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Zusammenfassung

Digitalen Pflegetechnologien (DNT) wird das Potenzial zugesprochen, die Pflege zum Positi-
ven zu verdndern. Neben einer grundsatzlichen Offenheit fiir das Thema existieren in der
Pflege auch kritische Stimmen, die das Potenzial von DNT, zu Verbesserungen vorhandener
Probleme beizutragen, infrage stellen. Das Potenzial von DNT und die damit einhergehenden
Verdanderungen in der Pflege zu analysieren, ist mithilfe einer wissenschaftlichen Evaluation
moglich. Diese kumulative Dissertation hat daher eine Aufarbeitung des Wissensstands zum
Thema Evaluation und Bewertung von digitalen Pflegetechnologien zum Gegenstand. Dazu
wurde ein Methodenmix bestehend aus einem Scoping Review, einem Critical Review, einem
Expertenworkshop, sowie einem Overview durchgefiihrt. Als tibergreifende Fragestellung
wurde untersucht, wie eine umfassende Evaluation und Bewertung von digitalen Pflegetech-
nologien ermoglicht werden kann und anhand welcher Kategorien und Kriterien dies gesche-
hen misste.

Zur Beantwortung der Forschungsfrage wurde eine Analyse der bisher wissenschaftlich eva-
luierten DNT und den dazu verfiligbaren Erkenntnissen in der Forschungsliteratur durchge-
filhrt. Aufderdem wurde eine Strukturierung des Felds bezogen auf den Teilbereich der Wirk-
samkeitsforschung vorgenommen und ein neues Modell zur Erfassung von Wirksamkeit von
DNT erarbeitet. Abschlieffend wurden verfiigbare Evaluationsframeworks fiir DNT recher-
chiert, untersucht und verglichen, sowie deren Starken und Schwachen analysiert.

Als Ergebnis kann berichtet werden, dass eine umfassende Evaluation und Bewertung von
DNT ermoglicht werden kann durch (1) die Evaluationen vielversprechender, spezifischer
DNT in den Bereichen Akzeptanz, Effektivitat und Effizienz auf einem hohen Evidenzniveau
in realen Anwendungssettings, (2) die (Wirksamkeits-)Evaluation von DNT in verschiedenen,
in dieser Arbeit herausgearbeiteten Outcome-Bereichen auf verschiedenen Ebenen zur Iden-
tifikation von wirksamen DNT, und (3) die kritische Auswahl und Nutzung von strukturierten
Evaluationsframeworks anhand der in dieser Arbeit erarbeiteten Kriterien und die Einord-
nung und Strukturierung des Evaluationsvorhabens anhand der in dieser Arbeit herausgear-
beiteten Evaluationsbereiche, durch vorab festzulegenden Evaluations- und Bewertungsper-
spektiven. Die Gesamtarbeit beschreibt als Referenzrahmen {ibergeordnete Evaluationsbe-
reiche und Methoden, sowie Perspektiven, die zukiinftig fiir die Evaluation von DNT genutzt
werden sollten. Aufkommende Fragen konnen in diesen neu geschaffenen Referenzrahmen
eingeordnet werden und der Kontext fiir die Erforschung von DNT wird besser verstandlich.
Der eroffnete Referenzrahmen hilft anderen Forscher:innen dabei, kleinteiligere Forschungs-

fragen unter einer neuen Perspektive zu bearbeiten.
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Summary

Digital nursing technologies (DNT) have the potential to change nursing for the better. In ad-
dition to an openness for the topic, there are also critical voices in nursing that question the
potential of DNT to contribute to an improvement of existing problems. Analysing the poten-
tial of DNT and the associated change in nursing care is possible with the help of a scientific
evaluation. This cumulative dissertation therefore contains an inventory of the state of
knowledge on the topic of evaluation and assessment of digital nursing technologies. For this
purpose, a method mix consisting of a scoping review, a critical review, an expert workshop
and an overview was carried out. The overarching question examined was how a comprehen-
sive evaluation and assessment of digital nursing technologies can be made possible and
which categories and criteria should be used to do this.

An analysis of the DNT that have been scientifically evaluated to date and of the available re-
search findings was carried out to answer the research question. In addition, a structuring of
the field related to the sub-area of effectiveness research on DNT was carried out and a new
model for recording the effectiveness of DNT was developed. Finally, available evaluation
frameworks for DNT were researched, examined and their strengths and weaknesses ana-
lysed.

As aresult, it can be reported that a comprehensive evaluation and assessment of DNT can be
enabled by (1) evaluating promising, specific DNT in the areas of acceptance, effectiveness
and efficiency at a high level of evidence in real application settings, (2) the (effectiveness)
evaluation of DNT in different outcome areas identified in this work at different levels to iden-
tify effective DNT, and (3) the critical selection and use of structured evaluation frameworks
based on the criteria elaborated in this thesis and the classification and structuring of the
evaluation project based on the evaluation areas elaborated in this thesis, through evaluation
and assessment perspectives to be defined in advance. The overall work describes as a frame
of reference overarching evaluation areas and methods, as well as perspectives that should
be used in future evaluations of DNT. Emerging questions can be placed in this newly created
frame of reference and the context for research on DNT becomes more comprehensible. The
opened frame of reference helps other researchers to address smaller research questions

from a new perspective.
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1 Einleitung: Digitale Pflegetechnologien - Eine Einordnung

Digitale Pflegetechnologien umfassen einen weiten Bereich unterschiedlicher und in diverse
Technologie-Kategorien einordbarer Einzeltechnologien. Die Bandbreite reicht von roboti-
schen Systemen, virtueller Realitdt, Tracking-Systemen und digitaler Entscheidungsunter-
stiitzung bis zu Informations- und Kommunikationstechnologien (IKT) und weiteren Techno-
logien (Krick et al. 2019).

Was in der Pflege neu und ungewohnt erscheint, ist in anderen gesellschaftlichen und wirt-
schaftlichen Bereichen bereits zur Normalitdt geworden. So nutzt die Autoindustrie in
Deutschland bereits seit 1970 hydraulische Roboter in ihren Werkanlagen (Babel 2021) und
smarte Sensoren spielen in der ,Industrie 4.0 in den unterschiedlichsten Bereichen wie Lo-
gistik oder Fertigung bereits eine relevante Rolle (Mehta & Senn-Kalb 2021). Auch in der
Pflege spricht man bereits von einer ,Pflege 4.0“, welche durch ein Fortschreiten von techno-
logischen Innovationen gekennzeichnet sein soll, die das Potenzial haben sollen, Prozesse, das
Berufsbild, oder das Selbstverstindnis der Pflege zu verdandern (Schneider et al. 2020). Ein
Zitat aus der Pflegepraxis vermittelt jedoch einen anderen Eindruck: ,Wir reden tber die
Pflege 4.0, aber die Praxis ist erst bei 2.0 angekommen“ (Merda et al. 2017, S. 85). Wir bewe-
gen uns im Bereich der digitalen Pflegetechnologien im Jahr 2023 in einem Spannungsfeld
zwischen Wunsch und Wirklichkeit.

Neuen Technologien wird sowohl im wissenschaftlichen (Archibald & Barnard 2018; Zéllick
et al. 2020) als auch im politischen Diskurs (Maier et al. 2019) das Potenzial zugesprochen,
zu Verbesserungen im Pflegealltag beitragen zu konnen. Auch Befragungen in der Pflegepra-
xis zeigen eine grundsatzliche Offenheit gegeniiber neuen Technologien, insbesondere, wenn
sie die Arbeitseffizienz erhohen, zu einer Zeitersparnis fiihren oder die Qualitat der Pflege
verbessern konnen. Der Wunsch nach einer verbesserten technologischen Unterstiitzung bei
direkten Pflegeaufgaben, um die kérperliche Belastung und den psychischen Stress zu redu-
zieren, ist vorhanden (Seibert et al. 2020). Der Grund fiir diesen Wunsch nach Unterstiitzung
wird in der 6ffentlichen Debatte insbesondere den in der Pflege existierenden Herausforde-
rungen durch den demographischen Wandel, wie dem Mangel an qualifiziertem Personal und
einer daraus resultierenden medizinisch-pflegerischen Unterversorgung, zugeschrieben
(Hergesell 2019a; Hiilsken-Giesler et al. 2022). Die hohe politische Relevanz dieser Heraus-
forderungen zeigt auch die Forderlinie ,Mensch-Technik-Interaktion“ des Bundesministeri-
ums fiir Bildung und Forschung, bei der zwischen 2008 und 2018 ein Férdervolumen von

circa 149 Millionen Euro in den Gesundheits- und Pflegesektor investiert wurde (Fehling
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2019). Fiir die Jahre 2022 bis 2025 sind weitere 70 Millionen Euro Férdervolumen jahrlich in
der Forderlinie ,Miteinander durch Innovation“ geplant (BMBF 2020).

Digitale Pflegetechnologien sehen sich allerdings andererseits aktuell ebenso starker Kritik
ausgesetzt, die an sie gestellten Anforderungen in der realen Anwendung nicht erfiillen zu
konnen (Hergesell 2019a). Hergesell kritisiert in seinen Ausfiihrungen, dass digitale Pflege-
technologien insbesondere deshalb als Losungsstrategie zur Bewaltigung der Folgen des de-
mographischen Wandels in der Pflege herangezogen werden, weil sie rein semantisch mit der
»persuasiv-positiven Bedeutungskonnotation von ,Innovationen‘ als ,Allheilmittel’ fiir jegli-
che Art von Problemen” (Hergesell 20193, S. 249) in Frage kdmen und digitale Pflegetechno-
logien aktuell nur ein diskursiv zugeschriebenes Potential zur Losung der Probleme hatten
(Hergesell 2019a; Hergesell 2019b).

Auch Erhebungen aus der Praxis zeigen, dass neben vorhandener Euphorie und Offenheit
auch immer noch eine gewisse Skepsis gegeniiber bestimmten digitalen Unterstiitzungssys-
temen vorhanden ist (Rosler et al. 2018). So wird beispielsweise die Ubernahme sozialer oder
emotionaler Unterstiitzungsleistungen bei zu Pflegenden durch Technologien in der Studie
von Kuhlmey et al. (2019) von den befragten 355 Pflegekraften kritisch gesehen. Eine korper-
liche Unterstiitzung oder Unterstiitzung im Bereich der Dokumentation wird hingegen posi-
tiver bewertet.

Ein Blick auf die aktuellen Nutzungszahlen von digitalen Pflegetechnologien zeigt, dass sie
sowohl in der stationaren Langzeitpflege (Sebastido et al. 2020) als auch in der ambulanten
Pflege und der Pflege im Krankenhaus (Rosler et al. 2018) noch keine weite Verbreitung ge-
funden haben. Vielen Pflegekriaften sind neue Technologien zwar grundsatzlich bekannt, aber
nur wenige haben aktuell einen praktischen Zugang dazu, wie beispielsweise die Befragung
von Kuhlmey et al. (2019) aufzeigt.

Rein faktisch kénnen digitale Pflegetechnologien zum aktuellen Zeitpunkt also noch keiner
wissenschaftlichen Erprobung im grofierem Umfang in der Pflegepraxis unterzogen worden
sein. Das postulierte Potenzial von digitalen Pflegetechnologien muss also in den kommenden
Jahren einer genaueren Priifung und Bewertung unterliegen, um entweder aufzuzeigen, dass
sie als Losungen fiir bestimmte Probleme in der Pflege in Frage kommen oder eben nicht.
Hierfiir ist eine systematische, wissenschaftliche Evaluation und Bewertung von digitalen
Pflegetechnologien in der realen Anwendung die methodische Voraussetzung.

Das vorliegende Rahmenpapier beinhaltet daher die Aufarbeitung des Wissenstands zum
Thema der wissenschaftlichen Evaluation von digitalen Pflegetechnologien und bildet durch
die Kombination der enthaltenen Einzelarbeiten einen neuen Referenzrahmen fiir die quali-

tativ hochwertige Evaluation von digitalen Pflegetechnologien.



Es beginnt im ersten Kapitel mit einer literaturbasierten theoretischen Einleitung und Ein-
ordnung des Gegenstands und des Hintergrunds zu digitalen Pflegetechnologien und deren
Bewertung und Evaluation. Anschliefsend wird die in diesem Zusammenhang bearbeitete For-
schungsfrage der Dissertation vorgestellt, sowie Erlduterungen zur methodischen Herange-
hensweise gegeben. In den Kapiteln zwei bis vier wird die Essenz der Einzelarbeiten vorge-
stellt. Hierbei ndhert sich diese Forschungsarbeit der Fragestellung durch eine Analyse der
bisher in der wissenschaftlichen Literatur evaluierten digitalen Pflegetechnologien (Kapitel
zwei), durch eine Strukturierung des Felds bezogen auf den Teilbereich der Wirksamkeits-
messung (Kapitel drei) und durch eine Aufarbeitung vorhandener Evaluationsframeworks
fiir den Bereich der digitalen Pflegetechnologien (Kapitel vier). Anschliefdend werden in Ka-
pitel fiinf die Ergebnisse dieser Arbeit vor dem Hintergrund des existierenden Forschungs-
kontexts diskutiert und eine Einordnung der Arbeit in den grof3eren Kontext der Forschungs-
frage vorgenommen. Im abschliefRenden Kapitel sechs werden Schlussfolgerungen aus den
Erkenntnissen dieses Rahmenpapiers gezogen und konkrete Empfehlungen gegeben. Aufder-
dem wird beschrieben, wie mit Hilfe von wissenschaftlichen Evaluationen mehr Wissen zu
digitalen Pflegetechnologien generiert werden kann und worauf dabei in der zukiinftigen For-

schung zu achten ist.

1.1 Gegenstand

In diesem Abschnitt sollen zunachst grundlegende Begrifflichkeiten dieser Arbeit definiert
und der Gegenstand der Arbeit genauer erldautert werden. Der Gegenstand der vorliegenden
kumulativen Promotion teilt sich in zwei in Verbindung stehende, aber getrennt voneinander
zu betrachtende Teile (I) digitale Pflegetechnologien (in dieser Arbeit auch als DNT bezeich-
net - abgeleitet aus dem Englischen , Digital Nursing Technologies“) und (II) deren Bewertung

und Evaluation.

1.1.1 (I) Digitale Pflegetechnologien

Der erste Teil des Gegenstands umfasst die digitalen Pflegetechnologien. Um genauer zu ver-
stehen, was hierbei untersucht werden soll, ist zunachst zu klaren, was unter den einzelnen
Begriffen, die den Untersuchungsgegenstand ausmachen, in der Literatur beschrieben und fiir
diese Arbeit abgeleitet wird. Im Anschluss daran wird eine Arbeitsdefinition aufgestellt.

1. Hinter dem Begriff , digital“ verbirgt sich in erster Linie die digitale Schaltung, die

nach dem Prinzip der Darstellung von Informationen mit den Werten 0 und 1 aufge-



3.

baut ist. Das benannte Prinzip wird als Zweiwertigkeit bezeichnet. Digitale Schaltun-
gen steuern und regeln technischen Geréte, indem sie Informationen abfragen und an-
hand von Regeln Entscheidungen treffen (Gehrke et al. 2016).

Eine , Technologie“ wird von Rogers (2003) in zwei Komponenten unterteilt: Hard-
ware und Software. Er weist darauf hin, dass unter dem Begriff Technologie/Technik
haufig nur die Hardwarekomponente betrachtet wird (am Beispiel der Pflegerobotik
ware dies die gesamte Aktorik und Sensorik). Jedoch sei die Software, und somit das
Sammeln und Verarbeiten von Informationen, ebenso wichtig oder bilde sogar den
deutlich wichtigeren Anteil der Technologie ab. Ein Technologie besteht also aus
Hardware und/oder Software und ist nach Rogers (2003) ein Werkzeug (Tool), wel-
ches zur Erreichung einer bestimmten Problemlosung oder Bediirfnisbefriedigung
existiert.

Aus soziologischer Sicht kann , Technik" auch als ,zeitlich wiederholbare Form [...],
die sozial als Vermittler zwischen Wiinschen und Wirklichkeit eingesetzt wird"
(Rammert 2016, S. 58), definiert werden. Rammert betont besonders, dass Technik
neben der Hardware auch ,symbolisch kulturelle Artefakte“ einschlief3e (Rammert
2016, S. 58). Technik konnte im soziologischen Verstandnis von Rammert als eigen-
standige Entitat bezeichnet werden, welche in gesellschaftlichen soziokulturellen Pro-
zessen integriert ist. Verwirrend sein kann, dass die Begriffe Technologie und Technik
im deutschsprachigen Raum haufig synonym verwendet werden. Im Englischen wird
in erster Linie der Begriff , Technology“ verwendet. Der Begriff , Technologie“ bezeich-
net jedoch auch die Wissenschaft von der Technik. Dies kann zu einer gewissen Ab-
grenzungsproblematik fithren (Friesacher 2010). Es sei darauf hingewiesen, dass die

Begriffe in dieser Arbeit synonym verwendet werden.

Arbeitsdefinition:

Digitale Pflegetechnologien sind Hardware und/oder Software(-Erzeugnisse), die anhand von

bestimmten Regeln Entscheidungen treffen. Dies beinhaltet insbesondere informationstech-

nisch vernetzte und/oder mit Sensorik ausgestattete (digitale) Entwicklungen, die

pflegende Personen oder die Organisation von pflegerischem Handeln unterstiitzen,
dazu beitragen, dass Personen so in ihrer sozialen, physischen und/oder psychischen
Eigenstandigkeit unterstiitzt werden, dass auf direkte pflegerische Unterstiitzung vor
Ort verzichtet werden kann,

die Ausbildung, den Wissenstransfer und die Kompetenzentwicklung von Personen

unterstutzen.



Die Unterstiitzung kann sich sowohl auf professionelle und informelle Pflegepersonen als
auch auf Pflegebediirftige, deren Angehorige und sonstige Bezugspersonen beziehen (ange-

lehnt an Krick et al. (2020, S. 3)).

Diese Definition wurde aufbauend auf den Erkenntnissen der in dieser Arbeit enthaltenen
Artikel entwickelt und geht in ihrer Spezifitat auf den in Krick et al. (2020) definierten Begriff
der ,Digital Nursing Technologies“ (DNT) zurtick. Im Laufe der Arbeit wird auch auf den im
Titel bereits verwendeten Begriff der ,Innovation“ bzw. auf die so bezeichneten digitalen
technologischen Innovationen in der Pflege eingegangen und eine Abgrenzung zum Begriff

der DNT vorgenommen.

1.1.2 (II) Die Rolle von Evaluationen in der Bewertung von digitalen Pflegetechno-

logien

Der zweite Teil des Untersuchungsgegenstands beschaftigt sich mit der Evaluation und Be-
wertung von DNT. Die Begriffe ,Evaluation” und ,Bewertung“ werden im alltaglichen Sprach-
gebrauch haufig synonym verwendet, was fiir die Verwendung und Abgrenzung in dieser Ar-
beit ungiinstig ist. Der Begriff ,Evaluation“ meint in dieser Arbeit einerseits ein ,nachpriifba-
res Verfahren zur Bewertung einer digitalen Pflegetechnologie und gleichzeitig die Durch-
fiihrung des Prozesses einer methodisch kontrollierten und verwertungsorientierten Infor-
mationssammlung zu einer DNT (angelehnt an Kromrey (2012, S. 105-106)). Das Ergebnis
der Evaluation und die damit einhergehende Einordnung der Ergebnisse anhand begriindeter
Kriterien wird in dieser Arbeit als ,Bewertung“ bezeichnet. Diese Bewertung dient weniger
dem theoretischen Erkenntnisgewinn, sondern im Sinne eines empirisch-wissenschaftlichen
Handelns in erster Linie dazu, die Erkenntnisse liber den zu evaluierenden Gegenstand (DNT)

fur praktische Zwecke nutzbar zu machen (Kromrey 2012).

Grundsatzlich kann die Evaluation und Bewertung von digitalen Pflegetechnologien darauf

aufbauend vier Zielfunktionen erfiillen (angelehnt an Stockmann (2002, S. 3-4)):

(1) Die Gewinnung von Erkenntnissen tiber die digitale Pflegetechnologie zur Ableitung
von spezifischen Handlungen (zum Beispiel die Weiterentwicklung der Technologie)

(2) Die Kontrolle der digitalen Pflegetechnologie (im Sinne einer Zielerreichung zum Bei-
spiel zur Ableitung von Steuerungsentscheidungen)

(3) Die Nutzung der Erkenntnisse zu einer digitalen Pflegetechnologie, um dadurch einen
besseren Umgang mit der Technologie zu ermdéglichen (Lernfunktion).

