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Abstract: The use of Augmented Reality glasses opens up many possibilities in hospital care, as they
facilitate treatments and their documentation. In this paper, we present a prototype for the HoloLens 2
supporting wound care and documentation. It was developed in a participatory process with nurses
using the positive computing paradigm, with a focus on the improvement of the working conditions
of nursing staff. In a qualitative study with 14 participants, the factors of autonomy, competence
and connectedness were examined in particular. It was shown that good individual adaptability and
flexibility of the system with respect to the work task and personal preferences lead to a high degree
of autonomy. The availability of the right information at the right time strengthens the feeling of
competence. On the one hand, the connection to patients is increased by the additional information in
the glasses, but on the other hand, it is hindered by the unusual appearance of the device and the lack
of eye contact. In summary, the potential of Augmented Reality glasses in care was confirmed, and
approaches for a well-being-centered system design were identified but, at the same time, a number
of future research questions, including the effects on patients, were also identified.

Keywords: positive computing; augmented reality; wound management; interaction work; HoloLens
2; self-determination theory; autonomy; competence; connectedness

1. Introduction

Nowadays, employees in the nursing profession are confronted with an immense
workload resulting from rising patient numbers [1] and a shortage of skilled profession-
als [2]. Economic requirements, compliance with standards and bureaucratic regulations
are making the nursing processes increasingly complex [3,4]. All these factors have to be
reconciled with the need to provide good, humane care that responds to patients’ individ-
ual needs [5]. Digitalization holds opportunities to improve the situation as an adequate
solution that can release resources for individual patient care, and result in a higher quality
of work and relief of secondary tasks.

In line with this, new approaches to use technologies, such as extended reality, are
now entering the healthcare sector [6–9]. Among them, Augmented Reality (AR) glasses
are a promising technology to support nursing processes [7]. Based on the framework for
task–technology fit, a model which suggests a strong connection between the requirements
of a task and the characteristics of a technology when it comes to adoption and human
performance, AR glasses are advantageous to optimize the use of space, as well as for
tasks that need to be performed in a timely, hands-free manner, and with continuous
attention [10]. In relation to nursing, this gives rise to a wide range of applications, such
as to support medication dispensation [11–14] or wound care [9,15]. Information can be
retrieved in a timely manner in front of the patient, or while performing a nursing task.
Hands-free interaction allows nurses to fulfill hygienic standards while controlling the
system. However, using AR might also have negative effects, such as motion sickness or
raising privacy concerns [16].
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Although both researchers and nursing staff expect many opportunities for the use
of AR, many questions remain unanswered: What are the most promising and accepted
application scenarios? How does the technology affect the interaction work of nurses and
patients? Can it effectively reduce the workload? And, most importantly, as it can be con-
sidered an essential requirement, how does it affect well-being (in the sense of supporting
important preconditions like autonomy, competence and connectedness) [17,18]?

Following the idea of the positive computing framework [17–19], the presented re-
search uses an exploratory approach to see if and how an AR application can contribute
to users’ feelings of autonomy, competence and connectedness, and to determine impor-
tant factors influencing this experience. In doing so, a prototype was developed in a
participatory process and tested in a simulated hospital environment with nursing staff.

2. Related Work
2.1. The Positive Computing Framework

As it is important for the acceptance and value-adding of new technology for it to
have positive effects on people’s well-being, we follow the positive computing framework,
which aims to design and develop technology to support psychological well-being and
human potential [17]. It extends beyond the common goals of effectiveness and efficiency
to also consider the quality-of-life and well-being of the users of a digital system and its
impact on society [18]. Based on the Self-Determination Theory (SDT) [20], Peters [19]
designed strategies for how technology can be developed to meet individuals’ needs for
autonomy, competence, and connectedness:

Autonomy is the need to operate in compliance with one’s goals and values [19].
Accordingly, Peters claims that technology has to be accessible, embed optional levels of
help, and users should be able to choose their own goals and strategies. Individuals should
be able to interact independently with the system and decide how to use it in a simple way.
Instead of giving strict instructions, it is important to provide guidance and the constant
opportunity to correct data. Users should be in control of the communication. The design
of the interface should be simplistic, to bring focus and concentration to the essentials.
Lastly, users should decide for themselves when and how often to use the system [19].

Competence describes a person’s desire to perceive themselves as in control of their
environment, and to be able to anticipate it [21]. According to Peters, in order to generate a
high degree of competence, it is important to divide larger tasks into sub-tasks. In addition,
the system has to be updated constantly and offer the possibility of a simplified presentation
of the information. It is beneficial to have informative feedback that guides users through
the process [19].

Connectedness refers to the desire to experience interaction with other people. It is
characterized by the connectedness and the feeling of caring for others [22]. Peters states
that this can be supported by ensuring that the technological interactions with others
are seamless. Communication should also continue to happen offline and ensure that
both intrinsic and extrinsic motivation is provided. The sense of community should be
emphasized, and all involved should be given the opportunity to contribute. Finally, the
communication of kindness and positive influence should be emphasized [19].

The basic requirements regarding autonomy, competence and connectedness provide
initial guidance on how an AR application could be designed to improve well-being and
the quality of work. However, in order to develop a tailored solution for nursing, it is
necessary to understand the users and their work environment.

2.2. Specific Requirements Based on Nurses’ Needs

Although there has been a change in recent decades, van der Cingel et al. [5] report that
the profession of nurses is still being seen as compassionate helpers who perform simple
and straightforward tasks to care for patients. Due to the advancing professionalization
and versatility of tasks, employees see themselves as an important group that does not
simply follow doctors’ instructions strictly, but also wants to contribute its own needs and
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knowledge [5]. An AR application should, therefore, provide the ability to support different
skill levels and empower users to make decisions on their own. Economic pressure on the
healthcare system, bureaucratic regulations, increasing patient numbers, and less contact
time with patients are leading to higher workloads, stress, and emotional exhaustion [4].
With regard to the use of AR glasses, nurses surveyed indicated that they hoped to save time
and protect themselves through documentation that might become easier, as information
and communication with others could be available in a timely manner, regardless of
location [23]. Accordingly, it can be summarized that an AR application has to have a
high degree of user friendliness, particularly providing exactly the right information in the
respective situation to support nursing and documentation tasks.

There is a growing recognition that interacting with people is an essential part of
today’s work that requires much closer attention. Interaction work involves establishing
a cooperative relationship, dealing with one’s own feelings, influencing the feelings of
customers, clients and patients, and dealing with the imponderables that are part of
working on and with people [24]. For example, many nursing interventions require the
patient to be calm and relaxed. This can be impaired by the patient’s anxiety, but enabled
and encouraged by the nurse’s composure and confidence [24].

Accordingly, besides using the AR glasses for documentation or treatment purpose,
nurses have to continuously respond to the patient. They have to (1) control their own
feelings as they influence the patients emotions, and (2) be able to interpret the patient’s
emotions and sense the situation, in order to (3) prove to be competent and trustworthy to
(4) establish a cooperative relationship.

