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Abstract— In nursing care, correct execution of interventions 

is crucial, for example, when assisting a patient moving from the 

bed to a wheelchair. Such interventions promote both the patients’ 

well-being and the nurses’ long-term health. Thus, learning the 

correct techniques forms an important part of skills training in 

undergraduate nursing education. However, to address the stu-

dents’ learning needs, innovative training methods are required 

that facilitate effective self-directed training as addition to super-

vision by tutors. The rapid development in information and com-

munication technologies for example of Head Mounted Displays 

(smart glasses) raises questions about their use in nursing educa-

tion. Especially the practical training seems to be an area with 

large potential. The design of applications regarding acceptance, 

feasibility and effectiveness must be explored first. We used a Hu-

man-Centred Design process consisting of a survey, design think-

ing workshops to develop prototypes and an evaluation to answers 

these questions and the results are promising.  

Keywords—Nursing Skills Training, Head Mounted Displays, 
Smart Glasses, Step-By-Step Guidance, Human-Centred Design, 

Feasibility Study, Before-After-Study, System Architecture, Interac-
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I. INTRODUCTION 

In many developed countries, including Germany the demo-

graphic change and other societal transformations have led to a 

substantial shortage of nursing staff relative to the number of 

care-dependent persons [1]. This shortage affects all areas of 

health care and poses serious risks to the quality and safety of 

nursing care delivered to patients [2] [3]. Furthermore, while at 

various levels (national and local politics, health care organisa-

tions) efforts are undertaken to increase the number of young 

people deciding for a career in nursing, e.g. by establishing ac-

ademic undergraduate nursing education programmes, the ca-

pacity of nursing education programmes is limited due to staff 

shortages [4]. Nursing education institutions, be it at academic 

or vocational levels, are thus faced with the challenge to provide 

attractive, high-quality nursing training for a potentially rising 

number of students while the number of teachers often stagnates 

or even decreases.  

A major objective of nursing education is to provide future 

nurses with the skills required to safely assist care-dependent 

persons in their activities of daily living and to promote their 

autonomy, independence and integrity. This nursing support 

has to be carried out in line with existing evidence-based rec-

ommendation and individual patients’ symptom burden, needs 

and preferences. An important skill for supporting care-depend-

ent people is nurses’ ability to promote the mobility in chair- or 

bed-bound patients and to safely assist them in the repositioning 

or in transfers from bed to chair or vice versa. In particular, bed-

chair transfers do represent a highly challenging task since, if 

not executed correctly, they may pose risks both to the patients’ 

and the nurses’ health [8]. Therefore, there is a high need that 

nursing students do effectively acquire safe patient handling 

and movement skills during their education programme. 

 Development of such skills requires complex learning pro-

cesses which must be effectively stipulated, promoted and eval-

uated during nursing education. Although conclusive research-

based evidence is lacking on the relative merits of training in 

simulated clinical practice situations (“skills lab”) [5] [6], such 

teaching formats represent an important component of many 

undergraduate nursing programmes. However, these trainings 

are used to be quite resource-intensive as they can often only be 

conducted with small groups of students, resulting in relatively 

high trainer-student ratios (e.g. 1 trainer for a group of 10 stu-

dents). Given the limited staff, the amount of skills lab training 

that can be offered to students is therefore limited as well and 

may be insufficient relative to the students’ subjective learning 

needs [7]. Thus, well-developed and well-evaluated training 

methods are required that effectively support students’ self-di-

rected training as addition to supervised training sessions. 

These training methods should suit the objective learning goals 

and students’ subjective learning needs and be easy and safe to 

implement. 

