and general/respiratory physiotherapy.

Hence, the present study, carried out within the H2020 HosmartAI project, aims to investigate the effects of a socially assistive robot Pepper (29)—that will be deployed on vascular and thoracic surgery wards and, at this stage, be partially operated and supervised by humans—on a wide array of patient- and employee-related outcomes.

As socially assistive robots can provide education without the usual restraints imposed upon human employees (e.g., the robot can effortlessly repeat the same instructions multiple times) and in a gamified manner that may facilitate motivation and learning, we expect positive effects of interactive digital assistance on patient-related outcomes. More specifically, we hypothesize that patients will exhibit higher levels of patient engagement (H1) and perceived quality of medical care (H2) after being subjected to standard care with additional gamified nursing education and general/respiratory physiotherapy (delivered by a socially assistive robot) compared to levels at the beginning of the study. Furthermore, we hypothesize that patients exposed to standard care with additional gamified nursing education and general/respiratory physiotherapy (delivered by a socially assistive robot) will experience larger improvement of patient engagement (H3) and perceived quality of medical care (H4) compared to patients exposed solely to standard care (human interaction only). Additionally, due to socially assistive robots’ potential to be involved in patient care and help with some of the work tasks, we hypothesize that employees will exhibit higher self-efficacy (H5) and experience lower workload (H6) during time periods when a socially assistive robot is deployed compared to time periods when a socially assistive robot is not deployed.

In addition to our primary hypotheses, we aim to determine the percentage of non-urgent communication taken up by the social robot (RQ1), the amount of employees’ time saved by such robot-human interactions (RQ2), and the extra time of interaction provided to patients by using a socially assistive robot (RQ3). We are also interested in how these variables (e.g., the number/percentage of AI interactions) correlate with both patient- and staff-related outcomes (RQ4). Lastly, we are also interested in patients’ user experience concerning the use of a socially assistive robot (RQ5). Answering these research questions and testing the hypotheses stated above will generate a novel and comprehensive insight into the effectiveness of using socially assistive robots in healthcare.



Methods and analysis


Socially assistive robot Pepper

The Pepper robot, developed by SoftBank Robotics, is a 120 cm tall social humanoid robot optimized for human interaction and engaging with people through conversation and a touch screen. It is capable of natural movement, navigation, speech recognition, and dialogue, and is equipped with perception modules and various sensors for multimodal interactions (e.g., microphones, infrared sensors, cameras, and sonars). These functions allow for smooth interaction that does not require any specific training. The Pepper robot also has several safety mechanisms, such as bumper sensors, that prevent it from physically harming participants (29). For the purposes of the proposed study (and other studies within the H2020 project HosmartAI), the robot was taught to understand and express gestures, facial expressions, and speech in the Slovenian cultural context and language. It was also taught to perform exercises and scenarios that are part of the intervention (see section “Study design”).

The robot was first extensively tested in a laboratory setting. After this stage, we introduced the robot to employees in both participating departments. The robot was then extensively pilot tested on-site over the period of 3 months, with significant input from the clinical staff.

Despite extensive pilot testing, Pepper will be constantly supervised throughout the study by at least one researcher, enabling us to detect failures immediately and make quick repairs if needed. In the case of more severe malfunctions, the robot will be temporarily replaced with a backup unit. Moreover, in the rare event of the second unit also malfunctioning, the study will be temporarily put on hold and participants from the interrupted iteration will be excluded from analyses. The study will continue when at least one robot is working properly again.



Study design

The proposed study employs a between-within interaction design with multiple iterations. Patients and employees participating in the study will be recruited in a University Clinical Centre Maribor, Slovenia. The study will be carried out in 1-week intervals, followed by a 1-week washout period between each iteration. Overall, the study will be conducted over 2 years or less if the desired sample size is reached sooner.