2.3. Factors That Must Be Considered When Using AR Glasses in Interaction Work

Showing and interpreting emotions is crucial to establishing a trustful connection. Non-
verbal communication is used to express emotions, convey attitudes, and demonstrate
character traits. Humans are able to decode these subtle signals and interpret them in a
culture-specific way [25,26]. Eye contact and glances are particularly effective nonverbal
signals for building trust in the Western world [27]. Overall, emotions are perceived and
interpreted through several of these channels. If one of the channels is not available (e.g.,
in the absence of eye contact), it is still possible to assess situations correctly through other
signals [28]. Hence, there are multiple opportunities for nurses to express emotions, and
multiple ways to decode these emotions for patients. However, many AR glasses cover
large parts of the nurse’s face, and lenses are often tinted, making eye contact less likely to
be made. In previous studies, nurses indicated concerns about the negative impact on the
relationship between them and the patient, fearing that AR glasses will be distracting rather
than supportive, as eye contact is broken [23]. From the patients’ perspective, AR glasses
can significantly reduce their estimates of healthcare workers’ abilities, and decrease their
willingness to opt-in to medical procedures [16]. Many AR glasses can be operated by
gesture control. However, it is not obvious to outsiders whether a pointing gesture is used
for operation or for communication, for example. The interpretation of non-verbal behavior
could therefore be made more difficult by the glasses. Here, it is important to examine the
ways in which nurses deal with the various interaction possibilities in order to meet the
patient’s situation.

According to Böhle and Weihrich [24], it is fundamental in this subjectifying action to
sense and feel (e.g., soft skin, acrid odor, or a nervous patient). Thinking and sensing are
not performed from a distance, but are directly connected to the service. This leads to an
explorative, dialogic-interactive approach, where action and reaction are interwoven [24].
The integration of new technologies in such processes could serve as a facilitator, as digital
information could be consulted to better assess the patient’s condition and make decisions
based on it. However, it also harbors the risk of triggering stress, since operating might
be difficult at first and another parallel work thread that demands attention is added.
With regard to AR glasses, it is also uncertain how the superimposed digital information
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influences the perception of the real environment. Is it still possible to sense and feel
authentically, as described by Böhle and Weihrich [24], while using AR glasses?

The nurse’s external impact on the patient might be influenced by AR glasses. During
the interaction, the patient observes the nurse’s behavior and makes assumptions about
their feelings, traits, and motives. According to the attribution theory, people try to
determine why others act in a certain way in order to uncover the feelings and traits behind
their actions, distinguishing between internal personality-related attributions or external,
situation-related attributions [29].

It is, therefore, questionable as to how caregivers themselves and patients evaluate the
care situation mediated with AR glasses. Do they attribute the gain or loss of competence
to the AR glasses, or to their own ability?

A lack of common ground might be another issue using AR glasses. By common ground,
Clark and Brennan [30] mean the knowledge that is shared by two or more individuals.
Three heuristics allow one to infer the shared knowledge: (1) group membership (e.g.,
belonging to a certain profession), (2) physical co-presence (e.g., objects that everyone
can see and know about), and (3) linguistic co-presence (e.g., content of the course of the
conversation) [30]. Regarding AR glasses particularly, the second point might be critical,
as patients are not able to see the digital content the caregiver is seeing trough the glasses.
Also, heuristic three needs to be considered when choosing control opportunities for the
AR glasses application, such as voice interfaces that cannot be heard by patients.

2.4. Summary and Research Questions

In summary, by using a participatory, user-oriented approach, this exploratory work
studies the design and use of an AR-glasses prototype in a user study, observing the
complexities in the interaction work of nurses with patients. It thereby considers factors
from the positive computing framework, with the goal of supporting nurses in their
autonomous and competent fulfillment of their work, while preserving their connectedness
with patients.

Along the previously outlined research, we pose the following research questions:
Research question 1: what strategies for using AR glasses do nurses map out in

order to autonomously and competently establish a connection to patients in nursing
interaction work?

Research question 2: what ambivalences emerge from empirically identified chances
and risks in relation to a successful integration of AR glasses in nursing interaction work?

3. Prototype, Materials, Methods and Procedure

To answer the research questions, a prototype was developed in a participatory process
and evaluated in a qualitative study, using behavioral data from a simulation study and
semi-structured interviews.

3.1. Prototype

In line with positive computing and participatory design, it is crucial for a successful
integration of AR glasses to continuously involve the users of the system in the development
process [17,31]. Emergent technologies, such as AR, come with unfamiliar interaction forms.
How it works and how the technology is experienced might often be vague and abstract,
because users cannot refer to mental models yet. This makes it hard for first-time users to
state requirements and to formulate ideas on application areas.

According to the guiding principals of participatory design, it is important for demo-
cratic and hierarchy-less teamwork to discuss situations based actions that are understand-
able, rather than abstract, and to use tools and techniques that help to express needs and
visions to be able to participate and achieve a mutual understanding [32]. Hence, tight
feedback loops with two co-designing nurses allowed us to pick up the mental model of the
caregivers, use plausible (still fictional) patient information, and integrate it meaningfully
into a realistic use-case scenario by following the design thinking framework [33,34]. To
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create an AR application that meets the previously stated requirements and fits in smoothly
in a realistic patient scenario, we followed the participatory design approach, using contex-
tual inquiries, interlocking workshops, and co-design techniques to develop a prototype in
close coordination with nurses [35].

3.1.1. Use Case and Device Decision

In an early phase of the participatory process, nursing staff were very committed to
developing a series of application scenarios in which they expected AR glasses to make
their work significantly easier. At the end of the workshop series, the documentation of
wounds was chosen as the most interesting use case.

Wound care with simultaneous documentation emerged as an important scenario
for the use of AR glasses within surveys conducted with nurses with different levels
of expertise and experience [23]. The respondents of [23] mentioned the availability of
information regardless of location as the main advantage, as it is important to interact
continuously with the patient. It is, therefore, well-suited to test the effects of AR glasses
on interaction work. Adherence to hygiene standards is a high priority, which means
that non-contact work with the AR glasses could be advantageous. Klinker et al. [36]
already investigated wound management by testing an AR-based tablet application, and
came to the conclusion that the provided information is beneficial, but handheld-based
AR applications are impractical for medical professions, as they can not be used without
physical contact. This supports the idea of using AR glasses.

After jointly testing several AR glasses and discussing their system characteristics, the
Microsoft HoloLens 2 (HL2) was chosen. In contrast to other devices, the HL2 allows users
to interact with digital 3D-holograms via gesture control and, therewith, without a physical
control device, whereby the hygienic requirements can be met. Caregivers prefer discreet
AR glasses models, as they assume that these are less disconcerting for the patient [23,37].
However, these models have the disadvantage that they usually cannot be operated without
physical contact, and they are unsuitable for people who wear glasses. They also usually
sit less firmly on the head, and could slip during treatment. The HL2 compensates for these
disadvantages, but is heavier, bulkier, and more conspicuous. However, a visor that can be
folded up and down allows eye contact with the patient.