Modern information and communication technologies 

(ICT) may hold the potential to support students’ acquisition of 

nursing care skills in addition to supervised skills training. In 

this article, we present a technical approach to use Head 

Mounted Displays (HMDs) as a tool to provide in-situ support 

for nursing students’ practical skill training via step-by-step tu-

torials. Given the need for hands-free interaction, HMDs seem 

particularly suitable. To examine this thesis, we chose the bed-

wheelchair transfer as an exemplary scenario. Fig. 1 displays  
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Fig. 1. Steps to consider during a bed-wheelchair transfer: (1) communication, 

(2) preparation of the wheelchair, (3) putting on the brakes and (4) the 

patient's shoes, (5-6) utilizing the hand grip, (7) supporting the patient in 
standing up, (8) guide/assist the patient in turning into the wheelchair, and 

(9) adjust the wheelchair to the patient’s positioning and mobility needs. 

the single steps of a typical bed-wheelchair transfer as con-

ducted in line with existing best practice and safety require-

ments.  

II. RELATED WORK 

 Technological Background 

Head Mounted Displays are visual displays worn on the us-

er's head. They have been around for over 40 years. They have 

been developed since the 1970s, originally for use in military 

contexts. One main advantage of HMDs is their ability to aug-

ment the user's view, turning it into Augmented Reality (AR). 

Main uses for AR include advertising, entertainment and edu-

cation [10]. The rapid development in mobile technology expe-

rienced in the last decade reduced the size of the required hard-

ware for autonomous systems located in frames themselves. 

The term smart glasses gradually established itself. A signifi-

cant step was made by the development of Google Glass, but 

the anticipated success in consumer sector failed. The relaunch 

(Enterprise Edition) specifically targets manufacturing and lo-

gistics [11]. Besides Google, other established manufacturers 

driving forward the development of smart glasses are, for ex-

ample, Epson with their device series "Moverio", Vuzix with 

their devices "Blade" and "M300", and Microsoft with their 

"Hololens". 

 Existing Literature 

A number of studies and literature reviews related to the 

field of medical AR applications have already been published. 

Dougherty & Badawy [12] systematically reviewed existing lit-

erature using Google Glass in nonsurgical medical settings (51 

studies) and distinguished between patient-centred (21) and cli-

nician-centred (30) studies. They concluded that “more prom-

ising results regarding the feasibility, usability, and acceptabil-

ity of using Google Glass were seen in patient-centred studies 

and student training settings.” They further state that their “re-

sults suggest that the greatest potential for Google Glass imple-

mentation to support clinicians lies in student training.” Look-

ing at how the training could be provided, none of the reviewed 

studies examined step-by-step guidance applications. 

Schneidereith [13] examined whether Google Glass can be 

used to improve adherence to medication safety procedures in 

undergraduate nursing students. The device was used to record 

the administration of an intravenous medication from the stu-

dents’ perspective. Schneidereith described how the videos re-

vealed students’ false infusion rates and dosage miscalculations 

that can be traced back to remedial mathematical problems. 

The BMBF project “Pflegebrille” [Careglasses] aims to de-

velop AR applications for intensive home care settings in order 

to support professional (formal) and informal caregivers in the 

correct execution of care procedures [14]. The project is still 

ongoing, and results were not yet published. 

The reviewed work suggests that healthcare students appear 

to be open and ready to use innovative technologies, and posi-

tive effects could be shown for the use of AR technology in 

healthcare settings However, there are still open questions in-

sufficiently addressed by existing studies and projects. For ex-

ample, more insights are required into the design characteristics 

determining the feasibility and effectiveness of AR applications 

for health care students’ skills training. 

Thus, we focus on the human-centred development of a 

smart glasses application for use in skills training of nursing 

students. We aim to provide a step-by-step instruction to sup-

port nursing students’ skills training for complex nursing inter-

ventions. We decided to focus on supporting the patient transfer 

from bed to wheelchair as a first concrete training scenario for 

step-by-step guidance. Our goal is to develop an application 

that is accepted by the students and effective in providing them 

with hands-free information visualization. To support use in 

trainings, we also aim to provide the required infrastructure for 

content management. 

