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Figure 1: The three phases to support the learning of a Kinaesthetics-based patient transfer by two nurses with KiTT: (A) In-
teractive instructions teach the conduct of the patient transfer step-by-step. (B) During training, visual and auditory key in-
formation is provided to support the practice of each step of the patient transfer. An RGB camera records the training of the
nurses. Also, risky behaviors of the nurse who conducts the transfer are captured according to seven risk categories (e.g., ‘risky
bending of the back’). The Wizard of Oz method was used to simulate the automatic detection of risky behaviors during the
evaluation of KiTT. (c) Feedback and reflection are supported by an overview of the detected risky behaviors and the possi-
bility to access details. (material design icons in (A-C), © Google LLC; 3d avatars in (A) and (B), © Reallusion Inc.; 3d hospital

furniture in () and (), © TurboSquid Inc.)

ABSTRACT

Nurses frequently transfer patients as part of their daily work.
However, manual patient transfers pose a major risk to nurses’
health. Although the Kinaesthetics care conception can help address
this issue, existing support to learn the concept is low. We present
KiTT, a tablet-based system, to promote the learning of ergonomic
patient transfers based on the Kinaesthetics care conception. KiTT
supports the training of Kinaesthetics-based patient transfers by
two nurses. The nurses are guided by the phases (i) interactive
instructions, (ii) training of transfer conduct, and (iii) feedback and
reflection. We evaluated KiTT with 26 nursing-care students in a

CHI °21, May 8-13, 2021, Yokohama, Japan

© 2021 Copyright held by the owner/author(s).

This is the author’s version of the work. It is posted here for your personal use. Not
for redistribution. The definitive Version of Record was published in CHI Conference
on Human Factors in Computing Systems (CHI °21), May 8-13, 2021, Yokohama, Japan,
https://doi.org/10.1145/3411764.3445496.

nursing-care school. Our results indicate that KiTT provides a good
subjective support for the learning of Kinaesthetics. Our results
also suggest that KiTT can promote the ergonomically correct
conduct of patient transfers while providing a good user experience
adequate to the nursing-school context, and reveal how KiTT can
extend existing practices.
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1 INTRODUCTION

The activity to manually transfer patients is critically important
as it is a frequent part of nurses’ daily work and an activity that
is conducted across health systems globally. Unfortunately, nurses
are strongly affected by injuries from overexertion [36] and work-
related musculoskeletal disorders [44]. Injuries, like problems with
the back, neck, and shoulder, can lead to sick leave [14] and long-
term medical problems [30]. The manual transfer of patients poses
a major risk factor for such symptoms [15, 42].

In Germany, multiple government-supported schools provide
nursing-care students with a Kinaesthetics basic course that intro-
duces the Kinaesthetics care conception [3] (henceforth referred
to as Kinaesthetics). Kinaesthetics is supposed to enable patient
transfers in a way so that injuries are avoided, and the health-
development of nurses and patients is supported. It consists of
six concepts. For instance, the concept ‘human function’ suggests
that fast and too large movement steps—like a swift motion to
move a patient upward in bed—should be avoided [23]. These can
cause a strong effort to the patient and have an impact on nurses’
health. Unfortunately, previous work has shown that the practi-
cal application of Kinaesthetics often fails (e.g., [12, 13, 22]). After
the Kinaesthetics basic course, nursing-care students are hardly
supported in the learning and application of Kinaesthetics [13].
Previous work already showed that mobile technology has the po-
tential to promote ergonomic patient transfers during work [12].
However, there is still the need for further support to foster the
learning and, as part of this, training of Kinaesthetics-based patient
transfers [12]. We present KiTT, the Kinaesthetics Transfer Teacher.
KiTT is a tablet-based system, to promote the learning of ergonomic
patient transfers based on Kinaesthetics. Two nurses can use KiTT
to train Kinaesthetics-based patient transfers by following three
consecutive phases. KiTT supports the nurses with (i) interactive
instructions to understand what is important and why (see Fig. 1),
(ii) key information to support the training of the transfer conduct
(see Fig. 1B), and (iii) feedback to aid their reflection (see Fig. 1C).