The prototype was developed with Unity (according to Microsoft’s recommendations
version 2021.3 (LTS)) and the mixed reality toolkit MRTK 2.7. All UI elements used originate
from this toolkit.

3.1.2. Aim and Scope of Functions

Based on the results of the former section, the prototype is designed to enable nurses
to achieve three key objectives while using AR glasses:

• Competence: the prototype’s structure supports common processes in nursing, and
provides information to competently and safely assess, care for, and document the
patient’s wound.

• Autonomy: users are able to set up and use their own digitally augmented workspace
autonomously and flexibly according to their individual needs and preferences.

• Connectedness: the prototype allows nurses to stay close to the patients and to involve
them in the care process.

Different types of features are installed to meet these objectives. The navigation
structure and information architecture are based on existing nursing routines and the
documentation system currently used by the co-designing nurses. Selected screenshots
of the prototype are shown in Figure 1. By picking up on dialog structures, labels, and
input options of the existing patient file, we take up the mental model of the nurses and
place these building blocks in a new workflow adapted to wound care. In addition to the
familiar contents, further information materials on the patient and auxiliary materials for
the assessment of wounds are integrated into the concept. For this purpose, the wound
care process is sorted into chronologically sequenced tabs (visible in Figure 1a,c). Necessary
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information is integrated into the main dialogues, and supporting content is incorporated
with progressive disclosure mechanisms (Figure 1a,b). This allows the nurse to decide for
him/herself whether, when, and where to use the support material.

Figure 1. Screenshots from the prototype. The wounds are only pixelated for publication. (a) shows
the last documented status. The top button bar can be used to call up the individual steps in wound
treatment and documentation as described by the nursing staff involved. (b) The nurse moves
the window to the position where she needs it for her work. (c) shows how a new pain score is
documented. (d) An additional window to document the wound stage is activated. A video of
the prototype is available at https://parcura.de/media/parcura_hrw_simulationsstudie_prototyp_
promo.mp4 (accessed on 20 May 2024) [38].

Besides retrieving information, it is also possible to create a new documentation
entry (Figure 1c). Step-by-step, each documentation entry can be adjusted by selecting
pre-defined options. This way, standardized and quick documentation can be made while
treating the patient’s wound. Additional material, such as reference pictures, can be faded-
in to support the wound assessment correctly (Figure 1d). To be able to flexibly adapt the
augmented workspace to the spatial conditions, the prototype is divided into two areas that
can be separately positioned in the environment. In addition to the patient file, a second
window displays a picture of the patient’s wound as previously documented, which can be
aligned to the actual wound in the real world (Figure 1b). Accordingly, a change in wound
status can directly be observed and documented. These features in combination allow the
users to receive and document the individually needed information directly within the
treatment procedure.

In the implemented prototype, users can choose between far (Figure 1b) and near
(Figure 1c) gestures to control the system. This allows them to interact with the system from
a distance (e.g., pointing to a window) or from close (e.g., clicking on a button). This way
of control is more intuitive, deliberate, and intentional compared to eye-tracking methods.
Voice control, as another alternative, was dismissed because of its potential susceptibility.
Conversations with the patient might be interpreted as an input by the system, and could
lead to unintended actions. By using near and far gestures, the nurses are also able to
arrange the windows from a position in the room that allows them to create physical
closeness or distance to the patient (Figure 1c). The visor of the HL2 can also be used to
maintain eye contact. By providing detailed information about the patient and their current
health condition, the user can easily refer to it while being in a dialogue with the patient.

https://parcura.de/media/parcura_hrw_simulationsstudie_prototyp_promo.mp4
https://parcura.de/media/parcura_hrw_simulationsstudie_prototyp_promo.mp4
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With this first set of functionalities, nurses already have several options to develop
their own strategies on how exactly to use the augmented information in a patient situation.
The following section presents the study we conducted to simulate realistic nurse–patient
interactions, test the prototype in this context, and investigate our research questions.

3.2. Study

The study conducted consisted of two main phases. In the first phase, the participants
were given the opportunity to test the AR glasses using the developed prototype in a
realistic patient situation. In the second phase of the study, they were asked to reflect on
their experiences and impressions of the use in an qualitative interview.

To investigate the use of AR glasses in as realistic a context as possible, a plausible case
study was developed with the two co-designing nurses. Therefore, a fictitious patient was
created, including all relevant patient data needed for documentation purposes, as well as
handover information typically used at shift changes. This information was used as mock
data in the prototype. The fictitious patient suffers from a chronic wound on the left lower
leg, and was acted out by one of the co-designing nurses. Participants testing the prototype
were asked to learn about the patient, care for the wound, and document the procedure.

The patient interaction situation took place in a simulation center. The participants
were located in a typically furnished patient room. They were equipped with materials that
they could use for the treatment (e.g., painkillers, bandages, and gloves). The researchers
were in the control room next door, which allowed a view into the observation room
through a mirrored window. Additionally, three cameras were set up in the patient room to
observe and record the situation from multiple perspectives. To trace what the participant
sees and experiences in the HL2, a live stream was transmitted in the control room, which
was recorded as well. Both rooms were connected with an intercom system that allowed
the researchers to give instructions to the participants. The subsequent interview took place
in a meeting room, and questions were asked face-to-face by a researcher. Screenshots
illustrating the main components of the prototype were used as reference materials.

Figure 2 provides an overview of the study’s individual steps, methods used, and
locations in which it took place. The individual steps will be described in more detail in
the following.

Figure 2. Study setup: overview of the steps of the study and methods used.
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3.2.1. Briefing and Introduction

Participants were welcomed and introduced to the study, its procedure, and privacy
policy. They were informed that the trial was voluntary, and could be stopped at any
time without giving a reason. Emphasis was placed on informing them that the aim was
not to test their performance, but rather the usefulness of the prototype. What counts
is their subjective opinion. Afterwards, an informed consent form was signed by all
participants. They were brought to the simulation room by a researcher, where they were
briefly introduced to the HL2 by explaining the main functions and how to use the visor.
The main interaction patterns (near and far gesture) were explained, and eye calibration
was performed to ensure the best individual experience possible. Afterwards, they were
introduced to the patient’s case study by using a pre-recorded video on a laptop in which a
nurse provides handover information from the previous shift. Finally, they were prompted
to start the prototype on the HL2, and the researcher moved to the control room.

3.2.2. Familiarization with the Prototype

In the first phase, the test subjects were able to familiarize themselves with the proto-
type and its functionalities step-by-step to be prepared for the upcoming patient situation.
First, they were encouraged to click on buttons, walk around the three-dimensional holo-
grams, and re-position them. This situation was used to collect direct feedback on the
prototype, its screens, and components using the think-aloud technique. Participants were
asked to comment on anything coming to their mind while using the prototype to uncover
misinterpretations. Furthermore, participants were prompted to express what they like or
dislike, and to make suggestions for improvement. To obtain feedback on all screens, users
were given the same tasks that subtly navigated them there. The guide was semi-structured,
and allowed for flexible responses. The tasks were coordinated in a way that the user could
prepare for the patient situation step-by-step and explore the prototype independently
beforehand, covering all central components and screens.