(4) Die Legitimierung von Entscheidungen im Zusammenhang mit einer digitalen Pflege-

technologie (beispielsweise Investitionsentscheidungen)



Auf die neuen Erkenntnisse zum Thema Evaluation von DNT aus dieser Arbeit wird in den

Kapiteln zwei bis vier ndher eingegangen.

1.2 Hintergrund und Forschungsstand

Die folgenden Abschnitte beschreiben den Forschungsstand und den theoretischen Diskurs
zu digitalen Pflegetechnologien. Dabei werden die substanziellen zusatzlichen Erkenntnisse
durch die in dieser Arbeit enthaltenen Artikel aufden vorgelassen, da diese in den Abschnitten

zwei bis vier erlautert werden.

1.2.1 Forschung und Diskurs zu digitalen Pflegetechnologien und deren Evalua-

tion

Digitale Pflegetechnologien verdandern die Pflege. Mit dieser Aussage ist gemeint, dass das
Vorhandensein von digitalen Pflegetechnologien auf verschiedenen Ebenen zu Veranderun-
gen fiihrt, oder mit Veranderungen im Zusammenhang steht. In der Forschungsliteratur wer-
den DNT sowohl auf der Mikro-, der Meso- als auch auf der Makroebene in einem Verande-
rungskontext diskutiert (Schneider et al. 2020). Fiir jede dieser Ebenen sollen im Folgenden

beispielhaft Veranderungen aufgezeigt werden, die im Zusammenhang mit DNT stehen.

Veranderungen auf der Mikroebene betreffen individuell handelnden Personen - hier kann
eine DNT beispielsweise einen individuellen Nutzen fiir eine Person erzeugen (zum Beispiel
fiir Pflegekrafte oder zu pflegende Person), indem sie einen Arbeitsschritt vereinfacht oder
eine Entlastung herbeifiihrt. Die DNT greift dabei jedoch in den erlebten (Arbeits-)Alltag ein
und verandert ihn. Diese Verdanderungen passieren in einem komplexen soziotechnischen
System (Zerth et al. 2021), was sich am Beispiel der Akzeptanz einer DNT aufzeigen lasst. Ob
eine DNT im Alltag akzeptiert wird, hangt unter anderem vom Alter, Bildungsstand oder von
den bisherigen Erfahrungen einer Person mit der Technologien ab (Jacobs et al. 2019). Au-
f8erdem steht die Akzeptanz stark in Verbindung mit den Eigenschaften der Technologie
selbst, insbesondere der wahrgenommenen Niitzlichkeit (Holden etal. 2016). Die Auswirkun-
gen einer Verdanderung auf der Mikroebene miissen also in einem sehr individuellen Zusam-

menhang betrachtet werden.

Die Mesoebene umfasst Veranderungen fiir Organisationen und Einrichtungen. Dort kdnnen
beispielsweise verdanderte Arbeitsstrukturen und -prozesse auftreten. Die DNT muss hier ent-
weder in einen Prozess integriert werden oder sorgt im Rahmen der Einfiihrung fiir einen
komplett neuen Prozess mit neuen Aufgabenteilungen. DNT greifen hierbei in organisational-

pflegerische Routinen ein (Greenhalgh 2008). Diese Routinen treten als sich wiederholende,



erkennbare Muster voneinander abhdngiger Handlungen auf, an denen mehrere Akteure be-
teiligt sind (Feldman & Pentland 2003). Ungeeignete und unpassende Technologien kénnen
diese Routinen negativ beeinflussen (Greenhalgh 2008). Gleichzeitig muss berticksichtig wer-
den, dass das Ausmaf3 des Eingriffs in die pflegerische Routine wahrscheinlich im Zusammen-
hang mit der Akzeptanz und der Verbreitung von DNT steht (Greenhalgh et al. 2017; Klawunn
etal. 2021).

Die Makroebene bezeichnet die ,nationalstaatliche und die supranationale Regulierungs-
ebene der Gesundheitspolitik“ (Rosenbrock & Gerlinger 2014, S. 16). Fiir digitale Pflegetech-
nologien kénnen sich hier beispielsweise spezifische Finanzierungsmechanismen oder Ver-
giitungsregelungen dndern oder neue Regularien zur Einfithrung beschlossen werden, welche
weitreichende Auswirkungen auf eine der anderen Ebenen haben kénnen (Schneider et al.
2020). Unklar ist zum Zeitpunkt der Arbeit beispielsweise, wie in Zukunft digitale Pflegetech-
nologien in der stationdren Langzeitpflege nachhaltig finanziert werden sollen. Fiir ambu-
lante und stationdre Pflegeeinrichtungen stehen aktuell nur Férdermittel fiir Digitalisierungs-
projekte zur Verfiigung. Einrichtungen konnen dabei einmalige Zuschiisse bei der Anschaf-
fung von digitalen Pflegetechnologien und damit verbundener Schulungen von bis zu 40 Pro-
zent der Gesamtkosten erhalten. Der maximale Zuschuss betragt 12.000 Euro (Theobald
2022). An der Realitét der fortlaufenden Kosten des Betriebs von digitalen Pflegetechnologien
und deren Administration geht der Forderbetrag jedoch vollig vorbei.

Die beispielhafte Aufzahlung von Veranderungen, die im Zusammenhang mit der Existenz von
DNT stehen, zeigt auf, wie umfanglich die Analyse von DNT und deren Auswirkungen auf ver-
schiedenen Ebenen ist.

Uber die Art der Verinderungen, welche DNT im Pflegesystem verursachen, gibt es seit vielen
Jahren einen kontroversen Diskurs. So genannte ,Technikoptimisten“ betrachten digitale
Pflegetechnologien in diesem Diskurs als positive Erganzung der Pflege und als Teil des sozi-
alen Fortschritts, wohingegen , Technikromantiker” (auch Technikpessimisten) Technologien
als unvereinbar mit der Pflegekultur ansehen und sie als Ausdruck einer maskulinen Kultur
und als Wiederholung bestehender sozialer Ungleichheiten ablehnen (Sandelowski 1997).
Technikoptimisten sind grundsatzlich davon liberzeugt, dass Technik gezielt zum Wohle der
zu Pflegenden eingesetzt werden kann. Die Extremform des Technikoptimismus sieht eine
optimale Pflege sogar nur unter Einbezug von Technologien als moglich an. Die grofdte Be-
fiirchtung im technikpessimistischen Diskurs ist hingegen die Befilirchtung, dass technische
Gerate die pflegerische Tatigkeit ersetzen konnten (Hiilsken-Giesler 2007). Aus der technik-

pessimistischen Perspektive geht auch der Kritikpunkt hervor, dass Technologien keine neut-



ralen Objekte seien, sondern im Zeitverlauf die Pflegepraxis, die Werte und das Umfeld ver-
andern, oftmals ohne dass diese Veranderung erkannt werden (Barnard 1997). Technologien
konnten so beispielweise zu einer Dehumanisierung der Pflegearbeit beitragen (Hiilsken-
Giesler 2007). Die tief verwurzelte philosophisch-anthropologische Komponente bei der Be-
trachtung von digitalen Pflegetechnologien kann man gut an der Beschreibung von Remmers
(2015, S.11) beobachten, der das Aufeinandertreffen von Pflege und Technik als , Kollisionen
zweier unvereinbarer Eigenlogiken“ beschreibt: ,einer Logik personlicher Zuwendung und
Hilfe, die nur wenig formalisierbar ist, und einer gegenldufigen Logik von Okonomie sowie
planender Verwaltung und Organisation.”

Bei der Betrachtung dieser gegensatzlichen Blickrichtungen ist auffallig, dass digitale Pflege-
technologien - eingebettet in ein soziales Konstrukt - abhdngig von der angewendeten
Denklogik und auf Grund ihrer Auswirkungen ihre positiven Eigenschaften zugeschrieben be-
kommen oder kritisiert werden. Nicht die DNT per se flihrt daher zu Veranderungen, sondern
der soziale Kontext, der bei der Nutzung einer digitalen Pflegetechnologie in einem spezifi-
schen Anwendungssetting entsteht, und die Interpretation und Bedeutung, die der Nutzung
der Technologie zugeschrieben wird. Die Kritik, dass DNT zu einer Dehumanisierung in der
Pflege beitragen, hdangt beispielsweise in starkem Mafde davon ab, wie wir (als Gesellschaft
oder Person) menschenwiirdige Pflege definieren und in welchem Zusammenhang digitale
Pflegetechnologien damit in Zukunft stehen kénnten (Barnard & Sandelowski 2001). Je nach
Nutzung und Interpretationsweise konnten digitale Pflegetechnologien auch zu einer huma-
neren Pflege beitragen, indem sie beispielsweise Freirdume fiir mehr menschliche Interakti-

onen schaffen.

Aus den vorangegangenen Beschreibungen ist bereits hervorgegangen, dass die Einfithrung
von DNT nicht nur an einer spezifischen Stelle zu Veranderungen fiihrt, sondern eingebettet
istin ein grofderes soziales Konstrukt, bestehend aus Einzelpersonen, Organisationen und ei-
ner iibergeordneten gesellschaftlichen Ebene. Auf all diesen Ebenen kann eine DNT theore-
tisch zu Veranderungen fithren oder mit Veranderungen im Zusammenhang stehen. Diese
Veranderungen konnen positiv, negativ oder neutral sein und wie sie eingeordnet werden,
hdngt unter anderem maf3geblich von dem zugrundeliegenden Denkparadigma (zum Beispiel
Technikoptimismus versus Technikpessimismus), dem Verfahren zur Bewertung (systema-
tisch und methodisch kontrolliert versus unsystematisch und methodisch unkontrolliert) und
den genutzten Bewertungskriterien (vorab definierte Bewertungskriterien versus subjektive
Bewertung ohne Bewertungskriterien) ab.

Zum aktuellen Zeitpunkt existiert keine umfingliche Ubersicht dariiber, wie diese Veridnde-

rungen auf allen Ebenen systematisch analysiert und bewertet werden konnen. Hier stellt sich
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deshalb die Frage, wie genau mithilfe einer Evaluation diese Verdnderungen aufgezeigt und

bewertet werden konnen.

Verdnderungen analysieren

Eine Moglichkeit, die Analyse der Veranderungen durch digitale Pflegetechnologien im Rah-
men einer Evaluation auf den verschieden Ebenen handhabbarer zu machen, ist die Einteilung
in spezifischere Evaluationsbereiche und Perspektiven. Schneider et al. (2020) teilen die Un-
tersuchung der Veranderungen durch digitale Pflegetechnologien auf den Pflegeprozess bei-
spielsweise nach dem Strukturmodell von Beikirch (2015) ein. Untersucht werden kann in
diesem Zusammenhang, welche Auswirkungen digitale Pflegetechnologien fiir Pflegekrafte
auf den Prozess der strukturierten Informationssammlung, die individuelle Mafdnahmenpla-
nung, die Durchfiithrung der Pflegemafinahme und die Evaluation des Prozesses haben. Lutze
et al. (2021) betrachten die Auswirkungen einer DNT fiir Pflegekrafte unter den Gesichts-
punkten der planmafdigen Routinearbeit, der wissensbasierten Arbeit und der Interaktions-
arbeit. Aus der Perspektive der Pflegebediirftigen existiert fiir die Nutzenermittlung von digi-
talen Pflegetechnologien eine Einteilung in die Bereiche Selbststandigkeit, Teilhabe, Sicher-
heit und Schutz, sowie Selbstbestimmung und Wohlbefinden (Lutze et al. 2019). Fiir alle ge-
nannten Bereiche sind wiederum Unterkategorien vorhanden oder denkbar und unterschied-
liche Outcomes sowie Instrumente notwendig, um Verdnderungen messen oder beurteilen zu
konnen. Es existierte jedoch keine Ubersicht in der Literatur, die umfinglich Evaluationsbe-
reiche, verschiedene Perspektiven, Instrumente oder Outcome-Bereiche benennt, welche fiir

digitale Pflegetechnologien grundsatzlich genutzt werden kénnen.

Wenn man die Literatur zur Evaluation von digitalen Pflegetechnologien betrachtet, dann ist
aufderdem erkennbar, dass hier ein Phanomen existiert, welches der allgemeinen Forschungs-
logik inhdrent ist - und welches dadurch beim Wissen tiber digitale Pflegetechnologien eine
grofde Liicke hinterldsst. Digitale Pflegetechnologien werden immer ,nur“ aus einem be-
stimmten Blickwinkel und mit einer sehr engen Fragestellung erforscht. So konzentriert man
sich beispielsweise nur auf die Akzeptanz (Honekamp et al. 2019) einer spezifischen Techno-
logie oder untersucht ausschliefdlich die Effektivitat (Sahota et al. 2014) - statt fiir eine Tech-
nologie eine umfangliche Analyse unterschiedlicher Evaluationsbereiche durchzufiihren. Dies
ist einerseits mit der Kleinteiligkeit von Forschungsfragen begriindbar, die, um ein bestimm-

tes Thema handhabbar und erforschbar zu machen, meist auf spezifische Teilbereiche fokus-



siert sein miissen. Andererseits ist eine umfangliche Testung von Technologien, die viele Eva-
luationsbereiche abdeckt, aus Griinden der personellen und finanziellen Ressourcen, die da-
fiir notwendig waren, eher unwahrscheinlich.

Diese Tatsachen fiihren jedoch dazu, dass die grofieren Zusammenhéange einzelner Technolo-
gien im Pflegekontext auf verschiedenen Ebenen nicht in einen entsprechenden Gesamtkon-
text gesetzt werden kdnnen.

Als Beispiel fiir die Problematik dieser Vorgehensweise wird an dieser Stelle eine Studie von
Honekamp et al. (2019) zur Erfassung der Akzeptanz von 120 Senior:innen in einer betreuten
Wohneinrichtung gegentiber Pflegerobotik dargestellt. Zur Erfassung der Akzeptanz wurden
den Bewohner:innen bebilderte Szenarien mit einer Szenario-Beschreibung vorgelegt und
dann eine schriftliche Befragung durchgefuihrt. Eine direkte Konfrontation mit den Robotern
war aus Ressourcengriinden nicht moglich. Im Anschluss wurde ein Fragebogen mit 30 Items
auf Grundlage des Technology-Usage-Inventory (Kothgassner et al. 2013) von den Senior:in-
nen beantwortet. Ziel der Untersuchung war es, ,Hinweise zu generieren, unter welchen Be-
dingungen und in welchen Situationen der Einsatz von Pflegerobotern in Krankenhdusern auf
Akzeptanz oder Skepsis von Seniorlnnen trifft“ (Honekamp et al. 2019, S. 62). Studien ver-
gleichbarer Art ohne konkreten Technikeinsatz (Beiter et al. 2020), mit Vorhandensein der
Technologien im Alltag (Jacobs et al. 2019) oder in einem Testsetting (Baisch et al. 2018) gibt
es einige. Jedoch stellt sich die Frage, inwiefern sich eine Aussage zur Akzeptanz der Techno-
logie ohne ein Verstandnis flir das Zusammenspiel der Veranderungen durch die Technologie
im konkret erforschten Setting liberhaupt beurteilen ldsst. Die wissenschaftliche Aussage-
kraft derartiger Befragungen ist sehr begrenzt - sie kann maximal als erste Einschatzung zur
Meinungsbildung gegentiber einer Technologie dienen. Die gemessene grundsatzliche Hal-
tung eines Individuums gegeniiber einer Technologie besitzt zwar laut Diffusionstheorie nach
Rogers (2003) eine relativ dauerhafte Konsistenz, in der langerfristigen Anwendung einer
Technologie kann die Grundhaltung allerdings entweder bestétigt oder wieder verworfen
werden. Da sich viele digitale Pflegetechnologien noch in einer frithen Entwicklungsphase be-
finden und noch nicht viele dauerhaft in der Praxis angekommen sind (Lutze et al. 2019), kon-
nen Akzeptanzstudien folglich oft nur mit frithphasigen Technologien durchgefiihrt werden.
Aussagen zur Akzeptanz einer Technologie sind dann meist nur eine Momentaufnahme, da

sich Technologien und deren Anwendungen im Zeitverlauf der Entwicklung verandern.

Aufderdem ist zu beachten, dass bei den benannten Studien das Ergebnis der Untersuchung
mit unterschiedlichen Vorgehensweisen und Methoden dennoch mit dem gleichen Begriff

»+Akzeptanz“ benannt wird. Diese Verallgemeinerung der Begrifflichkeit ist h6chst problema-
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tisch, weil die Aussagekraft der unterschiedlichen Herangehensweisen und das, was tatsach-
lich gemessen oder erhoben wird, unter einem breit gefassten Akzeptanzbegriff zusammen-
gefasst und dann in verallgemeinernden Aussagen als das Gleiche nach aufden getragen wer-
den. Abhilfe schaffen konnte hier zumindest die Unterscheidung nach verschiedenen Akzep-
tanzarten wie von Kollmann (1998) mit den Begriffen Einstellungsakzeptanz (nach kogni-
tiver Kenntnisnahme der Existenz einer Innovation, ohne sie zu testen und vor dem Erwerb
der Innovation), Handlungsakzeptanz (nach ersten Erfahrungen mit der Innovation, aber
vor dem Erwerb) und Nutzungsakzeptanz (im Einsatz nach dem Erwerb einer Innovation)

beschrieben.

Man koénnte davon ausgehen, dass das fiir Akzeptanz beschriebene Problem bei der Effektivi-
tatsforschung durch eine sehr enge Fragestellung und einen klaren Effektivitatsbegriff bezo-
gen auf spezifische Outcomes und bei hohem Evidenzniveau weniger vorhanden ist. Ein Bei-
spiel zeigt jedoch auch hier auf, dass die grofieren Zusammenhange bei der Effektivitatsfor-
schung selbst bei Studien auf hohem Evidenzniveau eine wichtige Rolle spielen. Sahota et al.
(2014) fithrten zur Erforschung der Effektivitat eines Drucksensors in Verbindung mit einem
Funkrufempfanger im akutstationdren Pflegesetting eine randomisierte kontrollierte Studie
(RCT) durch. Untersucht werden sollte unter anderem, ob die Technologie die Anzahl der
Stiirze am Bett reduziert. Dazu wurden 1.839 Patient:innen in zwei Gruppen eingeteilt (n =
918 in der Kontroll- und n =921 in der Interventionsgruppe). Das Ergebnis war: Es gab keinen
signifikanten Unterschied zwischen den beiden Gruppen bezogen auf die Anzahl der Stiirze
am Krankenbett. Die Studie erwdhnt die Vorgehensweise der Intervention nur am Rand. Der
Sensor registriert das Aufstehen der Patient:innen aus dem Bett und das Funkrufsystem be-
nachrichtigt die Pflegekraft dariiber. Man muss daraus schlussfolgern, dass, um einen Sturz
zu verhindern, die Pflegekraft in dem Moment der Benachrichtigung die Moglichkeit haben
muss, nach dem:der Patient:in zu sehen und bei Notwendigkeit einzugreifen. Es wurde aller-
dings nicht untersucht, wie oft dies geschehen ist. Zur Auswertung der Sturzhaufigkeit in den
zwei Gruppen wurde das zentrale (verpflichtende) Unfallmeldesystem ausgewertet. Die Stu-
die benennt zwar die Art der Auswertung als Problem, reflektiert jedoch nicht, dass ein Kon-
trollieren der Handlung der Pflegekraft im Moment der Benachrichtigung deutlich mehr Klar-
heit hatte bringen konnen. Die Kontrolle der Umsetzung bzw. Umsetzbarkeit des Teils der
Intervention, der nicht direkt durch die Technologie geschehen kann, sondern eher organisa-
torisch oder prozessualer Natur ist, konnte hier als zentrale Herausforderung fiir jede Art von
Studie genannt werden. Fiir eine solche Kontrolle der Umsetzung, beispielsweise durch das

Begleiten der Pflegekraft, ware ein hoher Ressourcen- und Zeitaufwand notwendig - jedoch
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ware es flr das Verstandnis der Wirkung der Technologie-Mensch-Kombination wichtig, die-
sen Faktor zu kontrollieren, um eine Aussage iiber die gesamte Intervention treffen zu kon-
nen. Die Kontrolle der Durchfiihrung durch eine Person ware allerdings auch wieder selbst
ein Eingriff in die Studie, denn dies kdnnte die Handlungen der Pflegekraft und damit die Aus-
sagekraft der Studie verandern. Fiir einen fairen Vergleich sollten RCTs zudem gleiche Rah-
menbedingungen aufweisen und die Gruppen sich ausschliefdlich in der Intervention unter-
schieden - ein Begleiten der Nicht-Interventionsgruppe ware damit ebenso notwendig, um
gleiche Bedingungen herzustellen (Windeler et al. 2008).

