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Abstract: Digital assistive technologies (DATs) present a significant opportunity to address
the challenges of the healthcare system. However, they have not been designed for this
purpose and are still in the process of further development. The objective of this study
is to ascertain the extent to which a digital cross-device control and application platform
for the simplified utilization of DATs alters the willingness of nurses to utilize them in the
care process. An exploratory, longitudinal design with a mixed-methods approach was
employed in this study. The co-creative design cycle was conducted in two long-term care
facilities, with 25 caregivers participating in the form of testing for the platform’s prototypes
across multiple iteration loops. The preliminary results indicate a high intention to use
DAT, suggesting that the actual use of DAT through a control and application platform will
be considerable. The overall trend demonstrates an increase in acceptance, willingness, and
intention to use DAT among the participants. One proposed solution to the usability issues
of DAT is to develop a platform with an interface for non-programmers to create individual
interventions using everyday controls and a few intuitive steps. This could facilitate the
sustainable implementation of DAT in healthcare.

Keywords: digital assistive technologies; digital transformation; human–technology
interaction; customization; user-centered design; co-creation; intention to use; healthcare;
long-term care; feasibility study

1. Introduction
In the context of demographic change, the associated increase in demand for care

services and shortage of nursing staff present the healthcare system with urgent chal-
lenges that require immediate attention [1–3]. The number of people in need of care in
Germany will increase from around five million in 2021 to 5.6 million in 2035 and more than
6.6 million in 2050 [4]. At the same time, it is predicted that the shortage of nursing staff
will increase from the current figure of 135,000 to over 690,000 over the same period [5]. The
digital transformation of healthcare and the integration of social robots or digital assistive
technologies (DATs) present a pivotal opportunity to address these challenges and alleviate
the burden on nursing staff [6–10]. Robotic assistants and exoskeletons have the capacity to
alleviate the burden on caregivers by providing support in their daily tasks and physically
demanding activities. Social companion robots, such as “Paro”, support interpersonal
interaction. Telepresence systems facilitate communication between individuals, enabling
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relatives or care professionals to engage with those in need of care while maintaining
mobility within their living environment [6].

According to the World Health Organization (WHO) [11], assistive technology is de-
fined as devices or systems that maintain or improve an individual’s functioning, thereby
promoting their health, well-being, inclusion, and participation. These technologies encom-
pass a range of products, including physical devices (e.g., wheelchairs, prosthetic limbs,
hearing aids) and digital solutions (e.g., speech recognition, time-management software).
DAT is a collective term for systems that are designed to support people in their various
tasks with the aim of promoting independence and autonomy, enhancing personal capabil-
ities, and promoting well-being [11,12]. It is also intended to improve quality of life when
used in a planned, problem-oriented way [13,14]. However, initial work shows that DATs,
like mobile applications, telemedical systems, and robotics, have not yet been implemented
as sustainably as expected in the care process [15]. In the context of this study, the term is
expanded to include DATs, with a particular focus on virtual reality (VR) technologies and
robotic systems.

DATs have the capacity to facilitate a range of activities associated with daily living.
These activities include, but are not limited to, smart medication management, digitally
assisted fall prevention, and communication. DATs signify a progression in the field of
assistive technologies, characterized by the integration of digital functionalities [16]. Within
the domain of robotics, a limited number of commercially available options exist within the
healthcare and medical sector, with a predominant focus on service-oriented applications
such as food delivery and drug administration, in addition to surgical-related use cases.
While certain commercially available robotic technologies hold promise in addressing these
needs, they have not been designed and developed for this purpose or context and are still
in the process of further development [17,18]. A survey of nurses has revealed a desire for
robots to assist them in their work, particularly in service and logistics activities, as well as
in physically demanding tasks such as patient positioning [19,20]. The utilization of VR is
predominantly focused on communication and educational applications. The technology’s
applications extend to telepresence scenarios that do not require physical presence, novel
treatment approaches for phobias, and motivation for physical activity, among others [21].

A comprehensive review of international research underscores that factors conducive
to the successful implementation of DAT in nursing care can be broadly classified into
three categories: the users, the systems themselves, and the research and development
processes [22].

From the perspective of the users, a positive attitude towards technology has been
identified as a significant contributing factor. Surveys of professional caregivers have
demonstrated that their acceptance of these technologies is not a significant issue [23–25].
The perceived usefulness and intended use of DATs are predominantly viewed as advanta-
geous and user-friendly. The majority of caregivers have been found to exhibit an openness,
curiosity, and receptivity to new technologies.

The involvement of potential end users and the implementation of constructive ac-
companying research are beneficial from a research and development perspective. The
incorporation of care professionals can serve to mitigate the risk of developing impractical
and ill-suited DATs [14,26,27]. The field of implementation science is currently undergoing
a transition from a linear, risk-averse approach to development in controlled laboratory
settings to a more iterative, participatory, and complex model in which interventions are
developed and evaluated directly in the field of intended application [28,29]. Participatory
design approaches, such as co-creation or design-based research [30], have the potential to
enhance usability and user acceptance. Usability, in this context, is defined as the context-
specific, application-driven, and efficient interaction between people and technology [31].
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Co-creation, a collaborative methodology, engages end users and relevant stakeholders
throughout the project lifecycle, from the initial needs assessment and problem definition
to the prototype evaluation and project completion [32]. The involvement of end users
at the earliest stages of the development process has been identified as a strategy that
may enhance acceptance and positively influence patient satisfaction and the quality of
care [33,34].