After the participants had familiarized themselves with the prototype, they were asked
to place the screens in the simulation room. They were free to decide where to place the one
with the wound documentation and where the wound image should be displayed while
explaining what advantages they expected from which positioning.

3.2.3. Wound Care Simulation Using AR

If participants were ready to receive the patient, they were encouraged to behave as
they usually would in a real situation. However, the patient was acted out by one of the
co-designing nurses, who followed a behavioral script to create comparable situations. The
participants received information about the patient’s condition and the perceived wound
pain through a simulated handover briefing. Afterwards, the patient was brought into
the room and gave the same information about her state of health, so that the participants
were able to react accordingly. If the participants did not introduce the AR glasses on their
own, the patient addressed them at a specific time, so that all participants were encouraged
to explain the use of the AR glasses in their own words. A wound was simulated on the
patient’s leg with the help of a glued-on photo and makeup. The wound was initially
bandaged, and had to be uncovered and treated by the participants. This created a situation
in which the hygienic conditions could be addressed. During wound documentation, the
patient learns that the wound condition has worsened, subsequently panics and demands
the nurse’s attention. Due to that, all participants were confronted with an increasingly
stressful and distracting situation.

During the interaction with the fictitious patient, participating nurses were asked to
treat the wound and provide documentation at the same time (not afterwards) to test the
confidence and the ability to work with the hologram in realistic situations. In this situation,
the participants could continue to provide comments and suggestions for optimization
of the prototype at any time. From the observation room, they received assistance when
necessary. In the case of surprising actions or difficulties, the participants were also asked
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to comment on the situation. The trial ended when the participants reached a pre-defined
point in the documentation process, or when the maximum time slot of 60 min was reached.

3.2.4. Sharing Experiences in Semi-Structured Interviews

The subsequent interview was semi-structured and followed a flexible guideline
within approximately 30 min. The following topic areas were included: (a) demographic
data and current role, (b) usability and overall experience, (c) applicability and integration
in interaction work, and (d) perception of the SDT determinants autonomy, competence
and connectedness.

Demographics included questions regarding the age and professional experience of
each participant, their position in the respective hospital, and whether they had previously
been involved in the project or had been using AR glasses before. Subsequently, the
subjects were asked to describe their experiences and emotions while using the AR glasses.
Participants were asked to relate to specific features and information provided by the
prototype, and to share their preferences, criticisms, and suggestions for improvement.

In terms of autonomy, they were particularly asked to describe their regular wound
care routine, and to compare it with their experiences during the simulation. If not men-
tioned by themselves, they were asked how functionalities like the flexible window po-
sitioning were perceived with regard to autonomy, and how they used it to create an
individual work environment. This served to determine what strategy they chose, and
what advantages and disadvantages they perceived as a result.

Concerning competence, the participants’ own perceptions were examined, as well
as their evaluation of how competent they were considered by the patient during the
simulation. On the one hand, technical competence and statements regarding the control
and the handling of the glasses were collected. On the other hand, questions were aimed at
nursing competence and to what extent the glasses support or hinder nursing care.

With regard to connectedness to the patient, the participants were first instructed
to reflect their own feelings during the wound treatment and how they perceived the
interaction with the patient. Additionally, we asked them to imagine themselves in the
patient’s position, in order to recapitulate how they thought the patient might have felt
during the treatment. They were questioned if and how the AR glasses had an effect on
the interaction work and the perceived connection. This topic area also concluded with
a request for suggestions to evaluate advice on how to increase connectedness. In this
way, they were encouraged to identify strategies that they would use to improve their
connection with the patient.

Finally, they were asked to imagine that AR glasses would be introduced into daily
hospital routine in the next one or two months. The subjects were requested to express
their feelings towards this situation. We wanted to find out concerns, limitations and
necessary improvements.

3.2.5. Debriefing

Following the interviews, the participants were accompanied back to the initial area.
They had another opportunity to ask questions and receive further information about the
development of the project in future. Afterwards, they were dismissed.

3.3. Participants

The participants (N = 14) are or have been active in nursing, and were recruited from
two different hospitals that previously supported the participative development of the
AR application. One of the hospitals is located in a rural area, and the other in the city.
Since people from both institutions participated in the design, some of the participants had
previous involvement with the project. In addition, they have different levels of knowledge
regarding wound management, and different levels of job experience. All participants are
trained nurses, although some of them are currently employed as supervisors or division
managers. However, they were all familiar with wound treatment. On average, they were
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38.93 years old (SD = 10.05), ranging from 22 to 55, and had about 18.25 years (SD = 10.84)
of professional experience. Two participants were male, twelve were female.

We reached saturation after 11 participants, meaning that no additional aspects related
to the research questions were expressed in the think-alouds and semi-structured interviews
by participants 12–14. To this end, we consulted the findings of [39] to confirm that we
have a reasonably large sample. Subsequently, we were able to start analyzing the data,
which will be described in greater detail in the following section.

3.4. Coding Scheme Development

To evaluate the study, the recorded material of the 14 participants was processed by
transcribing the audio recordings of the observations and interviews, and summarizing
and synchronizing the video streams. All data were then imported into MAXQDA software
(2022, VERBI Software, Berlin, Germany) for further analysis. Qualitative content analysis
was performed according to [40]. The coding system resulted from a combination of
deductive and inductive procedures. An excerpt of our coding scheme can be viewed
in greater detail in Table 1. This form of coding is increasing in preference in current
research, as it allows for subjective interpretation of the data and makes it possible to
map new and unforeseen findings [41]. Deductive main and subcategories provided
a basic structure for the content analysis. Inductive codes were then generated within
each thematic block. For example, we used deductive coding to pre-sort the participants’
statements (positive, neutral, and negative statements) and assignment to the principals
of positive computing (autonomy, competence, and connectedness). Points of discussions,
concerns, and suggestions for optimization were coded in an inductive manner based on
evolving themes and their similarity to each other. In the further qualitative analysis of the
coded segments, multiple responses were clustered. Instead of counting each individual
statement made by a person, we only counted whether a person made this statement or not.
In addition to the transcript fragments, video excerpts and representative screenshots were
collected for further coding: patient–participant interaction, initial window positioning,
repositioning of windows, and flipped up visor.

Table 1. Coding scheme.