Am Ende konkludiert die Studie von Sahota et al. (2014) mit der Aussage, dass Drucksenso-
ren mit Funkrufempfangern die Rate der Stiirze am Patientenbett nicht reduzieren konnten.
Diese Aussage ist so nicht korrekt. Denn der Sensor kann die Stiirze ohnehin nicht beeinflus-
sen. Erst die Handlung der Pflegeperson hatte einen Sturz verhindern konnen. Hochwertige
Studien miissen zur Effektivititsmessung also immer auch prozessuale und nicht-technolo-
gische Faktoren der Technologie-Mensch-Kombination untersuchen, um eine Aussage liber
die Technologie treffen zu konnen. Denn in fast jedem Fall der Technologienutzung ist auch
eine Veranderung der menschlichen Handlung enthalten. Die aktuelle Forschung kon-
zentriert sich allerdings haufig eher auf die Mensch-Technik-Interaktion - also die Evalua-
tion der direkte Nutzung der Technologie durch den Menschen und die Ergebnisse, die dies

erzeugt (BMBF 2015; Seeling & Blotenberg 2017).

Neben Einzelstudien zu digitalen Pflegetechnologien existieren auch Ubersichtsarbeiten, die
einzelne Fragestellung zu bestimmten Technologiebereichen (Arditi et al. 2012; Bemelmans
et al. 2012; Brandt et al. 2012; Bright et al. 2012; Blum et al. 2015) oder verschiedene Tech-
nologien bezogen auf eine spezifische Zielgruppe wie die Uberlebenden eines Schlaganfalls
(Aldehaim et al. 2016) untersuchen. Auch in diesen Fallen liegt der Fokus der Arbeiten meist
auf einzelnen Outcome-Bereichen fiir bestimmte Technologiebereiche wie der Effektivitat
von sozialer Robotik (Bemelmans et al. 2012), der Akzeptanz einer elektronischen Patienten-
akte (Kruse et al. 2015) oder der Effizienz assistiver Technologien zur Unterstiitzung von
Menschen mit Demenz (Bowes et al. 2013). Mit den Ubersichtsarbeiten lassen sich generelle
Aussagen zu Technologiekategorien und den entsprechenden Outcome-Bereiche treffen, je-
doch lassen sich die Zusammenhange der Technologie-Mensch-Kombination, die auf der Mik-
roebene relevant sind und innerhalb der Einzelstudien beobachtbar sind, nicht mehr so leicht

nachvollziehen.
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Implementierung und Prozesse

Die Implementierung einer digitalen Pflegetechnologie, die ausgeldsten Veranderungen in
der Pflegepraxis und die Messung von einzelnen Outcomes sollten immer zusammen betrach-
tet werden. Diskussionen im Rahmen des ,Clusters Zukunft der Pflege“ deuten in die Rich-
tung, dass digitale Pflegetechnologien, welche bestehende Prozesse starker beeinflussen bzw.
verdndern, eine geringere Akzeptanz bei den Pflegenden haben (Klawunn et al. 2021). Eine
Voraussetzung fiir den Erfolg von DNT koénnte also sein, moglichst wenig in die vorhandenen
Prozesse einzugreifen. Zu beachten ist allerdings, dass soziale Innovationen (unabhéngig von
Technologien), zum Beispiel in Form von Prozessveranderungen, ohnehin stattfinden (Rosler
et al. 2018). Eine digitale Pflegetechnologie, die heute in die Prozesse passt, muss morgen
nicht zwangslaufig weiterhin in die Prozesse passen. Partizipative Vorgehensweisen bei der
Einfithrung von Technologien in der Pflege werden als Losung dieser Problematik an vielen
Stellen gefordert (Zettl & Triibswetter 2018; Obser & Schroll-Wiirdig 2020; Sebastiao et al.
2020; Helmig et al. 2021), insbesondere wenn die Verwendung der DNT nur mit einer starke-
ren Anpassung gewohnter Prozesse gelingen kann (Lutze et al. 2021). Die Aussage tliber die
Zusammenhange von Prozessveranderungen und dem Erfolg von digitalen Pflegetechnolo-
gien deckt sich auch mit umfanglichen Analysen von Greenhalgh et al. zur Diffusion von Inno-
vationen in Gesundheitsorganisationen (Greenhalgh et al. 2004; Greenhalgh et al. 2017). Laut
Greenhalgh etal. (2017) ist es wahrscheinlicher, dass eine bestimmte Innovation aufgegriffen
wird, wenn durch die aktuelle Situation ein starker Handlungswunsch fiir einen Wandel be-
steht, die Innovation gut zum System passt (das heifdt die Innovation gut zu bestehenden Ar-
beitsablaufen und Routinen passt), breite Unterstiitzung fiir die Innovation (und wenig Wi-
derstand dagegen) besteht, sowie eine systematische Bewertung der Auswirkungen durchge-
fiihrt werden kann.

Mit dem CFIR-Framework (Damschroder et al. 2009) existiert hierzu bereits eine umfangliche
wissenschaftliche Aufarbeitung moglicher Zusammenhange und Rahmenbedingungen die
beim Einfiihrungsprozess von komplexen Interventionen in Einrichtungen des Gesundheits-
wesen relevant sind. Das Framework zeigt auf in welchem sozialen Gefiligen sich die Einfiih-
rung von komplexen Interventionen bewegt. Das Gelingen oder der Misserfolg der Einfiihrung
hangt laut CFIR-Framework beispielsweise von den Charakteristiken der Individuen ab, wel-
che die Technologie verwenden sollen, oder steht im Zusammenhang mit den strukturellen
Merkmalen des Einflihrungssettings (Inner und Outer Setting). Auferdem spielen die spezi-
fischen Charakteristiken der Intervention und die Charakteristiken des Einfiihrungsprozes-

ses eine Rolle (Damschroder et al. 2009). Ob der Einflihrungsprozess gelingt und die digitale
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Pflegetechnologie damit liberhaupt das Potenzial erhilt, positive Auswirkungen zu verbrei-
ten, hdngt, wie auch an anderer Stelle bereits beschrieben, stark von der Komplexitit der
Technologie(-Nutzung) und der Integrierbarkeit in die Prozesse ab (Greenhalgh et al. 2017;
Obser & Schroll-Wiirdig 2020). Das am Anfang dieses Kapitels erwédhnte Beispiel der Effekti-
vitat einer Drucksensorik zur Pravention von Stiirzen am Bett von Sahota et al. (2014) kann
auch hier als Beispiel herangezogen werden. Selbst wenn die Pflegekraft eine Benachrichti-
gung erhalt, dass eine zu pflegende Person das Bett verlassen hat, so stellt dies noch lange
nicht sicher, dass auch in diesem Moment (im Rahmen des Prozesses) die Kapazitit besteht,
einen Sturz zu verhindern, weil aktuell méglicherweise eine andere Aufgabe ausgefiihrt wer-

den muss.

Eine ausfiihrlichere Aufarbeitung zum Thema Komplexitdat von DNT und den damit im Zusam-

menhang stehenden Herausforderungen findet sich im nachsten Kapitel.
Digitale Pflegetechnologien und Evidence-based Nursing

An dieser Stelle soll aufbauend auf den vorangegangenen Beschreibungen noch einmal die
Wichtigkeit der Nutzung von Evidenz bei der Einfithrung und Bewertung von digitalen Pfle-
getechnologien betont werden. Wenn sich die Nutzung von DNT zu einer alltdglichen Hand-
lungsweise in der Pflege entwickeln soll, dann miissen fiir die Nutzung der Technologien die
gleichen Standards von Evidence-based Nursing (EBN) gelten, wie fiir alle weiteren Vorge-

hensweisen in der Pflegepraxis.

»Evidence-based Nursing ist die Nutzung der derzeit besten wissenschaftlich be-
legten Erfahrungen Dritter im individuellen Arbeitsbiindnis zwischen einzigarti-
gen Pflegebediirftigen oder einzigartigem Pflegesystem und professionell Pfle-
genden.” (Behrens et al. 2016, S. 25)

Diese Denkweise stiitzt sich auf die Annahme, dass Pflege durch eine wissensbasierte Vorge-
hensweise eine hohere Qualitat aufweist, Pflegekrafte dadurch professioneller werden und
mehr Verantwortung fiir die eigenen Handlungen tibernehmen kénnen (Roes et al. 2013). Die
durch Forschung erzeugten Erkenntnisse (zu digitalen Pflegetechnologien) kénnen und soll-
ten demnach das pflegerische Handeln beeinflussen. Roes et al. (2013) weisen darauf hin,
dass bei steigender Qualitdt der Forschung eine hohere Chance auf bessere Outcomes exis-
tiere, wenn die Umsetzung der Evidenz stimmig geschehe. Die evidenzbasierte Implementie-
rung, also ,die Integration evidenzbasierter Interventionen in einem spezifischen Setting”
(Roes et al. 2013, S. 198), in der Pflege spielt fiir digitale Pflegetechnologien also eine ent-
scheidende Rolle.
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Es stellt sich nun die Frage, wie weit die Pflegepraxis beim Thema der evidenzbasierten Im-
plementierung von digitalen Pflegetechnologien bereits ist und wo aktuell noch Herausforde-
rungen bestehen. Eine Analyse von van Achterberg et al. (2008) kommt zu dem Schluss, dass
in der Literatur diskutierte Konzepte fiir den Erfolg von Technologieimplementierungen wie
das Wissen, die Einstellungen und Routinen von Pflegekriften, der soziale Einfluss und orga-
nisatorische Merkmale zwar relevante Oberkategorien seien, diese Konzepte allerdings im-
mer im spezifischen Einzelfall genauer analysiert werden sollten, um fiir die Umsetzung einer
Implementierungsstrategie relevante Determinanten herauszufinden. Diesen Schritt zu tiber-
sehen oder ,abzukiirzen“ sei verlockend, werde aber wahrscheinlich zu einer erfolglosen Um-
setzung flihren (van Achterberg et al. 2008, S. 307). Es besteht also eine Differenz zwischen
wissenschaftlich aufgearbeiteten, theoretischen Konzepten und ihrer tatsachlichen Umsetz-
und Anwendbarkeit - hin dazu, dass sich eine evidenzbasierte Implementierung in der Pflege
immer auch an den tatsiachlichen Gegebenheiten orientieren muss und Konzepte angepasst

werden missen.

Evidence-based Nursing stof3t zusatzlich in der realen Umsetzung an weitere Grenzen, die
auch fir die evidenzbasierte Einfiihrung von Technologien relevant sind. So berichtet eine
systematische Ubersichtsarbeit von Ayoubian et al. (2020) dariiber, dass eine Barriere fiir die
Nutzung von Evidenz in der Pflege die Verfiigbarkeit ist. Wo keine Evidenz vorhanden oder
verfiigbar ist, kann auch keine Evidenz genutzt werden. Dies ist insbesondere fiir die Einfiih-
rung von digitalen Pflegetechnologien erwdahnenswert, da aufgrund der Frithphasigkeit vieler
Technologien zum aktuellen Zeitpunkt noch keine tibersichtliche, vollumfangliche und syste-

matische Evidenz zu einzelnen Technologien existieren kann (Lutze et al. 2019).

Ein zweites relevantes Hindernis ist das Nichtvorhandensein von organisatorischen und per-
sonellen Ressourcen, um das vorhandene Wissen in der Pflegepraxis umzusetzen (Ayoubian
et al. 2020). Selbst wenn also qualitativ hochwertige Evidenz fiir die Einflihrung von DNT in
der Pflegepraxis vorhanden sein sollte, kann diese in der Praxis an bestimmte Umsetzungs-

grenzen stofden und dann nicht ihre volle Wirkung entfalten.
Systematisierung von Evidenz

Ein wichtiger Schritt zur Schaffung von Evidenz im Bereich der digitalen Pflegetechnologien
ist die Aufarbeitung und Systematisierung von vorhandenem Wissen zu einem Uberblick fiir
relevanten Technologiegruppen und spezifische Technologien. Im Bereich der DNT widmen
sich bereits einige Arbeiten der Erstellung von Ubersichten {iber Methoden und Vorgehens-
weisen zur Schaffung von Evidenz. So liefern beispielsweise Lindwedel et al. (2016) einen

Uberblick iiber verschiedene potenziell nutzbare Instrumente zur Messung von Akzeptanz
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oder Effektivitdt von digitalen Pflegetechnologien, jedoch geben sie keine konkreten Hand-
lungsempfehlungen und in der Ubersicht mangelt an es an der Darstellung bereits verwende-

ter Instrumente im Zusammenhang mit der Pflege.

Fiir einzelne Evaluationsbereiche existieren Handreichungen, wie das MAST-Manual zur Eva-
luation von telemedizinischen Anwendungen (Kidhom et al. 2010) oder Ansatze zur Entschei-
dung bei der Auswahl zwischen verschiedenen Technikalternativen mittels Nutzwertanalyse
(NWA) (Elsbernd et al. 2014). Es existieren aufierdem vereinzelt iibergreifende Evaluations-
frameworks, die eine iibersichtlichere Darstellung von verschiedenen Evaluationsbereichen
und -inhalten liefern sollen, wie das NASSS-Framework (Greenhalgh et al. 2017) oder das
DIPSA-Framework (Stylianides et al. 2018). Jedoch stellt sich die Frage, welches dieser
Frameworks wirklich geeignet ist und geniigend Hilfestellung liefert, um geplante Evalua-
tionsvorhaben zu spezifischen digitalen Pflegetechnologien in der Forschungspraxis durch-

zufiihren.

Eine systematische Aufarbeitung vorhandener Systematisierungsschemata (Frameworks)
zur Evaluation von digitalen Pflegetechnologien mit konkreten Empfehlungen zur Auswahl
und Anwendung der Evaluationskonzepte fehlte bislang in der Literatur.

Neben der Aufarbeitung solcher Systematisierungsschemata im Bereich Evaluation ist es fiir
die Evidenzermittlung gleichermafden relevant fiir einzelne DNT Studien mit einer metho-
disch hochwertigen Vorgehensweise durchzufiihren und die Ergebnisse dieser Studien syste-
matisch zusammenzufiihren, wie dies beispielsweise Ekeland et al. (2010) fiir den Bereich
der Telemedizin im Rahmen eines Systematic Reviews gemacht haben.

Erst durch das Zusammenfiihren der so gesammelten Evidenz kann ein Uberblick iiber das
grofde Ganze fiir eine Kategorie von digitalen Pflegetechnologien geschaffen werden. Dabei
spielt allerdings nicht nur die Effektivitdt eine Rolle, sondern viele weitere Aspekte, wie die
Akzeptanz und weitere Veranderungen, die DNT in der Pflegepraxis auslosen. In der Literatur
fehlte bisher der Uberblick iiber das ,grofRe Ganze“ - eine Aufarbeitung des Wissensstands
zum Thema Evaluation und Bewertung von digitalen Pflegetechnologien ist daher Teil dieser

Arbeit.

1.2.2 Komplexitit bei der Evaluation von digitalen Pflegetechnologien

Digitale Pflegetechnologien bewegen sich in einem komplexen soziotechnischen Raum (Zerth

et al. 2021) und sorgen in diesem fiir Verdnderungen. Dabei steht das Ausmaf3 und die Aus-
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pragung der Verdnderungen unter anderem in Verbindung mit den Individuen, die die Tech-
nologie anwenden, dem vorhandenen Setting inklusive der Strukturen und Prozesse, dem
Einflihrungsprozess und den Charakteristiken der Technologie (Damschroder et al. 2009).
Auf den Punkt der Komplexitat soll hier noch mal etwas genauer eingegangen werden, denn
die Komplexitit einer Intervention ist insbesondere im Rahmen der Evaluation einer Inter-
vention im Kontext einer kontrollierten Studie zur Erforschung der Frage nach Verbesserun-
gen relevant. Hierbei sollten moglichst viele Einflussfaktoren, die die Ergebnisse beeinflussen
konnten, kontrolliert werden. Ein erschwerender Faktor der Kontrolle von Komplexitat bei
der Einfithrung von DNT ist, dass Komplexitat auch auf einer hoheren Ebene eine Rolle spielt.
Komplexitat kann ebenso auf der Systemebene existieren. Ein komplexes System ist ein Sys-
tem, das sich an Veranderungen in seiner lokalen Umgebung anpassen kann, aus anderen
komplexen Systemen zusammengesetzt ist und sich nicht linear verhalt (die Veranderung des
Ergebnisses ist nicht proportional zur Anderung des Inputs) (Shiell et al. 2008). Eine Pflege-
einrichtung als Setting ist beispielsweise ein komplexes System.

Wenn digitale Pflegetechnologien in einer Pflegeeinrichtung implementiert werden, bedeutet
dies, dass sowohl im ,kleinen Rahmen“ dieser Intervention verschiedene Komponenten zu-
sammenwirken als auch Komponenten des Kontextes der Pflegeeinrichtung fiir das Ergebnis
und die Veranderungen im Rahmen der Intervention eine Rolle spielen.

Die Schwierigkeit bei der Evaluation und Bewertung von digitalen Pflegetechnologien besteht
also darin, dass der Anspruch einer methodisch kontrollierten und verwertungsorientierten
Informationssammlung (Kromrey 2012) und die damit einhergehende Einordnung der Er-
gebnisse anhand begriindeter Kriterien auf die Subjektivitat und Kontextabhangigkeit der In-
terpretation im Rahmen einer komplexen Intervention, eingebettet in ein komplexes System,
trifft. Es konnte hier beispielsweise sein, dass eine positiv evaluierte und positiv bewertete
DNT in einem bestimmten Kontext nicht von der potenziellen Anwendergruppe in einem an-

deren Setting akzeptiert wird.

Dies fiihrt zu dem Problem der Ubertragbarkeit bzw. Transferierbarkeit der Ergebnisse einer
Evaluation und Bewertung auf einen anderen Kontext oder ein anderes Setting (Zerth et al.
2021). Zerth et al. (2021) teilen fiir ein besseres Verstiandnis der Transferierbarkeit in eine
Adoptionspradiktion ersten, zweiten und dritten Grades ein. Sie beschreiben, dass bei der
Adoptionspradiktion ersten Grades eine Aufgabe darin bestiinde, mit unterschiedlichen Me-
thoden und Instrumenten, unter Berlicksichtigung verschiedener Perspektiven, zu betrach-
ten, was sich in einem konkreten Setting beim Technologieeinsatz lernen lasst. Damit waren

Ubertragungen von Erfahrungen innerhalb eines Settings moglich (Zerth et al. 2021)
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Bei der Adoptionspridiktion zweiten Grades wire eine Voraussetzung fiir die Ubertragbar-
keit der Erfahrungen die Inhalts-, Struktur- und/oder Prozessahnlichkeit eines anderen Pfle-
gearrangements - die allerdings vorher zunidchst einmal bestmdglich analysiert werden
missten, um dhnliche Pflegearrangements zu identifizieren (Zerth et al. 2021). Betrachtet
man die Vielschichtigkeit von Komponenten und Zusammenhdngen der Technologieeinfiih-
rungen, die beispielsweise im CFIR-Framework aufgezeigt werden (Damschroder et al. 2009),
so wird klar, welcher Aufwand notwendig ware, um ein Verstandnis fiir die Zusammenhdnge
von Veranderungen durch digitale Pflegetechnologien zu entwickeln.

Die Adoptionspradiktion dritten Grades beschreibt das Diffusionspotenzial einer DNT im ge-
samten Pflegemarkt. Notwendig dafiir ware eine Abschatzung der Adoption der Technologie
von dhnlichen Pflegearrangements auf weitaus unterschiedlichere und die Abschatzung des

Potenzials fiir eine Marktdurchdringung (Zerth et al. 2021).