Patients admitted to vascular and thoracic surgery wards for an elective (non-emergency) procedure will be screened for eligibility regarding the inclusion and exclusion criteria. Eligible participants will then be informed about the study characteristics and asked to fill out an informed consent form. Those who will consent to participate in the study will participate for 3–5 days. Depending on the week (see Figure 1), participants will be allocated to the standard care group (i.e., a control group that will not interact with a socially assistive robot) or standard care group with additional robot interactions. Participants from both groups will first be informed about the study and fill out the baseline questionnaires (demographic data, engagement, and perceived quality of care). Similarly, participants from both groups will be subjected to standard nursing education and general/respiratory physiotherapy delivered by nursing and physiotherapy staff. However, the patients allocated to the standard care group with additional robot interactions will additionally be subjected to nursing education and general/respiratory physiotherapy delivered by a socially assistive robot. Moreover, they will be able to call the robot for additional assistance (not related to nursing education and physiotherapy) during the whole study period. At the end of their participation, patients from both groups will be asked to fill out the questionnaires (engagement, perceived quality of care) for the second time. Patients from both groups will also be asked to rate the education and physiotherapy they received during the study period. Moreover, patients that will interact with a socially assistive robot, will also fill out the User Experience Questionnaire (30) at the end their participation.
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FIGURE 1
Study design: patients.


The study will be conducted in several 1-week iterations with a washout period between them (to provide enough time for new patients to be admitted). Specifically, patients will receive standard care in week 1, followed by a washout period in week 2. Patients in week 3 will then receive standard care together with robot interactions, followed by a washout period in week 4. In week 5, patients will again receive standard care. The study procedure (for patients) is outlined in Figure 1. It is worth noting that all additional variables (e.g., number of interactions with a robot) will be collected continuously during each relevant iteration. Additionally, the instructions of all self-report questionnaires will be adapted to reflect the chosen time periods and tasks. Throughout the study, patients will be observed for signs of high distress and excluded from the study if needed.

In terms of intervention content, the nursing education will contain critical information on wound care, home care considerations, and daily care explanations. On the other hand, general and respiratory physiotherapy will consist of selected instructions and exercises that can be delivered both by a human and a robot. The AI-delivered nursing education and physiotherapy instructions will employ elements of gamification.

Similarly to patients, nursing and physiotherapy staff working on vascular and thoracic surgery wards will first be screened for eligibility regarding the inclusion and exclusion criteria. Eligible participants will then receive a brief description of the study and an informed consent form. Those who will consent to participate in the study will fill out the questionnaires twice, over a 3-week period. They will first fill out the questionnaires after a week of standard care (end of week 1: baseline self-efficacy and workload) and then again at the end of the first iteration of using a socially assistive robot (end of week 3: self-efficacy and workload after the intervention). To increase the robustness of results, the same protocol will be carried out thrice during the course of the study; at the initial deployment of a robot, after 1 year (T3 and T4), and right before the end of the study (T5 and T6). This will also enable us to investigate whether the difference between self-efficacy/workload at the time of robot use and non-use changes over time (once employees become more accustomed to the robot). The study procedure (for employees) is outlined in Figure 2. Again, the instructions of all self-report questionnaires will be adapted to relevant time periods and tasks.
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FIGURE 2
Study design: staff. This figure depicts only the first two measurements. The same protocol will be carried out at the 1-year mark and right before the end of the study (approximately 2 years after the beginning).




Participants and recruitment

The proposed study intends to recruit two distinct samples: patients and staff. The patient sample will be composed of patients admitted to vascular surgery and thoracic surgery wards for an elective (non-emergency) procedure. Beyond the type of disease for patients, patients need to be aged 18 years or above and willing to participate in the study. On the other hand, exclusion criteria include emergency patients, patients already enrolled in other studies, patients with dementia, special needs or appointed guardians, and patients allocated to an intensive step-down unit and/or regimen.

The staff sample will be composed of nursing and physiotherapy staff working on either the vascular surgery or the thoracic surgery ward. Again, only employees aged 18 years or above, who have signed a consent form, will be invited to participate in the study.

To minimize background noise while ensuring that all patients also receive standard care, the study will employ a between-within interaction design, whereby patients will be allocated either to the (1) standard care group or (2) standard care with additional robot interactions. We performed the sample size calculation in the G*Power software (31), choosing the ANOVA repeated measures with within-between interaction (2 groups, 2 measurements) as the statistical test, entering a small-to-medium effect size (f = 0.15), and choosing a conventional significance threshold and power (α = 0.05, 1-β = 0.80). Such calculations suggest that approximately 90 patients need to be recruited overall.