Inductive Codes Deductive Codes

Screen 1: Patient selection Autonomy
Screen 2: Wound selection Competence

Screen 3: Patient information Connectedness
Screen 4: View of tabs Neutral statement

Screen 5: Wound image Positive statement
Screen 6: Documentation input Negative statement

Concerns Motion Sickness
Suggestions Successful interaction
Expectations Interaction with problems

4. Results

In order to find answers to both research questions, we first give an overview of the
general feedback on the prototype and how differently participants used it to create their
work environment. We then go into more detail about how they perceived the situation
in terms of autonomy, competence and connectedness with the patient. Afterwards, we
discuss the assumed patient perception, and focus on the aspects that lead to different
strategies to support interaction with the patient. Finally, we present concerns and sugges-
tions for improvement that participants stated with regard to an integration of AR glasses
in nursing interaction work.
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4.1. General Feedback and Overall Experience with the Prototype

General feedback on the experience with the HL2 provides both positive and negative
statements. In summary, we counted 411 positive statements, 153 neutral statements, and
356 negative statements from all participants, including data from both the simulation
and the interview. Negative statements refer to the wearing comfort of the HL2, which
was perceived as too big and too heavy. It also became warm under the AR glasses, and
some subjects began to sweat. A few participants complained about dizziness and the
first signs of motion sickness. With regard to usability, participants pointed out the poor
performance of gesture control in the think-aloud-parts as well as in the interview. The
video recordings show a high number of operating problems while using the near and far
gestures. Video passages were coded as to whether the gesture successfully triggered the
desired interaction, whether it was problematic, or whether it did not trigger the desired
interaction at all (failure). Only interactions that were canceled by an interruption (e.g.,
the patient asked for attention) were ejected from the data set. In 70% (N = 392) of all
observed interactions (N = 560), participants used the far gestures. In only 30% of all cases,
the near interaction (N = 168) was used. However, the use of near gestures achieved
slightly better interaction results compared to the far gestures: 54% of interactions were
successful while using the near gestures, whereas it was only 44% of interactions using the
far gesture. Accordingly, working with the HL2 was found to be exhausting and frustrating
in large parts.

The application and the concept of the prototype, on the other hand, were evaluated
positively. The interviewees described the use of the application as exciting, work-saving,
self-explanatory, clear, simply structured, and practical, since one has all the information
directly at hand. In total, 12 of the 14 subjects indicated that they would fully trust the
prototype. Incorrect data are attributable to nurses input errors and not to the glasses (P01,
P04). The prototype was conceptually based on the well-known PC-based hospital informa-
tion system in several aspects (terms, structure of information, etc.). Seven participants said
that they recognized the parallels. However, these parallels also raised expectations, some
of which are not yet covered by the prototype. During the administration of medication
and the wound assessment, some subjects wanted more detailed information.

4.2. Creating the Individual Work Environment by Initial Window Positioning

Based on the video fragments demonstrating the initial window positioning, we were
able to derive three recurring patterns (see Figure 3).

Figure 3. The three found window positioning patterns and their distribution in the sample.

Most participants chose an initial window alignment with the patient (N = 10). In this
group, half of the participants opted for an alignment at the head side of the bed (N = 5) or
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at the long side of the bed (N = 5). In the associated think-alouds the participants, those
who chose the head side of the bed reasoned that they moved the patient file window to
where the information is directly needed. With this positioning, they have the patients’
name in view (P02, P11) when speaking to them, but are also able to take another look
at the bandage material that they usually prepare on the service desk (P08, P11). This
combination was perceived as particularly practical:

“I think that’s just great because you always have so many patients in your head and you
forget so many little things. Which foam dressing and what size was it? I think it’s just
super practical that you can combine that now [with the room].” (P11, video transcript,
pos.97)

Staying in contact with the patient was important. Participants pointed out that
patients remain in the field of view when looking at the patient file (P03, P11), and that that
this position is less disturbing (P08) during conversations. P10 points out that the windows
must not cover the patient’s face.

Participants who chose the long side of the bed for window alignment focused more
on the patient’s wound. The information is in view during wound treatment, and can be
referred to for direct comparison (P04, P14). In addition, the nurse can switch between the
patient, the wound, and the information without having to change the body position or
turn the head too much (P05). P12 weighs up between a position where a light background
allows good legibility for herself, but where she would be standing with her back to the
patient, and decides to move the windows to the side of the bed as a compromise in order
to be able to make eye contact with the patient by moving her head.

The remaining four participants decided to place (parts of) the application on the
opposite wall where the bandage material is stored. One reason is that they will need the
information about the bandage material as a check list. However, they verify whether they
can still see the information from the bed where they are communicating with the patient.
During the dialogue, they are still close to the patient.

In total, half of the participants (N = 7) chose to re-position the windows during
the patient interaction scene. This behavior could be observed in all three initial groups.
However, the participants who initially positioned the windows on the head side of the bed
took the wound picture (P02, P03 and P08) and the documentation screens (P02 and P03) to
the patient’s wound. From this position, we could observe fine tuning. On the one hand,
participants pulled screens containing pictures closer to the wound for a better reference.
On the other hand, they pulled the screens closer to themselves to use near gestures more
comfortably while documenting.

Furthermore, participants recognized that the window positioning influenced the way
in which they interacted with the patient. Two contrasting examples provide insights on
what was perceived as “too close” or “too distant”. During the wound documentation of
P12, the hologram hovered very close above the patient. When she used near gestures, she
had to reach over the patient and the bed, which she perceived as disturbing (see Figure 4a).

Figure 4. Special work situations at the bedside with the HoloLens 2: (a) Participant reaches over
the patient to interact with the system by near gestures. (b) Participants raises visor to maintain eye
contact with the patient.
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In the other extreme, P13 was dissatisfied with her initial window position, because
she had to write the documentation with her back to the patient. While documenting the
wound, she communicated with the patient, but was not able to maintain eye contact. In
addition, all participants described the setup of their individual workplace as very positive
(N = 14).

4.3. Autonomy

Overall, participants felt very autonomous while interacting with the AR glasses. In
total, 13 participants stated that they were free in any decisions. During the interviews, it
was mentioned that the documentation of wounds must cover certain aspects, so that the
hologram does not have a dominating effect.

“Being more autonomous means that I can decide freely. It does not tell me what I have to
do. I can click my way through as I wish. I am still free to make my own decisions.” (P02,
interview, pos. 255)

In addition, when asked to what extent they felt dominated by the glasses, one
participant commented that she could always take them off.

The fact that the AR glasses combine various functions and devices enabled the
participants to feel more autonomous in their actions. Since the HL2 provides detailed
information directly in the situation, the nurses are no longer dependent on their colleagues
or the availability of a PC to finish their work. Participant 5 describes this as follows:

“Instead of how we are doing it now, having seen the picture before, going into the patient’s
room and thinking, ‘Hm. Did that really look like this?’. Must return to the mobile PC
again. This way I had it directly and could continue swiping to see what it looked like.”
(P05, interview, pos. 95)

Despite all of the benefits in terms of perceived autonomy, two participants pointed out
that the use of the AR glasses must be voluntary. Therefore, documentation via computer
would still have to be available. Reference was made to the issues of motion sickness or the
constricting feeling when wearing the glasses.