Als Hilfestellung fiir die Evaluation von digitalen Pflegetechnologien vor dem im Kapitel 1.2
beschriebenen Hintergrund ist noch einiges an Grundlagenforschung notwendig. Ein mog-
lichst umfangliches Bild tber eine einzelne DNT als Voraussetzung fiir die Adoptionspradik-
tion erhdlt man nur, wenn man verschiedene Evaluationsbereiche mit unterschiedlichen In-
strumenten, Methoden und Outcomes aus verschiedenen Perspektiven und im Zusammen-
hang mit dem Rahmen, der durch das betrachtete (komplexe) soziotechnische System, in dem
die Technologie eingefiihrt wird, entsteht, erforscht. Um dies leisten zu konnen, wird zunachst
einmal eine moglichst umfingliche Ubersicht tiber verfiigbare Evaluationsbereiche, Instru-
mente, Methoden, Outcomes und Perspektiven benétigt. Zu Beginn dieser Forschungsarbeit
lag weder eine umfingliche Ubersicht iiber Evaluationsbereiche, Instrumenten, Methoden,
Outcomes und Perspektiven noch eine umfangliche Aufarbeitung vorhandener Evidenz zu
verschiedenen digitalen Pflegetechnologien unter Beriicksichtigung mehrerer Outcome-Be-

reiche vor.

1.3 Zentrale Fragestellung und Ziel der Arbeit

Aufbauend auf dem soeben beschriebenen Forschungshintergrund zu digitalen Pflegetechno-
logien wird als zentrale Fragestellung dieser Arbeit untersucht, wie eine umfassende Evalua-
tion und Bewertung von digitalen Pflegetechnologien ermoglicht werden kann und anhand
welcher Kategorien und Kriterien dies geschehen miisste.

Es soll an dieser Stelle nochmal betont werden, dass nicht einerseits in der wissenschaftlichen
Literatur Kkritisiert werden kann, dass wir nicht wissen, ob digitale Pflegetechnologien tat-
sachlich dazu geeignet sind, vorhandene Probleme in der Pflege zu 16sen, und andererseits

nicht genug dafiir unternommen wird, dies in Praxis und Empirie herauszufinden. Neue,
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strukturierte Evaluationsansitze sind notwendig, um Klarheit tiber die Frage nach dem Nut-
zen von DNT zu geben und Aufschluss dartiber zu liefern, warum bisher trotz intensiver Be-
mithungen so wenig in der Praxis angekommen ist und wie man dieses Problem l6sen kann.
Diese Arbeit hat daher das Ziel, eine neue Forschungsperspektive zu eréffnen, indem der Re-
ferenzrahmen, in dem sich digitale Pflegetechnologien und deren Evaluation befinden, ge-
nauer kartografiert wird. Dieses Rahmenpapier 16st nicht einzelne kleinteilige Forschungslii-
cken auf, sondern hat das Ziel, neue, grofiere Forschungsbereiche und die darin enthaltenen
Liicken aufzudecken. Aufkommende Fragen konnen dann in den neu geschaffenen Referenz-
rahmen eingeordnet werden und der Kontext fiir die Erforschung von digitalen Pflegetechno-
logien wird besser verstdndlich. Der eroffnete Referenzrahmen hilft anderen Forscher:innen
dabei, kleinteiligere Forschungsfragen unter einer neuen Perspektive zu bearbeiten.

Um die zentrale Fragestellung zu beantworten, wird ein kumulativer Ansatz gewahlt, indem
drei aufeinander aufbauende Schritte zur Beantwortung der Forschungsfrage in drei unter-
schiedlichen Artikeln bearbeitet werden. Diese Teilschritte haben jeweils eigene Fragestel-
lungen, die sich auf die zentrale Fragestellung beziehen.

(1) Zunachst wurde analysiert, welche digitalen Pflegetechnologien bisher evaluiert wur-
den und welche Erkenntnisse dazu verfiigbar sind: Im Artikel , Digital technology and
nursing care: a scoping review on acceptance, effectiveness and efficiency studies of in-
formal and formal care technologies” (Kapitel zwei) wurde dazu aufgearbeitet, (i) wel-
che Bereiche digitaler Technologien, die auf die Unterstiitzung informeller oder for-
meller Pflege abzielen, bereits evaluatorisch fiir die Bereiche Akzeptanz, Effektivitat
und Effizienz (AEE) untersucht wurden, (ii) welche Zielsettings, Unterstiitzungsfelder
und Zielgruppen dieser Technologien damit einhergingen, und (iii) welche Studiende-
signs zur Evaluation der Outcome-Dimensionen verwendet wurden.

(2) Der zweite Teilschritt beinhaltete die Strukturierung des Felds bezogen auf den Teil-
bereich der Wirksamkeit von DNT. Dazu wurden im Artikel , Measuring the effectiven-
ess of digital nursing technologies: development of a comprehensive digital nursing tech-
nology outcome framework based on a scoping review” (Kapitel drei) (i) die Outcome-
Bereiche zur Messung von Wirksamkeit digitaler Pflegetechnologien analysiert, (ii)
die aktuelle Forschungsliteratur untersucht mit der Frage danach, welche Outcome-
Bereiche bisher im Fokus der Forschung zur Effektivitat digitaler Pflegetechnologien
standen und welche weniger haufig oder gar nicht untersucht wurden, und (iii) dazu
die Instrumente analysiert und strukturiert aufgearbeitet, mit denen die Technologien

in bisherigen Studien auf ihre Wirksamkeit untersucht wurden. Das Ziel der Studie
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war es, ein Outcome-Framework fiir digitale Pflegetechnologien zu entwickeln, wel-
ches potenzielle Outcome-Bereiche und unterschiedliche Evaluationsperspektiven
aufzeigt.

(3) Im dritten Teilschritt wurden vorhandene Evaluationsframeworks fiir DNT identifi-
ziert und deren Stirken und Schwachen analysiert. Der Artikel ,Evaluation Frame-
works for Digital Nursing Technologies: Analysis, Assessment, and Guidance” (Kapitel
vier) sollte dazu herausfinden, (i) welche Evaluationsframeworks zur strukturierten
Evaluation von digitalen Pflegetechnologien in der Literatur bereits verfligbar sind,
(ii) welche Zwecke, Perspektiven und Definitionen von Erfolg (von DNT) in diesen
Frameworks beschrieben werden, (iii) was die Starken und Schwachen der enthalte-
nen Frameworks sind, und (iv) welche Evaluationsbereiche in den Frameworks ver-
treten sind und wo die meisten Uberschneidungen und Unterschiede zwischen diesen

Frameworks liegen.
Was diese Arbeit leisten kann und was nicht

Die Einzelarbeiten in dieser Arbeit leisten einen Beitrag dazu, ein besseres Verstdndnis fiir
das Thema Evaluation von digitalen Pflegetechnologien zu erlangen und geben Aufschliisse
dartiber, welche Kategorien und Kriterien zur Bewertung von DNT geeignet sind.

Die Gesamtarbeit beschreibt als Referenzrahmen tibergeordnete Evaluationsbereiche und
Methoden sowie Perspektiven fiir die Evaluation von DNT und arbeitet unterschiedliche
Technologiebereiche von DNT auf. Spezifische Outcome-Bereiche und Instrumente zur Eva-
luation von DNT werden in dieser Arbeit fiir das Thema Wirksamkeit benannt, da dieser Be-
reich fiir die Problemlésungskapazitat der DNT am wichtigsten angesehen wurde. Die Arbeit
widmet sich nicht der Aufarbeitung einer Ubersicht zu Instrumenten fiir andere Evaluations-
bereiche, wie beispielsweise zur Akzeptanz oder Effizienz. Hier sind dariiberhinausgehende
Untersuchungen notwendig, fiir die diese Arbeit als Grundlagenforschung eine gute Basis bie-
tet.

Als Herausforderung, die diese Arbeit nicht zu l6sen vermag, kann die Tatsache benannt wer-
den, dass der Untersuchungsgegenstand (DNT) noch nicht weit genug in der Praxis verbreitet
ist und daher Aussagen liber den Gegenstand aufgrund der haufig in Laborumgebung statt-
findenden Testungen limitiert sind (Krick et al. 2019; Lutze et al. 2019). Im Diskussionsteil
dieses Rahmenpapiers folgt daher eine zusatzliche Ausarbeitung von Herausforderungen, die
mit dem Reifegrad von DNT im Zusammenhang stehend. Aufderdem wird auf den Aspekt des

Innovationspotenzials von DNT eingegangen und dieser diskutiert.
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1.4 Methodische Herangehensweisen der Arbeit

Diese Arbeit beschaftigt sich mit grofden Forschungsfragen, deren Beantwortung dabei hilft,
einen Uberblick tiber das Themenfeld der Evaluation von digitalen Pflegetechnologien zu er-
halten. Solche Herangehensweisen sind insbesondere dann sinnvoll, wenn sich Forschung
neuen Themenfeldern widmet, die bisher noch nicht in der Ganze ,kartiert“ wurden. Alle ein-
geschlossenen Artikel in dieser Arbeit bearbeiten jeweils grofie Unterfragestellungen und
dienen dazu, die Forschungsliteratur moéglichst umfassend abzubilden und tibersichtlich dar-
zustellen. Zwei der Artikel (Kapitel zwei und drei) basieren daher auf der Methodik des ,Sco-
ping Reviews"“. Dem Namen ,Scoping” ist bereits zu entnehmen, dass diese Art von Review
darauf gerichtet ist, einen grof3en Themenbereich zu umfassen. Fiir die Aufarbeitung der Fra-
gestellungen wurde die Guideline zu Scoping Reviews von Arksey & O'Malley (2005) genutzt.
Aufserdem wurden verschiedene methodischen Ergdanzungen von Levac et al. (2010), wie im

Artikel beschrieben, berticksichtigt.

Die Artikel in Kapitel zwei und drei basieren dabei beide auf demselben Scoping Review, fiir
den insgesamt 19.510 Artikel gescreent und 750 Volltexte mit Studien zu den Bereichen Ef-
fektivitdt, Akzeptanz und Effizienz von DNT analysiert wurden. Fiir eine tiefere Beantwortung
der Fragestellungen aus dem Bereich Wirksamkeitsmessung wurden fiir den Artikel in Kapi-
tel drei 123 Effektivitatsstudien aus dem urspriinglichen Scoping Review anhand einer neuen
Fragestellung analysiert und eine zusatzliche Methodik zur Erstellung eines Outcome-Frame-
works angewandt. Dafiir wurden erganzend existierende Frameworks fur die Outcome-Mes-
sung von DNT recherchiert, die in einem deduktiven Prozess gemeinsam mit den vorhande-
nen Studien zur Ableitung von Outcome-Bereichen genutzt wurden. Diese Outcome-Bereiche
wurden in einem Vier-Augen-Prozess definiert und durch einen Expertenworkshop validiert.
Die beschriebene Methodik umfasst mehr als die iibliche Vorgehensweise eines Scoping Re-
views, denn sie enthalt Elemente eines Critical Reviews, der sich statt der vollstdndigen Kar-
tierung eines Themenbereichs darauf fokussiert, konzeptionelle Beitrage von Studien heraus-
zuarbeiten und daraus neue Theorien oder Modelle abzuleiten (Grant & Booth 2009). Durch
die Kombination der beiden Vorgehensweisen wird eine sehr umfangreiche und systemati-
sche Analyse der Literatur erméglicht, die als Ergebnis die Ableitung eines neuen Modells er-
zeugt. Das so entwickelte DNT-Outcome-Modell beschreibt durch die dargestellten Outcome-

Bereiche den Moglichkeitsraum fiir die Outcome-Messung von digitalen Pflegetechnologien.

In Kapitel vier wurde fiir die Aufarbeitung der Literatur zu bestehenden Evaluationsframe-
works fiir DNT ein Overview (Grant & Booth 2009) durchgefiihrt. Dafiir wurden drei Suchme-
thoden kombiniert: (1) eine systematische Suche in Pubmed, (2) eine narrative Suche in
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Google Scholar, erganzt um Snowballing, und (3) eine Expertenbefragung zu vorhandenen

Evaluationsframeworks. Der Begriff Overview ist ein generischer Oberbegriff, hinter dem sich

laut Grant & Booth (2009) verschiedene Vorgehensweisen und Elemente von anderen Re-

view-Arten wiederfinden. In der Folge werden daher reflektierend die wichtigsten Eigen-

schaften der verschiedenen Review-Typen - Scoping Review, Overview und Critical Review

sowie und in Abgrenzung dazu der Systematic Review - beschrieben (Tabelle 1 und 2). Dabei

werden die Starken und Schwachen der einzelnen Methoden aufgezeigt, um eine Abgrenzung

der Methodik durchzufiihren und genauer deutlich zu machen, warum fiir bestimmte Frage-

stellungen dieser Arbeit eine bestimmte Methodik genutzt und eine bestimmte andere Me-

thodik nicht genutzt wurde.

Tabelle 1: Beschreibung und Uberblick iiber Starken und Schwichen der Review-Arten

Review-Typ

Beschreibung

Starken

Schwichen

Overview

Zusammenfassung der Litera-
tur. Uberblick iiber die Literatur
und Beschreibung ihrer Merk-
male.?

Breite und oft vollumfang-
liche Zusammenfassung
eines Themenbereichs.2

Festigt bereits bekanntes
Wissen.!

Hebt Forschungsliicken in
Studien fiir zukiinftige
Forschung hervor.!

Legt keinen Schwerpunkt
darauf extrahierte Daten
zu analysieren.!

Kann, muss aber keine
systematische Suche ent-
halten.!

Generischer Begriff fiir
verschiedene Reviewar-
ten.2

Scoping Review

Bewertung des moglichen Um-
fangs der verfiigbaren Literatur
zu einem bestimmten Thema?

Zielt darauf ab Art und Umfang
der Forschung zu identifizieren
Nachweise (normalerweise ein-
schliefdlich laufender For-
schung).t

Beinhaltet eine vollsyste-
matische Suche®

Identifiziert Forschungs-
liicken und zukiinftige
Forschungsbereiche.!

Hilft Forschung, Politik
und Entscheidungstra-
ger:innen dabei einen
Uberblick iiber bereits ge-
leistete Wissenschaftliche
Arbeit zu erhalten.!

Qualitatsbias: da der Ein-
schluss auf Existenz von
Literatur basiert und nicht
auf einer Qualitiatsbewer-
tung.!

Die Ergebnisse kdnnen
nicht verwendet werden,
um abschliefdende Aussa-
gen zu treffen?, oder um
fiir Politik oder Praxis
konkrete Handlungsemp-
fehlungen abzuleiten?

Critical Review

Soll zeigen, dass der Autor die
Literatur umfassend recher-
chiert und ihre Qualitat kritisch
bewertet hat. Geht iiber eine
blof3e Beschreibung hinaus und
umfasst ein gewisses Maf3 an
Analyse und konzeptioneller In-
novation. Fiihrt in der Regel zu
einer Hypothese oder einem
Modell.2

Informationen werden bei
der Extraktion kritisch be-
wertet.!

Schnelle Ubersicht und
vergleichsweise ausfiihrli-
che Ubersicht iiber einen
Themenbereich.!

Beinhaltet und vergleicht
oft verschiedene, konkur-
rierende Denkschulen.!

Keine systematische Lite-
ratursuche.!

Hat nicht das Ziel alles an
verfiigbarer Literatur zu
einem Themenfeld zu
identifizieren.2

Keine formale Qualitats-
bewertung.!

Interpretative Elemente
sind subjektiv und das re-
sultierende Ergebnis ist
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Kritische Bewertung der Wirk-
samkeit und Qualitit der einge-
schlossenen Studien.!

der Ausgangspunkt fiir die
weitere Bewertung, kein
Endpunkt in

selbst.2

Systematic Review

Systematische suche nach For-
schungsergebnissen. Auswer-
tung und Synthese von For-
schungsergebnissen unter Ein-
haltung von Leitlinien fiir die
Durchfiithrung des Reviews.?2

Ermittlung zuverlassiger und
hochwertiger Daten als Grund-
lage fiir evidenzbasierte Ent-
scheidungen.!

Versucht alle bekannten
Kenntnisse zu einem
Thema zusammenfiithren.?

Sammelt und bewertet die
Qualitat aller wissen-
schaftlichen Daten zu ei-
nem bestimmten Thema.!

Reduziert Bias Risiko auf-
grund seiner systemati-
schen Natur.!

Selektionsbias durch Sub-
jektivitat der Reviewer.!

Limitierter Einblick auf
die Wirksamkeit, ohne
Antworten auf komple-
xere Fragen zu liefern, wie
beispielsweise warum et-
was wirksam ist oder
nicht.2

Inhalte ibernommen und iibersetzt aus Samnani et al. (2017)* und Grant & Booth (2009)2

Tabelle 2: Uberblick iiber Suche, Bewertung, Synthese und Analyse der Review-Arten

Review Typ

Suche

Bewertung

Synthese

Analyse

Overview

Kann, muss aber
keine umfangreiche
Suche beinhalten

(abhéngig davon, ob

Kann, muss aber
keine Qualitatsbe-
wertung beinhalten

(abhéngig davon, ob

Typischerweise nar-
rativ, kann aber ta-
bellarische Merk-

male enthalten (ab-

Die Analyse kann
chronologisch, kon-
zeptuell oder the-

matisch erfolgen.2

Suche steht im Vor-
dergrund. Bestimmt
durch Zeit/Umfang/

Beschrankungen.!

Kann auch laufende
Forschung enthal-

ten.!

litaitsbewertung.!

systematischer systematischer hangig davon, ob
Overview oder Overview oder systematischer
nicht).2 nicht).2 Overview oder
nicht).2
Scoping Review Vollstandigkeit der Keine formale Qua- | Typischerweise ta- Kennzeichnet Quan-

bellarisch mit nar-

rativen Elementen.!

titdt und Qualitat
der Literatur, z. B.
durch Studiende-
sign und andere Ei-

genschaften.!

Versucht einen
nutzbaren Uber-

blick zu erschaffen.t

Critical Review

Versucht, die wich-
tigsten Studien auf
dem Gebiet zu iden-

tifizieren.?2

Keine formale Qua-

lititsbewertung.2

Kritisches Hinter-
fragen der Studien
nach ihrem inhaltli-

chen Beitrag.?

Narrativ, konzeptu-
ell oder chronolo-

gisch.2

Zielt darauf ab, kon-
zeptionellen Beitrag
der Studien zu iden-

tifizieren.2

Soll bestehende

Theorien darstellen
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oder neue Theorien

ableiten.?

Systematic Review

Zielt auf eine voll-
umfangliche Suche

und Identifikation

der vorhanden Lite-

Die Qualitatsbewer-
tung bestimmt tiber
Ein- oder Aus-

schluss.!

Typischerweise nar-
rativ mit begleiten-

den Tabellen.!

Zeigt auf, was be-
kannt oder unbe-

kannt bleibt.t

Leitet Empfehlun-
tur.t
ratur gen fiir die Praxis

ab.t

Beschreibt Unsi-
cherheiten beziig-

lich der Ergebnisse.

Gibt Empfehlungen
fiir die zukiinftige

Forschung.!

Inhalte iibernommen aus Samnani et al. (2017)*und Grant & Booth (2009)2.