The nursing and physiotherapeutic staff will be studied with a simpler within-subjects design, whereby all consenting employees will fill out the questionnaires after a period of standard care and after the use of a socially assistive robot. As such, we performed the sample size calculation in the G*Power software, choosing the Paired-samples t-test as the statistical test, entering a medium effect size (d = 0.50), and choosing a conventional significance threshold and power (α = 0.05, 1-β = 0.80). Such calculations suggest that at least 34 nursing and physiotherapeutic employees must be recruited overall.



Measures

Testing the primary hypotheses will require the measurement of several outcomes, namely patient engagement and perceived quality of medical care as well as self-efficacy and workload of staff. All questionnaires will be administered in Slovene. For questionnaires that have not yet been translated to this language and validated, we will use a standard procedure that involves translation and back-translation by qualified translators (32). Additionally, basic psychometric properties of the translated scales, such as internal reliability, will be tested prior to the main analyses.

Patient engagement will be measured with the Patient Health Engagement scale [PHE (33)], which consists of nine ordinal items. In the proposed study, we will convert the response format into a 5-point agreement scale ranging from “completely disagree” to “completely agree.” An example item is: “Despite my illness, I know how to manage my life.” The scale generally exhibits high correlations with concurrent measures, such as the Patient Activation Measure (34), and demonstrates solid reliability [test-retest and internal reliability (33)].

To measure the perceived quality of medical care, we will use the Perceived Quality of Medical Care scale [PQMC (35)]. The scale consists of six items (e.g., “Medical care I have received was unsatisfactory/satisfactory”), answered using a 7-point semantic differential scale. The scale is unidimensional and has previously exhibited excellent internal reliability [Cronbach α = 0.94 (36)].

The New General Self-Efficacy Scale [NGSE (37)] will be used to measure the extent to which employees believe they can achieve their goals. The NGSE is composed of eight items (e.g., “I will be able to achieve most of the goals that I set for myself”), which are answered on a 5-point agreement scale from “strongly disagree” to “strongly agree.” The overall score is then calculated by taking the average of all items. The scale is widely used in articles studying the adult population and generally exhibits high validity and reliability [Cronbach α = 0.86 (37)].

Lastly, employees’ workload will be measured with the Nasa Task Load Index [NASA TLX (38)], a very brief and widely used scale that assesses the perceived workload. The scale consists of six items (e.g., “Temporal demand”), answered on a 7-point scale ranging from “very low” to “very high.” The first three items will be slightly adapted to reflect the work in general instead of any one particular task. While each item alone provides useful and relevant information about different aspects of subjects’ experiences, the items can be combined into an overall score (39). Previous studies support the notion that the NASA TLX is a reliable and valid instrument also in the healthcare context [coefficient α = 0.72 (40)].

Answering the secondary objectives will require the assessment of additional outcomes, in particular, the percentage of non-urgent communication taken up by the social robot, time saved by human-robot interaction, and extra time of interaction provided to patients. Patients’ user experience and their ratings of each of the two types of nursing education (human/AI) and physiotherapy (human/AI) will also be assessed.

Most of these outcomes will not be measured with self-report questionnaires. During iterations with a socially assistive robot, the patients will be able to call for additional assistance and choose between human or AI assistance (by using one of two call devices). The number of calls will be recorded automatically, enabling us to calculate the ratio during analyses. Similarly, the number of actual interactions and the time spent for each encounter (with a human or AI) will also be recorded. Patients’ ratings of nursing education and physiotherapy delivered by a human/robot will be measured with a handful of self-construed items. It is worth noting here that both patients and staff will also be asked to fill out basic demographic questions.

Furthermore, patients will also fill out the User Experience Questionnaire [UEQ (30)]—the most widely adopted measure of user experience, which is already available in Slovene (41). It contains 26 items (e.g., “unlikable/pleasing”), which can form different subscores (i.e., perspicuity, efficiency, dependability, stimulation, and novelty) and the overall impression of the product. The subscales as well as the overall scale exhibit satisfactory internal consistency (for the overall score: coefficient α = 0.89).