The successful implementation of this methodology is contingent upon the device’s
ease of use and intuitive handling. The challenge for the system is to adapt DATs to the
diverse and individual needs of the patients they care for and to integrate them into care
processes that must be planned on a case-by-case basis [35]. It is, therefore, imperative to
ensure that services are tailored to the specific functional limitations of those requiring care
to realize the full potential of DATs. This approach enables the implementation of a strategic
planning and problem-oriented approach to the utilization of DATs [13,14]. Furthermore,
the nature of external control can vary significantly depending on the specific DAT and the
nature of interaction with humans [36]. A uniform standard for the application of DATs
remains to be established.

The subsequent sections present the initial findings of the EduXBot (Educational
Exploration Robot Application Platform) project, which aims to develop and design a
digital cross-device control and application platform for caregivers. A primary innovation
of the platform is the creation of extended possibilities for the utilization and interaction
with already available DATs by caregivers. The objective of the project is to create a flexible
and open system architecture that will provide access to a range of robotic, sensor, and
interaction systems via a single platform. The multi-part concept for using the platform
allows for the utilization of DAT by individuals with varying degrees of technological
expertise. Consequently, the EduXBot project is pioneering a new field of application for
interaction platforms in the implementation of DAT in nursing practice [37].

2. Materials and Methods
The project commenced in January of 2023 and is scheduled to conclude in Decem-

ber of 2025. The subsequent sections present a selection of preliminary results from the
project. These findings will undergo further testing and refinement in collaboration with
caregivers throughout the project’s duration. To ensure methodological quality, the TREND
statement [38] was used for reporting the results.

2.1. Study Design

The project utilizes a co-creative design cycle to develop an innovative implementation
concept that is useful, effective, and user-centered, thereby facilitating actual use [39].
Consequently, the project is united by a collaboration of developers from the domain of
technology research, nursing scientists, and business partners from the realms of project
management for digital work environments. Furthermore, nurses will be engaged as end
users throughout the project’s entirety, reflecting the co-creative nature of the project. This
collaborative approach ensures that the project’s goals are aligned with user needs and
technological feasibility.

The “Motivation, Engagement, Thriving in User Experience” (METUX) model [40] is a
framework that considers the expectations and experiences of the end users and encourages
the intention to use (ITU). The primary objective of the project is to develop a functional,
pertinent, and innovative platform for interaction with DAT, thereby facilitating its actual
use and integration into nursing practice. The integration of user-centered design (UCD)
and the co-creative design cycle [41] comprises three cycles (Figure 1): the relevance cycle,
which incorporates the realities of end users; the rigor cycle, which incorporates the scien-
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tific knowledge base; and the design cycle, which develops technical products [42–44]. This
approach enables a more comprehensive and systematic process of theoretical formulation,
data collection, and practical mapping of the requirements for the DAT utilized in the
study, ultimately facilitating the determination of needs. Concurrently, the opportunity for
collaboration between scientists and end users is enhanced. Furthermore, end users can
be more actively engaged in the evaluation of the product throughout the test cycle. It is
anticipated that this approach will yield positive outcomes, including improvements in
identified outcomes and greater usability and user acceptance of DAT.
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Figure 1. Description of the participatory design including the objectives, tasks, and methods
employed at each of the three development cycles (based on Farao et al. [41]).

The methodology commences with the relevance cycle, wherein the needs, function-
alities, and application scenarios of and with nurses are identified through focus groups.
The selection of the DAT employed in the project is contingent upon the conditions of the
cooperating institutions and the needs of the nursing staff. The selection of the DAT is
predicated on the availability and readiness for use of those that are already in existence.
The selection of the DAT is intended to span a broad spectrum, ranging from mobile telep-
resence systems to sophisticated humanoid robots. The outcomes of this procedure will
be the delineation of concrete scenarios necessary for the implementation of a first demon-
stration model of the platform. Subsequent steps entail the development of prototypes
through four iterations, with each iteration focusing on usability, user acceptance, and the
satisfaction of fundamental psychological needs of the end users. This iterative process will
reach its culmination in the testing of a preliminary prototype under both simulated and
real conditions within designated facilities. The development of the prototype takes place
schematically in four steps (Figure 2).

2.2. Participants

The practice partners are two health facilities in Germany. The first (Facility 1) is
a regional health center that offers acute inpatient care, as well as outpatient and long-
term inpatient services. The second (Facility 2) is a long-term inpatient care facility. The
facilities were contacted as partners in previous projects and indicated their willingness to
participate in this project.
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Figure 2. The development of the platform takes place in four steps.

Participants are invited to take part in the study as test subjects by the facilities with
which they are affiliated. Both participants and facilities are provided with comprehensive
information regarding the project plan. Additionally, the facility managers are tasked with
acting as gatekeepers, encouraging the nurses within their respective facilities to participate
in the research project. The sampling is as broad as possible in terms of age, gender, length
of professional experience, and so forth [45]. The inclusion of a diverse sample of nurses
from the facilities ensures a rich array of perspectives, providing a valuable contrast to the
study. Participants who decline or withdraw from the study are excluded, as outlined in
Table 1. It is important to note that no financial compensation is provided to participants.
However, those who actively engage in the research will receive compensation in the
form of complimentary beverages during workshops and, upon request, may have their
institution and name acknowledged in the project acknowledgements.