Wie aus der Tabelle deutlich wird, zielen der Scoping Review und der Systematic Review auf
eine moglichst vollumfangliche Literatursuche ab. Der Overview kann, muss aber keine um-
fangreiche Suche enthalten und der Critical Review versucht, nur die wichtigsten Studien auf
einem Gebiet zu identifizieren und muss daher nicht systematisch sein. Stellt man Scoping
und Systematic Review genauer gegentiber, so wird ein Scoping Review, da er Art und Umfang
der Forschung in einem Themengebiet identifizieren soll, einen deutlich gréf3eren Literatur-
korpus als Ergebnis hervorbringen als der Systematic Review, welcher durch die Hiirde der
Qualitatsbewertung nur hochwertige Studien zu einem spezifischen Thema als Ergebnis her-
vorbringen soll. Die Hauptaufgabe des Scoping Reviews ist es demnach, einen moglichst um-
fangreichen Uberblick zu verschaffen, wohingegen beim Systematic Review zu einer spezifi-
schen Thematik nach einer formalen Qualititsbewertung beispielsweise via PRISMA-State-
ment (Page etal. 2021) die Ergebnisse der eingeschlossenen Studien zu spezifischen, evidenz-
gesicherten Empfehlungen abgeleitet werden kénnen. Als Steigerung in der Evidenz-Hierar-
chie ist noch die Meta-Analyse zu nennen, die als Suchbasis wie ein Systematic Review funk-
tioniert, jedoch bei der Auswertung die Ergebnisse quantitativer Studien statistisch zusam-
menfiihrt, um numerische Aussagen zu den Effekten einzelner (moglichst dhnlicher) Inter-
ventionen liefern zu konnen (Grant & Booth 2009). Der Overview ist je nach Ausfiihrung eben-
falls grundsatzlich geeignet, einen grofde Fragestellungen zu bearbeiten, wohingegen der Cri-
tical Review durch seine eingeschrankte Vorgehensweise bei der Suche allein dazu nicht aus-

reicht.
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Fiir die grof3en Fragestellungen dieser Arbeit kam daher in erster Linie die Methodik des Sco-
ping Reviews in Frage, da ein moglichst umfangliches Bild der Forschung zu digitalen Pflege-
technologien und deren Evaluation aufgearbeitet werden sollte und es nicht das Ziel war, die
Effekte einzelner Studien zu vergleichen oder statistisch zusammenzurechnen. Wie zuvor be-
schrieben, wurden auch Elemente des Critical Reviews im Rahmen dieser Arbeit genutzt. Dies
zielte darauf ab, den konzeptionellen Beitrag der analysierten Studien zu identifizieren (Grant
& Booth 2009) und wurde genutzt, um mit dem DNT-Outcome-Framework ein neues Modell
zur Erfassung von Wirksamkeit von digitalen Pflegetechnologien zu erarbeiten. Allerdings
wurde hier bei der Recherche eine systematische Suche aufbauend auf einem Scoping Review
vorgeschaltet, um eine moglichst umfassende Grundlage fiir die Erarbeitung des Modells zu

erhalten.

Der Begriff Overview, der fiir die Analyse der Evaluationsframeworks in Kapitel vier genutzt
wurde, enthalt wie der Scoping Review aus Kapitel zwei und drei durch die gewahlte Heran-
gehensweise eine umfangreiche Suche. Die Kombination von systematischer Suche, narrati-
ver Suche und Expertenbefragungen wurde gewahlt, um neben der Literaturrecherche eben-
falls das vorhandene Wissen von im , Cluster Zukunft der Pflege“ (Boll et al. 2018a, S. III) ver-
fligbaren Expert:innen mit in die Identifikation von Frameworks einbeziehen zu koénnen.
Auch diese Studie enthalt also viele Elemente eines Scoping Reviews. Es wurde allerdings auf
die Handsuche in einschlagigen Magazinen und die Kontaktierung von Organisationen wie
von Arksey & O'Malley (2005) beschrieben verzichtet. Es lief3e sich sicher dartiber diskutie-
ren, ob der Artikel in Kapitel vier nun ebenso ein Scoping Review ist oder nicht. Wichtig ist
jedoch eher, dass die Herangehensweise zur Beantwortung der Fragestellung am geeignets-

ten erschien und daher durchgefiihrt wurde.

1.5 Forschungskontext

Diese Dissertation wurde im Rahmen des vom Bundesministerium fiir Bildung und Forschung

geforderten Projekts , Pflegeinnovationszentrum® (Boll et al. 2018b, S. 1) erstellt.
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2 Akzeptanz, Effektivitit und Effizienz als Kernbausteine der Evalua-

tion von digitalen Pflegetechnologien

Im ersten Artikel ,Digital technology and nursing care: a scoping review on acceptance, effec-
tiveness and efficiency studies of informal and formal care technologies” (Krick et al. 2019) na-
hert sich diese Forschungsarbeit der Fragestellung, wie eine umfassende Evaluation und Be-
wertung von digitalen Pflegetechnologien ermdglicht werden kann, durch eine Analyse der
bisher evaluierten digitalen Pflegetechnologien und den dazu verfiigbaren Erkenntnissen in
der Forschungsliteratur. Nach einer umfangreichen Literatursuche (Scoping Review) wurden
715 Studien in die Auswertung und Analyse einbezogen, um zundchst den Begriff , digitale
Pflegetechnologie” (in diesem Artikel ,Digital Technologies in Nursing Care“) besser verste-
hen und einordnen zu kénnen. Gesucht und analysiert wurden Studien, die sich mit der Ak-
zeptanz, Effektivitdt oder Effizienz bestimmter digitaler Pflegetechnologien beschaftigen. Da-
fiir wurde zunéachst eine Definition fiir die Art von Technologien aufgestellt, die gesucht wur-
den. Diese Definition war zum Zeitpunkt des Artikels schon sehr nah an der Definition von

DNT aus diesem Rahmenpapier.

2.1 Pflegetechnologiebereiche

Im Rahmen des Artikels konnten aufderdem Definitionen fiir insgesamt 16 Bereiche digitaler
Pflegetechnologien aufgestellt werden. Ziel der Studie war es, die Technologiebereiche zu
identifizieren, die als vielversprechend fiir eine genauere Betrachtung eingeordnet werden
konnen. Das Spektrum der identifizierten und beforschten Technologien war breit. Es existie-
ren jedoch bisher kaum Einzeltechnologien, die so griindlich beforscht wurden, dass zu ihnen
gesicherte Erkenntnisse vorliegen. So waren von insgesamt n = 427 Studien zur Effektivitat
von DNT nur n = 30 RCTs und unter allen n = 424 Studien zur Akzeptanz sogar nur n = 8 RCTs.
Als Ergebnis konnte festgestellt werden, dass Wirksamkeitsstudien am haufigsten fiir Infor-
mations- und Kommunikationstechnologien (IKT) (n = 94), Sensortechnologien (n = 68) und
Roboter (n = 57) durchgefiihrt wurden. Akzeptanzstudien befassten sich hdufig mit IKT (n =
93), Robotern (n = 64) und Studien zu , Electronic Health Records“/,Electronic Medical Re-
cords” (n = 48). Studien zur Effizienz waren im Allgemeinen selten (insgesamt n =42 von den
insgesamt n = 715 Studien).

Viele Studien wiesen ein niedriges Evidenzniveau auf. Experimentelle Designs mit kleinen

Fallzahlen, ohne Kontrollgruppen und in Laborsettings gehorten zu den am haufigsten ver-

26



wendeten Methoden zur Bewertung von Akzeptanz und Wirksamkeit. Studiendesigns mit ho-
hem Evidenzgrad waren am haufigsten fiir IKT, Roboter und E-Learning-Technologien zu fin-

den.

2.2 Zielsettings, Zielgruppen und Unterstiitzungsbereiche

Bei der Analyse der Zielsettings der digitalen Pflegetechnologien in allen einbezogenen Arti-
keln waren die Pflege im Krankenhaus (n = 169), die informelle Pflege zu Hause (n = 147) und
die stationdre Langzeitpflege (n = 122) am haufigsten vertreten. Fiir viele Technologien
wurde allerdings auch kein Zielsetting angegeben (n = 91). DNT fiir die professionelle Pflege
zu Hause (n = 48), die Tagespflege (n = 6) oder die sektortiibergreifenden Pflege (n = 6) kamen
seltener vor. Bei den Zielgruppen zeigte sich ebenfalls ein interessantes Bild. Die meisten un-
tersuchten digitalen Pflegetechnologien fokussierten sich auf die zu pflegende Person (n =
382) und auf professionell Pflegende (n = 326). DNT, die auf informell Pflegende (n = 57) ziel-
ten, wurden nur in wenigen Fallen untersucht.

Bei der Analyse der Unterstiitzungsbereiche, auf die die einzelnen DNT zielten, zeigte sich,
dass am haufigsten organisatorischen Aufgaben (n= 169) (zum Beispiel Arbeits- und Selbst-
organisation) und der Bereich der personlichen Sicherheit (n = 99) (zum Beispiel Sturzpra-
vention) im Fokus waren. Dartiiber hinaus gab es einen groféen Teil von Technologien, die in
mehreren Bereichen unterstiitzen (n = 162). Ein Beispiel dafiir sind IKTs, die sowohl organi-
satorische als auch psychologische oder soziale Unterstiitzung kombinieren. Digitale Pflege-
technologien, die ausschliefilich physische (n = 46), psychologische (n = 40), soziale (n = 40)

oder wirtschaftliche (n = 2) Unterstiitzung boten, kamen deutlich seltener vor.

Als Schlussfolgerung aus den Gesamtergebnissen des Artikels wurde gezogen, dass es emp-
fehlenswert ware, qualitativ hochwertige Evaluationen bestehender digitaler Pflegetechnolo-
gien in den Bereichen AEE auf einem hohen Evidenzniveau in realen Anwendungssettings zu
erstellen, anstatt noch mehr systematische Ubersichtsarbeiten zu erstellen, die die vorhande-
nen Studien auf geringem Evidenzniveau zusammenfassen. Aufierdem sollte ein Schwer-
punkt auf die Erforschung von Effizienz gelegt werden. Zukiinftige Forschung sollte sich zu-
dem einer genaueren Untersuchung der Forschungsmethoden zur Analyse von AEE widmen.
Aufderdem sollten grofs angelegte, langfristige Evaluationen von digitalen Pflegetechnologien
in der Versorgungspraxis ermdoglicht werden, um die bestehenden Forschungsliicken bei be-
stimmten DNT, Zielsettings, Zielgruppen und Unterstiitzungsbereichen zu schlief3en, die in

dieser Arbeit ermittelt wurden.
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3 Wirksamkeitsmessung: Wissensstand, Methoden und die Entwick-

lung eines Outcome-Modells

Im zweiten Artikel ,Measuring the effectiveness of digital nursing technologies: development of
a comprehensive digital nursing technology outcome framework based on a scoping review"
(Krick et al. 2020) erfolgt eine Anndherung an die Frage, wie eine umfassende Evaluation und
Bewertung von digitalen Pflegetechnologien erméglicht werden kann, durch eine Strukturie-
rung des Felds bezogen auf den Teilbereich der Wirksamkeitsmessung.

In diesem Artikel wurde die Begriffsbestimmung fiir ,Digital Technologies in Nursing Care*
aus dem Artikel in Kapitel zwei aufgegriffen und zum feststehenden Begriff der ,Digital
Nursing Technologies“ (DNT) weiterentwickelt. Die Definition von DNT in diesem Artikel
liberschneidet sich mit der Definition DNT in diesem Rahmenpapier. Lediglich eine genauere
Beschreibung der Komponente ,Digital“ wurde im Rahmenpapier hinzugefiigt.

Die Begriffe ,Wirksamkeit“ und ,Effektivitit“ werden in der deutschen Ubersetzung dieser
Studie fiir dieses Rahmenpapier synonym verwendet. Es sei jedoch darauf hingewiesen, dass
die im Englischen getroffene Unterscheidung zwischen , Effectiveness” und , Efficacy“ (beides
uibersetzt mit Wirksamkeit) im Artikel ausfiihrlich diskutiert wird.

Mithilfe der Ergebnisse dieses Artikels wurde eine Grundlage fiir die Analysen der Wirksam-
keit von DNT geschaffen. Insgesamt wurden dafiir 123 Effektivitdatsstudien aus dem ur-
spriinglichen Scoping Review (Krick et al. 2019) anhand einer neuen Fragestellung analysiert
und erganzend existierende Frameworks fur die Outcome-Messung von DNT recherchiert, die
in einem deduktiven Prozess gemeinsam mit den vorhandenen Studien zur Ableitung von
Outcome-Bereichen genutzt wurden. Ein Outcome-Bereich gibt die Inhaltsebene an, auf der
eine Wirkung auftritt (zum Beispiel das Wohlbefinden oder die funktionale Gesundheit).
Diese Outcome-Bereiche wurden in einem Vier-Augen-Prozess definiert und durch einen Ex-

pertenworkshop validiert.

3.1 Outcome-Bereiche im Fokus der Forschung zur Wirksamkeit

Insgesamt konnten 47 Outcome-Bereiche zur Wirksamkeitsmessung identifiziert werden, die
in einem DNT-Outcome-Framework zusammengefasst wurden (Abbildung 1). Das Frame-
work enthalt zudem verschiedene Zielgruppen, auf die eine digitale Pflegetechnologie wirken
kann: (1) Zu pflegende Menschen, (2) formelle Pflegekrafte, (3) informell Pflegende und (4)
die Pflegeeinrichtung. Das DNT-Outcome-Framework tragt damit zu einer libersichtlichen

und besser vergleichbaren Erhebung von Wirksamkeit bei.
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Zudem wurden die einbezogenen 123 Effektivitidtsstudien darauf untersucht, welche Out-
come-Bereiche bisher im Fokus der Forschung zur Wirksamkeit digitaler Pflegetechnologien
standen und welche weniger haufig oder gar nicht untersucht wurden.

Die Wirksamkeit von DNT bei pflegebediirftigen Personen wurde mit Abstand am hdufigsten
untersucht (n = 77 von 123 Studien), insbesondere im Hinblick auf ihre psychische Gesund-
heit (n = 33). Deutlich weniger Studien existieren zu professionell (n = 20) oder informell
Pflegenden (n =10), und es ist aufféllig, dass die Wirksamkeit von digitalen Pflegetechnolo-
gien auf die Lebensqualitdt beider Gruppen nur selten untersucht wurde. Die Wirkung von
DNT auf Pflegeorganisationen wurde haufiger analysiert (n = 45). Dabei war die Qualitit der
Pflegeprozesse der am haufigsten fiir Organisationen erforschte Outcome-Bereich (n =21 von
45).

Flir alle Outcome-Bereiche konnten spezifische Instrumente (Outcome-Tools) identifiziert
werden, die fiir die Messung der Wirksamkeit in zukiinftigen Studien genutzt werden kénn-
ten. Die meisten Instrumente wurden fiir den Bereich der mentalen Gesundheit identifiziert
(n = 40). Fir alle Bereiche zusammen konnten n = 95 verschiedene Outcome-Tools identifi-
ziert werden. Die meisten Tools wurden zur Wirksamkeitsmessung bei zu pflegenden Perso-
nen genutzt (n = 68). Es kann davon ausgegangen werden, dass wahrscheinlich ein Mangel an
standardisierten Instrumenten zur Messung von Wirksamkeit von DNT in den Bereichen der
professionell und informell Pflegenden sowie der Pflegeorganisationen vorliegt, da in diesen

Bereichen nur wenige standardisierte Instrumente identifiziert werden konnten.

Diese Ubersichtsarbeit bietet einen breiten Uberblick iiber Outcome-Bereiche und Outcome-
Tools, die fiir die Evaluation von DNT genutzt werden konnen. Die Verwendung des neu ge-
schaffenen DNT-Outcome-Frameworks (Abbildung 1) dient als systematische Grundlage fur
zuklinftige Wirksamkeitsevaluationen von DNT. Forschende kénnen das Framework zur
Strukturierung ihrer Wirksamkeitsevaluationen nutzen und erkennen, ob wesentliche Out-
come-Bereiche in ihren bisherigen Uberlegungen zu Evaluation iibersehen wurden. Die Ge-
wichtung der Bedeutung der verschiedenen Outcome-Bereiche - insbesondere derjenigen,

die bisher weniger erforscht wurden - sollte Gegenstand weiterer Untersuchungen sein.
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3.2 Das DNT-Outcome-Framework

Hoddns 3uiniaued Jo asn
peopom

|eai3ojoydAsd /|eaisAyd
oueldwo)
saoualadwo)

pue a8pajmouy

uapJing Janigale)
700 pa3ejal yesH
aJ11 o Ayjenp /8utag-|;aMm

s3dasuo) Suiydsesang

suoiIpuoD SuIAn

o uoIpUO) [e120S
* U1jeaH |ealSojoydAsd

UoIIPUOD Y3|e3H [edIP3IN
* uondeysies (a417)

Ayjenp swoH SuisinN/jendsoq

:53daouo) Suiydiesano
UO0I10BJ91U]| [BID0S/UOIIBIIUNWIWOD)  *

9OUBWIOYIA [BIDUBUIY s suolHpuo) SuplIopm 948D 0} SSIIY
Aouapuyyg jeuonesadg Suljje1S pue JUBWHNIDRY % Aujenp ssa0oid aued
uonesjue8iQ aJeayljeaq

A

2Je) Jo Alnunuo) |eJ01as U]

peop4oM uo oedw| s uoloeySIIeS JuUBlled

2ouel|dwo) aUljSpIND [BUOISS3J0Id sJojedipu| AJajes Juaned |euonesiuesiQo

uonoeysies aahojdwy  « uollezi|iin AIAIBS Jo Alsusiul  x

: uaping Janigale) SPI3N P3||14|Nd /IUBWISSISSY SPAAN

*
100 paiejad yyeaH
. 700 patefRd YiesH

3140 Aujend /Butag-iom 3440 Allend /BuiB-ilem -

s1dasuo) Suiydiesang s1dasuo) Suiydsesano

hajesiuaned  x

94D JO PIBN Ul UOSIDd Byl 03 diysuoneRy S9pNUNY 7@ 93pa|Mouy| YyedsH  x

£ peopjio/n [ed180j0YdAsd /|edisAyd Jnoineyag YyesH
* s92ua32dwo) pue 93pPa|MOUY |BUOISSDJOId  * uol}Ipuo) [BI20S s
& yyeaH [ed130j0ydAsd yjesH |edi8ojoydAsd
* UOIIPUOD Y1|eaH [BIIPBIN  * y1jeaH [eai1Sojo1sAyd
e uoleysIes (qor) y1jeaH [euooungd

Das DNT Outcome Framework

Abbildung 1

Eigene Darstellung libernommen aus Krick et al. (2020).

Quelle
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4 Evaluationsframeworks fiir digitale Pflegetechnologien - Ubersicht

aller Evaluationsbereiche und wesentlichen Merkmale

Im letzten Artikel , Evaluation Frameworks for Digital Nursing Technologies: Analysis, Assess-
ment, and Guidance” (Krick 2021) nahert sich diese Forschungsarbeit der Fragestellung, wie
eine umfassende Evaluation und Bewertung von digitalen Pflegetechnologien ermdglicht
werden kann von der Seites des Evaluationsbegriffs, indem vorhandene Evaluationsframe-
works fiir den Bereich der digitalen Pflegetechnologien untersucht werden und deren Starken
und Schwéachen analysiert werden.
Evaluationsframeworks dienen dazu, den Evaluationsprozess von DNT zu strukturieren, in-
dem sie Informationen und Definitionen zum Technologieerfolg sowie zu Evaluationsberei-
chen, Methoden und Instrumenten liefern. Auf diese Weise erleichtern sie einen systemati-
schen Evaluationsansatz (Fynn et al. 2020) bei der DNT-Bewertung.
In die Auswertung wurden insgesamt 18 Evaluationsframeworks, die fiir digitale Pflegetech-
nologien anwendbar sind, einbezogen, um zu ermitteln,

(1) welche Zwecke, Perspektiven und Definitionen von Erfolg diese Frameworks be-

schreiben,
(2) welche Starken und Schwachen diese spezifischen Frameworks haben, und
(3) welche Evaluationsbereiche in den Frameworks vertreten sind und wo die meis-
ten Uberschneidungen und Unterschiede existieren.

Insgesamt konnten neun iibergreifende Evaluationsbereiche, sieben Kategorien von Zwe-
cken, finf Evaluationsperspektiven und drei Kategorien von Erfolgsdefinitionen identifiziert
werden. Im Folgenden werden nur die Kernergebnisse zu den Inhalten der Frameworks wie-
dergegeben, weil die ausfiihrliche Darstellung aller Details in diesem Rahmenpapier zu um-
fangreich ware. Fiir einen hoheren Detailgrad muss auf den Originalartikel zurtickgegriffen

werden.