4.4. Competence

The participants commented positively on the AR glasses with regard to their own
competence. Twelve participants reported that the glasses enabled them to work more
efficiently. For example:

“While treating the wound, I would be able to document it immediately and would not
have to do it two hours later, as it can happen in clinical practice sometimes.” (P03,
interview, pos. 145)

Another important aspect were the reference images. Some participants perceived
these as particularly competence-enhancing, since they were confident of evaluating the
wound correctly by reviewing the images (N = 7). Participant 2 stated:

“Personally, I would have been even more uncertain in the evaluation of the wound.
Because of the pictures, I was 100 % sure of how to describe them” (P02, interview,
pos. 221)

Additionally, half of the participants recognized the similarity to systems they already
knew from their own routine at work. As a result, it promotes their competence, since
they do not have to familiarize themselves with a completely new scheme and can start
documenting immediately.

Even though the application was rated as very positive and competence-enhancing,
six nurses stated that it would limit their interaction work (P04–P06, P09, P13 and P14).
More specifically, they indicated that their focus was on the glasses rather than the patient.
Additionally, the tinted visor was problematic for two participants. They described that the
wound could not be assessed correctly.
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In addition, a major negative factor was the limitation of competency in terms of
prioritization. In total, seven participants stated that they had focused more on the glasses
than on nursing activities (P01, P03, P05–P07, P09–P13). Thus, there is a concern that the
interaction with the patients could be neglected.

Another important element was the unavailability of different user profiles (N = 9).
The subjects stated that wound experts needed different information than certified nurses
or nursing students. In addition, they described the wish that the software was designed
for ward-specific topics. For example, nurses in the intensive care unit need different
information than those in the cardiology unit.

4.5. Connectedness

In the following, we focus more on the feeling of connectedness with the patient. Four
participants explicitly stated that they perceived a “distance” between them and the patient
(P01, P03, P05, P08). One argument was the reduction of eye contact or loosing sight of the
patient (P03, P05, P07, P10, P12, P13). P07 explains:

“For patients, it is important to at least be able to see the eyes and to see a little facial
expression. That is totally important. Especially when we also wear this FFP2 mask.”
(P07, interview, pos. 145)

Another participant referred to the distraction by the holograms that caught their
visual attention (P05). Establishing a personal connection to the patients and interacting
with them is a key attribute in nursing, as P01 describes:

“So in my field, it’s very much about having a relationship with patients and being able to
cater to patients. Even before competence, before basic care and so on.” (P01, interview,
pos. 238)

Accordingly, participants stated that they would establish a relationship with the
patients first, before introducing the AR glasses. For example, P13 would feel more comfort-
able if patients had already been treated by her and knew how she “normally” delivered
care (interview, pos. 68–70). P01 believes that once the patients realize that they are never-
theless being well looked after, then it is no longer a problem to use AR glasses (interview,
pos. 273). For the subjects, the simulated scene represented an exceptional situation in
several respects. As a result, some participants refer to the AR glasses, others to the applica-
tion, and still others to the overall experience when talking about the impact on feelings of
connectedness. The nurses were using the AR glasses for the first time, and had difficulties
working with them. Accordingly, three participants pointed out technical difficulties with
the HL2 that negatively influenced the patient interaction, as they felt distracted or insecure
(P04, P07, and P11). However, all of them assumed that these problems would disappear
after a certain period of familiarization and practice.

As the documentation of the wound usually takes place after the treatment, and not
simultaneously with it, participants in our study struggled to concentrate on both at the
same time. They mentioned that they focused and concentrated on the AR glasses and
their content much more and on the patient much less (P01, P03, P05–P07, P09–P13). Here,
again, some participants assumed that with a little practice, it will be easier to interact with
the patient while documenting.

4.6. Assumed Patient Perception

The participants were concerned about how they would be perceived by the patients
when wearing and handling the AR glasses and what effect this might have on the patients:

“It takes some getting used to, When you’re flailing around in the air. I think that’s weird
for the patient at first, too, when there’s someone standing there waving in the air like
crazy.” (P05, interview, pos. 15)

Participants in this study drew a connection between their ability to establish a connec-
tion with the patient and the perception of their competence as a nurse. In their assessment,
they often refer to their interaction work and that they managed to connect with the patient
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with or despite the AR glasses. P07, on the one hand, was concerned that the patients might
loose trust, as they might equate poor technical skills in using the AR glasses with nursing
skills in general.

Participants stated that because of the information inherently provided, they were able
to address the patients in a more targeted way and to react more confidently: for example,
addressing the patient by the correct name (P02) or referring to more complex details, like
the ones that are usually documented on the handover cheat sheet, the patient’s file or the
medication reference book (P03). It was also assumed that the usage of AR glasses would
lead to quality control that would provide reassurance to the patient and enable the nurse
to appear more professional:

“If someone comes in who wears AR glasses, then you assume that they will be checked,
that [. . . ] they have guidelines. Control is perhaps the wrong word, but [the nurses] can
double check and look at everything again and it all looks professional. That would give
me [as a patient] a bit of security.” (P02, interview, Pos. 176)

In total, we found more negative comments (28 segments) related to the assumed
patient perception in our sample than positive (5 segments) or neutral (8 segments) com-
ments. Among the negative statements, the most common theme was that patients might
feel neglected (N = 8). Participants reasoned that they were more preoccupied with the
new and unpracticed technique of using the AR glasses, or doing the documentation in
parallel with the wound treatment and patient interaction (N = 6). The patients’ feeling of
being neglected was assumed to be caused by losing contact with the patient due to the
AR glasses (P10, P12, P13). References were made to the lack of eye contact, and to the fact
that patients cannot see what one sees oneself and may not dare to ask about it (P12, P13).
One participant wishes “that the patient has the feeling that when I look at him, I am really
looking at him and not seeing any pictures.” (P04, interview, pos. 171).

Nurses were particularly concerned about patients with dementia and elderly, dis-
oriented, or delirious patients (N = 7). Here, they see the use of AR glasses critically, as it
could worsen the mental health status of these patients.

However, despite the many critical voices, some participants put their negative state-
ments into perspective. In doing so, they mainly pointed to the still unpracticed situation
and the fact that they were using the AR glasses for the first time. If the use of the AR
glasses and the procedure of parallel documentation is practiced, the interaction with the
patient will be different, and might be easier (P05, P09, P11). Subjects stated in the context
that it was important to inform the patients about the AR glasses and how they work
(P11, P13).

4.7. Strategies to Support Interaction Work with Patients

Within the role play scene, we were able to observe how the nurses managed to balance
interaction work, documentation duties and taking care of the wound. We found different
approaches for how participants tried to maintain a connection with the patient.

All participants were informed about the flip-up visor of the HL2 within the introduc-
tion, but less than half of the nurses made use of it to establish eye contact. Four participants
were using the visor selectively over short amounts of time. In these shorter sequences,
they raised the visor, usually at the beginning of the interaction scene, to greet the patient
and to introduce themselves, to explain the AR glasses, or in case the patient demanded
their attention (see Figure 4b). Two participants raised the visor over an extended period of
time, and must have been remembered by the researcher to document the condition of the
wound with the AR application. They flipped up the visor while collecting materials and
treating the wound.