Table 1. Description of the inclusion and exclusion criteria of the participants.

Inclusion Criteria Exclusion Criteria

Nurses Those who do not want to participate at
the beginning or withdraw after

Support stuff
Currently in a facility that belongs to the

project’s practice partner
Sufficient written and spoken German

The number of participants is determined by practical considerations, such as financial
resources, the availability of participants, and the number required for a meaningful
evaluation of the study objectives, as outlined in the Guideline for Designing and Evaluating
Feasibility Pilot Studies [46]. The guideline indicates that saturation is reached when the
number of participants reaches n = 30. The rule of thumb in statistics posits that a sufficient
normal distribution can be assumed from a sample size of n = 30 [47,48]. Therefore, the
objective is to obtain a minimum sample size of n = 30 caregivers. It should be noted that
blinding is not possible, as the participants must actively engage with the DAT.
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2.3. Intervention

In the practical implementation of the co-creative design, the potential end users are
engaged at various stages of the project through the utilization of workshops [49]. The
workshops are conducted in accordance with the SEQI approach [50]. Initially, the nursing
staff is informed about DAT and the issues it presents. Subsequently, the developments are
evaluated in four feedback loops until a product is created at the conclusion of the project,
one that the nurses can integrate into their everyday lives. The objective of the workshops
is to present the development progress and subsequently engage in discussion with the
intention of further enhancing the platform for practical implementation.

The duration of the five workshops is approximately four hours, and at the outset
of the project, the nurses are provided with a concise overview of the project’s objectives
and current status. Subsequently, participants are afforded the opportunity to evaluate the
developments under the guidance of the think-aloud method in small groups comprising
a maximum of three individuals. Following this, participants are invited to engage in
a guideline-based focus group, where they are encouraged to discuss their experiences,
aspirations, and requirements.

Prior to the initiation of the initial iteration loop, a comprehensive assessment of the
necessary support for DAT by caregivers was conducted. The scenarios of conversational
partner, walking partner, playing games, telepresence, and VR experience were identified
as indispensable for the implementation of a demonstration model of the platform. In light
of these considerations, the Double3 robot, designed for indoor use, the Go1 robot, suitable
for outdoor environments, and the PICO 4 VR headset were selected by the developers
and discussed with the caregivers for further consideration. These scenarios and related
technical dependencies or selections can be seen in Table 2 below, which summarizes the
respective hardware, DAT interventions, and applications required.

Table 2. Description of the selected use cases and technical requirements.

Intervention Activities of Daily
Living [51]

Customization
Parameters Hardware Applications/Interfaces

Conversational
partner Communicate

Voice

Double3

Speech To Text [52]
Character Text Generation [53]

Topic Text To Speech [54]
User Interface

Telepresence Communicate Double3
Mapping and Navigation

with Obstacle Avoidance [55]
User Interface

Playing
rock-paper-scissors

Shaping space and
time—work and play Double3

Gesture Recognition [56]
User Interface

Safe walking partner To move

Active/passive
mode

Go1 Edu
Plus 3D
LIDAR

Simultaneous Localization
And Mapping [57,58]

Speed Robot Operating System
Navigation [59]

Duration Human Detection And
Tracking [60]

Human Fall Detection [61]

Record/playback
personal events

Find meaning in
becoming, being,

passing

Categories
PICO 4

Image Stitching and Format
Conversions [62]

Rating
Permissions
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As the objective of the project does not entail the evaluation of a market-ready product,
the initial stages involve the use of click dummies and prototypes of a potential product. A
click dummy signifies the preliminary phase of the development process, preceding the
creation of the actual prototype. The absence of code does not preclude the possibility of
individual functions being simulated initially, thereby reducing the risk of programming
errors [63]. A prototype, in essence, constitutes a preliminary rendition of the eventual final
product, thereby facilitating the evaluation and refinement of its fundamental characteristics
and functional capabilities in the early stages of its developmental process [64].

2.4. Outcomes

The development process is accompanied by a longitudinal feasibility study based
on a mixed-methods approach that combines aspects of quantitative and qualitative re-
search [65]. The primary objective of EduXBot is to ascertain the extent to which a prototype
for simplified control of existing DATs alters the willingness of nurses to utilize them in the
nursing process. The measurement times are based on the development process shown in
Figure 1, which allows changes in improving ITU to be measured. The researchers initiated
the study with a quantitative phase, followed by a second qualitative phase that offered a
more in-depth elucidation of the initial findings [66].

The primary objective of this study is to design the human–technology interaction
between the platform and users in a manner that ensures a high level of usability for
all users. The objective is to assess whether the accessible platform alters the intended
use of DAT by offering a simplified application option for caregivers. This inquiry seeks
to ascertain the potential for DAT to be integrated as a supplementary resource in the
planning of individual care processes. The central question guiding this study is whether
the EduXBot platform offers an interface that enhances the autonomy of DAT use by
caregivers. The objective is to enhance usability by a minimum of one level over the
course of the study. The primary objective is to ascertain the extent to which the platform
affects the usability of DAT (System Usability Scale (SUS) [67]), the intention to use it
(Technology Usage Inventory (TUI) [68]), and the satisfaction of caregivers’ needs through
DAT (Technology-Based Experience of Need Satisfaction (TENS) [40]).