4.1 Evaluationsbereiche aus den Frameworks

Die folgende Tabelle 3 zeigt alle neun Evaluationsbereiche, die in den analysierten 18 Frame-
works identifiziert werden konnten. Fiir jeden Evaluationsbereich wurde eine Definition er-
stellt, die ebenfalls in der Tabelle dargestellt ist. Die Ubersetzung der Inhalte zu den Katego-
rien aus dem Englischen ins Deutsche wurde vom Autor vorgenommen, um die urspriingli-

chen Inhalte wiederzugeben. Die Uberschriften wurden im englischen Original belassen.
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Tabelle 3: Die neun Evaluationsbereiche der betrachteten Frameworks

Focus

Product/Technology

Objective Value/Effect

Dieser Bereich umfasst die klare
Definition der Ziele und des
Zwecks der Technologie sowie
die Probleme und Bediirfnisse,
die sie fiir eine bestimmte Ziel-
gruppe
Umfeld 16sen soll.

in einem bestimmten

Dieser Bereich umfasst alle As-
pekte der Technologie selbst. Das
reicht vom optischen Erschei-
nungsbild iiber die Funktionali-
tat bis hin zu bestimmten spezifi-
schen technologischen Aspekten
wie der Interoperabilitat.

(In dieser Kategorie gibt es eine
Schnittstelle zur Kategorie , Indi-
vidual“, da hier bestimmte indivi-
duell wahrgenommene Aspekte
wie Benutzerfreundlichkeit und
Zugang abgedeckt werden.)

Diese Kategorie umfasst die rele-
vanten Informationen iiber die
Evidenz, die angestrebte Werter-
zeugung (Wirkung) sowie die be-
absichtigten und unbeabsichtig-
ten Auswirkungen der Technolo-

gie.

Individual

Organization

Societal

Dieser Bereich umfasst Reaktio-
nen und wahrgenommene Ein-
driicke sowie das Verhalten und
die Beziehung des Einzelnen zur
Technologie.

Dieser Bereich umfasst Aspekte,
die fiir die Beziehung zwischen
der Technologie und einer Orga-
nisation relevant sind.

Dieser Bereich umfasst relevante
Aspekte der Technologie im ge-
sellschaftlichen Kontext (z. B. po-
litische, rechtliche, regulatori-
sche oder soziokulturelle As-
pekte - Uberschneidungen mit
dem Bereich ,Ethics“ sind mog-
lich).

Ethics

Economics

Strategic

Dieser Bereich umfasst relevante
ethische Standards und ethische
Implikationen, die im Zusam-
menhang mit der Technologie zu
berticksichtigen sind.

Dieser Bereich umfasst relevante
o0konomische Aspekte fiir die
Technologie (z. B. Geschaftsmo-
dell, Preis, wirtschaftliche Be-
wertung).

Dieser Bereich umfasst strategi-
sche Aspekte, die fiir die Einfiih-
rung und Verbreitung der Tech-
nologie von Bedeutung sein kon-
nen.

4.2 Zwecke, Perspektiven und Definitionen von Erfolg fiir digitale Pflege-

technologien

In diesem Artikel wird der Zweck eines Frameworks als die Beschreibung dessen definiert,

was mit dem Framework erreicht werden soll. In den untersuchten Frameworks werden fol-

gende Zwecke benannt:

1. Unterstiitzung und Anleitung von Forscher:innen (im Entwicklungs- und Evaluati-

onsprozess)
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2. Ermittlung von Erfolgs- und Misserfolgsfaktoren (und Hilfestellung, um sie zu bewal-
tigen)

3. Bewertung der Leistung/des Erfolgs einer Technologie (zum Beispiel Outcomes, Im-
pacts, Errors)

4. Die Ergebnisse vergleichbar machen.
5. Einen Beitrag zur Qualitdat und Entwicklung der Technologie leisten.
6. Die Implementierung einer Technologie unterstiitzen.
7. Hilfestellung bei der Entscheidungsfindung
Perspektiven

Die Perspektive beschreibt den Standpunkt, von dem aus ein Framework entwickelt wurde.
Dieser Standpunkt wurde entweder im Framework konkret benannt, wie die Perspektive der
Pflegekraft beim ,,Adapted Nursing Care Performance Framework" von Rouleau et al. (2017),
oder indirekt durch die Beschreibung des Umfangs und der Art des Frameworks deutlich, wie
die universelle Perspektive beim NASSS-Framework von Greenhalgh et al. (2017). In dieser
Arbeit wird diese Art von Perspektive auch als die Perspektive gedeutet, aus der die Ergeb-
nisse einer Evaluation mithilfe des Frameworks interpretiert werden konnten. Die vorkom-
menden Perspektiven sind: (1) die universelle Perspektive (ist von der Grundausrichtung
neutral und iiberldsst die Entscheidung zur Perspektivwahl der evaluierenden Person), (2)
die Perspektive des Gesundheitssystems (des Gesamtsystems, das heifdt iiber den Kostentra-
geraspekt hinaus), (3) die Perspektive der Gesundheitsorganisation, (4) die Perspektive der
Pflegekraft, und (5) die Investitionsperspektive. Es sind auch verschiedene weitere Perspek-
tiven fiir Evaluationsframeworks denkbar, die nicht in den untersuchten Frameworks vor-
handen waren, wie beispielsweise die Kostentrager, die Patient:innen/pflegebediirftigen Per-

sonen und die Perspektive der informellen Pflegepersonen.

Drei iibergreifende Definitionen von erfolgreichen digitalen Pflegetechnologien

Insgesamt wurden drei Uibergreifende Definitionen von erfolgreichen digitalen Pflegetech-
nologien identifiziert. Die Analyse des Begriffs , Erfolg“ konzentrierte sich auf die Definitio-
nen oder Beschreibungen dessen, was die Artikel zu den Frameworks unter , Erfolg“ oder
serfolgreicher Technologie“ verstehen:
1. Erfolgist, wenn die Technologie einen beabsichtigten (vorher definierten) Zweck er-
fillt.
2. Erfolg bedeutet, dass die Implementierung, Verbreitung und/oder Nachhaltigkeit ei-
ner Technologie erreicht wird.

3. Eine erfolgreiche Technologie muss einen Nettonutzen erzeugen (Net Benefit).
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4.3 Stirken und Schwachen der dargestellten Frameworks

Flir die Bewertung der Starken und Schwachen von Evaluationsframeworks fiir DNT wurden
im Rahmen eines Expertenworkshops elf Qualitatskriterien entwickelt und die einbezogenen
Frameworks anhand dieser Kriterien bewertet. Diese elf Qualitatskriterien lassen sich in fiinf
libergeordnete Bewertungsbereiche einteilen: (1) Schwerpunkte des Frameworks, (2) [llust-
ration, (3) Terminologie, (4) Anleitung fiir die Verwendung, und (5) wissenschaftliche Quali-
tat. Eine genauere Beschreibung aller Kriterien und die Analyse und Bewertung findet sich im
zugrundeliegenden Artikel und wird aus Platzgriinden an dieser Stelle nicht dargestellt. Die

anhand dieser Kriterien am besten bewerteten Frameworks waren:

(1) Health Technology Adoption Framework (Poulin et al. 2013)
(2) Clinical Information Systems Success Model (CISSM) (Garcia-Smith & Effken 2013)
(3) Nonadoption, Abandonment, Scale-up, Spread, and Sustainability Framework

(NASSS) (Greenhalgh et al. 2017)

Die Analyse und das Mapping der Informationen in diesem Artikel geben einen guten Uber-
blick tiber die betrachteten Evaluationsframeworks, ihre Gemeinsamkeiten und Unter-
schiede, mogliche Bewertungsbereiche, Zwecke, Perspektiven, Erfolgsdefinitionen, Stiarken
und Schwachen. Diese Informationen konnen bei der Kommunikation zwischen Entschei-
dungstrager:innen und Forschenden helfen, um einen besseren Evaluationsprozess zu er-
moglichen (Currie 2005), indem sie systematische Informationen und eine Struktur fir die
Evaluation von DNT bereitstellen. Forschende konnen aufderdem die Qualitiatskriterien aus
diesem Artikel als Ausgangspunkt fiir die Auswahl oder Erstellung von Evaluationsframe-
works fiir ihre Forschungsprojekte oder fiir die Bewertung der Qualitat eines Evaluations-

frameworks fur DNT nutzen.
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5 Diskussion und Beantwortung der iibergeordneten Forschungs-

frage

Die vorliegende Forschungsarbeit befasst sich mit der libergreifenden Frage danach, wie eine
umfassende Evaluation und Bewertung von digitalen Pflegetechnologien ermoglicht werden

kann und anhand welcher Kategorien und Kriterien dies geschehen miisste.

Die Beantwortung der Forschungsfrage, die diese Forschungsarbeit leistet, kann iiber die Ar-
tikelstruktur in drei Hauptkomponenten zusammengefasst werden. Eine umfassende Evalu-

ation und Bewertung von digitalen Pflegetechnologien kann erméglicht werden

(1) durch die qualitativ hochwertige Evaluation vielversprechender, spezifischer digi-
taler Pflegetechnologien in den Bereichen Akzeptanz, Effektivitat und Effizienz auf
einem hohen Evidenzniveau in realen Anwendungssettings (Kapitel zwei),

(2) durch die (Wirksamkeits-)Evaluation von digitalen Pflegetechnologien in ver-
schiedenen, in dieser Arbeit herausgearbeiteten Outcome-Bereichen durch vor-
handene oder neu zu entwickelnde Outcome-Tools auf verschiedenen Ebenen (in-
dividuelle Ebene, organisatorische Ebene, gesellschaftliche Ebene) zur Identifika-
tion von wirksamen digitalen Pflegetechnologien (Kapitel drei), und

(3) durch die kritische Auswahl und Nutzung von strukturierten Evaluationsframe-
works anhand der in dieser Arbeit erarbeiteten Kriterien und die Einordnung und
Strukturierung des Evaluationsvorhabens anhand der in dieser Arbeit herausge-
arbeiteten Evaluationsbereiche als Grundlage fiir die Evaluationen von digitalen
Pflegetechnologien aus verschiedenen, vorab festzulegenden Evaluations- und Be-

wertungsperspektiven (Kapitel vier).

Die Antworten und damit im Zusammenhang stehenden Problematiken sollen in den folgen-

den Abschnitten diskutiert werden.

5.1 Problematik des unklaren Potenzials von digitalen Pflegetechnologien

Eine erste wesentliche in dieser Arbeit beschriebene Problematik ist die Diskrepanz zwi-
schen dem zugesprochenen Potenzial von digitalen Pflegetechnologien, zu einer Verbesse-
rung in der Pflege beizutragen, und dem weiterhin existierenden Nicht-Wissen dartiber, ob
dies auch tatsachlich der Fall ist. Es stellt sich also weiterhin die Frage, ob das Potenzial zur
Verbesserung von DNT in der Pflege, wie Hergesell (2019a) es beschrieben hat, nur diskursiv
existiert oder auch empirisch durch entsprechende Evaluationen und Wirksamkeitsnach-

weise fiir einzelne DNT belegt werden kann.
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Diese Arbeit hat mit ihren zwei Artikeln zum Thema Effektivitit bzw. Wirksamkeit eine
Grundlage fiir eine strukturierte Vorgehensweise solcher Evaluationen gelegt, jedoch noch
nicht beantwortet, welche Erkenntnisse die Literatur zum Thema Wirksamkeit von digitalen
Pflegetechnologien liefert. Um erste Anhaltspunkte zur Beantwortung dieser Frage zu geben,
wurde in einem erganzenden Artikel von Huter et al. (2020), an dem auch der Autor dieser
Dissertation beteiligt war, eine genauere Analyse von insgesamt 123 Einzelstudien und 31
Reviews zur Effektivitdt von digitalen Pflegetechnologien, die im Rahmen des Scoping Re-
views aus Kapitel zwei identifiziert wurden, durchgefiihrt. Das Ergebnis zeigte auf, dass es
zwar viele Studien gibt, die positive Auswirkungen von digitalen Pflegetechnologien nachwei-
sen, aber der Grad der Evidenz meist gering und die Studiengréfde oft klein ist. Kaum eine
Technologie ist intensiv genug erforscht worden, um schliissige Ergebnisse zu liefern. Die he-
terogenen Ergebnisse in einigen Bereichen weisen aufderdem darauf, dass die Auswirkungen
der DNT stark von der Art und Weise und dem spezifischen Kontext abhdngen kénnten, in
dem die Technologien eingefiihrt wurden (Huter et al. 2020). Diese Erkenntnis stiitzt die in
diesem Rahmenpapier bereits diskutierte Problematik der Komplexitat bei der Einfiihrung
und Evaluation von DNT und starkt nachhaltig die Forderung danach, Studien zu DNT auf ei-

nem hohen Evidenzniveau in realen Anwendungssettings durchzufiihren.
Die Evaluation von Akzeptanz, Effektivitiat und Effizienz

Die Analysen aus dieser Arbeit zeigten ebenso auf, dass neben der Evaluation der Wirksam-
keit einer DNT zum besseren Verstandnis des Potenzials von DNT auch die Erforschung der
Bereiche Akzeptanz und der Effizienz eine wichtige Rolle spielen sollten. Analysiert wurde
insbesondere die internationale Literatur. Im Vergleich dazu soll nun in aller Kiirze die For-
schung zu DNT in diesen Bereichen im deutschsprachigen Raum ins Verhaltnis gesetzt wer-
den.

Eine Ist-Stand-Analyse von n = 47 analysierten deutschsprachigen Projekten von Schley et al.
(2021) zeigte auf, dass die Untersuchung der Akzeptanz von digitalen Pflegetechnologien am
haufigsten als Ziel der betrachteten Projekte benannt wurde (n = 37). Dies bestatigt auch die
relative Haufigkeit der Akzeptanzforschung in internationalen Studien aus dieser Arbeit
(Krick et al. 2019). AufRerdem wurden die Machbarkeit/Durchfiihrbarkeit der Einfithrung (n
= 31), Barrieren und foérderliche Faktoren (n = 26), positive Erfahrungen der Nutzenden mit
der Technologie (n = 26) und die technische Funktionsfahigkeit (n = 24) am haufigsten als
Evaluationsziel benannt. Die Messung der Effektivitat unter Alltagsbedingungen wurde in den
deutschsprachigen Projekten etwas seltener als Evaluationsziel benannt (n = 22) als dies in

der internationalen Forschung der Fall war (Krick et al. 2019).
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Diese Untersuchungsziele geben bereits einen Hinweis darauf, dass die Erforschung der Ein-
fiihrung von digitalen Pflegetechnologien im deutschsprachigen Raum noch am Anfang steht
und dies moglicherweise mit der Frithphasigkeit vieler digitaler Pflegetechnologien (Lutze et
al. 2019) im Zusammenhang steht.

Als versorgungswissenschaftliche Zielgrof3en wurden am haufigsten funktionelle Zielgréfien
und Zielgrofden zur Nutzung in der Pflege untersucht. Dabei stand vor allem das emotionale
Wohlbefinden (n = 23), die (globale) Lebensqualitdt (n = 21) und die kognitiven Funktionen
(n = 15) von zu Pflegenden im Vordergrund. Auflerdem wurden auch haufig technische Ziel-
grofden untersucht, wie die Funktionalitdt (n = 33), die Zuverlassigkeit (n = 30) und die tech-
nische Effizienz (n = 22). Die Mehrheit der untersuchten Projekte gab zudem an, dass ebenso
ELSI-Aspekte untersucht werden sollten. Die Autoren der Ist-Stand-Analyse stellen jedoch in
Frage, ob wirklich relevante Aspekte in den Projekten identifiziert und bewertet werden
konnten (Schley et al. 2021). Gesundheitsokonomische Aspekte wurden in deutschen Projek-
ten ebenso selten untersucht, wie dies auch in der international Literatur aufgezeigt werden
konnte (Krick et al. 2019; Schley et al. 2021).

Deutlich wird durch diesen Vergleich, dass es keine deutschsprachigen Projekte gibt, die die
als besonders relevant identifizierten Bereiche Akzeptanz, Effektivitit und Effizienz (Krick
2021) gleichermafden auf hohem Evidenzniveau in Alltagssettings evaluiert haben oder eva-
luieren werden. Jedoch finden sich die in dieser Arbeit als relevant identifizierten Bereiche
Akzeptanz und Effektivitat in vielen deutschsprachigen Projekten wieder, allerdings auf nied-
rigem Evidenzniveau genau wie in der internationalen Literatur. Effizienzstudien finden sich
sowohl in der nationalen (Schley etal. 2021) als auch in der internationalen Forschung gleich-
ermafden seltener wieder (Krick et al. 2019). Von einem deutlich erweiterten Wissensstand
liber das Potenzial von DNT in den nachsten Jahren ist im Rahmen der untersuchten Projekte

daher nicht auszugehen.

5.2 Problematik des Reifegrads von digitalen Pflegetechnologien

Eine zweite wesentliche in dieser Arbeit beschriebene Problematik ist die Tatsache, dass
viele digitale Pflegetechnologien sich noch in frithen Entwicklungsphasen befinden und, dass
dadurch eine Bewertung und Abschatzung langfristiger Implikationen aus unterschiedlichen
Perspektiven erschwert wird. Insbesondere ist hervorzuheben, dass durch die friithen Ent-
wicklungsphase der DNT bisher noch nicht viele dauerhaft in der Pflegepraxis angekommen
sind (Lutze et al. 2019; Weber 2021). Die Frithphasigkeit vieler digitaler Pflegetechnologien
erschwert eine aussagekraftige Evaluation zu den langfristigen Implikationen und Wirkungen

und macht die als Antwort auf die Forschungsfrage geforderte Evaluationen von DNT in den
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Bereichen Akzeptanz, Effektivitat und Effizienz auf einem hohen Evidenzniveau in realen An-

wendungssettings (damit ist insbesondere gemeint: im Regelbetrieb) meist gar nicht méglich.

Neben den genannten Beschreibungen zum niedrigen Reifegrad von DNT in der Literatur
existiert allerdings keine strukturierte Analyse zum genauen Reifegrad der vorhandenen
Technologien in der Pflegebranche. Eine genauere Analyse des Reifegrads digitaler Pflege-
technologien kdnnte man beispielsweise mit den so genannten Technology Readiness Levels
(TRL) durchfiihren (EU 2014). Diese beschreiben die Technologieentwicklung von der Grund-
lagenforschung (TRL 1) und der Entwicklung eines Grundkonzepts einer Technologie (TRL
2) bis zu einer funktionierenden, regelhaft eingesetzten, wettbewerbsfahigen Technologie
(TRL9) (EU 2014). Erste Ansatze zu einer strukturierteren Verzahnung von Technologieent-
wicklung und pflegewissenschaftlicher Evaluation wurden in Zusammenarbeit mit dem Autor
dieses Rahmenpapiers bereits im Rahmen eines Frameworks zur Unterstiitzung der Techni-
kentwicklung und Evaluation fiir innovative Technologien in der Pflege initiiert. Hierbei er-
folgt die Analyse einer DNT anhand verschiedener Analysebereiche bereits ab der Ideenfin-
dung bis zur Langzeitnutzung (Huter et al. 2021).

An dieser Stelle soll noch mal betont werden, dass flir eine umfassende Bewertung einer di-
gitalen Pflegetechnologie die Durchfiihrung einer Evaluation fiir nur einen der Evaluations-
bereiche (zum Beispiel die Akzeptanz oder Effektivitdt) oder nur fiir nur eine einzelne Ziel-
gruppe (zum Beispiel zu Pflegende) nicht ausreicht. Es sollten immer multiperspektivische,
Multi-Endpunkt-Evaluationen auf verschiedenen Ebenen stattfinden.

Welche Endpunkte und welche Perspektiven relevant sind, hangt jedoch vom Einzelfall ab.
Insbesondere die technologische ,Reife” der digitalen Pflegetechnologie im Entwicklungspro-
zess spielt dabei eine entscheidende Rolle. So konnten in frithen Phasen der Technologie-Ent-
wicklung andere Evaluationsbereiche relevant sein als zu einem spateren Zeitpunkt (Huter et
al. 2021). Bei frithphasigen digitalen Pflegetechnologien, also solchen, die noch keine Massen-
tauglichkeit erreicht haben, sondern sich noch stark weiterentwickeln sollen, macht bei-
spielsweise eine ausgiebige Wirksamkeitsanalyse im regelhaften Einsatz in der Pflegepraxis
nur wenig Sinn, weil der Aufwand in keinem angemessenen Verhaltnis zur Aussagekraft der
Ergebnisse steht und die Technologie in der aktuellen Form ohnehin nicht fiir den regelhaften
Einsatz konzipiert ist. Wenn man von der Annahme ausgeht, dass die meisten DNT in Deutsch-
land sich im Moment in diesem Zustand befinden, ware dies zumindest ein Erklarungsansatz,
warum es noch nicht mehr Forschung auf h6herem Evidenzniveau gibt.