III. Method 

The human-centred development process we applied is 

based on ISO 9241:210 [15]. Fig. 2 displays the steps we carried 

out. We conducted a user and context analysis, developed pro-

totypes and evaluated them in a before-after study. Main re-

search questions were the acceptance of smart glasses for this 

training, their effects, and how they can be integrated in the 

training. 

Literature Review: As first step of the User and Context 

Analysis, a review of the literature was conducted to identify 

related work and suiting devices.  

Online Survey: As there was little information available on 

media usage of nursing students in Germany, an online survey 

was conducted to provide more insight into the target group. 
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Fig. 2. The applied human-centred development process  

Design Thinking Workshops to develop Low-Fidelity 

Prototypes: With more detailed knowledge about the target 

group resulting from the survey, two Design Thinking Work-

shops with nursing students and licensed nurses were conducted 

to develop paper-based Low-Fidelity Prototypes for the system. 

The workshops focussed on developing design variants and 

content that works well with a Google Glass application. 

Development of High-Fidelity Prototype: Based on the 

Low-Fidelity Prototypes, a High-Fidelity Prototype of a Google 

Glass application was developed. During its iterative develop-

ment process, experts were repeatedly consulted to evaluate 

practical relevance, comprehensibility, and usability. 

Evaluation of High-Fidelity Prototype: A before-after 

study was designed to measure whether the application is (1) 

accepted by the targeted user group and (2) effective in improv-

ing the training (e.g., by increasing user’s self-confidence and 

reducing the error rate). Participants were instructed to assist a 

simulated patient during the transfer from bed to wheelchair 

first without help and then supported by the Google Glass app. 

Both iterations were recorded to analyse weather the error rate 

had changed. Additionally, participants answered demographic 

questions, whether they noticed something they would change 

next time, whether and if so, how the application helped them, 

and the advantages and disadvantages of the application of 

smart glasses in training and separately during the work with 

actual patients.  

Conception and Development of Client-Server-Based 

System Architecture: Based on the student and trainer feed-

back and resulting discussions about infrastructure and imple-

mentation, the conception and development of a client-server-

based system architecture was initiated and implemented. 

IV. RESULTS 

Due to its size and capabilities, esp. not obstructing the field 

of view, Google Glass was chosen as a suitable device. 

 Survey 

115 participants being trained in 8 different German federal 

states completed the survey. The results provided useful insight 

into relevant user characteristics (e.g. familiarity with and usage 

of technology (in private and education contexts) and the user 

context. Based on these findings, we could define preliminary 

system requirements to be further discussed in the successive 

workshops. For detailed results see [17].  

 Prototyping 

The workshops resulted in two different design variants that 

were analysed to develop a high-fidelity prototype. The proto-

type provides a tutorial consisting of twelve different slides 

containing steps to consider while assisting a patient with the 

bed-wheelchair transfer (Fig. 3). 

 Evaluation 

29 nursing students (23 bachelor and 6 vocational students) 

participated in the evaluation. Results are sorted by main re-

search questions: acceptance by potential users, learning ef-

fects, and implications for further development. 

The data gathered from the before-after-study indicate that 

a large proportion of the participating students is interested in 

the use of smart glasses for skills training.  

 

 

Fig. 3. Slides of the prototypical step-by-step tutorial (translated from Ger-

man) 
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Acceptance: Asked whether they could imagine using the 

system during skills training, the majority agreed. Some of the 

participants stressed out that more training scenarios would be 

necessary to provide a reliable statement. However, most of 

the participants could not imagine using it outside of training 

in the real-life work context with actual patients. 

Participants reported, among others, an improved self-con-

fidence, reminders of important steps, facilitating a well-struc-

tured procedure as positive aspects of the system. Possible neg-

ative aspects were, among others, distraction, possible inter-

ruption of patient interaction, increased time, and the need to 

use one hand for interacting with the device.  