The descriptive statistics of the quantitative data are presented in accordance with
the distribution, as mean and standard deviation or median and quartile. The categorial
data describing the sample are presented as both absolute and relative frequencies. In
addressing the primary inquiry concerning the alteration in ITU, the discrepancy between
the measurement periods of the individual test subjects, the facilities, and the overall
sample is delineated as an absolute and relative mean difference.

The secondary objective is to develop a multi-level benefit concept for EduXBot. This
will provide caregivers with different affinities for electronic media, as well as different
levels of technical expertise, and will offer them windows of opportunity to use and experi-
ence the platform. The objective is to conduct a direct assessment of the EduXBot platform
by the participating nurses and to evaluate the platform with the aim of continuously
improving the content and application options of the platform. A secondary objective is to
record user satisfaction in order to obtain information on potential improvements to the
platform through the analysis of structured feedback. The collection of qualitative data
will be facilitated through the implementation of the think-aloud method [69,70] and focus
group approach [71]. The aim is to enable caregivers to describe their own impressions and
experiences of using EduXBot in an unstructured manner.
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The composition of the focus groups is carried out in accordance with pre-established
theoretical selections, which are justified by the indicators outlined in the study. These
criteria include health professionals such as nursing staff [72]. In addition to these criteria, it
is of particular importance that participants are willing to discuss their respective needs and
requirements in the context of app development. No additional criteria are predetermined;
however, once the sample pool has been established, the composition is meticulously
delineated with respect to the contrast between the groups. The number of participants in
the focus groups is set at a maximum of eight, as recommended by Bohnsack et al. [73]. It
is not the intention to achieve statistical representativeness [74].

All qualitative data were subjected to Kuckartz’s qualitative content analysis [75],
which provides a structured framework for the content. Given the nascent state of the
research field, the material was coded inductively. This entailed the creation of categories
based on the think-aloud protocols and focus groups, thereby facilitating an exploratory
evaluation of the material. This approach enabled the organization of the data material in
accordance with its content-related aspects.

The third objective is the long-term evaluation of the EduXBot platform, encompassing
not only its readiness for implementation but also its potential for long-term integration,
utilization, and management of DAT. A further objective is to examine the interrelationship
between the perceived ITU, usability, and user acceptance of the platform, which is currently
being developed for the application. The tertiary target variable is the long-term willingness
to utilize DAT in a sustainable manner and to integrate the digital assistive support offering
into the existing care provision framework.

3. Results
The project commenced with the identification of the caregivers’ needs and the func-

tionalities that DAT could provide in nursing practice. In consideration of the findings,
particular scenarios were delineated, which are indispensable for the implementation of a
demonstration model of the platform. Subsequent to this, the prototypes will be developed
in iterative loops in collaboration with the caregivers. To date, three iteration loops have
been conducted, with a further two planned. As the project remains in progress, only
preliminary results are available for presentation at this time.

3.1. Participants

To date, 25 participants from the participating healthcare facilities have completed the
three iteration loops (Table 3). The participants had an average age of over 45 years and had
accumulated over 13 years of professional experience since obtaining their qualifications.
The majority of participants were nurses with managerial responsibilities. However, other
professional groups, including support staff and occupational therapists, also participated.
Given that the primary objective of the DAT interventions is to influence participants’ daily
lives and social networks, the insights of these professionals are particularly valuable, as
they may also be required to utilize the platform.

Table 3. Descriptive statistics of the participating caregivers of each iteration loop.

Characteristics T0, n (%) T1, n (%) T2, n (%)

Participants 8 (100) 9 (100) 8 (100)

Age, mean (SD *) 45.6 (9,1) 47.8 (9,3) 50.1 (7,8)

Gender
Male 1 (12) 1 (11) 1 (12)

Female 7 (88) 8 (89) 7 (88)
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Table 3. Cont.

Characteristics T0, n (%) T1, n (%) T2, n (%)

Qualification

3-year duration of training - 1 (11) -
3-year duration with professional training 2 (25) 1 (11) 1 (12)

Nursing service management 3 (38) 3 (34) 3 (38)
Studies 1 (12) 2 (22) 2 (25)

Other qualification 2 (25) 2 (22) 2 (25)

Professional experience, mean (SD *) 13.5 (9,0) 16.3 (10,8) 16.9 (10,8)

Facility Facility 1 2 (25) 2 (22) 1 (12)
Facility 2 6 (75) 7 (78) 7 (88)

* Standard derivation.

3.2. Quantitative Results

The ITU was evaluated through the utilization of the selected seven subscales of the
TUI, with high subscale scores indicating a high level of the corresponding construct and
low scores indicating a low level. The determined scale sum values were converted into
standard values, which are expressed as stanines. The stanines range from 1 (strongly below
average) to 9 (strongly above average) [68]. The results of the evaluation demonstrate that
the participating caregivers exhibit a greater receptivity to DAT than the general population
(Table 4). The participants rated DAT as more useful than average and were more inclined to
use it, while their apprehension towards DAT is aligned with that of the general population,
but less skepticism was exhibited by the caregivers in comparison to the average individual.

