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Figure�1.�The�key�features�of�NurseCare:�(a)�Mobile�access�to�instructions�for�ergonomic�patient�transfers�(e.g.,�to�access�instructions�before�entering�a�

patient’s�room).�(b)�In-situ�feedback�related�to�the�risky�bending�of�the�back.�A�sensor�attached�to�a�chest-belt�detects�the�risky�bending�of�a�user’s�back.�

The�smartphone�vibrates�to�provide�in-situ�feedback.�(c)�Long-term�feedback�to�aid�reflection�(e.g.,�for�reflection�during�breaks�or�at�home).�(Material�

design�icons�in�(a)�and�in�(c),�©Google�LLC;�Humans�in�(a),�©Reallusion�Inc.;�Hospital�furniture�in�(a),�©TurboSquid�Inc.)�

ABSTRACT�
Nurses�are�frequently�required�to�transfer�patients�as�part�of�
their�daily�duties.� However,�the�manual�transfer�of�patients�
is�a�major�risk�factor�for�injuries�to�the�back.� Although�the�
Kinaesthetics�Care�Conception�can�help�to�address�this�issue,�
existing�support�for�the�integration�of�the�concept�into�nursing-
care�practice�is�low.�We�present�NurseCare,�a�mobile�system�
that�aims�to�promote�the�practical�application�of�ergonomic�
patient�transfers�based�on�the�Kinaesthetics�Care�Conception.�
NurseCare�consists�of�a�wearable�and�a�smartphone�app.�Key�
features�of�NurseCare�include�mobile�accessible�instructions�
for�ergonomic�patient�transfers,�in-situ�feedback�for�the�risky�
bending�of�the�back,�and�long-term�feedback.�We�evaluated�
NurseCare�in�a�nine�participant�‘in-the-wild’�evaluation.�Re-
sults�indicate�that�NurseCare�can�facilitate�ergonomic�work�
while�providing�a�high�user�experience�adequate�to�the�nurses’�
work�domain,�and�reveal�how�NurseCare�can�be�incorporated�
in�given�practices.�
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INTRODUCTION�
The�demographic�developments� in�western�societies�entail�
an�increasing�need�for�nursing-care�personnel�who�can�care�
for�a�growing�portion�of�elderly�society�members.�However,�
especially�nursing-care�workers�are�highly�affected�by�injuries�
from�overexertion�[24]�and�work-related�musculoskeletal�dis-
orders�[34].� Related�injuries�include�problems�of�the�back,�
neck,�and�shoulder.�Such�health�implications�can�lead�to�sick�
leave�[9]�and�persistent�medical�problems�[22].� One�major�
risk�factor�for�related�symptoms�is�the�manual�transfer�and�
movement�of�patients�[32,�10].�

To�reduce�negative�health�implications,�multiple�government-
supported�schools�in�Germany�provide�a�Kinaesthetics�Basics�
Course�that�teaches�nursing-care�students�about�the�transfer�
of�patients�based�on�the�Kinaesthetics�Care�Conception�[1]�
(henceforth�referred�to�as�Kinaesthetics).�Kinaesthetics�con-
sists�of�six�concepts�that�can�help�to�view�human�activities�
from�different�perspectives�[15].� For�example,�the�concept�
‘human�movement’�can�help�nurses�to�reduce�the�load�on�their�
bodies�during�certain�parts�of�a�patient� transfer�by� follow-
ing� spiral� instead�of�parallel�movements.� Kinaesthetics� is�
supposed�to�enable�the�transfer�of�patients�so�that�the�health�
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development�of�nurses�and�patients�is�supported�while�injuries�
are�avoided.�However,�previous�studies�have�shown�that�the�in-
ternalization�and�application�of�Kinaesthetics�often�fail�[11,�8].�
Problems�stated�are�a�lack�of�sufficient�knowledge�regarding�
the�appliance�and�direct�support�during�work.� After�the�Ki-
naesthetics�Basic�Course,�nurses�are�hardly�provided�with�any�
support�to�apply�Kinaesthetics�as�part�of�their�daily�work�[8].�

We�present�NurseCare,�a�mobile�system�that�aims�to�promote�
the�practical�application�of�ergonomic�patient�transfers�based�
on�Kinaesthetics�during�work.� NurseCare� is�comprised�of�
two�components:�a�wearable�and�a�smartphone�app.�The�key�
features�of�NurseCare�include�mobile�access�to�instructions�for�
ergonomic�patient�transfers�(see�Figure�1a),�in-situ�feedback�
related�to�the�risky�bending�of�the�back�(see�Figure�1b),�and�
long-term�feedback�to�aid�reflection�(see�Figure�1c).�

To�our�knowledge,�NurseCare�is�the�first�mobile�system�that�
provides�instructions�and�feedback�in�order�to�promote�the�
application�of�ergonomic�patient�transfers�during�work.� In�
contrast�to�previous�studies,�our�work�contributes�by�an�‘in-
the-wild’�evaluation�in�a�clinical�setting,�which�investigates�
how�nurses�experience�the�support�of�NurseCare�during�work.�

In� the�following,�we�give�an�overview�on�related�research,�
describe�our�user-centered�design�process�and�the�features�of�
NurseCare,�present�and�discuss�the�findings�of�our�‘in-the-
wild’�evaluation,�and�provide�implications�for�the�design�and�
integration�of�related�mobile�systems�and�future�work.�

RELATED�WORK�
In�order�to�promote�the�ergonomic�transfer�of�patients,�it�is�
important�to�(i)�make�users�aware�of�risky�postures,�and�to�(ii)�
support�the�correct�application�of�ergonomic�patient�transfers.�
We�consequently�reviewed�related�work�in�both�directions.�

Mobile�Systems�to�make�aware�of�Risky�Postures�
Previous� research� investigated�several�mobile�systems� that�
use�wearable�technology�to�detect�risky�postures�and�provide�
feedback�in�real-time.�Yan�et�al.�[37]�target�construction�work-
ers.� They�make�use�of�wearable�inertial�measurement�units�
for�tracking�and�warn�users�through�a�smartphone�if�a�risky�
posture�is�detected.�The�authors�validated�their�system�in�the�
form�of�a�lab-experiment�with�one�participant�and�provide�a�
very�brief�description�of�a�subsequent�field�study.�Soenandi�et�
al.�[33]�concentrate�on�the�specific�use�case�of�workers�in�the�
cottage�industry�of�Emping�melinjo,�an�agro-industrial�prod-
uct.�Du�et�al.�[7]�investigated�a�mobile�system�that�supports�
office�workers�in�maintaining�a�healthy�posture.�The�authors�
combine�the�smart-garment�Zishi�[36]�with�a�smartphone�app�
to�track�users’�shoulder�posture�and�to�support�shoulder�train-
ing.�They�evaluated�the�usability�of�the�shoulder�training�in�
a�lab�study,�and�investigated�the�effectiveness�of�the�shoulder�
tracking�as�part�of�a�field�experiment.�Their�results�indicate�a�
positive�usability�for�the�shoulder�training,�and�that�the�shoul-
der�tracking�can�help�to�improve�participants’�posture.�

Without�a�focus�on�a�specific�task,�other�prior�work�concen-
trated�on�posture�correction�in�general.�For�instance,�Carvalho�
et�al.�[6]�evaluated�a�vest�that�provides�audio�and�tactile�feed-
back�for�incorrect�postures.�The�authors’�results�indicate�that�

the�system�can�decrease�the�percentage�of�time�which�users�
spend�in�an�incorrect�posture.� In�relation,� the�approach�of�
Shanmugam�et�al.�[29]�uses�a�wearable�to�track�the�lumbar�
spine�position.� When�a�bad�posture�is�detected,�the�system�
provides�users�with�tactile�feedback�and�a�push-notification�on�
a�smartphone�app.�Furthermore,�there�also�exist�some�commer-
cial�products�that�combine�a�wearable�with�a�smartphone�app�
to�provide�users�with�feedback�for�risky�postures�(e.g.,�[35]).�

In� the�field�of�health�care,� various� systems� target�at-home�
monitoring�(e.g.,�[30]).� Related�to�ergonomic�patient�trans-
fers,�Muckell�et�al.�[23]�investigated�different�risk�metrics�for�
patient�transfers.�Based�on�their�results�of�a�lab�study,�they�sug-
gest�that�wearable�tracking�technology�allows�for�the�detection�
of�risky�patient�transfer�behavior.�

Overall,�past�work�shows�that�mobile�systems�can�be�effective�
in�decreasing�risky�postures.� However,�much�past�research�
focused�on�studying�the�effectiveness�of�tracking�approaches�
in�a�lab.�To�our�knowledge,�past�work�did�not�investigate�how�
nurses�experience�a�mobile�system�that�aims�to�increase�their�
awareness�of�risky�postures�in�a�clinical�setting�during�work.�

Mobile�Systems�to�support�Ergonomic�Patient�Transfers�
Past�research�related�to�nursing�care�considered�mobile�sys-
tems�for�the�learning�of�different�core�skills,� including�the�
communication�with�patients�[3]�and�emergency�handling�[14].�

Concerning�patient�transfers,�some�past�work�researched�sta-
tionary� learning� systems.� For� instance,� Huang� et� al.� [16]�
presented�a�system�that�provides�videos�and�visual�feedback�
to�support�the�training�of�patient-transfer�skills.�Based�on�an�
evaluation,�the�authors�suggest�that�participants�who�used�their�
system�showed�a�higher�performance�improvement�for�patient�
transfers�than�participants�who�learned�with�a�textbook�and�
demonstration�video.�

There�is�only�few�previous�research�that�used�mobile�technol-
ogy�to�promote�ergonomic�patient�transfers.�Kopetz�et�al.�[21]�
investigated�the�use�of�smart�glasses�to�support�nurses’�skills�
training.�They�designed�and�evaluated�an�app�that�supports�in-
structions�for�a�patient�transfer�scenario.�Their�results�suggest�
that�smart�glasses�have�the�potential�to�support�skills�training,�
but�also�that�most�participants�could�not�imagine�using�the�
technology�as�part�of�their�daily�work.�Dürr�et�al.�[8]�propose�
a�concept�for�a�system�that�uses�tablets�to�support�the�learning�
of�patient�transfers.�Furthermore,�there�exist�two�commercial�
apps�related�to�Kinaesthetics�[20].� The�tablet�app�‘Kinaes-
thetics�Care’�aims�to�support�the�training�of�patient�transfers�
with�videos�and�textual�information.� ‘MH�Kinaesthetics’�is�
a�smartphone�app�that�is�limited�to�textual�descriptions�and�
images�for�different�aspects�of�Kinaesthetics.�

Overall,�the�reviewed�research�provides�no�empirical�evidence�
to�what�extent�a�mobile�system�can�support�the�application�of�
ergonomic�patient�transfers�during�work.�To�our�knowledge,�
past�research�did�not�leverage�mobile�technology�to�support�
the�ergonomic�transfer�of�patients�directly�during�work.�

NURSECARE:�A�MOBILE�SYSTEM�TO�SUPPORT�NURSES�
In�the�following,�we�describe�the�design�and�implementation�
of�NurseCare,� a�mobile� system� to�promote� the�ergonomic�



transfer�of�patients�based�on�Kinaesthetics.�Our�user-centered�
design�process�was�conducted�in�German.� Thus,�the�photos�
of�the�design�artifacts�in�this�section�contain�German�writing.�
Our�design�process�was�based�on�the�results�of�a�previously�
conducted�qualitative�study�[8].�The�results�of�this�study�pro-
vide�a�broad�understanding�of�the�targeted�context�with�a�focus�
on�the�learning�process�as�part�of�nursing-care�students’�educa-
tion.�Our�design�process�extended�this�broad�understanding�of�
the�context�with�specifics�about�support�during�work.�For�this�
purpose,�we�conducted�two�workshops,�which�were�largely�
inspired�by�participatory�design�(e.g.,�[18])�and�participatory�
research�‘in-the-wild’�[26].�Both�workshops�were�conducted�
together�with�nursing-care�students�who�had�practical�work�
experience�in�a�clinical�context.�

Workshop�I:�Requirements�and�Initial�Design�Ideas�
To�gather�requirements�and�first�design�ideas�for�NurseCare,�
we�conducted�a�2.5�hours�long�workshop�with�five�nursing-care�
students�(all�female).�The�participants�were�aged�between�22�
and�50�years.�All�had�previously�participated�a�Kinaesthetics�
Basic�Course.�Participants�were�compensated�with�25�Euro.�
The�workshop�structure�was�inspired�by�the�three�phases�of�the�
Future�Workshop�[19]:�(i)�Critique�Phase,�(ii)�Fantasy�Phase,�
and�(iii)�Implementation�Phase.�

In�the�Critique�Phase,�we�conducted�a�structured�brainstorm-
ing�(see�Figure�2a).�We�aimed�to�reveal�issues�regarding�the�
appliance�of�Kinaesthetics�as�part�of�nurses’�daily�work�and�to�
gather�ideas�for�solutions�to�existing�problems.�

In�the�Fantasy�Phase,�the�participants�were�divided�into�two�
groups.� They�were� asked� to� choose� the� three�of� the� solu-
tion�ideas�that�came�up�during�the�brainstorming,�which�they�
deemed�the�most�important�ones.� For�each�idea,�they�were�
asked�to�sketch�out�first�ideas�for�its�realization�(see�Figure�2b).�

The�Implementation�Phase�comprised�the�presentation�and�dis-
cussion�of�the�groups’�works.�Based�on�the�workshop�results,�
we�identified�important�requirements.�Figure�2c�shows�the�five�
main�requirements�that�informed�the�design�and�implementa-
tion�of�NurseCare.�

Workshop�II:�Designing�for�the�Nurses�Daily�Workflow�
The�first�workshop�highlighted�different�problems�related�to�
the�nurses’�workflow.�We�conducted�a�second�2.5�hours�long�
workshop�in�order�to�discern�how�a�mobile�system�may�ad-
dress�the�identified�requirements�in�a�way�that�supports�the�
nurses’�complex�workflow.�As�the�aim�of�this�workshop�was�
the�combination�of�domain-relevant�knowledge�and�techni-
cal�knowledge,�we�incorporated�the�expertise�of�nurses�and�
computer-science�students.�Six�persons�(5�female)�participated.�
Three�nursing-care�students�who�took�part�in�workshop�I,�and�
three�computer-science�students�with�a�background�in�HCI.�
The�participants�were�aged�between�22�and�28�years.�Partici-
pants�were�compensated�with�25�Euro.�

We�applied�the�framework�of�Sanders�et�al.�[27]�to�chose�appro-
priate�tools�and�techniques�for�the�workshop.�The�participants�
were�grouped�in�dyads,�each�comprised�of�one�nursing-care�
and�one�computer-science�student.�Each�dyad�received�a�large�
piece�of�paper,�with�an�orange,�a�yellow,�and�a�blue�line�(see�
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Figure�2.�Workshop�I:�Requirements�and�Initial�Design�Ideas.�(a)�results�

of� the�brainstorming� in� the�Critique�Phase,� (b)� sketching� ideas� in� the�

Fantasy�Phase,� (c)�the�five�main�requirements,�based�on�the�workshop�

results.�(Material�design�icons�in�(c),�©Google�LLC)�
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Figure�3.� Workshop�II:�Designing�for�the�Nurses�Daily�Workflow.� (a)�

timeline� template� provided� to� the� participants� (colored� lines� were� en-

hanced�with�a�graphics�tool,�to�increase�the�perceptibility�of�the�image),�

(b)�colored�paper�cards�to�reflect�different�information�about�events�in�

the�nurses’�daily�workflow,�(c)�analysis�by�grouping�of�similarities.�

Figure�3a).�The�three�lines�were�supposed�to�reflect�different�
information�on�the�same�timeline.�The�dyads�were�asked�to�
fill� the� timeline�with� information�about�a�regular�workday,�
and�extend�this�towards�a�‘dream�scenario’�in�which�they�are�
supported�by�a�mobile�system.�They�were�told�that�they�should�
start�when�they�get�up�and�end�the�scenario�when�going�to�bed.�
To�do�so,�the�dyads�were�provided�with�colored�paper�cards,�
which�they�could�stick�to�the�matching�lines�on�the�timeline�
(see�Figure�3b).�For�each�event�during�a�regular�workday,�the�
participants�were�asked�to�provide�information�about�what�
they�usually�do�at� the�time�(orange�cards),�what�they�want�
to�achieve�by�what�they�do�(yellow�cards),�and�match�one�or�
multiple�of�the�previously�identified�requirements�to�the�task�
if�suitable�(blue�cards).�Furthermore,�participants�were�asked�
to�use�green�cards�to�provide�ideas�about�how�a�future�system�
may�aid�them�related�to�the�requirements.� In�a�second�step,�
the�participants�were�asked�to�sketch�out�how�they�imagine�the�
previously�noted�ideas�to�be�realized�in�a�future�system.�

The�results�were�analyzed�in�two�steps.�At�first,�each�group’s�
artifact�was�described�individually�in�a�written�form.�Second,�



photos�of�all�groups�artifacts�were�placed�above�each�other,�and�
similarities�among�the�groups�were�identified�(see�Figure�3c).�
The�workshop�helped�to�clarify�the�system�requirements�and�
how�they�can�be�integrated�into�the�nurses’�daily�workflow.�

Further�Design�Process�
Guided�by�the�insights�from�our�workshops,�we�applied�further�
UX� design� methods� to� develop� the� design� and� interaction�
concept�of�NurseCare.�We�identified�essential�use�cases�that�
helped�us�to�focus�on�key�tasks�and�made�use�of�personas,�user�
scenarios,�and�the�iterative�sketching�of�design�ideas.�

To� identify�usability�flaws�early� in� the�design�process,� we�
implemented�a�click-through�prototype�and�evaluated�it�in�a�
Cognitive�Walkthrough.�The�evaluation�was�conducted�with�
two�computer-science�students�(both�female),�who�had�partici-
pated�in�workshop�II.�They�were�23�and�29�years�of�age.�The�
analytical�inspection�helped�to�identify�structural�inconsisten-
cies�and�improve�the�design.�

NurseCare:�The�Final�Implementation�
The�final�implementation�of�NurseCare�consists�of�two�com-
ponents,�a�wearable,�and�an�Android�smartphone�app.�

The�wearable�mainly�consists�of�a�MetaMotionR�sensor�(ver-
sion�‘R1’)�[17]�and�a�chest-belt.�We�created�a�3d-printed�case�
for�the�sensor,�which�leaves�the�micro-USB�port�accessible�for�
charging�(see�Figure�4a).�The�chest-belt�provides�a�pocket�that�
can�hold�the�sensor.�The�pocket�was�custom�created�and�sewed�
to�the�chest-belt.�A�velcro�strap�allows�a�simple�removal�and�
insertion�of�the�sensor�(see�Figure�4b).�The�chest-belt�has�a�
clasp�on�the�opposing�side�to�the�pocket�that�holds�the�sensor.�
Thus,�a�user�can�easily�put�the�sensor�on�in�the�morning,�wear�
it�at�the�center�of�the�back�to�detect�risky�movements�during�
work,�and�put�it�off�in�the�evening�(see�Figure�4c).�

The�smartphone�app�can�be�connected�to�the�sensor�on�the�
apps�start�screen�via�Bluetooth�(accessible�by�touching�the�
house�icon�visible�in�the�left,�bottom�corner�of�the�interface�
in�Figure�4d).�Based�on�the�main�requirements�derived�from�
workshop�I�(R1–R5),�the�app�provides�five�main�features:�

Real-time�feedback�(R1)�is�provided�based�on�the�accelerome-
ter�data�of�the�sensor.�The�data�are�streamed�from�the�sensor�
to�the�smartphone�in�real�time.�The�angle�between�an�upright�
stance�and�the�user’s�current�posture�is�computed.� Thresh-
olding� is� applied� to�determine� if� a�user� receives� feedback.�
Muckell�et�al.�[23]�determined�a�gold�standard�for�different�
risk�metrics�and�patient�transfers.�The�gold�standard�is�based�
on�the�performance�of�a�professional�physiotherapist�with�over�
15�years�of�experience.�For�upright�stance,�the�gold�standard�
suggests�threshold�angles�for�the�two�different�patient-transfers�
bed-to-chair�(55.79°)�and�chair-to-chair�(45.19°).�As�the�type�
of�patient�transfers�that�nurses�need�to�conduct�throughout�a�
day�is�dependent�on�many�aspects,�like�the�condition�of�the�
patients�that�they�transfer,�we�could�not�be�sure�which�trans-
fers�our�end�users�will�conduct�the�most�as�part�of�their�daily�
work.�Thus,�we�decided�to�use�a�threshold�value�of�50°,�which�
approximately�corresponds�to�the�mean�of�both�gold-standard�
measurements.� If�a�user�exceeds�the�threshold,�vibrotactile�
feedback�is�provided�by�a�vibration�of�the�smartphone.�

Long-term�feedback�(R2)�is�accessible�in�the�form�of�a�‘move-
ment�profile’�(see�Figure�4d).�The�workshop�participants�saw�
it�as�important�to�know�at�what�time�of�the�day�the�system�
detected�risky�movements.�The�idea�was�that�such�a�feature�
could�help�to�reflect�over�a�workday,�as�it�allows�users�to�relate�
back�to�events�that�happened�at�a�certain�time.�For�example,�
if�the�app�shows�a�large�number�of�risky�movements�between�
9:15�and�9:30,�a�nurse�might�remember�a�specific�situation�that�
caused�the�risky�movements.�The�‘movement�profile’�provides�
nurses�with�a�day-based�overview.� A�bar�is�shown�for�each�
day�since�a�user�began�to�use�the�system.�A�bar�reflects�how�
much�time�the�user�spent�in�a�bent�posture�for�the�respective�
day.�The�overview�can�be�scrolled�to�the�left�and�right�to�move�
backward�and�forward�in�time.� Inspired�by�the�Information-
Seeking�Mantra�[31],�a�user�can�select�a�bar�in�the�overview�to�
access�a�more�detailed�hour-based�view�which�is�shown�below�
the�overview.�In�addition,�the�selected�bar�is�highlighted,�and�
the�user�is�provided�with�a�brief�summative�feedback�which�is�
shown�above�the�bar.�Depending�on�the�minutes�a�user�spent�in�
a�bent�posture�for�the�respective�day,�the�summative�feedback�
either�contains�praise�or�motivates�the�user�to�do�better�in�the�
future.�The�hour-based�view�works�similar�to�the�overview.�A�
user�can�also�select�an�hour�to�open�a�third�minute-based�view�
that�reflects�the�selected�hour�in�detail.�Figure�4d�shows�the�
expanded�form�of�the�‘movement�profile.’�

Mobile�instructions�(R3)�are�provided�in�the�‘coach’�section�
(see�Figure�4e).�The�app�provides�eight�animated�videos�for�
different�Kinaesthetics-based�patient�transfers.�The�instruction�
videos�were�created�from�3d�motion�capture�data�that�were�
produced�as�part�of�a�research�project.�For�the�capture,�a�pro-
fessional�Kinaesthetics�teacher�with�16�years�of�experience�
with�Kinaesthetics�demonstrated�the�transfers�together�with�a�
student�who�acted�in�the�role�of�the�patient.�The�videos�were�
split�into�different�steps�that�are�important�for�the�respective�
patient�transfer.� The�steps�are�indicated�by�numbers�in�the�
timeline�below�the�video.� In�the�lower�half�of�the�interface,�
the�‘coach’�section�provides�a�scrollable�list�with�information�
related�to�each�of�the�transfer’s�steps.� For�each�step,�the�re-
spective�list�item�can�be�unfolded�to�reveal�a�more�detailed�
description.�If�a�specific�part�of�the�Kinaesthetics�Care�Con-
ception�is�related�to�the�step,� it�is�also�listed�as�part�of�the�
detailed�description�and�a�light�bulb�icon�is�shown�to�the�right�
of�it.�Upon�tapping�on�the�light�bulb,�a�popup�window�shows�
a�description� of� the� related�part� of� the�Kinaesthetics�Care�
Conception.� The�videos�change�the�perspective�dependent�
on�the�information�that�is�most�relevant�to�the�respective�step.�
The�changes�in�perspective�were�defined�by�the�Kinaesthet-
ics�teacher�who�aided�the�motion�capture.� The�teacher�also�
corrected�the�texts�that�are�used�in�the�app.�Furthermore,�as�
part�of�the�workshops,�participants�wished�for�a�possibility�to�
store�instructions�and�notes�related�to�patients.�This�could,�for�
example,�allow�a�quick�rewatching�of�a�transfer�that�worked�
well�for�the�respective�patient.�NurseCare�provides�a�‘patients’�
section,�which�can�be�accessed�via�a�tap�on�the�second�button�
from�the�right�in�the�bottom�navigation�bar�of�the�interface�
(see�Figure�4e).� It�offers�the�possibility�to�add�profiles�for�
patients,�including�their�name,�room�number,�their�movement�
capability,� and� links� to� instructions�for� transfers� that�work�
especially�well�for�the�respective�patient.�
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Figure� 4.� NurseCare:� The� final� implementation.� (a)� sensor� with� 3d-

printed� case,� (b)� chest-belt� with� sensor,� (c)� chest-belt� worn� by� a� user,�

(d)�long-term�feedback,�(e)�mobile�instructions.� The�smartphone�app’s�

user�interface�is�translated�from�German�(original�language)�to�English.�

(Material� design� icons� in� (d)� and� (e),� ©Google� LLC;� Humans� in� (e),�

©Reallusion�Inc.;�Hospital�furniture�in�(e),�©TurboSquid�Inc.)�

Rewards�(R4)�aim�to�motivate�the�user�to�move�more�ergonom-
ically.�They�were�implemented�as�‘badges’�like�sketched�out�
by�participants�of�workshop�I.�The�‘home’�screen�shows�three�
grayed�out�badges.�The�badges�are�phased.�For�the�first,�a�user�
needs�to�achieve�one�hour�with�less�than�60�risky�movements�
of�the�back,�for�the�second�two,�and�for�the�third�three�hours.�

The�reminder�(R5)�was�desired�by�participants�to�additionally�
remind�them�to�work�in�a�more�ergonomic�way.�It�was�imple-
mented�in�the�form�of�a�push�notification.� The�time�for�the�
notification�can�be�set�by�each�user�individually�in�the�settings�
of�the�app.�It�can�also�be�turned�on�and�off.�

EVALUATION:�‘IN-THE-WILD’�USER�STUDY�
To�our�knowledge,�previous�research�does�not�provide�em-
pirical�evidence�regarding�the�use�of�a�system�that�promotes�
the�ergonomic�transfer�of�patients�based�on�Kinaesthetics�in�a�
clinical�setting�during�work.�To�evaluate�how�well�a�system�
like�NurseCare�can�address�nurses’�needs,�we�conducted�a�
qualitative�mixed-methods�user�study�‘in-the-wild.’�Compared�
to�a�lab�setting,�an�‘in-the-wild’�study�can�provide�a�higher�
ecological�validity,� and� reveal�aspects� related� to� the�usage�

context�[26]�(e.g.,�[25]).�In�our�evaluation,�nine�nursing-care�
students�used�NurseCare�for�multiple�days�at�home�and�work.�
We�addressed�the�three�research�questions�RQ1–RQ3:�

RQ1:�Does�a�system�like�NurseCare�provide�a�high�user�expe-
rience,�adequate�for�use�in�the�nurses’�complex�work�domain?�

RQ2:� To�what�extent�can�a�system� like�NurseCare�help� to�
promote�ergonomic�work�and�the�application�of�Kinaesthetics?�

RQ3:�Do�nurses�prefer�a�system�like�NurseCare�compared�to�
existing�support�and�learning�materials?�

Participants�
Nine�nursing-care�students�(five�female)�were�recruited�with�
the�help�of�a�nursing-care�school.� The�participants�and�the�
school�which�aided�the�recruitment�were�different�from�the�
ones�who�supported�the�design�of�NurseCare�in�the�form�of�the�
two�workshops.�The�nursing-care�education�in�Germany�alter-
nates�between�school�blocks�and�clinical�work�blocks,�which�
each�usually�span�multiple�consecutive�weeks.�All�of�the�par-
ticipants�had�work�experience�from�work�in�a�clinical�context�
previous�to�the�‘in-the-wild’�user�study.�During�the�conduct�
of�the�study,�all�participants�worked�in�different�departments�
of�the�same�clinic,�which�is�associated�with�the�mentioned�
nursing-care�school.� The�participants�were�between�18�and�
31�years�of�age�(M�=�23,�SD�=�4.33).� Six�participants�were�
in�the�second�year�of�their�education.�The�other�three�were�in�
the�third�year.�All�of�them�had�participated�in�a�Kinaesthetics�
Basic�Course�during�the�first�year�of�their�education.�

Regulations�
The�head�of�the�nursing-care�school,�the�clinic’s�workers�coun-
cil,�and�the�clinic’s�privacy�officer�approved�the�study.�At�the�
time�of�the�study,�the�clinic�did�not�allow�the�use�of�smart-
phones�by�nurses�during�work.� This�is�likely�to�change�in�
the� future,� as�other� clinics� in�Germany�and� in�other� coun-
tries�already�employ�mobile�devices�to�access�electronic�med-
ical�records�(e.g.,�[28]).� For�the�study,�the�clinic’s�workers�
council�issued�a�special�permit�that�allowed�the�use�of�Nur-
seCare�by�participants�in�the�clinic.� To�ensure�compliance�
with�the�clinic’s�hygiene�regulations,�participants�had�to�use�
a�liquid-repellent�cover�for�the�smartphone�during�work.�The�
cover�allowed�the�normal�use�of�all�common�touch�interactions�
(e.g.,�selection�of�buttons�with�a�finger�tap�or�the�scrolling�of�
lists).�Furthermore,�as�part�of�the�feature�‘mobile�instructions’,�
we�implemented�the�possibility�to�store�instructions�and�re-
lated�information,�specific�to�a�patient.�However,�to�rule�out�
any�violation�of�patients’�privacy,�we�did�not�seriously�evalu-
ate�the�patient-specific�instructions�as�part�of�the�‘in-the-wild’�
study.�The�patient-specific�instructions�were�available�in�the�
app,�but�the�participants’�were�instructed�that�they�are�not�per-
mitted�to�enter�any�information�related�to�the�clinic’s�patients.�
Previous�to�the�use�of�NurseCare,�all�participants�consented�
in�written�form,�that�they�will�not�record�any�data�related�to�
patients�while�they�use�the�smartphone�in�the�clinic.�

Measurements�
Before�and�after�the�‘in-the-wild’�use�of�NurseCare,�a�‘Self�
Evaluation�Questionnaire’�with�custom�5-point�Likert�Scale�
questions�was�used�to�capture�potential�changes�in�participants’�



understanding�of�Kinaesthetics,�and�the�presence�of�Kinaes-
thetics�and�ergonomic�work�as�part�of�their�work�life.�The�ques-
tionnaire�was�extended�with�the�questions�number�22–28�of�
the�Kinaesthetics�Competence�Self-Evaluation�scale�[12,�13],�
which�measure�how�well�a�person�can�apply�different�aspects�
of�Kinaesthetics.� During�the�‘in-the-wild’�use,�participants�
were�asked� to�fill�a�diary�on�a�daily�basis.� The�diary�was�
integrated�into�the�smartphone�app.� The�participants�were�
reminded�by�a�daily�push-notification�to�fill�the�diary.� The�
notification�appeared�each�day�at�the�same�time,�at�the�end�
of�the�late�shift.�The�diary�was�used�to�capture�how�stressful�
participants�experienced�their�day,�how�practical�they�found�
the�use�of�NurseCare�in�the�clinic,�and�to�what�extent�Nur-
seCare�helped�them�to�apply�Kinaesthetics�and�to�pay�more�
attention�to�work�in�an�ergonomic�manner.�Participants’�usage�
times�of�the�system�were�captured�by�logging.� Succeeding�
the�‘in-the-wild’�use,�a�custom�‘System�Evaluation�Question-
naire’�with�5-point�Likert�Scale�questions�was�used�to�capture�
participants’�experience�with�NurseCare.�Related�to�RQ2,�the�
questionnaire�includes�questions�about�how�well�NurseCare�
aided�ergonomic�work�and�the�application�of�the�Kinaesthet-
ics�Care�Conception.�It�was�complemented�with�the�System�
Usability�Scale�[5],�and�a�semi-structured�interview.�The�semi-
structured�interview�was�conducted�to�gain�a�deeper�insight�
in�the�usability�of�NurseCare,�users’�experience�with�the�sys-
tem�and�its�different�features,�how�the�system�helped�to�apply�
Kinaesthetics�and�work�in�an�ergonomic�manner,�and�partici-
pants’�preferences�of�NurseCare�in�contrast�to�existing�support�
and�learning�materials.�Audio�recordings�were�created�for�all�
interviews.� To�extract�information�from�the�interviews,�we�
conducted�a�thematic�analysis.�The�analysis�was�based�on�the�
procedure�described�by�Virginia�and�Clarke�[4]:�First,�we�tran-
scribed�all�audio�recordings.�This�step�helped�to�familiarize�
us�with�the�data�and�revealed�initial�ideas�about�potentially�
interesting�aspects.� Second,�we�assigned�preliminary�codes�
to�parts�of�the�data�that�seemed�interesting.� Third,�we�com-
pared�all�codes�to�generate�themes�that�may�combine�multiple�
codes.�Fourth,�we�reviewed�the�themes�in�an�iterative�process.�
Themes�that�did�not�contain�enough�codes�were�omitted,�while�
others�were�split�in�multiple�themes�or�combined�with�other�
themes.�Fifth�and�sixth,�the�themes�were�named,�and�finally�
documented,�including�a�quantification�of�the�results�(i.e.,�we�
counted�similar�statements�of�participants).�

Procedure�
As�a�consequence�of�the�‘in-the-wild’�setting,�it�was�not�pos-
sible� to� ensure� that� all� participants� began� and� ended� their�
participation�in�the�study�at�the�same�time�and�that�they�used�
the�system�for�an�exact�equal�span�of�time.�The�participants�
had�different�work�shifts�which�started�and�ended�at�different�
times,�and�personal�appointments�in�their�free�time.�Both�com-
plicated�the�scheduling�for�the�study.�For�each�participant,�the�
study�spanned�over�five�days,�and�the�‘in-the-wild’�use�was�
framed�by�two�sessions:� an�introductory�session�(day�one),�
and�a�closing�session�(day�five).�

Introductory�session�(day�one):�
In�a�45�minutes�introductory�session�in�a�lab�room,�the�partic-
ipants�were�asked�to�sign�an�informed�consent�and�fill�out�a�
demographic�questionnaire.�Subsequent,�they�filled�the�‘Self�

Evaluation�Questionnaire.’� Afterward,�the�smartphone�app�
was�installed�on�the�participants’�personal�smartphone�if�the�
smartphone�was�compatible�and�if�the�participant�agreed.�This�
was�the�case�for�six�participants.�The�other�three�participants�
received�a� loan�unit� in� the�form�of�a�Google�Pixel�3.� Par-
ticipants�also�received�the�chest-belt�with�the�sensor�and�the�
liquid-repellent�cover�for�the�smartphone�and�were�briefly�in-
troduced�to�NurseCare.�As�part�of�this,�the�diary�was�described�
to�them,�and�they�were�asked�to�fill�it�during�the�‘in-the-wild’�
use.�

‘In-the-wild’�use:�
Following�the�initial�session�on�day�one,�the�participants�used�
NurseCare�until�day�five�during�work�and�at�home.� It�was�
assured�that�each�participant�used�NurseCare�at�least�during�
three�consecutive�workdays.�

Closing�session�(day�five):�
Succeeding�the�‘in-the-wild’�use,�on�day�five�the�participants�
returned�all�lone�materials�as�part�of�a�one-hour�closing�ses-
sion� in�a� lab� room.� They�also�filled� the�System�Usability�
Scale,�completed�the�‘Self�Evaluation�Questionnaire’�a�second�
time,�and�filled�the�‘System�Evaluation�Questionnaire’�in�the�
given�order.�Following�this,�we�conducted�the�semi-structured�
interview.�The�participants�received�30�Euro�as�compensation.�

Findings�&�Discussion�
In�this�section,�we�report�our�findings�and�discuss�them�in�
relation�to�our�three�research�questions.� Our�evaluation�in-
vestigated�users’�experience�with�NurseCare�(RQ1),�to�which�
extent�the�system�can�help�to�promote�ergonomic�work�and�
the�application�of�Kinaesthetics�(RQ2),�and�users’�preferences�
between�NurseCare�and�existing�support�and�learning�mate-
rials�(RQ3).� The�evaluation�was�conducted�in�German.� All�
of�the�reported�results,�including�quotes,�were�translated�from�
German�to�English.�Statements�made�by�different�participants�
are�distinguished�based�on�participant�ids,�which�consist�of�the�
letter�P,�followed�by�a�number�for�the�respective�participant.�

RQ1:�User�Experience�
Six�of�the�nine�participants�reported�problems�related�to�the�
Bluetooth�connection�between�the�smartphone�and�the�wear-
able.�Due�to�these�problems,�four�of�the�participants�were�only�
able�to�connect�the�smartphone�with�the�wearable�during�two�
work�shifts�(P2,�P3,�P5,�P7).�Excluding�the�shifts�for�which�the�
wearable�could�not�be�connected,�the�log�files�show�that�par-
ticipants�connected�the�smartphone�and�wearable�for�05:38:44�
hours�on�average�per�day�(SD�=�02:02:54�hours).�Despite�the�
connection�issues,�all�participants�considered�NurseCare�as�
easy�to�use.�For�example,�one�participant�stated:�

“[NurseCare]�is�really�easy�to�integrate�into�everyday�
life.”�(P6)�

This�is�confirmed�by�the�results�of�the�System�Usability�Scale.�
With�a�mean�score�of�88.6,�the�usability�of�NurseCare�was�
rated�as�excellent�[2].�Also�confirming�this�finding,�the�mean�
scores�of�the�‘System�Evaluation�Questionnaire’�indicate�that�
participants�would,�on�average,�agree�to�recommend�Nurse-
Care�to�a�colleague�and�consider�the�integration�of�NurseCare�
in�current�practices�as�much�desirable�(see�Figure�5).�



Figure�5.� Mean�scores�of�the�Likert�Scale�questions�in�the�custom�‘Sys-

tem�Evaluation�Questionnaire’�(1�=not�at�all,�5�=�very�much).�
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Figure�6.� Positive�(+)�and�negative�(-)�aspects�of�NurseCare’s features.�

Each�feature�is�based�on�a�requirement�from�workshop�I�(R1–R5).� The�

number�of�participants�who�stated�an�aspect�is�denoted�with�N.�

When�asked�about�the�positive�and�negative�aspects�of�the�dif-
ferent�features�of�NurseCare,�participants�named�much�more�
positive�aspects,�compared�to�negative�ones�(see�Figure�6).�Es-
pecially�the�three�key�features�real-time�feedback,�long-term�
feedback,�and�mobile�instructions�were�largely�appreciated.�
For�example,�one�participant�remarked:�

“Actually,�after�the�first�day,�I�realized�that�whenever�the�
sensor�reminded�me�‘do�not�do�that,’�actually�the�next�
day,�some�movements�were,� funnily�enough,� improved�
automatically.� So,� for� instance,� that�I�bend�my�knees�
instead�of�leaning�forward.”�(P5)�

However,�the�participants�also�mentioned�some�potential�for�
improvement.�They�especially�noted�limitations�related�to�the�
in-situ�feedback.� Participants�reported�that�the�vibrotactile�
feedback�can�be�annoying�in�situations�in�which�it�is�unavoid-
able�to�bend�down�(P1,�P4,�P5,�P9),�and�suggested�to�extend�
the�sensory�features�of�NurseCare,�to�improve�accuracy�and�
make�the�feedback�more�detailed�by�measuring�forces�on�other�
body�parts�like�the�arms�(P4–P6),�legs�(P5),�and�neck�(P4).�

Finding�1.1:� The�subjective�usability�of�NurseCare� is�
high,�and�the�participants�experienced�the�features�of�Nur-
seCare�as�mostly�positive.�However,�there�is�potential�to�
improve�NurseCare�further.�Especially�limitations�related�
to�the�in-situ�feedback�should�be�addressed�in�the�future.�

All�participants�felt�that�NurseCare�was�easy�to�embed�in�their�
work�context.� They�saw� the� smartphone�as�well� suited� to�

Figure�7.� Mean�Scores�of�the�diary’s�Likert�Scale�questions�related�to�

ergonomic�work,�Kinaesthetics,�and�practicability�of�NurseCare for�days�

with�different� levels� of� stress� and�all� days.� For� example,� the� topmost�

three� bars� represent� the� answers� to� the� Likert� Scale� questions� for� all�

days�in�which�the�users�had�a�stress�level�of�1,�which�corresponds�to�‘no�

stress�at�all.’� Participants’�responses�for�days�in�which�they�could�not�

connect�the�wearable�with�the�smartphone�app�are�excluded�for�all�bars.�

access�the�different�features�of�NurseCare.�For�example,�four�
participants�explicitly�mentioned�the�smartphone�as�practical�
to�view�instructions�(P2,�P6,�P8,�P9).� They�liked�it�that�it�is�
mobile�and�always�available.�Regarding�the�wearable�as�part�
of�NurseCare,�six�of�the�nine�participants�stated�that�the�chest�
belt�is�comfortable�during�work�(P1,�P2,�P6–P9).�One�stated:�

“The�chest�belt�was�comfortable�to�wear.�It�did�not�bother�
me�at�all.� Sometimes�I�even�forgot�it�unless�it�started�
vibrating.”�(P9)�

Although�none�of�the�participants�had�major�problems�with�
the�wearable�during�work,�two�noted�that�it�could�slip�in�warm�
conditions�(P3,�P6),�and�two�stated�that�the�wearable�is�incon-
venient�when�leaning�against�the�backrest�of�a�chair�(P4,�P5).�
To�simplify�the�systems�use�further,�six�participants�suggested�
embedding�the�wearable’s�technology�in�a�smart�garment�or�
similar�in�the�future�(P2-P5,�P7,�P8).�

The� stress� that�nurses� experience�during�work�can�change�
from�day�to�day,�and�also�between�working�at�different�wards.�
Based�on�the�diary�results,�participants�average�rating�of�how�
stressful�they�perceived�their�day�between�1�(not�at�all),�and�5�
(very�much)�is�3.13�for�all�days�in�which�they�used�NurseCare�
(SD�=�1.48).�Our�results�indicate�that�the�participants�found�
NurseCare�practical,� independent�of�how�much�stress�they�
experienced�during�work�(see�Figure�7).�



Finding�1.2:� The�participants�perceived�NurseCare�as�
adequate�to�support�them�in�their�complex�work�domain.�
The�combination�of�the�smartphone�and�the�wearable�were�
practical�to�use,�independent�of�how�much�stress�the�partic-
ipants�experienced�during�a�day.�However,�for�permanent�
use�in�a�clinical�environment,�the�Bluetooth�connection�
between�the�wearable�and�the�smartphone�should�be�im-
proved,� and� the�comfort�of� the�wearable� should�be� in-
creased.�The�integration�of�the�wearable’s�technology�as�
part�of�a�smart�garment�could�be�a�feasible�approach.�

RQ2:�Ergonomic�Work�and�Application�of�Kinaesthetics�
During�the�semi-structured�interviews,�the�participants�con-
firmed�that�NurseCare�addresses�an�important�topic.�For�ex-
ample,�one�participant�stated:�

“I�think�it�is�a�very�important�topic,�especially�to�relieve�
the�burden�on�nursing-care�because�a�lot�of�colleagues�
suffer�from�back�pain�and�stop�working�because�of�that.�
Therefore� I� really� like� [NurseCare].� It� is� a� good� ap-
proach.”�(P3)�

When�considering�how�well�NurseCare�can�promote�the�ap-
plication�of�the�Kinaesthetics�Care�Conception�to�facilitate�
ergonomic�work,�participants’�responses�in�the�diary�(see�Fig-
ure�7)�and�in�the�‘System�Evaluation�Questionnaire’�(see�Fig-
ure� 5)� point� into� the� same� direction.� Participants’� ratings�
indicate�that�NurseCare�could�help�them�to�apply�the�Kinaes-
thetics�Care�Conception�and�work�more�ergonomic.�

“Now,�I�focus�more�on�my�back�or�rather�my�position�
during�work.”�(P3)�

The�interview�results�suggest�that�especially�the�in-situ,�and�the�
longterm�feedback�were�seen�as�beneficial�by�the�participants�
to�promote�ergonomic�patient�transfers.� For�example,� they�
stated:�

“Often,�the�feedback�was�correct.�Often�it�vibrated�when�
I�was�at�the�same�time�realizing:� ‘Now�I�am�moving�in�
an�unhealthy�way!’.”�(P4)�

“Yes,�you�look�at�[the�movement�profile]�because�it�is�
interesting,�and�you�ask�yourself:� ‘Okay,�what�was�the�
problem�at�12�o’clock?’.”�(P8)�

Specifically� related� to� Kinaesthetics,� the� ‘Self� Evaluation�
Questionnaire’�which�was�filled�before�and�after�the�usage�
of�NurseCare�revealed�a�statistically�significant�difference�for�
the�Likert�Scale�question�“As�how�applicable�do�you�consider�
Kinaesthetics?”.� A�t-test�(t(8)�=�-2.4,�p�=�0.043)�showed�a�
significant�difference�in�the�mean�scores�before�(M�=�3.33,�
SD�=�0.71)�and�after� (M�=�4.11,� SD�=�0.78)� the�usage�of�
NurseCare.�The�results�indicate�that�the�participants�consid-
ered�Kinaesthetics�more�applicable�after�working�with�Nur-
seCare� than�before.� Although�the�differences�between�the�
mean�values�of� the�other�questions� in� the�‘Self�Evaluation�
Questionnaire’�also�suggest�a�tendency�towards�an�increase�of�
participants’�knowledge�related�to�the�application�of�Kinaes-
thetics,�t-tests�revealed�no�statistically�significant�differences�
for�any�of�the�questions�(all�p�>�0.05).�Based�on�participants’�

statements,�especially�NurseCare’s�mobile�instructions�were�
seen�as�beneficial�to�aid�the�understanding�of�Kinaesthetics.�
Eight�of�the�nine�participants�perceived�the�feature�as�helpful�
(P1–P3,�P5–P9).� The�mobile�instructions�helped�to�conduct�
more�ergonomic�patient�transfers,�but�also�to�reflect�upon�past�
experiences:�

“[NurseCare]�actively�helped�me�- especially�moving�
the�patient�up�- to�once�really�work�it�out�in�a�different�
manner�than�just�pulling�the�patient�up.”�(P3)�

“I�watched�the�videos�at�home.� I�thought�about�a�sit-
uation�in�the�past,�where�I�had�problems,�and�then�re-
watched�a�video�for�that.”�(P6)�

When� looking�at�participants’�questionnaire� responses,� for�
both,� the�diary� (see�Figure�7)� and� the� ‘System�Evaluation�
Questionnaire’�(see�Figure�5),�the�responses�indicate,�that�the�
support�of�NurseCare�regarding�ergonomic�work�is�higher�than�
regarding�the�application�of�the�Kinaesthetics�Care�Conception.�
Participants�confirmed�this�during�the�interview.�For�example,�
when�asked�if�s/he�felt�supported�in�applying�Kinaesthetics,�
P9� pointed�out:�

“I�would�say�yes�and�no.�I�rather�focused�on�ergonomic�
work,�so�not�how�to�perform�it�in�a�Kinaesthetics�manner�
with� the�patient,� but� rather� like:� ‘Oh�gosh�now�I�am�
bending�forward�to�the�patient,�it�is�better�to�stay�straight�
in�the�back.’� So�rather�these�ergonomic�work�routines,�
but�that�is�not�wrong.�(laughs)”�(P9)�

Participants�stated�that� they�often�rather�applied�simple�er-
gonomic�rules�that�are�conveyed�by�NurseCare,�like�lifting�
the�bed�to�a�proper�elevation�for�work,�instead�of�complete�
Kinaesthetics-based�patient� transfers.� P7� argued�that�more�
practice�is�required�to�realize�patient�transfers�based�on�Ki-
naesthetics.�The�results�of�the�‘Self�Evaluation�Questionnaire,’�
which�was�filled�before�the�use�of�NurseCare,�show�that�partic-
ipants�did�not�feel�very�confident�in�dealing�with�Kinaesthetics.�
The�5-point�Likert�Scale�question�“How�confident�do�you�feel�
about�dealing�with�Kinaesthetics?”� was�rated�with�a�mean�
score�of�2.56�(SD�=�0.73,�1�=�not�at�all,�5�=�very�much).�Re-
lated�to�this,�P1� highlighted�the�fact�that�Kinaesthetics�is�often�
not�actively�applied�and�supervised�in�the�clinic�at�present:�

“[...]�but�finally�the�lack�of�knowledge�is�quite�a�problem,�
and�also�the�clinical�facilitators�do�not�keep�an�eye�on�
Kinaesthetics.”�(P1)�

One�participant�suggested�that�the�future�use�of�a�system�like�
NurseCare�should�be�supported�by�a�person�familiar�with�the�
system�and�that�additional�support�to�refresh�the�knowledge�
about�Kinaesthetics�would�be�helpful.�

“It�would�be�smart� if� there�was�someone�who� is�well�
versed�in�the�system�and�also�uses�it�and�if�there�was�also�
a�room�where�Kinaesthetics�is�also�explained�to�beginners�
again.”�(P6)�

This�can�help�to�address�the�current�lack�of�knowledge�and�
increase�the�application�of�Kinaesthetics.�In�relation,�P1� also�
expressed�the�wish�for�a�place�to�repeat�Kinaesthetics-based�
patient�transfers�after�the�Kinaesthetics�Basic�Course.�



Finally,�the�diary�responses�also�indicate�a�lower�support�by�
NurseCare�for�days,�which�the�participants�perceived�as�very�
stressful�(see�Figure�7).� For�very�stressful�days,�the�partici-
pants�reported�a�lower�subjective�support�of�NurseCare�for�
ergonomic�work�and�the�application�of�Kinaesthetics�into�prac-
tice.�Participants’�interview�statements�indicate�that�on�very�
stressful�days,�the�high�time�pressure�leaves�few�room�for�the�
application�of�Kinaesthetics�and�the�use�of�a�supportive�system.�
For�example,�P4�explicitly�stated�that�NurseCare�helped�“a�lot�
to�work�in�a�back-friendly�way”,�but�also�remarked:�

“I�did�not�apply�Kinaesthetics�[by�using�NurseCare],�but�
that�was�rather�due�to�time.�[...]�I�could�not�have�stopped�
for�a�moment�and�watched�a�video”�(P4)�

Finding�2:�Except�in�very�stressful�situations,�NurseCare�
provides�a�high�subjective�support�to�promote�ergonomic�
work�and�a�good�but�limited�subjective�support�for�the�
application�of�the�Kinaesthetics�Care�Conception.�The�use�
of�NurseCare�for�the�duration�of�the�study�led�participants�
to�value�the�applicability�of�Kinaesthetics�significantly�
higher,�but�could�not�significantly�improve�their�exper-
tise�related�to�the�application�of�the�Kinaesthetics�Care�
Conception.� A�longterm�usage�of�a�system�like�Nurse-
Care�might�show�a�stronger�increase�in�knowledge�related�
to�the�application�of�Kinaesthetics.� Independent�of�that,�
further�support�for�the�acquisition�of�knowledge�related�
to�Kinaesthetics-based�patient� transfers� is� required.� A�
more�holistic�approach�that�combines�NurseCare�with�an�
additional�component�that�emphasizes�on�the�training�of�
Kinaesthetics-based�patient�transfers,�for�example,�in�the�
training�room�of�a�school�or�clinic,�seems�promising.�

RQ3:�Preference�of�Support�
All�of�the�participants�reported�that�the�current�support�and�
materials�are�very�limited:�

“Compared� to�current�practices� [of� support]?� To�be�
honest...� which�practices?� Unfortunately,�a�lot�of�col-
leagues�in�our�hospital�do�not�even�know�the�concept�
of�Kinaesthetics,�because�most�of�them�are�older�[than�
the�students],�or—like�us—they�had�[Kinaesthetics]�in�
the�very�beginning�[of�their�education]�and�afterward�it�
has�never�been�mentioned�again.�So�I�think�[NurseCare]�
would�win�recognition�and�help�to�refresh�[the�knowledge�
about�Kinaesthetics]�also�among�those�who�had�heard�
about�Kinaesthetics�some�time�ago.”�(P5)�

All�of�the�participants�wished�for�a�future�integration�of�Nur-
seCare�to�extend�the�support�during�their�work�practice.�The�
participants�also�expressed�that�they�would�wish�an�early�intro-
duction�of�the�system�directly�during�or�after�the�Kinaesthetics�
Basic�Course�(P2,�P4,�P6–P9).� This�can�help�to�prevent�neg-
ative� health� implications� early� on� during� the� education� of�
nursing-care�students.�Furthermore,�three�participants�explic-
itly�wished�for�the�integration�of�NurseCare�in�combination�
with�electronic�medical�records�in�the�future�(P3,�P5,�P7).�To�
do�so,�could�help�to�share�ergonomic�problems�related�to�the�
transfer�of�a�specific�patient�with�colleagues,�and�could�al-

low�the�use�of�the�generated�data�by�decision-makers�to�keep�
an�eye�on�the�exposure�of�the�nurses’�health�and�to�initialize�
changes�which�might�improve�the�overall�work�conditions.�

“I�have�those�visions,�that�when�you�do�the�shift�changes,�
then�you�see�directly�[in�the�electronic�medical�record]:�
My�colleague,� he�only�bends�down�in�a�risky�manner�
caring�for�this�patient,�maybe�this�patient�is�tiring.�And�
then� I� enter� the� room�with� specific�awareness�or� just�
with�the�idea�that�I�will�solely�work�ergonomic�or�pay�
additional�attention�to�that.”�(P3)�

Finding�3:� Our�results�confirm�that� there� is�nearly�no�
support�for�the�promotion�of�ergonomic�patient�transfers�
available�at�present.�All�participants�wished�for�a�future�
integration�of�NurseCare�to�improve�the�support�during�
work.� According�to�participants’�suggestions,�an�early�
integration—preferably�directly�during�or�after�the�Kinaes-
thetics�Basic�Course—,�and�a�combination�of�NurseCare�
with�electronic�medical�records�seems�promising.�

Limitations�
We�decided�to�evaluate�NurseCare�‘in-the-wild’.�Compared�to�
a�lab�study,�the�‘in-the-wild’�setting�allowed�us�to�gain�a�far�
deeper�insight�into�the�extent�to�which�the�system�can�support�
nurses�during�work.� Although�to�have�real�end-users�who�
use�the�system�in�their�real�work�context�allowed�us�to�gather�
information�with�a�high�ecological�validity,�the�‘in-the-wild’�
setting�also�imposed�several�limitations.�

During�the�evaluation,�some�of�the�participants�experienced�
problems�with�the�Bluetooth�connection�between�the�wearable�
and�the�smartphone.� One�likely�reason�for�this�issue�is�that�
the�participants�could�use�their�own�smartphone�during�the�
evaluation.�Although�the�issue�needs�to�be�resolved�to�allow�
the�future�permanent�use�of�NurseCare�during�work,�it�did�not�
have�a�strong�negative�impact�on�the�overall�positive�qualitative�
results�of�the�evaluation,�which�were�the�focus�of�interest.�

To�limit�the�organizational�overhead,�we�recruited�only�partici-
pants�who�went�to�the�same�nursing-care�school�and�worked�
at�the�same�clinic.�Consequently,�all�participants�were�rather�
young�(between�18�and�31�years�of�age)�and�inexperienced�(six�
were�in�the�second,�three�in�the�third�year�of�their�education).�
A�future�study�with�older�and�more�experienced�nursing-care�
workers�is�required�to�determine�if�our�findings�are�also�valid�
for�this�group�of�persons.�

The�study�duration�was�limited�to�five�days�per�participant.�A�
future�long-term�study�would�be�necessary�to�investigate�how�
a�system�like�NurseCare�would�be�perceived�when�employed�
more�permanently.� Furthermore,�our�evaluation�focused�on�
subjective�data.�Future�work�might�investigate�more�objective�
measures,�for�example,�by�involving�Kinaesthetics�teachers�
who�rate�the�movements�of�participants�before�and�after�the�
long-term�use�of�a�system�like�NurseCare.�

Furthermore,�the�participants�worked�at�different�wards�and�
in�different�shifts�while�they�took�part�in�the�evaluation.�Al-
though�this�could�be�seen�as�a�limitation,�as�not�all�participants�



followed�the�exact�same�work�routine�during�the�study,�we�
would�argue�that�for�our�evaluation�it�is�also�a�strength.�The�
diversity�increased�the�ecological�validity�of�our�findings�and�
shows�that�the�findings�are�not�only�valid�for�a�specific�task,�
but�for�a�broad�range�of�nurses’�work-life�experiences.�

IMPLICATIONS�
The�implications�of�this�work�inform�the�design�and�integration�
of�mobile� systems� that�promote� the�ergonomic� transfer�of�
patients,�as�well�as�future�research�in�this�direction.�

The�results�of�the�two�workshops�as�part�of�our�design�process�
and�the�final�evaluation�of�NurseCare�emphasize�the�impor-
tance�of�providing�support�for�the�promotion�of�ergonomic�
patient�transfers,�based�on�the�Kinaesthetics�Care�Conception.�
NurseCare�is�to�our�knowledge�(i)�the�first�mobile�system�that�
provides�instructions�and�feedback�to�promote�the�applica-
tion�of�Kinaesthetics-based�ergonomic�patient�transfers�during�
work,�and�(ii)�the�first�such�system�that�was�evaluated�in�an�
‘in-the-wild’�user�study�that�was�conducted�in�a�clinical�setting.�

Our�results�indicate�that�our�user-centered�design�process�led�
to�a�system�with�a�high�user�experience�adequate�to�the�nurses’�
complex�work�domain.� Furthermore,�the�results�provide�in-
sights�related�to�the�perception�of�NurseCare’s�features�by�the�
participants.�These�insights�can�inform�the�future�design�and�
research�of�similar�systems.�The�results�indicate�that�the�par-
ticipants�especially�appreciated�the�three�features:�(i)�real-time�
feedback,�(ii)�long-term�feedback,�and�(iii)�mobile�instructions.�
However,�they�also�stated�that�the�in-situ�feedback�could�be�
annoying�when�they�could�not�avoid�it�to�bend�their�back.�But�
how�to�identify�if�a�nurse�is�in�a�situation�in�which�bending�
of�the�back�is�unavoidable?� Future�research�might� investi-
gate�different�approaches�to�address�this�issue�while�taking�
the�special�requirements�of�nurses’�work�domain�into�account.�
Furthermore,�NurseCare�uses�a�rather�simple�threshold-based�
tracking,�which�is�based�solely�on�one�sensor�in�a�chest�belt.�
Based�on�participants’�suggestions,�future�research�might�im-
prove�the�accuracy�of�our�tracking�approach�and�compare�our�
single-sensor�approach�with�other�approaches,�which�include�
measurements�for�other�parts�of�the�body.�Future�work�may�
also�extend�the�feedback�by�incorporation�of�further�risk�met-
rics�aside�from�measuring�if�a�user� is� in�an�upright�stance.�
Previous�work�already�showed�[23],�that�a�larger�number�of�
wearable�sensors�(the�authors�used�17)�can�allow�for�the�mo-
bile�detection�of� further� risk�metrics�which�are�relevant� to�
the�ergonomic�transfer�of�patients.� However,�this�raises�the�
question,�how�a�larger�number�of�sensors�might�be�integrated�
into�a�future�system�that�is�practical�and�unobtrusive�during�
work�in�a�clinical�setting.�Based�on�participants’�suggestions,�
integrating�the�sensors�as�part�of�a�smart�garment�might�be�a�
feasible�approach�to�allow�for�a�high�comfort�during�work.�

Furthermore,�with�the�exception�of�very�stressful�days,�partici-
pants’�subjective�responses�indicate�that�NurseCare�provides�
a�high�support�to�promote�ergonomic�work�and�a�good�but�
limited�support� for� the�application�of�Kinaesthetics�during�
work.�Future�work�may�investigate�ways�to�increase�the�sup-
port�during�very�stressful�situations.�Related�to�this,�it�is�also�
interesting�to�investigate�if�a�long-term�use�of�a�system�like�

NurseCare�affects�nurses’�behavior�during�very�stressful�sit-
uations.� A� long-term�use�might�help� to� internalize�simple�
ergonomic�rules�and�extend�nurses’�knowledge�about�Kinaes-
thetics,�which�might�also�reflect�positively�on�their�behavior�
during�stressful�situations.�Furthermore,�our�results�imply�that�
future�work�should�strive�to�increase�support�for�the�acquisition�
of�knowledge�related�to�Kinaesthetics.�Based�on�participants’�
suggestions,�a�more�holistic�approach,�which�includes�support�
for�the�training�and�practice�of�Kinaesthetics-based�patient�
transfers,�seems�promising.�

Finally,�our�results�show�that�all�participants�of�the�‘in-the-
wild’�evaluation�wished�a�future�permanent�integration�of�a�
system�like�NurseCare.� Participants’�statements�imply�that�
a�future�integration�might�be�realized�as�follows:�To�help�to�
prevent�it�that�nurses�adopt�unhealthy�ways�to�transfer�patients,�
NurseCare�is�introduced�early�during�nurses’�education,�for�
example,�in�connection�with�the�Kinaesthetics�Basic�Course.�
NurseCare�supports�nurses�with�an�improved�in-situ�feedback�
and�mobile�instructions�during�work.� As�NurseCare�is�inte-
grated�into�the�electronic�medical�records,�nurses�can�store�and�
share�information�that�is�important�for�the�transfer�of�specific�
patients.�Furthermore,�decision-makers�use�the�sensor�data�of�
NurseCare�in�connection�with�the�information�of�the�medical�
records�to�improve�the�work�conditions�of�nurses.�For�exam-
ple,�a�nurse�who�shows�a�large�number�of�risky�movements�
over�several�days�might�get�the�offer�to�participate�in�a�Kinaes-
thetics�Refresher�Course.�When�at�home,�or�in�a�break,�nurses�
can�use�NurseCare�to�reflect�on�their�movement�data�individ-
ually.�Eventually,�striving�towards�a�more�holistic�approach,�
the�mobile�system�could�further�be�extended�by�an�additional�
system�or�component�that�supports�the�training�and�practice�of�
Kinaesthetics-based�patient�transfers,�e.g.,�in�a�training�room�
in�a�clinic�or�school.�

CONCLUSION�
We�presented�NurseCare,�a�mobile�system�that�aims�to�pro-
mote�the�practical�application�of�ergonomic�patient�transfers�
based�on�the�Kinaesthetics�Care�Conception.�NurseCare�ad-
dresses�the�problems:�(i)�that�the�manual�transfer�of�patients�
as�part�of�nurses’�daily�duties�can�pose�a�major�risk�factor�for�
injuries�to�the�back,�and�(ii)�that�there�exists�hardly�any�support�
for�the�integration�of�the�Kinaesthetics�Care�Conception—a�
concept�from�nursing�care�which�can�help�to�address�the�first�
issue—into�nurses’�daily�work�practice.�NurseCare�was�devel-
oped�in�a�user-centered�design�process�together�with�nurses.�
We�evaluated�NurseCare�with�nine�nurses—who�did�not�partic-
ipate�in�the�design�process—in�a�clinical�setting�‘in-the-wild.’�
Our�results�indicate�that�NurseCare�provides�a�high�user�expe-
rience�adequate�to�the�nurses’�work�domain,�a�high�subjective�
support�to�promote�ergonomic�work,�and�a�good�but�limited�
subjective�support�for�the�application�of�the�Kinaesthetics�Care�
Conception.�They�furthermore�reveal�how�NurseCare�can�be�
incorporated�into,�and�extend�existing�practices.�
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