Effects: Speaking of improved self-confidence, the availa-

bility of the system was seen as useful tool to resort to, checking 

the procedure if needed, even if they did not use it. Qualified 

nursing educators reviewed and evaluated the videos of the par-

ticipant’s performances regarding error rates (each pair of vid-

eos (training without and with glasses) per student was inde-

pendently reviewed by two trainers). The results indicate 

slightly lower error rates while using our system compared to 

the performance without use of the AR application. 

Results relevant for further development: Some partici-

pants with regular glasses had difficulties wearing smart glasses 

and their own glasses at the same time. The touch-based inter-

action used in the prototype was criticized as unsuitable in the 

healthcare context with its strict hygiene regulations. Some par-

ticipants asked for voice control. 

 Infrastructure 

First steps were made to develop the client-server-based 

system architecture (see Fig. 4). The tutorials are stored in a 

database and could also be accessed by students during their 

training sessions. Focussing on establishing the connection and 

communication between the components, the concept has been 

prototypically implemented in a first version that provides the 

basis for the creation of additional tutorials by nursing experts. 

V. DISCUSSION AND FUTURE WORK 

The human-centred design process led to the development 

of a working app for smart glasses which provides hands-free 

step-by-step assistance for nursing students training skills for 

safe patient transfers from bed to wheelchair. Results from User 

and Context Analysis, Prototyping, and Evaluation all support 

the feasibility and potential merits of smart glasses in skills 

training. However, smart glasses seem to be particularly suited 

for training, not for actual nurse-patient interaction. During the 

development process, three main issues emerged requiring fur-

ther reflections and developments: content, content manage-

ment, and interaction and feedback.  

 

Fig. 4. Client-server based System architecture 

 Content  

Step-by-step instructions have to be developed to provide 

nursing students with up-to-date subject information which is 

accessible at the right time in the right resolution. Especially the 

workshops proved helpful to develop an information architec-

ture and workflow of virtual index cards. Specialized design 

guidelines are required, which refer to common developer 

guidelines for smart glasses but are adapted to the specific con-

text. While the content for the high-fidelity prototype itself was 

developed as part of a master’s thesis in cooperation with ex-

perts, future content has to be created by qualified experts them-

selves. This could be done in interdisciplinary student projects, 

where advanced nursing students collaborate with computer 

science students for the development of AR-suitable tutorials. 

First projects of this kind have been set up by the authors, and 

preliminary experiences confirm the feasibility of this ap-

proach. Within these projects and included evaluation studies 

further training content will be developed, e.g., for the skills 

training on changing wound dressings. 

 Content Management  

The created content must be made available easily, without 

the need for special technical or programming skills. Thus, a 

content management system has to be implemented. After the 

positive evaluation of smart glasses, a first web interface was 

developed allowing nursing trainers (and students) to add new 

content. Beyond a purely technical role of providing content, 

trainers are still needed during skills trainings as supervisors. 

They have to answer questions, give feedback, and help to solve 

problems. The system is specifically oriented to support stu-

dents in addition to supervised skills training.  
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 Interaction and Feedback  

While smart glasses allow for hands-free information visu-

alization, users must still advance the index cards using touch-

gestures. For training purposes, a quick tap on the frame was 

sufficient to view the next tutorial step during our study. Alt-

hough this approach was proven feasible, there are a number of 

limitations to consider. Students could learn the wrong habits. 

Hygiene is a crucial element in healthcare, thus a better form of 

interaction is required, free of any touch-gestures. First ap-

proaches include the use of mid-air gestures (e.g., via Myo arm-

band) or voice control. Both might be useful, at least for training 

purposes. Additionally, if sensors are used to track the users, 

the same sensors could be used to provide feedback. Especially 

for posture tracking the use of sensors seems promising [17]. 

Other approaches that were brought up during development 

might be useful too, e.g., the use of other output devices like 

tablets or projections to display the tutorials. 

 Conclusion 

Based on these promising results of using smart glasses for 

skills trainings in nursing education, next steps include the cre-

ation of training materials for different scenarios, and experi-

mental studies to assess the applicability and learning outcomes 

in regular undergraduate nursing education courses. 
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