The mean ITU score was 251 (SD 38) out of 300 points at the commencement of
the intervention (T0) and remained at a similar level throughout the remainder of the
intervention (T1 and T2). With regard to the subscales, the participants evinced curiosity
about DATs (20 out of 28 points), while exhibiting a relatively low level of skepticism about
DATs (8 out of 28 points). Consequently, the intention to utilize DATs and, consequently,
the predicted actual use in healthcare can be considered high.

One potential explanation for this phenomenon is the facility’s involvement in a
study aimed at assessing the efficacy of a structured and guided integration and education
approach in facilitating the integration of DATs into nursing practices [50]. The participants
have, therefore, been made aware of the digital transformation and have had experience
with the subject matter. Conversely, participation in this study is voluntary, which suggests
that nurses who are generally open to the topic are more likely to participate.

Table 4. Results for the intention to use DAT.

TUI Scales Score Range
Score at T0 Score at T1 Score at T2

Mean (SD *) Stanine Mean (SD *) Stanine Mean (SD *) Stanine

Intention to use 0 to 300 251 (38) 8 239 (42) 7 252 (28) 8

Curiosity 4 to 28 20 (4) 7 23 (4) 8 21 (4) 7

Fear of
technology 4 to 28 10 (6) 5 9 (6) 5 8 (3) 5

Interest 4 to 28 17 (7) 6 20 (8) 6 20 (8) 6

Ease of use 3 to 21 17 (3) 6 15 (3) 5 14 (2) 4

Usability 4 to 28 22 (3) 9 23 (3) 9 23 (5) 9

Skepticism 4 to 28 8 (4) 3 10 (4) 4 10 (2) 4

Accessibility 3 to 21 11 (4) 6 10 (2) 5 11 (3) 6
* Standard deviation.
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Preliminary assessments conducted with the SUS [67] indicate that the current iter-
ations have been deemed usable by the caregivers. In the aforementioned tool, a score
of 68 is considered to represent the mean usability score [76]. The results indicated that
the SUS score for the DAT used in the workshops was in close proximity to the reference
score, thereby suggesting that the customization parameters and control options via the
platform could be described as usable (Figure 3). With regard to Double3, a slight increase
in usability was also observed during the course of the co-creative development process.

In the latest iteration of the PICO 4 VR headset, there has been a notable reduction
in the perceived usability of the device. This is due to the fact that the assessment was
conducted on an initial iteration of a fully operational platform. This was the first instance
in which caregivers were presented with a functional connection between the platform
and the DAT, and the assessment was primarily focused on the technical viability of the
proposed connection, with design considerations not yet being a factor. Consequently, the
platform was described as unduly cumbersome, complex, and frustrating by the caregivers,
as evidenced by the ease-of-use assessment within the TUI (Table 4). The subsequent
phase of development will address the aforementioned design aspects, with the objective
of enhancing usability.
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3.3. Qualitative Results

As indicated by the data presented in Table 3, 25 healthcare professionals participated
in the workshops. The analysis of the data from think-aloud and focus groups resulted in the
identification of three categories, comprising a total of 31 codes, for platform requirements
within 12 subcategories (Table 5). The categories identified were as follows: User Experience
(category 1), Interventions (category 2), and Framework Conditions (category 3). The
first category delineates the requisite specifications for the platform in regard to the user
experience, encompassing all aspects related to the utilization of an application, including
the overall perception and satisfaction of the user [77]. The second category provides an
overview of the fundamental requirements for the interventions to be assumed by DAT. The
third category comprises the framework conditions for digital transformation in general
and the implementation of DAT in particular. The codes are presented in detail in the
Supplementary Materials.
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Table 5. Evaluation of think-aloud and focus groups, arranged as per Kuckartz [75].

Category Subcategory Code

User Experience

Opportunities for Input
Interaction via tablet

Using operating concepts from everyday life
Interaction via voice without tablet

Selection Process
As few steps as possible

Adjustments to the individual needs of person being cared for

Interface between Systems
Control of multiple DATs

Connection to existing documentation systems and patient
call systems

Theoretical Training
Content preparation so that it can be used by everyone

Manuals and step-by-step instructions for standard processes
Background information and definitions related to care process

Operating Exercise Test DAT interaction in protected environment

Interventions

Automation Autonomous as possible

Planning
Booking system

Individual and short-term planning
Coordination of interventions by caregivers

Personalization
Interventions individually adapted to person in need of care
Prefabricated patient profiles with saved individualizations

Meaningfulness
Interventions require an objective and benefit that emerge from

the platform
Caregivers need access to intervention content to support experience

Framework Conditions

Internet Basic prerequisite: network infrastructure

Technical Support Technical support from external person

Data Protection Protecting privacy and personal data when leaving the facility

In addition to the focus groups, qualitative, guideline-based individual interviews
of an exploratory nature were conducted with nursing facility managers in July 2024.
The survey sought to ascertain which factors influence the implementation of research
and development projects in the context of digital change processes, as perceived by
companies involved in the project. The analysis was conducted using peer-group secured,
multiple-iterating evaluation loops, with categories induced through content analysis in
accordance with the approach outlined by Kuckartz [75]. The results (Table 6) indicate that
the participants were primarily motivated by a desire to participate and to contribute to the
shaping of the future of their profession. In their evaluation of the project, the participants
indicated that the participatory development process afforded insights into the potential
capabilities and constraints of DAT. These insights may have initially resulted in some
degree of disappointment, as the pervasiveness of digital transformation in the media has
led to the formation of expectations that are not always aligned with the actual capabilities
of the technology in practical nursing applications.