However, care must be taken when using the visor to ensure that the general hygienic
conditions are met. Accordingly, one participant expressed the wish that the HL2 should
offer the possibility to flip up the visor without physical contact. One participant found
another compromise to deal with the tinted visor. She folded it down only halfway, so that
she could squint at the information during the treatment.
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Another way to better connect with the patient was to have the patient participate in
the procedure. We observed that, similarly to traditional caregiver routines, participants
commented in 26 cases on what they saw or did in the AR glasses.

“(to the patient:) I would just look at the picture again. I’ll put the glasses on now. I think
that’s a little bit more extraordinary than usual.” (P13, video transcript, pos. 98)

However, only two participants started to introduce the AR glasses and its functioning
initially. The other twelve nurses did not explain it until the patient actively asked them
about it. All participants involved the patient in different ways. One participant (P02)
explained that, during wound treatment without the HL2, some information is not available
or incomplete, and thus the patient is frequently asked about it. This creates a continuous
dialog in which the patient is involved. Based on this, he/she has concerns that the patient
could take on a more passive role, being limited to a subject of documentation, when
he/she is using the AR glasses. Another challenge arises from the patient’s presence during
documentation, as they could notice the entries. Depending on the patient’s state of health,
this information should be expressed with caution, and nurses were uncertain as to how to
react adequately:

“I wouldn’t say that out loud either: ‘this is infected, looks totally bad, etc.’. But I just
thought out loud, what should I click here? And then I wasn’t sure either, should I
continue thinking out loud?” (P14, interview, pos. 65–68)

5. Discussion
5.1. Factors Influencing Autonomy

The results of our study clearly show that the nurses used different ways to control
the prototype autonomously. These observations can be corroborated by the statements
of the qualitative interviews. Here, the participants described the operation and set-up
of their own work environment as autonomy-promoting. They particularly emphasized
the independent positioning of the individual windows, which enabled a high degree
of flexibility. Through progressive disclosure mechanisms and the display of additional
reference images, the application provided sufficiently graded support material that could
be consulted as needed. The sequence of steps could also be customized through the use
of tabs, providing the ability to tailor the process to one’s own needs and routines. Based
on this positive feedback, we conclude that the application and the AR concept, as such,
meet the requirements postulated at the beginning regarding autonomy [19]. Nevertheless,
suggestions for improvement were also expressed, which can be derived well from window
positioning and progressive disclosure. Some reference images were displayed by extend-
ing an existing window. At this point, a decoupling of the information in a separate window
would have allowed even more flexibility (e.g., in which only these images are aligned to
the wound). Based on these findings, we recommend presenting topics that are related in
content as modular units. Similar to widgets on a desktop, individual window elements
and holograms can be plugged together to form an individual workspace. Compared
to the current situation, the subjects stated that this form of documentation allowed for
more flexibility.

5.2. Factors Influencing Competence

Regarding the perception of competence, the impressions on the AR experience were
diverse. Generally, the caregivers considered themselves competent, although they some-
times had major problems with the operation. However, they attributed this to the AR
glasses’ maturity level, and not to their own abilities.

On the basis of the constantly retrievable information, the nurses became increasingly
informed about the respective medical conditions, and were able to provide more efficient
decisions with regard to treatment. Additionally, they assumed that it provides patients
with a sense of security, as the nurses are monitored eventually. Thereby, the AR glasses
support the professionalization of the nursing care. These findings are in line with the
statements made by van der Cingel and Brouwer [5], who said that the self-image of
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caregivers has changed in recent years. Due to the increased autonomy, the prototype
can contribute to enabling nurses to adopt more complex tasks and, thus, to changing the
perception of patients and medical doctors towards them.

On the other hand, the subjects criticized the AR glasses’ handling with regard to
competence. Besides difficulties in usability, they referred to tapping in the air as being
ridiculous, thus assuming that the patients would perceive them as less competent. We
conclude that, despite the option to use near or far gestures, the way of operation should
be improved further to increase the nurses’ feeling of competence.

Lastly, participants pointed out the importance of connecting to the patients and
making them feel comfortable, as they assumed that was what made a competent nurse.

5.3. Factors Influencing Connectedness

By surveying the nurses’ perceived connectedness to the patient, it became evident
that establishing a connection to patients is considered a core competence in nursing, and
that using AR glasses has an influence on this perception. We discovered both promoting
and impairing influencing factors.

A feeling of connectedness can be promoted by accessing all of the required informa-
tion about the patient at any time. It enables nurses to respond to the patient’s needs as
the situation demands (e.g., referring to pain assessment and providing medication). In
addition, the flexible workplace arrangement allows the caregivers to vary the amount of
attention they pay to the patient. However, the test subjects pointed to the bulkiness of
the HL2. Particularly in combination with a surgical mask, it was seen as a hindrance to
connectedness, as nonverbal signals can be shown and interpreted less obviously. This
issue is the main criticism of the nurses, as they see the danger of not establishing sufficient
eye contact with the patient through the glasses and, as a result, not creating an effective
connection. However, the visor could have been a solution to this problem, but was used
only by a few participants. The reasons were diverse, ranging from hygienic concerns to
forgetting about this functionality at all. How to use this functionality properly should
therefore be first re-designed to meet hygienic standards. The participants proposed us-
ing the voice function by suggesting raising or lowering the visor by voice commands.
Additionally, they wished to use voice commands to bypass the gesture control or to use
speech input for documentation. This was assumed easier and faster than the gesture
control. An uncertainty was observed on how transparently the documentation should be
completed in front of the patient. Loudly expressed documentation content or input com-
mands could make the patient uncomfortable or anxious. This contrasts with statements
from [24], which advocate maximizing transparency in order to create a common ground.
Concerns were also raised about inadvertently activating voice control when talking to the
patient—especially if this input is not perceived consciously.

5.4. Strategies of the Nurses to Support Interaction Work

To ensure successful interaction work, the nurses considered it more important to
convey a positive feeling to the patients than placing the hologram in the most comfort-
able position for them. These strategies should be presented and discussed with the
nurses to shed more light on the underlying motives and their changing role, as described
in [5]. In addition, the interaction concept should be further developed so that it meets
both demands.

Similarly to the concept of Klinker et al. [15], our prototype was designed to document
and care for the wound simultaneously. However, some nurses did not complete the
documentation during wound care initially, but preferred to complete it afterwards as usual.
In this case, we prompted them to complete it directly, so that they can gain experience
with the HL2. Nurses pointed to this change in procedure and revealed that it incorporates
a stress factor. Additionally, if the interaction concept of Böhle and Weihrich [24] is taken
into account, it became apparent that not only two, but several, complex tasks need to
be performed simultaneously by the nurses: (1) referring to patient’s needs, (2) treating
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the wound, (3) documenting the status, (4) exploring how to individually use the HL2,
(5) making the process transparent to the patient to establish common ground and, finally,
(6) managing their own emotions to make a calm, competent and trustworthy impression.
For further development, it will be crucial to figure out how to best support balancing
these tasks. On the one hand, information can be brought much closer to the specific
situation, both in time and space. On the other hand, the influence of AR operations
that are visible to the outside world, but not comprehensible to outsiders, must be given
greater consideration.