To our knowledge, KiTT is the first tablet-based system that
provides instructions and feedback to promote the learning of
Kinaesthetics-based patient transfers. Our work contributes an eval-
uation in a nursing-care school that investigates how nursing-care
students experience the support of KiTT for learning in a training
room context.

2 RELATED WORK

Our work addresses the use of technology to support (i) learning
in nursing care, and (ii) movement learning. Thus, we reviewed
technical systems that cover either aspect.

Diirr, et al.

2.1 Systems that Support Learning in Nursing
Care

Most previous work related to learning systems in nursing care
focused on skills that nurses require to care for patients. These
include the administration of medication [11], and the placement
of a catheter [16] or nasogastric tube [5]. In comparison, only few
past work aimed to preserve nurses’ health by promoting the learn-
ing of ergonomic patient transfers.

Wen et al. [47] proposed a system that tracks a user during the
transfer of a patient with a slide sheet and provides visual feed-
back on a screen. To our knowledge, the system was not evaluated
with end-users. Huang et al. [25] introduced a system to train
the transfer of a patient from a bed into a wheelchair. Users are
tracked during training. Afterward, a desktop computer interface
presents users with a checklist and videos for feedback. The au-
thors conducted an experiment in which five participants trained
with the system, while five other participants used a textbook and
demonstration video. During training, the participants transferred
a human who simulated a patient. The authors’ results indicate a
higher performance improvement for the participants who used
the system. Kopetz et al. [29] designed and investigated a smart
glasses application that provides instructions for a patient transfer
(bed to wheelchair). The authors evaluated the application with
29 nursing-care students. They compared participants’ initial per-
formance (pre system use) with participants’ performance during
the use of the smart glasses. A researcher simulated the patient dur-
ing the evaluation. The authors’ results suggest that smart glasses
have the potential to support skills training. Finally, past research
also explored the use of a robot patient for the training of patient
transfers (e.g., [24]).

In regard to Kinaesthetics, there are two commercial apps that
were launched in the past [27]: The smartphone app ‘MH Kinaes-
thetics’ is limited to images and texts about Kinaesthetics. The tablet
app ‘Kinaesthetics Care’ was supposed to train persons who look
after a relative in need of care. It supported the training of transfers
by videos and texts. However, the app is no longer available in the
Google Play Store and was, to our knowledge, not evaluated. Fur-
thermore, Diirr et al. [12] conducted an ‘in-the-wild” evaluation of
NurseCare, a smartphone-based system to promote the learning and
application of Kinaesthetics-based patient transfers during work.
Based on their results, the authors suggest that additional support
to facilitate the acquisition of knowledge in regard to Kinaesthetics-
based patient transfers—e.g., in the form of a learning system that
can be used in a training room at a nursing-care school—is required.
In another work, Diirr et al. [13] present the results of a qualitative
study that provides three themes with underlying implications for
technology to support the learning of Kinaesthetics-based patient
transfers. In their discussion, the authors suggest a concept for a
tablet-based learning system. This inspired the design process of
our work.

Overall, the reviewed research that investigated systems for the
learning of patient transfers in a training room setting either used
a simulated human or a robot to reflect the patient during the eval-
uation. To our knowledge, past research did not provide empirical
evidence about how two nursing-care students experience the use
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of a tablet-based system that promotes the ergonomic transfer of
patients to learn together in a training room context.

2.2 Systems that Support Movement Learning

Much previous research investigated systems to support the learn-
ing of movements that are performed by a single human. For in-
stance, past research addressed the learning of tai chi movements
in virtual reality [ 6], violin playing with a vibrotactile jacket A6,

and arbitrary single-person movements with an augmented reality
mirror [1].

Aside from this, some recent work used virtual reality displays to
support the learning of complex movements that involve two actors.
Senecal et al 4] introduced a system for the learning of dance
movements with a virtual partner. Related, Takala et di3[pre-
sented a martial arts training system that supports the interaction
with virtual opponents.

Considering handheld devices, there exist several commercial
movement learning and training apps. Many of these focus on
single-user tness exercises (e.gL9). Besides this, there is also a
commercial augmented reality apd.(] that supports the couple
practice of salsa. Users can see footsteps, augmented on the oor,
that they can follow.