Table 6. Evaluation of individual interviews, arranged as per Kuckartz [75].

Category Subcategory Code

Project Motivation

Participatory co-creation
Participation in research project as advertising and positive

external perception
Future visions for optimized care against the shortage of skilled workers

Expectations of the Project Participatory and benefit-oriented innovation process
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Table 6. Cont.

Category Subcategory Code

Challenges in the Project Too much participation prevents innovation

Evaluation of the Project

Benefits of the Project Involvement of future users to increase user acceptance

Lessons Learned
Insights into technology development: process, progress

Comparison between expectations and state of the art technology

Cooperation Uncomplicated collaboration

3.4. Technical Results

A recent review of the literature revealed no studies that had compared the perfor-
mance of speech-to-text (STT) applications on German language datasets. Consequently,
we undertook an independent analysis to select the most suitable algorithm from the
identified state-of-the-art applications. Additionally, the objective was to compare the
performances of English and German STT systems. To this end, we selected two audio
sources and manually transcribed them to create the necessary text annotations as ground
truth. The selection of STT models for comparison included Google Cloud Speech-to-Text,
Whisper-Base, Whisper-Small, Deepgram Nova-2, and Assembly AI. The performance of
each model was evaluated based on metrics for both the English and German languages,
with varying degrees of accuracy and error rates.

The graphs in Figure 4 present a comparison of the metrics for different models. These
graphs visually represent the performance of each model using key evaluation metrics:
These include the word error rate (WER), match error rate (MER), word information
lost (WIL), and character error rate (CER). The analysis of these graphs underscores that
Whisper-Small and Deepgram consistently deliver high accuracy and minimal error across
both the English and German languages. Their superior performance across various metrics
positions them as the most reliable choices for transcribing both English and German audio.
In contrast, Assembly AI demonstrates variability in performance, exhibiting elevated error
rates, particularly in the English language.
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4. Discussion
This mixed-methods study was conducted to investigate the effects of a digital cross-

device control and application platform in terms of its use and interaction with existing
DAT in healthcare. This objective was pursued through an exploratory and co-creative de-
velopment process. The preliminary findings suggest that a streamlined control of existing
DATs can influence nurses’ inclination to incorporate them into the nursing process. The
integration of both qualitative and quantitative findings offers a comprehensive perspective
on the EduXBot platform, highlighting its benefits and drawbacks. To facilitate a more
nuanced examination of the findings, we will initially concentrate on the less intricate
quantitative survey data before proceeding to the results of the qualitative interviews. To
structure our approach, we utilize the categories for the successful implementation of DAT
in care, as described above [22].

4.1. User Perspective

The survey’s findings indicate that the reluctance of care staff to adopt DAT is not
the primary underlying factor contributing to the identified issues. Instead, the survey
results indicated that the perceived lack of user-friendliness and controllability emerged as
a significant factor.

To this end, a survey employing the TUI method was conducted with 25 nurses at
three distinct measurement time points, with the objective of determining their intention to
utilize DATs. The results demonstrated a favorable trajectory in the intention to utilize DATs
following the introduction of the platform and up to the present stage of its development.
In the domain of statistical methodology, the mean is a prevalent measure of the central
tendency of a given data set. The mean values determined in this study indicate a marginal
increase in willingness to use, which is not apparent when interpreting the stanines. It is
noteworthy that the study did not include sample size calculation or p values, which are
essential elements for statistical analysis.

The overall trend suggests an increase in acceptance, willingness, and intention to use
DAT among the participants. However, the user-friendliness factor exhibited a contrasting
negative trend. This deviation can be attributed to the evolving developmental status of the
platform. While the DATs in use were already established, the use cases for the prototype
had to be developed anew. Consequently, the platform could only be discussed initially in
the form of click dummies until a preliminary functional prototype was established.

The platform prototype continues to exhibit considerable deficiencies in terms of user-
friendliness, as evidenced by the evaluation of the DAT. PICO 4, which is now controllable
by the platform for the first time, was rated considerably less user-friendly on the SUS than
the previous iteration loops. The controllability, usability in the care process, and ability to
adapt to the individual needs of those in need of care are, therefore, directly related to the
perceived usability. In the subsequent phase of the project, the feedback provided by the
participants will be incorporated into an enhanced prototype, which will then be subjected
to further discussion with the caregivers.

4.2. Participatory Development

The survey of facility managers on the co-creative development approach indicates
a favorable attitude. Generally, the collaboration between researchers and practitioners
is perceived as straightforward. The interviewees expressed a willingness to engage
in technological development and a desire to contribute to the future direction of their
professional field. Concurrently, the initiative confronted certain challenges related to
motivation. The dissemination of technology, particularly in the form of multimedia and
artificial intelligence, has contributed to an increase in public expectations regarding the
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capabilities of technology. The inability of DAT to meet the demands of highly dynamic
environments, such as the care setting, has resulted in a sense of disillusionment and
disappointment among some caregivers.