Die Auswahl weiterer zur Evaluation genutzter Herangehensweisen (zum Beispiel Evaluati-

onsbereiche oder Outcome-Tools) hangt ebenso vom Reifegrad der Technologie ab. Die in
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dieser Arbeit beschriebene Unterscheidung zwischen Einstellungs-, Handlungs- und Nut-
zungsakzeptanz nach Kollmann (1998) konnte beispielsweise in unterschiedlichen Phasen
der technologischen Reife relevant sein. Die Einstellungsakzeptanz lasst sich bereits frithpha-
sig erheben, wohingegen Nutzungsakzeptanz erst zu einem spdteren Zeitpunkt sinnvoll erho-

ben werden kann.

Die vorangegangene Beschreibung des Zusammenhangs zwischen technologischem Reife-
grad einer DNT und der fiir die Evaluation relevanten Kriterien zeigt auf, dass weiteren Hilfe-
stellungen fiir eine strukturierte Auswahl von Evaluationsbereichen und Outcome-Bereichen
notwendig sind, die auf den speziellen Faktor des Reifegrads der DNT eingehen. Eine solche

Hilfestellung konnte auf den Erkenntnissen dieser Arbeit fufden.

5.3 Problematik der Komplexitit

Eine dritte wesentliche in dieser Arbeit beschriebene Problematik ist die Herausforderung,
dass es sich bei digitalen Pflegetechnologien um komplexe Interventionen handelt, die nicht
monokausal als auslésender Faktor zu Verdnderungen fiihren, sondern im Rahmen von Ver-
anderungen in einem soziotechnischen System betrachtet werden miissen.

Da bereits im einleitenden Kapitel 1.2.2 auf das Thema der Komplexitit eingegangen wurde,
wird hier nur in aller Kiirze zusammengefasst, welche Herausforderungen dies mit sich bringt
und welche Konsequenzen daraus gezogen werden konnten.

Die Intervention mit einer DNT besteht im soziotechnischen Kontext aus einzelnen Kompo-
nenten und diese Komponenten konnen unabhangig voneinander oder interdependent wir-
ken, was die Erklarung der Kausalitat und die Definition der entsprechenden ,Wirkstoffe“ der
Intervention erschwert. Die entscheidende Frage ist, welche Komponenten oder Kombination
von Komponenten zu einem Ergebnis fiihren (Shiell et al. 2008). Da sich digitale Pflegetech-
nologien dabei in einem komplexen soziotechnischen Raum bewegen (Zerth etal. 2021), steht
das Ausmaf und die Auspragung der Veranderungen unter anderem in Verbindung mit den
Individuen, die die Technologie anwenden, dem vorhandenen Setting inklusive der Struktu-
ren und Prozesse, dem Einfiihrungsprozess und den Charakteristiken der Technologie selbst
(Damschroder et al. 2009).

Eine umfassende Evaluation und Bewertung digitaler Pflegetechnologien muss daher im
Sinne der in Kapitel 1.2.2 beschriebenen Transferierbarkeit der Ergebnisse zusatzliche Erhe-
bungen zu relevanten Faktoren des Settings, der Anwendungsgruppe und weiteren in Kapitel
vier beschriebenen Evaluationsbereichen beinhalten.

Hohmann & Bartholomeyczik (2013) beschreiben, dass fiir die Erfassung komplexer Wir-

kungszusammenhdnge in der Pflege die Kombination verschiedener Methodenansatze bei
39



der Evaluation von Implementierungsprozessen notwendig ist, um ein umfassendes Bild fiir
die Bewertung von Interventionen zu erlangen. In dieser Arbeit wird insbesondere die Not-
wendigkeit zur Durchfiihrung von Studien auf hohem Evidenzniveau (zum Beispiel RCT oder
Systematic Review) eingefordert. Jedoch ist eine Kombination von Studien auf hohem Evi-
denzniveau mit beispielsweise qualitativen Studien (mit niedrigerem Evidenzniveau - und
anderem Erkenntnisinteresse) fiir eine vollumfangliche Evaluation und Bewertung von digi-
talen Pflegetechnologien ebenso notwendig.

So reicht beispielsweise eine isolierte Wirksamkeitsevaluation nicht aus, um DNT umfang-
reich bewerten zu kénnen, da damit zwar die Frage danach, ,,ob“ eine digitale Pflegetechno-
logie wirkt, beantwortet werden kann, jedoch nicht geklart werden kann, ,, wieso“. Die Trans-
ferierbarkeit (Zerth et al. 2021) der Ergebnisse auf ein anderes Setting und die Reproduzier-
barkeit der Wirkung ist also durch die Erkenntnis, dass eine DNT in einem Setting wirkt, noch
nicht gesichert. Abhilfe schaffen konnten Prozessevaluationen bei der Durchfiihrung der In-
tervention mit einer DNT in verschiedenen (strukturgleichen) Settings, die immer parallel zur
Wirksamkeitserhebung durchgefiihrt werden (Craig et al. 2008; Craig & Petticrew 2013;
McGill et al. 2021), um ein besseres Verstandnis flr die sich verdndernden Prozesse zu erlan-
gen.

Eine unterscheidende Betrachtung von Prozess- und Ergebnisevaluation (Fassler 2014) oder
eine tiefgehende Diskussion zwischen qualitativen und quantitativen Forschungsmethoden
wurde in dieser Arbeit bisher nicht fokussiert. Es soll an dieser Stelle allerdings auf diese Un-
terschiedlichkeit bei den Vorgehensweisen zur Evaluation von digitalen Pflegetechnologien
hingewiesen werden. Eine umfangreiche Analyse von 47 Projekten zur Erforschung von DNT
im deutschsprachigen Raum von Schley et al. (2021) hat ergeben, dass haufig qualitative Er-
hebungsmethoden zur Evaluation von digitalen Pflegetechnologien genutzt wurden (n = 32
von 47) und ausschliefilich quantitative Erhebungen sehr selten stattfanden (n = 6 von 47).
Zwar wurden qualitative und quantitative Methoden haufig im Sinne eines Mixed-Methods-
Ansatzes kombiniert (n = 39 von 47), jedoch waren die quantitativen Erhebungen meist auf
einem niedrigen Evidenzniveau. In allen Projekten wurden beispielsweise insgesamt nur n =
5 RCTs durchgefiihrt. Dies spiegelt auch den internationalen Stand zur Evaluation von DNT
wieder, der in Kapitel zwei aufgezeigt wurde (Krick et al. 2019). Es soll an dieser Stelle keine
vertiefende Methodendiskussion zwischen quantitativen und qualitativen Methoden in der
Pflege aufgeworfen werden. Vielmehr sei darauf hingewiesen, dass zur Evaluation von digita-
len Pflegetechnologien sowohl quantitative als auch qualitative Studientypen geeignet und

notwendig sind, diese jedoch jeweils nicht ausschliefilich eingesetzt werden sollten.
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5.4 Was macht eine digitale Pflegetechnologie zu einer Innovation?

In diesem Abschnitt wird diskutiert, ob es einen Unterschied zwischen digitalen Pflegetech-
nologien und den im Titel der Arbeit angesprochenen digitalen technologischen Innovationen
in der Pflege (DTIP) gibt, und in welchem Zusammenhang dies mit der Beantwortung der For-

schungsfrage steht.

Im jiingsten Diskurs in der Forschungsliteratur werden die Begriffe (digitale) ,Pflegetechno-
logien“ und , Pflegeinnovationen” zum Teil synonym verwendet (Hergesell 2019b; Schneider
etal. 2020; Zerth et al. 2021). Auch das BMBF-geforderte Projekt ,Pflegeinnovationszentrum“
beschaftigt sich vorrangig mit der Entwicklung und Evaluation von digitalen Pflegetechnolo-
gien (Boll et al. 2018b). In dem Standardwerk zur Diffusion von Innovationen beschreibt zu-
dem Rogers (2003), dass die Begriffe ,Innovation“ und , Technologie“ oft synonym verwendet
werden. Vieles deutet also darauf hin, dass digitale Pflegetechnologien und der Innovations-
begriff in der Pflege bereits zusammengedacht werden. Jedoch bringt diese undifferenzierte
Darstellung gegebenenfalls Probleme mit sich.

Laut dem deutschsprachigen Kompendium zur Innovationsforschung von Blattel-Mink &
Menez (2015) spricht man grundsatzlich von einer Innovation bei einer Neuheit oder einer
Erneuerung (zundchst unabhangig vom Bereich, auf den sich die Innovation bezieht).
Neuheiten und Erneuerungen werden dabei meist unterschieden in die iibergeordneten In-
novations-Kategorien: (1) radikale Innovation (auch Basisinnovationen) und (2) inkremen-
telle Innovation (auch Verbesserungsinnovationen) (Knape et al. 2020).

Radikale Innovationen treten in Form von ,Transformationen“ durch einen ,relativen Quan-
tensprung” oder in Form der , Disruption” durch den ,Prozess der kreativen Zerstérung“ auf
(Knape etal. 2020, S. 17-18). Inkrementelle Innovationen treten in Form der ,Migration®, also
einer marginale Leistungsverbesserung, oder in Form der ,Substitution®, einer schrittweisen

oder schleichenden Veranderung durch eine Alternative, auf (Knape et al. 2020, S. 17-18).

Der entscheidende Unterschied zwischen DNT und DTIP, der an dieser Stelle postuliert wer-
den soll, ist, dass nicht grundsatzlich davon ausgegangen werden kann, dass eine DNT in eine
dieser Innovationskategorien fallt und damit eine DTIP ist. Die Begriffe DNT und DTIP sind
ansonsten deckungsgleich. Sie unterscheiden sich lediglich beim Aspekt der Innovation.
Wenn man eine ernsthafte Untersuchung von DNT daraufhin betreiben méchte, ob es sich
dabei um eine DTIP handelt, muss im Einzelfall unterschieden werden, ob es sich bei einer

DNT um eine radikale oder eine inkrementelle Innovation handelt.

Da eine radikale Innovation (Basisinnovation) dadurch gekennzeichnet ist, dass etwas zum

ersten Mal in Erscheinung tritt, was vorher in dieser Form nicht existiert hat (Blattel-Mink &
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Menez 2015), ist die radikale Innovation durch ihre Existenz eine Innovation. Eine radikale
Innovation entspricht allerdings so grundsatzlicher Natur wie zum Beispiel der Erfindung des
Autos, der Kernenergie oder des Smartphones, dass davon auszugehen ist, dass die meisten
DNT nicht per se in diese Kategorie fallen, sondern eher abgeleitet bzw. libertragen werden
aus anderen Bereichen. Jedoch ist wichtig zu beachten, dass es bei dieser Innovationsart eine
Beschrankung der Reichweite gibt. Eine radikale Innovation muss innerhalb eines betrachte-
ten Systems als neu gelten. Die radikale Innovation ist also nicht nur dann eine Innovation,
wenn sie zum ersten Mal in Erscheinung tritt, sondern auch dann, wenn sie im jeweiligen Sys-
tem (zum Beispiel Bildungssystem oder Pflegesystem) zum ersten Mal in Erscheinung tritt,
auch wenn sie vorher in einem anderen System bereits genutzt wurde (Blattel-Mink & Menez
2015). Eine DNT kann daher eine DTIP im Sinne einer radikalen Innovation sein, wenn eine
bestimmte, in anderen Bereichen genutzte Technologie, zum ersten Mal im Pflegesystem ein-

gesetzt wird oder die Technologie eine absolut erstmalig auftretende Neuerscheinung ist.

Etwas schwieriger gestaltet sich die Einordnung einer DNT als DTIP bei der inkrementellen
Innovation. Die inkrementelle Innovation (Verbesserungsinnovation) stellt eine Verbesse-
rung einer bereits vorhandenen Entitdt dar (zum Beispiel einer anderen DNT) (Blattel-Mink
& Menez 2015). Insbesondere die Verbesserungsinnovation ist daher abhdngig davon, dass
ihr in Form einer Bewertung ein ,Bessersein“ zugesprochen wird. Die Bewertung dieses Bes-
serseins kann unter anderem durch einen formalen Evaluationsprozess geschehen, bei dem
eine bereits bestehende Praktik mit einer neuen Praktik unter Einsatz einer DNT verglichen
wird. Ein zu betrachtender Evaluationsbereich fiir inkrementelle Innovationen kann der spe-
zifische Nutzen fiir die adressierte Zielgruppe sein (Czypionka et al. 2021). Zur Bestimmung
einer Verbesserung des Nutzens konnen die in dieser Arbeit herausgearbeiteten Kategorien
und Vorgehensweisen zur Wirksamkeitsevaluation von DNT genutzt werden (Kapitel drei).
Eine DNT, die einen verbesserten Nutzen im Verhaltnis zu einer bestehenden Praktik auf-
weist, kann dann als DTIP eingeordnet werden.

Eine zweite Moglichkeit zur Einordnung einer DNT als DTIP im Sinne einer inkrementellen
Innovation kénnte der natlirliche Prozess der Innovationsentscheidung von Individuen sein.
Nach Rogers (2003) verlauft der Prozess, bei dem sich Individuen fiir oder gegen eine Inno-
vation entscheiden (Innovationsentscheidungsprozess) in fiinf zeitlich aufeinander folgenden
Phasen ab:

(1) Dem Wissen liber eine Innovation, (2) der Meinungsbildung tliber die Innovation (dabei
bildet sich auch eine grundsatzliche Haltung des Individuums gegeniiber der Innovation, die

eine, laut Rogers, relativ dauerhafte Konsistenz aufweist), (3) der Entscheidungsphase, (4)
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der Anwendungsphase und (5) der Bestatigungsphase (hier bestdtigt sich die in Phase 3 ge-
troffene Entscheidung zur Nutzung oder sie wird wieder verworfen).

Eine der Kernkomponenten, die laut Rogers (2003) eine entscheidende Rolle fiir die Innova-
tionsentscheidung bildet, ist der relative Vorteil der Losung (gegeniiber einer vorherigen).
Individuen flihren also jeweils einzeln einen eigenen (unstrukturierten und individuellen) In-
novationsevaluationsprozess durch. Setzt sich eine DNT in der Pflegepraxis durch und wird
regelmafig genutzt, so kdnnte man davon ausgehen, dass es sich dabei um eine DTIP handelt,
da der Innovationsentscheidungsprozess bereits von vielen einzelnen Individuen durchge-

fiihrt worden ist.

Festgehalten werden kann an dieser Stelle, dass DNT, wenn es sich dabei um radikale Inno-
vationen handelt, per Existenz DTIP sind. Jedoch handelt es sich bei den meisten DNT vermut-
lich eher um inkrementelle Innovationen, die anhand eines Evaluations- und Bewertungspro-
zesses (formal oder individuell) ihr Bessersein und ihre Einordnung als DTIP beweisen miis-
sen. Die Unterscheidung in die Kategorien DNT und DTIP (und dabei insbesondere die Unter-
scheidung in radikale und inkrementelle Innovationen) ist daher eine weitere Moglichkeit,

Technologien in der Pflege einzuordnen und zu bewerten.
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6 Schlussfolgerungen und Ausblick

Diese Arbeit hatte das Ziel, eine neue Forschungsperspektive zu er6ffnen, indem der Refe-
renzrahmen, in dem sich digitale Pflegetechnologien und deren Evaluation befinden, genauer
kartografiert wird. Die Einzelarbeiten in dieser Arbeit leisten einen Beitrag dazu, ein besseres
Verstandnis fiir das Thema Evaluation von digitalen Pflegetechnologien zu erlangen, und ge-
ben Aufschliisse dartiber, welche Kategorien und Kriterien zur Bewertung von DNT geeignet
sind. Die Gesamtarbeit beschreibt als Referenzrahmen tlibergeordnete Evaluationsbereiche
und Methoden, sowie Perspektiven fiir die Evaluation von DNT und arbeitet unterschiedliche
Technologiebereiche digitaler Pflegetechnologien auf. Spezifische Outcome-Bereiche und
Outcome-Tools zur Evaluation von DNT werden in dieser Arbeit fiir das Thema Wirksamkeit
benannt, da dieser Bereich fiir die Problemlésungskapazitat der digitalen Pflegetechnologien
als am wichtigsten angesehen wird. Die Arbeit widmet sich nicht der Aufarbeitung einer Uber-
sicht zu Instrumenten fiir andere Evaluationsbereiche, wie beispielsweise zur Akzeptanz oder
Effizienz - hier sind dariiberhinausgehende Untersuchungen notwendig, fiir die diese Arbeit
als Grundlagenforschung eine gute Basis bietet.

Aufkommende zukiinftige Forschungsfragen im Bereich DNT kénnen durch diese Arbeit in
den neu geschaffenen Referenzrahmen eingeordnet werden und der Kontext fiir die Erfor-
schung von digitalen Pflegetechnologien wird besser verstandlich. Der eroffnete Referenzrah-
men hilft anderen Forscher:innen dabei, kleinteiligere Forschungsfragen unter einer neuen
Perspektive zu bearbeiten.

Im Rahmen dieser Arbeit ist insbesondere klargeworden, dass es bei der Aufarbeitung zur
Frage nach der idealen Evaluation und Bewertung von digitalen Pflegetechnologien ein be-
grenztes Standardisierungspotenzial gibt. Der geschaffene Referenzrahmen und die enthalte-
nen Evaluationsbereiche, Methoden und Vorgehensweisen miissen perspektivenspezifisch
reflektiert und genutzt werden. Die Einordnung und Bewertung der Ergebnisse einer solchen
Evaluation miissen ebenso perspektivenspezifisch erfolgen und sollten daher, um ein Gesamt-
bild zu erhalten, multiperspektivisch anhand verschiedener Endpunkte und Kriterien auf ver-
schiedenen Ebenen stattfinden.

Forschende sollten zukiinftig, wie in Kapitel zwei empfohlen, qualitativ hochwertige Evalua-
tionen bestehender digitaler Pflegetechnologien in den Bereichen AEE auf einem hohen Evi-
denzniveau in realen Anwendungssettings durchfiihren. Die zukiinftige Forschung sollte sich
zudem einer genaueren Untersuchung der Forschungsmethoden zur Analyse von AEE wid-
men. Aufderdem sollten grofd angelegte, langfristige Evaluationen von digitalen Pflegetechno-

logien in der Versorgungspraxis ermoglicht werden, um die bestehenden Forschungsliicken
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bei bestimmten DNT, spezifischen Zielsettings, Zielgruppen und Unterstiitzungsbereichen zu
schlieflen, die in dieser Arbeit ermittelt wurden.

Das in Kapitel drei geschaffene DNT-Outcome-Framework kann von Forschenden als syste-
matische Grundlage fiir zukiinftige Wirksamkeitsevaluationen von DNT genutzt werden. Es
kann insbesondere zur Strukturierung von Wirksamkeitsevaluationen herangezogen werden
und dabei helfen zu erkennen, ob wesentliche Outcome-Bereiche bei den bisherigen Uberle-
gungen ubersehen wurden. Die enthaltenen Outcome-Bereiche kénnen dabei mithilfe der
identifizierten Outcome-Tools untersucht werden. Die Gewichtung der Bedeutung der ver-
schiedenen Outcome-Bereiche - insbesondere derjenigen, die bisher weniger erforscht wur-
den - sollte Gegenstand weiterer Untersuchungen sein.

Zudem kann das Mapping der Informationen zu Evaluationsframeworks aus Kapitel vier als
Uberblick tiber Gemeinsamkeiten und Unterschiede vorhandener Frameworks genutzt wer-
den, sowie dazu, mogliche Bewertungsbereiche, Zwecke, Perspektiven, Erfolgsdefinitionen,
Starken und Schwachen anhand der entwickelten Qualititskriterien fiir Evaluationsframe-
works besser einordnen zu kénnen. Dies ermoglicht eine systematische und strukturierte
Herangehensweise an wissenschaftliche Evaluationsvorhaben fiir DNT.

Insgesamt gibt diese Arbeit anhand der aufgearbeiteten Informationen einen umfangreichen
Uberblick dariiber, wie eine umfassende Evaluation und Bewertung von digitalen Pflegetech-
nologien ermoglicht werden kann und anhand welcher Kategorien und Kriterien dies gesche-

hen miisste.
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Background

Digital technologies promise great opportunities to over-
come existing problems and challenges in the care sec-
tor. Many health care systems face challenges such as a
shortage of skilled workers and, simultaneously, an in-
creasing demand for long-term care owing to demo-
graphic change [1]. Research activities on digital
technologies and care are flourishing, nurtured by the
expectation that information technologies can help
people in need of care to maintain their independence
and improve their quality of life and health [2], and also
support formal and informal caregivers. Initial studies
emphasize positive effects of electronic systems on, for
example, patient safety and improvements in the care
process [3], which could help to make the best possible
use of the available resources.