Overall, there are few systems that use tablets to support the
learning of complex movements that involve multiple human actors.
To our knowledge, previous work did not investigate the use of
tablets to support the learning of complex patient transfer move-
ments that involve two actors, close physical contacts, and verbal
communications.

3 KITT: TEACHING KINAESTHETICS-BASED
PATIENT TRANSFERS WITH TABLETS

In the following, we describe the design and implementation of

KiTT, theKinaestheticsTransferTeacherKiTT is a tablet-based

system that aims to promote the learning of ergonomic patient
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participation in a Kinaesthetics basic course. We structured the
learning by the aforementioned three components to provide users
with a familiar basis.

Support practical experiences from the ‘nurse' and “patient’ per-
spective and the reflection on these experieftesresults otheme
2, experiendd J show that teachers see practical experiences as an
important part of Kinaesthetics courses. Students usually train pa-
tient transfers while enacting the roles “patient' and "nurse. Taking
on the “patient' role can increase students' understanding of human
movement possibilities and patients' feelings. Teachers also encour-
age students to instruct the patient to participate in the transfer,
as e ective movement and action dialogues can help to reduce the
load on the body of the nurse who interacts with the patier[Fur-
thermore, teachers encourage students to think about their training
experiences. This process is frequently guided by risky behaviors
that the teacher identi ed. We designeldiTT to support the learn-
ing in the roles "nurse' and “patient. To increase the understanding
of correct nurse-patient interaction&iT T exempli es the patient's
active involvement in a transfer. FinallKiTT was designed to aid
the re ection on training experiences in association with risky
behaviors.

Support the link between theory, body, and movement for diverse
patient transfer situationsThe results otheme 3, body and move-
ment[13 highlight that di erent patients might require di erent
ways to transfer them. For example, nurses sometimes need to trans-
fer patients with a higher or a lower movement capability e.g., a
partly mobile patient in rehabilitation vs. a mostly immobile patient
who requires intensive care. Depending on the situation, di erent
parts of Kinaesthetics might be more or less relevant. Teachers
typically illustrate how Kinaesthetics as a theory can help to un-
derstand the human body and its movement capabilities, and how
this can ease patient transfers during di erent situations. When
designingKiTT, we considered the need to support the learning

transfers, based on Kinaesthetics. The design process was conductecPf di €rent patient transfer situations. We also aimed to provide a

in German. All parts of the user interface shown in this section
are translated into English.

3.1 Design Goals

We based our design process on the results of a previously con-
ducted qualitative study13. The authors provide three themes
(theme 1 3) with underlying implications to support the learning of
Kinaesthetics-based patient transfers by technology. We established
three goals each related to one theme that guided the design pro-
cess oKiTT ( ).

Support self-directed learning by instruction, training, and feed-
back.The results otheme 1, learning and applicatiptd stress the
need to support the self-directed learning of Kinaesthetics-based pa-
tient transfers. At present, nursing-care students lack an adequate
support to continue learning after they participated in a Kinaesthet-
ics basic course. The availability of professional teachers is strongly
limited. During basic courses, teachers typically follow a procedure
with three main components: (instruction (ii) training original
wording: practice , and (iii) feedbackWhen designindiTT, we
aimed to support the self-directed learning by two nurses after

close link between Kinaesthetics and its application, as this might
aid students' understanding of how Kinaesthetics can support them
to handle di erent patient transfer situations ergonomically.

3.2 Design Process

As part of our design process, we created content together with
nursing-care teachers\ = 4) and conducted a formative evaluation
of KiTTpt, a prototype ofKiTT with nursing-care studentsN = 18).

Content CreationTo facilitate the instruction of learners (see ),

we createdanimationsfor eight Kinaesthetics-based patient trans-
fers. We used 3d motion capturing to record transfers for three
movement scenarios that nurses often need to carry out: (i) transfer
a patient upward in bed, (ii) transfer a lying patient to sit at the
bedside, (iii) transfer a patient from the bedside into a wheelchair.
Related to , for each scenario, we captured transfers that are
suitable for patients with di erent movement capabilities. The cap-
tures were created with a professional Kinaesthetics teacher who
had 16 years of experience with Kinaesthetics. The teacher demon-
strated the transfers with a student who acted as the patient (see
Fig. 2). We captured the transfers with two body-worn Perception
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