Conversely, the target group may also exhibit deficiencies in the capacity for creativity
and courageous imagination. It is imperative to recognize that the full potential of these
developments may be hindered if the target group is not empowered to cultivate their
own ideas and requirements. The target group is intimately acquainted with the oppor-
tunities and challenges of DAT, as they encounter these on a daily basis. They interpret
their requirements in terms of these experiences. The nature of care is characterized by
altruism [78], where the target group endeavors to alleviate the developers’ workload
by seeking compromise solutions. At this juncture, it is possible to clarify the technical
possibilities and discuss a practical implementation based on concrete proposals.

4.3. Technical Implementation and Limitations

A comprehensive range of applications in the domains of speech, vision, and motion
had to be identified and selected based on environmental and user-specific criteria (Table 2).
For instance, the applications employed in the conversational partner use case are required
to demonstrate high accuracy in the German language and rapid response times in indoor
environments. Conversely, applications pertaining to human detection or simultaneous
localization and mapping (SLAM) must exhibit robust performance in conditions involving
variations in light intensity, reflections, and human behavior. Furthermore, the compatibility
of the selected applications with the relevant hardware is taken into consideration.

The OpenAI ChatGPT API GPT (generative pre-trained transformer) model was
selected based on the findings of a recent benchmarking study, which indicated that it
outperforms other large language models (LLM), including LORA (language overlap rele-
vance adaptor) and recurrent neural networks (RNNs) [79]. An evaluation of the generated
text according to the METEOR criteria [80], which assesses in-accuracies and redundan-
cies, yielded the highest score of 0.41. The hybrid machine learning-based MediaPipe
framework [81] was selected on the basis of its benchmarked accuracy score of 97% on the
hand sign language dataset [82]. The SLAM-toolbox mapping framework was selected on
the basis of its superior performance relative to other state-of-the-art SLAM techniques,
including ORB and Hector SLAM. It has demonstrated a benchmark of 100% completeness
in mapping the environment with a precision of 15 cm [83]. The Roboter Operating System
(ROS)-Navigation stack was selected due to its alternative localization and path planning
algorithms, which can be adapted to different environments [84,85], and to take advantage
of the unified approach of staying in the ROS ecosystem [86]. The single-shot object detec-
tion models YOLO (You Only Look Once) and ZED StereoLab were selected for human fall
detection and human detection and tracking due to their real-time processing capabilities
and accuracy rates exceeding 80% [87,88].

The evaluations for the STT applications (Figure 4) demonstrate the strengths and
weaknesses of each model, providing a clear comparison of their capabilities in different
linguistic contexts. For the present use case, the Whisper-Small model was selected due
to its noteworthy performance in German, exhibiting a WER of 0.02%, and its seamless
integration within the OpenAI ecosystem. A notable distinction emerges between the
Whisper-Base and Assembly AI models when evaluated across both languages. However,
as Whisper-Small and Deepgram demonstrate comparable WER values, further evaluations
are necessary to ascertain if a substantial performance disparity exists between these
languages for the identified STTs.
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The applications selected for integration (Table 2) have been meticulously integrated,
rigorously tested, and optimized for stable functioning. It is evident that multi-perspective
human–technology–environment interaction applications, such as user recognition and
context awareness, are crucial for the participating nurses to further optimize the platform,
in view of the incremental advancement from the first to the third iteration loop. Despite
the partial mitigation of the user recognition issue through manual assignment, errors
in user content assignments can occur when multiple users are in proximity to a robot.
The most advanced and reliable speaker-recognition methodologies are enrollment-based
techniques that require user data in a range of environmental contexts to ensure optimal
performance [89]. However, the implementation of such a model is not a viable option in
the context of the project, as it would impose an undue burden on caregivers regarding
data collection and registration. Consequently, the investigation and integration of non-
enrollment-based speaker diarization with speaker linking is imperative for the subsequent
prototypes and user evaluations [90,91].

The operation of a platform to utilize DAT in nursing care should be based on everyday
interaction mechanisms, such as touch and swipe gestures on a screen or voice input.
Additionally, activities should be synchronized and the associated documentation effort
should be reduced via a connection to the care report or care plan. Additionally, the
integration of the system with the patient call system could facilitate the incorporation of
the system into existing processes.

The interventions offered should be planned, personalized, meaningful, and as au-
tonomous as possible. The selection process should be streamlined to a maximum of three
steps and seamlessly integrated into the care process via a booking system, for example. It
is imperative to acknowledge that caregivers consistently asserted that interventions should
not be merely conducted for the purpose of occupation. It is imperative that interventions
are customized and refer to the patient’s history, thereby facilitating an exchange about
it. For instance, the content of the VR experience should be contextualized within the
patient’s personal history, such as through the inclusion of videos of their former place of
residence or favorite travel destinations. This approach enables a shared exchange between
caregivers and patients, aligning with the principles of memory care.

Furthermore, the platform should be leveraged for training purposes, particularly
for newly employed personnel. The platform should also function as a secure venue for
practicing, especially robot control, in a protected setting, thereby mitigating potential
risks to individuals and patients. Furthermore, the provision of manuals and step-by-
step instructions for standard processes in technological interaction was requested. The
incorporation of technological elements into the care process was perceived as beneficial,
with the provision of background information and definitions receiving a particularly
positive rating.