Data analysis


Preliminary analyses

We will use the IBM SPSS Statistics 28 program for statistical analysis. In the first step, we will clean the dataset and exclude all participants with more than 20% of missing values within any questionnaire. The remaining missing data will be analyzed to determine whether they are missing completely at random and, in case this is confirmed, replaced using the expectation-maximization algorithm. We will also perform basic psychometric analyses of the questionnaires, namely the analysis of reliability as internal consistency (coefficient α), and calculate the factor scores in accordance with the scoring instructions.

In the next step, we will perform basic descriptive analyses (means and standard deviations) and check the assumptions of the chosen statistical tests (such as the normality of the distribution assumption). This step will be followed by correlational analyses (to establish relationships between different variables) and inferential tests, whereby results with a p-value below 0.05 will be considered statistically significant.



Analyses of patient-related outcomes

The patient-related outcomes, specifically patient engagement (H1, H3) and perceived quality of care (H2, H4), will primarily be analyzed with two separate mixed-design (split-plot) analyses of variance (ANOVA), with group as the between-subjects factor (2 groups: standard care, standard care with robot interactions) and time as the within-subjects factor (2 levels: T1 and T2; see Figure 1). Significant results will be followed up with post hoc tests using the correction to adjust for multiple testing. All results will be accompanied by effect sizes.



Analyses of employee-related outcomes

The employee-related outcomes, namely self-efficacy (H5) and workload (H6), will be analyzed with two separate Paired-samples t-tests, with time as the within-subjects factor (2 levels: T1, T2; see Figure 2). All results will be accompanied by effect sizes.



Other analyses

The additional research questions will be answered descriptively (RQ1-RQ3, RQ5) or using the Pearson correlation coefficient (RQ4).





Discussion

Despite the growing need for automated support and the constantly improving social robots, now capable of providing versatile services—such as education, social interaction, and entertainment—in a user-friendly manner, their large-scale implementation is progressing rather slowly (14, 17). This is disconcerting, as the existing studies suggest that their use is positively associated with the desired patient outcomes and can alleviate the workload of hospital staff (20–22, 24, 25). One of the plausible reasons for this gap is a relatively low number of systematic studies conducted in real-life settings, employing adequate sample sizes and investigating the effects on various outcomes. As put by Kvedar (42) when referring to digital health in general: “One critical piece moving us along the curve is the accumulation of high-quality evidence, and there is no better way to curate evidence than through investigative inquiry” (para. 6).

Our study is hence designed to extend evidence on gamified digital approaches and socially assistive robots in the context of healthcare. More specifically, this study’s main strength is that it will provide crucial data on the effects of gamified nursing education and general/respiratory physiotherapy delivered by a socially assistive robot on patients as well as staff. As such, it will provide some answers regarding the practical value of deploying social robots and their potential for facilitating engagement and perceived quality of care among patients. At the same time, it seeks to investigate whether social robots, as complementary devices to standard care, can reduce employees’ workload. To ensure a high enough quality of evidence provided by our study, we will conduct a rigorous study and use validated questionnaires to measure a wide variety of patient- and staff-related outcomes. Additionally, we will obtain a large enough sample of patients and employees. Throughout the process, we will follow the relevant recommendations and guidelines and pay attention to ethical considerations.

The proposed study is not without limitations. First, while our study will offer important insight into the effectiveness of interactive digital assistance, a randomized controlled trial with a larger sample size may be needed to further determine the effects of such intervention. Second, even though all surgery patients conforming with the inclusion criteria will be invited to participate in the study, it is plausible that only patients with more favorable attitudes toward technology will agree to participate in the study. This might lead to a sample that is generally younger and more educated (43, 44), possibly biasing the results on the effectiveness of social robot-delivered education and physiotherapy. Third, due to the specific characteristics of vascular and thoracic surgery patients (e.g., length of hospitalization), their exposure to the social robot will be somewhat short. Hence, the study will primarily focus on initial reactions to the socially assistive robot, whereas the trajectories of what happens over a more extended period (i.e., continued use), which can differ from initial reactions (45), will have to be explored in future studies. Lastly, in the present study, the social robot will be limited to a few specific services, physical locations, and one hospital, making it difficult to provide general and final conclusions on the effectiveness of social robots in hospitals.
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