5.5. Chances and Risks for Integration

Overall, our study provided a realistic impression of what a nursing situation with AR
technology could feel like in the future, which enabled the participants to provide mean-
ingful feedback on the opportunities and risks of integration. In general, the use of AR was
seen positively. However, some areas of tension were identified, which revealed fundamen-
tal conditions that need to be considered more strongly in the further development of such
a system. Besides technical inaccessibility and getting used to the still unfamiliar handling,
the integration of the glasses into nursing interaction work with the patients represents
a particularly complex challenge. With regard to the on-boarding process, it was stated
that both nurses and patients need to be informed about the AR glasses, its functionality,
and the context of usage. Nurses emphasized that patient information cannot be their sole
responsibility, and that patients need to be kept informed through other channels, such as
brochures. In particular, the camera was mentioned in this context, as it could endanger
the patient’s privacy.

The prototype’s concept, content and functionalities were rated as useful, helpful, and
facilitating work. Nevertheless, it also became apparent that providing a lot of information
and documentation functionalities leads to increasing parallelization of previously linear
tasks, with the risk of switching the focus from the patient to the documentation.

Referring to the involvement of patients, our results indicate that the bulky HL2
has to be seen as a disruptive factor in interaction work between nurses and patients.
Participants in our study suspected that some patients might feel uncomfortable if they,
as caregivers, wore AR glasses. This assumption can be supported by Klinker et al. [16],
who investigated, from the patient’s perspective, to what extend they would opt-in to a
treatment with the HL2. Here, some surveyed participants found that caregivers wearing
smart glasses look inhumane, as their eyes can hardly be seen, and found it difficult to build
a trusting relationship with this person [16]. However, in the study conducted by Janssen
and Prilla [9], in which caregivers tested AR glasses in a comparable nursing scenario,
participants expressed less concerns regarding the patient’s acceptance towards AR glasses.
Interestingly, none of the interviewees expected patients to have severe problems with the
nurses wearing AR glasses if they explain this properly to the patient before [9]. In contrast
to [16] and our study, [9] used another device, which is far less bulky, has no shades, and
reminds one more of a pair of conventional glasses. Additionally, the ongoing technological
improvements in hardware could resolve this obstacle in the future. Hence, eye contact is
not disturbed, and technical features, such as cameras, are less obvious.

However, with regard to trust, Klinker et al. [16] also reported positive aspects of
smart glasses, as some patients mentioned the reduction of errors and higher productivity
of the caregivers. This maps well to statements from nurses in our study, who obtained
competence from the possibility to check augmented information and to verify their deci-
sions based on it. The information directly provided by AR can also help nurses to respond
more quickly to patient’s questions. Feeling competent is highly influenced by the ability
to establish a trustful relationship with the patient, as was explained in [5,24,42] and also
reported by our participants.
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6. Limitations and Implications for Future Research

In the further development of AR systems for wound management, the first step
should be to ensure that the nurses perceive themselves as competent and autonomous.
Good usability must be ensured so that the nurse can use the contents and functions of
the application optimally in the nursing situation. Technical difficulties during usage led
to frustration when the prototype did not respond to the nurse’s input instantly. Since
the study only contained a prototype implementation, not all usability problems could be
eliminated in advance. We countered this limitation by informing the participants that they
would only be working with a prototypical version. In addition, participants’ statements
were, therefore, evaluated under this restriction. Furthermore, the analysis of the study
indicated that some participants had difficulties navigating through the hologram, leading
to a number of operating errors. Although we have integrated the option for near and far
gestures, a more robust system needs to be implemented in the future to maximize usability
and user experience. Therefore, we suggest removing elements like the slider and replacing
it with buttons or text input fields. In addition, the menu structure needs to be designed
more intuitively, and drop-down buttons should be labeled more explicitly. In the second
step, consideration should also be given to how these multimodal forms of interaction, like
gestures or voice commands, can be perceived and interpreted by outsiders. This plays a
central and complex role, especially in interaction work on and with humans, which has
not yet been investigated in sufficient detail. Accordingly, future research should examine
the impact of different AR glasses models on the self-perception and perceptions of others
by the caregivers who wear them. Special focus should be laid on the impact of eye-contact,
as it might have stronger effects on trust than other nonverbal behavior, such as body
posture [43]. We observed additional strategies, like involving the patient by explaining
what is presented via AR to establish common ground and to inform the patient of what
is happening, which can be opposed to eye-contact. As a result, special emphasis should
be laid on how a trustful connection between the patient and the caregiver can be realized
using AR technology. Nonverbal and verbal communication take place not only among
people but, in this case, also between people and technology. The participants highlighted
that the information and processes through the HL2 were mapped more clearly than in
the system currently used. A direct comparison between traditional documentation and
AR-assisted documentation was not made, and could be explored in subsequent studies to
prove this impression.

Complicating matters with AR is the lack of common ground, as only the caregiver,
not the patient, can see content. Interpersonal misunderstandings, as well as unintentional
inputs, can quickly arise in these situations, as our results indicate, and must be adequately
addressed by future application concepts. When designing interaction patterns, designers
should not only consider intended inputs made by the users, but also inputs that were
unintended—either by the user or the patient. We recommend that future research should
not only consider the perceptions of nurses, but also those of the patients. Both in our
study, as well as in [9,16], the need for introducing and explaining AR glasses to the patient
evolves as a key requirement for a successful integration in practice. Thus, we recommend
extending the design process beyond the digital product itself and to complementing
with service design methods that integrate additional artifacts, instructions and routines.
Additionally, Friemer et al. [44] already suggested that nurses need training not only to
learn how to operate a new technology, but also how to build an understanding about
the context of its usage. A next step should be to investigate the effects of the changed
workflow in longer work phases, for example when treating several patients in succession.

Additionally, some participants experienced motion sickness. According to the find-
ings of [16], this is a common accompaniment when using AR glasses. In order to avoid
this limitation, we provided the participants with a familiarization period with the glasses
at the beginning, and offered them the opportunity to sit down to ensure that no one had to
terminate the study. Future research should focus on how AR holograms can be designed
to maximize usability and minimize the feeling of dizziness.
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7. Conclusions

In conclusion, it can be stated that the approach of the well-being-centered system
design with the positive computing framework, an intensive observation of the work task’s
characteristics, and the involvement of domain experts led to a promising prototype, but
also to the identification of further needs for research and development. The perceived
autonomy of the nurses could be affirmed based on the option to control the glasses by both
near and far gestures, and to be able to set up the workplace independently. Furthermore,
it was observed that the presumed patient perception influenced the perceived personal
competence. In addition, the hardware was considered too bulky. Future developments are
expected to result in smaller devices less disruptive for the connectedness to the patient. We
recommend that future research needs to focus on patients’ perceptions. Their perspective
should also be considered and integrated into the design of applications, in order to ensure
that all requirements are covered. In addition, technical and organizational framework
conditions for integration into real hospital operations must be investigated. The basic
conceptual approaches of this work suggest transferability to other fields of application.
This should be investigated in more detail in future work.
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