5. Conclusions
The preliminary findings of this study suggest that caregivers are receptive to the

utilization of DAT. For the implementation of DAT to be sustainable in nursing care practice,
it is imperative that nurses perceive a meaningful use of DAT. A clear classification of the
intervention in the care process must be established. The classification of interventions
in the care process can be informed by the utilization of established care models, such
as the activities of daily living according to Juchli [51]. Furthermore, the objective is to
ascertain the additional benefit to the individual in need of care. The individual needs
and preferences of the recipients of the intervention are of paramount importance to
the caregivers.



Appl. Sci. 2025, 15, 1002 16 of 21

It is imperative that the management of DAT does not constitute an additional bur-
den for caregivers. The absence of development expertise among caregivers precludes
them from programming the technologies independently. One potential solution to the
usability issues of DAT is the development of a platform that provides an interface for
non-programmers to create individual interventions using everyday controls and a few
intuitive steps. This approach is expected to facilitate the sustainable integration of DAT
into existing practices. EduXBot signifies an inaugural stride in this direction.

The integration of DAT and artificial intelligence has the potential to significantly
reduce nursing care time, thereby allowing nurses to allocate a greater proportion of their
attention to their patients, who represent the core of nursing. In the context of patient-
centered nursing care, the completion of tasks such as medication administration and data
interpretation from healthcare instruments are fundamental interventions that influence
nurse staffing patterns and ensure the delivery of quality care. The advent of DAT holds
great promise in light of its potential to liberate nurses from the burden of these tasks
by leveraging machine learning and robotics technology. The delegation of such tasks
to automated systems holds the promise of enhancing the efficiency and effectiveness
of nursing operations. This shift enables professional nursing practice to concentrate on
professional disciplinary practices that require creativity, inventiveness, and imagination.
This paradigm shift has the ancillary benefit of enhancing patient satisfaction, a pivotal
component in ensuring human health and well-being [92].

It is imperative to acknowledge that while DAT and artificial intelligence can stream-
line the completion of routine tasks by nurses, they cannot substitute for the personal
and emotional support that nurses provide to patients. Moreover, it is implausible to
presume that the integration of DAT can effectively supplant nurses in the evaluation of
patients, the formulation of treatment plans, and the orchestration of care. Consequently,
it can be deduced that the future of nursing will entail the integration of technology into
nursing practice with the objective of enhancing patient outcomes, increasing efficiency,
and reducing errors in care delivery. It is imperative for nurses to remain informed and
adapt to new technologies and developments in the field of nursing. The integration of
technology in nursing practice has the potential to benefit patients, enhance nurses’ skills
and knowledge, and facilitate more efficient and effective work [93].

The current study’s sample size (small, with predominantly nursing-management-
level participants and technology-open participants) is adequate to demonstrate the basic
feasibility of a simplified control of DAT. To ensure the generalizability of these findings
to the broader healthcare sector, future research should focus on expanding the demo-
graphic profiles of participants, including a more diverse range of healthcare stakeholders
and technology-critical individuals, as well as examining additional DATs. Finally, the
study focused on a limited number of DATs that participants found useful; examining a
broader range of DATs, including less usable technologies, would improve the robustness
of these findings.

Furthermore, the findings can serve as a foundation for exploring other use cases,
technologies, and professions. The open system architecture facilitates the integration
of additional technologies via a singular interface. The continuous integration of the
target group of an intervention enables the identification of essential and appropriate
individualization options, thereby ensuring the sustained generation of new content on
the platform. In addition to the group of caregivers, other healthcare professionals may
also be included in the platform’s target group. For instance, medics, who are often non-
programmers, require low-threshold access options to adapt technology such as surgical
robots to their needs and the patient’s circumstances. EduXBot facilitates access to the
simplified and individualized usability of DAT for these healthcare professionals.
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Ethical concerns play a pivotal role for nursing personnel in the utilization of DAT.
A salient aspect pertains to the transformation in work processes that accompanies the
integration of DAT. Caregivers articulate apprehensions that the discrete logic of the devices,
which differs from their own, may culminate in heightened stress or a sense of influence
from others. Additionally, there is a concern among caregivers that the integration of
technology into their work processes may result in job loss due to the perceived threat of
automation. Finally, there is a concern about the loss of interpersonal contact. A change in
the psychosocial aspect of care work is associated with a reduction in the attractiveness
of the profession for care workers and should, therefore, be avoided [35,94]. While these
concerns have emerged in the discourse with nurses in this study and are being considered
in the developmental process, they warrant explicit investigation in subsequent studies.

In addition to the anticipated social and public welfare-oriented benefits, the objective
is to transform the system into a marketable product. The DAT hardware, the end devices
required to program it, and the associated software are to be marketed collectively as a
self-sufficient system. The potential exists for the distribution of supplementary software
packages by participants in the future, thereby expanding the system’s functional scope.
Furthermore, the product will be adapted for alternative applications in order to tap into
new target groups. The recently developed integration interfaces for nursing care have
the potential for implementation at the national and regional scale. These interfaces can
be further enhanced or expanded through collaboration with health insurance companies
and for other application scenarios, such as incorporation into prevention and health
promotion measures.
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