The German cooperative research project “Pflegeinno-
vationszentrum” (Nursing Care Innovation Centre),
funded by the Federal Ministry of Education and Re-
search (BMBF), aims at establishing a competence centre
for innovations in nursing care. Its intention is to collate
and produce evidence on the acceptance, effectiveness,
and efficiency (AEE) of digital technologies in nursing
care and translate these findings into practice. This in-
cludes the translation of competencies on these tech-
nologies into nursing education A first, essential step of
the project is to assess the broad range of technologies
developed to support nursing care and nursing educa-
tion and to provide an overview on existing evidence re-
lating to the AEE of these technologies by conducting
this review. We are interested in these outcome dimen-
sions because they can indicate whether a technology
has a realistic chance to be transferred into nursing
practice. The scope of the existing literature on technol-
ogy in nursing care and nursing education is very broad.
In the present scoping review, we aim to provide insight
into the full scope of studies containing information on
AEE for informal and formal care.

There is a large number of small-scale studies that ex-
plore individual technologies for informal and formal
care in the present literature. For example, electronic
point-of-care wound documentation for residential long-
term care [4], noise-sensor light alarms for the intensive
care unit [5], companion robots for elderly care [6] or
multi-municipal support networks for informal carers
[7]. Virtual reality technology is tested in nursing educa-
tion [8] and nursing homes use electronic medical re-
cords to organize their patient data and thereby
optimize their performance [9]. Existing overview arti-
cles usually focus on individual technologies [10-14] or
on specific target groups like stroke survivors [15], often
in combination with single outcome dimensions, such as
effectiveness [11], acceptance [16] or efficiency [17]. Still,
many systematic reviews in the field of technology and
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nursing care resume that solid evidence with respect to
effectiveness and efficiency of the investigated technolo-
gies is still missing or scarce [11, 18-23]. To the best of
our knowledge, there is no review article that outlines
the broad range of technologies developed to support
formal and informal care, and no research findings are
available that outline the existing evidence with respect
to AEE for this broad field of technologies. This study
thus makes a significant contribution to the overview of
the entire study scope on the subject of digital technol-
ogy and nursing care covering all areas of informal and
formal care, including nursing education. The study con-
tributes to reveal for which areas of technology there
may be evidence that qualifies to be justifiably analysed
in detail and for which areas solid research on AEE
needs to be intensified.

Objective and research question
The ultimate objective of this scoping review is to iden-
tify technology areas that are promising for further re-
search, to identify current research gaps and to examine
how research is conducted [24]. We therefore aim to
map the field of digital technologies for informal and
formal care that have already been explored in terms of
AEE and to show the scope of the used methods, target
settings, fields of support and target groups of these
technologies. This scoping review should enable re-
searchers to identify the areas of technologies for which
it is necessary to systematically analyse the existing evi-
dence and for which areas of technologies further re-
search is necessary. Since our aim is therefore not only
to summarize well-researched technologies, but also to
identify less-researched technologies that have so far
been studied at a low level of evidence, a scoping review
is the appropriate method.

This review is thus guided by the following main re-
search questions:

(i) Which areas of digital technologies aiming to
support informal or formal care are most frequently
researched with respect to all outcome dimensions
(AEE)? (ii) Which target settings, fields of support and
target groups are addressed in these studies? (iii)
Which study designs have been used to analyse the
outcome dimensions?

Methods

Methodological basis

Our scoping review was conducted on the basis of Ark-
sey and O’Malley’s scoping review framework [25]. Add-
itional processual advice by Levac, Colquhoun et al. [26]
was taken into consideration to enhance the scientific
process. The processual advices were particularly used
for the identification of relevant studies by balancing
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comprehensiveness with the feasibility of resources and
the iterativity of the team process to select, extract and
chart the data.

Data sources

The database search included the following nine elec-
tronic databases: Medline, Scopus, CINAHL, Cochrane
Library, ACM Digital Library, IEEE Xplore, the Collec-
tion of Computer Science Bibliographies, GeroLit and
CareLit. An additional hand-search of relevant projects
from German-speaking countries was carried out to sup-
plement the results. The literature search was carried
out in March 2018. Due to the large number of studies
found, the reference lists of the included studies were
not scrutinized.

Eligibility criteria

We included scientific papers that were published be-
tween 2011 and 2018, contained empirical studies (ab-
stract available) in German or English language. All
Databases have been searched in March 2018, which
limits the included time period from January 2011 to
March 2018. The considered time period was limited to
7 years, to make the scope manageable and to focus on
the most innovative developments.

Included papers had to report study results relating to
acceptance, effectiveness (including efficacy) or efficiency
(including cost analysis) of digital technologies in nurs-
ing care and nursing education. Such technologies were
required to i) either support the immediate action of a
caregiver or ii) contribute to the self-reliance of the per-
son in need of care in such a way that direct on-site care
assistance can be waived, or iii) substitute the nursing
support by using technology or iv) support the training
or education of nurses. The assistance of the technology
may relate to the person in need of care, formal care-
givers, informal caregivers or organizational processes. It
potentially involves a wide range of technical innova-
tions. Target settings that have been included are resi-
dential long-term care, formal and informal care at
home, hospital care, cross-sectoral care, palliative in-
patient care, intensive care unit (ICU) care, day-care
centre care.

We excluded studies i) without human participation; ii)
situated in an emergency department, rehabilitation or sur-
gery context; iii) comprising the following technologies:
solely mechanical devices and aids, electrical devices that
are not networked or that do not rely on sensors to detect
the activity of the person in need of care or caregiver or
their immediate vicinity, biotechnology, nanotechnology,
medical devices (unless very closely related to nursing
activities), imaging diagnostics, tissue engineering, devices
with functional diagnostic focus, invasive technologies, mo-
bile visits, telemedicine services, purely pleasure-oriented
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games, textile technology and technical evaluations of algo-
rithms. Excluded settings and technologies were chosen in
alignment with the underlying project.

Search Terms

The search terms selected were based on an initial litera-
ture review and the available knowledge of experts in-
volved in this project. Each term has been adapted to
the respective format of each database. German equiva-
lents have been used for the two German databases
(GeroLit and CarelLit). All search queries can be pro-
vided upon request.

English search strategy

(Care OR Caring OR Nursing) AND (Technol* OR
Robot* OR Intelligent OR Smart OR Assistive OR Deci-
sion Support System OR Ambient Assisted Living OR
Sensor OR Wearable OR Virtual Reality OR Mixed Real-
ity OR Tagging OR Tracking OR Remote Health Moni-
toring OR Fall Detection OR Human Computer
Interaction OR Human Machine Interaction OR Geron-
totechnology OR Gerontechnology OR Head Mounted
Display OR Exoskeleton OR Augmented Reality OR Bio-
medical Monitoring) AND (Effectiveness OR Efficacy
OR Effect OR Efficiency OR Acceptance OR Adoption
OR Acceptability HTA OR Health Technology Assess-
ment OR Evaluation OR Evaluations OR Cost-Benefit
Analysis OR Cost Benefit OR Cost Effectiveness OR
Cost Utility OR Cost Analysis OR Cost Analyses OR
Cost Consequence OR Economic Evaluation OR Eco-
nomic Evaluations OR Economic Analysis OR Economic
Analyses OR Costs and Benefits OR Benefits and Costs
OR Costs and Outcomes OR Marginal Analysis)

German search strategy

(Pflege) UND (Techn* ODER Technik ODER Robot*
ODER Computer ODER Maschine ODER Smart ODER
Intelligent ODER Assistive ODER Ambient assisted liv-
ing ODER Sensor ODER Wearable ODER Virtual reality
ODER Mixed reality ODER Ortung ODER Sturzerken-
nung ODER Mensch-Maschine-Interaktion ODER Ger-
ontechnologie ODER Head mounted display ODER
Exoskelett ODER Augmented reality ODER Biomedizi-
nisches Monitoring) UND (Effektivitit ODER Effektivitét
ODER Effizienz ODER Evaluation ODER Akzeptanz
ODER Adoption ODER Technikakzeptanz ODER HTA
ODER Health technology assessment ODER Kosten
ODER Nutzen ODER Kosten-Nutzen-Analyse ODER
Wirksamkeit ODER Gesundheitskonomische Analyse
ODER Marginalanalyse)

Identifying relevant studies
We imported all search results into EndNote X8 and
reimported all titles and abstracts into the Excel screening
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workbook by VonVille [27]. Two researchers independ-
ently screened 100 titles and Cohen's kappa was calculated
to verify agreement between the reviewers on the inclu-
sion and exclusion criteria. The eligibility criteria were re-
fined until a good agreement of 0.716 was reached. Two
pairs of two reviewers each independently screened half of
the titles and abstracts. A third person was consulted in
case of disagreement on whether an article should be in-
cluded. The eligibility criteria were then refined again be-
fore screening the full texts to reach a maximum
consensus on criteria. Considering the large number of
full texts to be screened in relation to the existing re-
sources, we created a control scheme whereby each au-
thor screened a part of the full texts and, in case of
exclusion, a further author checked whether the exclusion
criteria matched.

Data extraction

A data extraction form was collectively drawn up in
Excel and piloted to record authors, year, title, abstract,
country, study design, number of study participants,
technology category, outcome dimension, target setting,
field of support of the technology and the addressed tar-
get groups. Patterns were filtered out from a digital, au-
tomated data analysis [28], as well as from previous
interviews with experts and an initial literature search,
to develop an optimal technology category system. We
iteratively added categories if technologies were found
that did not fit into any previously known pattern. Six-
teen technology categories were drawn up to classify the
technologies discussed in each article. Most of the cat-
egories still comprise a wide range of technologies. In a
final step, the extraction form was optimized and
adapted for all categories in an iterative team process.
Four authors screened the full texts and extracted infor-
mation. Each full text was reviewed once if it was clearly
classified with the extraction form. If a text was ex-
cluded, a second author checked the reason and re-
included if necessary.

Methodological quality appraisal

In line with guidelines for conducting a scoping review,
no formal assessment of methodological quality of the
included articles was performed [25, 26, 29].

Charting the data

During the analysis phase, we iteratively reviewed the re-
sults to find an adequate means of presenting the de-
scriptive numerical data. Despite this process we
observed that a non-overlapping categorization of indi-
vidual technologies was not possible due to the com-
plexity of the technologies and their interconnectedness.
Since we were aware of this issue from the beginning,
we refined the categories in many revision processes to
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guarantee the best possible classification system. Tech-
nologies were assigned to the most fitting category; for
instance, although a robot presented in the study has
multiple sensors, it is classified as a robot, not a sensor.
The importance of all results for both the practical im-
plementation and the study situation were then dis-
cussed in a team process [26].

Results

Search results

A total of 27.339 articles were retrieved for this review,
including 27.278 from the databases and 61 from hand-
search. After removing duplicates, 19.510 remained for
screening the titles. 1.949 articles were chosen from
screening the abstracts, yielding 1.044 full-texts eligible
for full-text screening. 715 full texts were included for
the data analysis (see PRISMA flow diagram in Fig. 1).
The studies included came from 69 different countries.
A complete list of all contained studies can be found in
Additional file 1.

Technology categories
We analysed the number of included studies on each
technology area to identify which technology areas were
most frequently explored in terms of all outcome dimen-
sions (AEE), and which were least frequently researched.
An overview of the distribution of included studies in
terms of technology categories is presented in Table 1.
The table is sorted by frequencies. A lack of universal
definitions for different technology categories, was
clearly noticeable during the analysis of the studies. The
definitions we developed to differentiate the technologies
in this review are included in Table 1. The most widely
researched technology category is Information and Com-
munication Technologies (ICT) (n = 147). ICT com-
prises a wide range of technologies. In general, ICT are
technologies that provide or document relevant informa-
tion with a primary focus on improve interpersonal
communication. Included technologies can be found in
Table 1. Electronic Health Records (EHR)/ Electronic
Medical Records (EMR), Hospital/Care Institution Infor-
mation Systems (HIS) or monitoring technologies could
also be included in the category ICT. Since these areas
represent large fields of research, we have decided to
present them separately. The second most frequently
researched category is robots (n = 102). We found that
the robots under scrutiny here differ greatly in their
focus. They provide support on numerous different
levels, e.g. physical, psychological, social, organisational,
security or educational and therapeutic. All types of ro-
bots that were called “robot” in the article are grouped
in this category.

The third most frequently researched technology cat-
egory is sensors (n = 83). These sensors can either aim
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Fig. 1 Search results and publication selection process

at measuring behaviour, movement, falls and other pa-
rameters or to measure in combination with controlling
other devices like pumps or alarm systems. Many studies
cover multiple technologies (n = 80) rather than one
technology only. Most of them are reviews that focus on
specific target groups or nursing problems. A large share
of these studies are acceptance studies that comprise a
range of different technologies. Only few studies actually
provide research on the effectiveness or efficiency of
technological systems comprising different types of tech-
nologies. Less researched technologies are virtual reality
(VR) technologies (n = 11) that create a virtual world,
tracking technologies (n = 9) intended to locate either
people or objects, and serious games, which are used for
learning purposes or to improve personal independence.
We found only one study on personal medical records
(PMR), which - in contrast to EMR — allows patients ac-
cess to all their data. Still, depending on the classification
system, PMR could also be subordinated to studies on
EMR. This study should therefore not be given a special
status. In summary, ICT, robot and sensor technologies

can be stated as the most frequently explored areas of
technology in terms of all outcome dimensions (AEE).
VR, tracking technologies and serious games are the least
researched technologies.

Outcome dimensions and technologies

The inclusion criteria of this study comprise a broad un-
derstanding of the outcome dimensions “acceptance”, “ef-
fectiveness” and “efficiency”. This is reflected in the broad
scope of conceptualizations of these outcome dimensions
in the studies included and widely differing measurement
concepts. Acceptance studies include the quantitative
measurement of acceptance in accordance with a wide
range of theoretical acceptance models as well as qualita-
tively described acceptance results. Effectiveness com-
prises results on the technical effectiveness or accuracy of
technologies as well as personal health or care-related out-
comes, organisational or learning outcomes. As there are
only very few studies focussing on costs of technologies at
all, studies categorized as efficiency-studies include simple
cost analyses next to very few full economic evaluations.
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Category

Definitions

Number of included studies

ICT

Robot

Sensor

Multiple Technologies

EHR/EMR

Monitoring

Assistive Device

E-Learning

HIS

Educational Technology

AAL

Decision Support

Virtual Reality

Tracking
Serious Games

PMR

Total

ICT are technologies, that either provide or document relevant information,
support data management and transfer and focus mostly on improvement

of interpersonal communication. The category comprises for example Telecare,
Tele-ICU or software applications for process planning.

Robots are machines that interact with their physical environment by sensors,
actuators and information technology. This includes social assistive robots,
physical assistive robots and complex robotic systems.

Sensors measure physical or chemical properties and are used to assess, e.g.
behaviour, movements or odours. They are often used to control/trigger other
devices like pumps or alarm systems.

Interventions/studies that include technologies from different technology
categories.

Electronic health records (EHR) and electronic medical records (EMR) are digital
records of patient related health information. EMR refers to patient data that is
stored and exchanged inside an institution, mostly a hospital. The main focus
of the EHR is the capability to exchange information between two systems.

Monitoring technologies are complex and analytical technologies to monitor
patient, caregiver or organisational relevant data over a period. They often
integrate sensors but are more complex than single sensor solutions.

Assistive Devices assist or support a caregiver or a person in need of care in
performing a particular task and are enhanced with digital technology, i.e. are
digitally connected or equipped with sensor technology.

E-Learning includes forms of learning that use electronic or digital media to

present or distribute learning resources, or to support communication in learning

settings. [30]

Hospital/Care Institution Information Systems (HIS) collect, store, manage and
transmit data in hospitals or other care institutions. They can comprise
operational management systems, EMR and/or other organisational systems.

Educational Technologies assist learning in nursing education by simulating real

life care scenarios and/or incorporate feedback systems. Examples are high fidelity

simulations and nurse self-training systems.

AAL technologies are integrated multifunctional, often modular systems that
support a person in his/her living environment. AAL generally comprises a set
of different technologies, often sensors and communication technologies, that
intend to support the well-being, security and independent living of an elderly
person. [31]

Decision support systems are software solutions that link individual patient data

(input) with treatment guidelines and a recommendation (output) to be delivered

to a person in charge of care. [12]

Virtual Reality refers to non-immersive as well as fully immersive, 360-degree
artificial environment, which is experienced through a head mounted display
(HMD). [32]

Tracking technologies locate people or objects.

Serious Games aim to develop, improve or help maintaining certain skills or
competencies, or to evoke behaviour changes.

Personal medical records (PMR) are digital records of patient related health
information, that are accessible for patients.

147

102

83

80

51

39

38

715

With respect to the specific outcome dimensions
(AEE), 60 % of all included studies (n = 427) analyse as-
pects of the effectiveness of care technologies, 59 % (n =
424) analyse acceptance and only 5,8 % (n = 42) analyse
efficiency or at least included a cost analysis. Multiple
counts of studies are possible, because some studies con-
sider multiple outcome dimensions, which is why the

percentage shares add up to more than 100 %. A de-
tailed analysis by outcome dimension (Table 2) shows
that acceptance studies are most frequently performed
for ICT (n = 93), followed by robots (n = 64) and EMR/
EHR (n = 48). Studies on effectiveness have been most
frequently carried out for ICT (n = 94). Sensor technolo-
gies represent the second largest group (n = 68) and
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Table 2 Number of studies by technology category and study outcome dimensions

Technology Outcome Dimensions

Acceptance Effectiveness Efficiency Total number of studies
ICT 93 94 9 147
Robot 64 57 1 102
Sensor 47 68 5 83
Multiple Technologies 25 48 7 80
EHR/EMR 48 17 5 57
Monitoring 26 32 4 51
Assistive Device 25 24 3 39
E-Learning 18 26 0 38
HIS 25 " 3 30
Educational Technology 12 15 0 23
AAL 15 7 2 18
Decision Support 6 13 3 18
Virtual Reality 7 6 0 11
Tracking 6 5 0 9
Serious Games 6 4 0 8
PMR 1 0 0 T
Total 424 427 42 715

robotic technologies make up the third (n = 57). Effi-
ciency has been studied very rarely for all technologies.
ICT (n = 9) can be highlighted for this category. Still,
compared to the considerably high total number of ICT
studies, only 6% of them cover efficiency or cost ana-
lyses. In summary, we have found a large number of ef-
fectiveness studies with a focus on ICT, robots and
sensors, and a large number of acceptance studies focus-
ing on ICT, robots, and EHR/EMR. Efficiency studies
are very rare.

Target settings and technologies

The most frequently researched technologies and their
target settings are depicted in Table 3. Most of the in-
cluded studies aim at hospital care (n = 169), which ac-
counts for almost a quarter of all included studies
(about 24%). Studies on technologies for informal care at
home represent 21% (n = 147) and studies on technolo-
gies for residential long-term care make up 17% of the
studies included (n = 122). Ninety-one articles left the
setting undefined (13 %). These are more or less ex-
plorative studies researching general aspects of the tech-
nology in question without considering specific
applications. It is noticeable that technologies for formal
care (n = 48) at home are much less intensively
researched than technologies for informal care at home.
Studies on technologies for formal care at home account
for only 6.7% of all included studies. Hardly any studies
focus on cross-sectoral care (<1%).

Regarding the most common technologies by setting,
ICT (n = 42), EHR/EMR (n = 33) and HIS (n = 22) are
most frequently researched in hospital care. The use of
medication administration systems [33-35], a multilin-
gual translation aid [36] and the use of a smartphone
nurse call system [37] are typical applications for ICT
ins this domain. In the informal home-care setting ICT
(n = 28), sensors (1 = 26) and monitoring technologies
(n = 23) are the most commonly used. Sensors, for ex-
ample, often check activities of everyday life or abnormal
behaviours such as falls [38]. In the field of residential
long-term care, robots are by far the most researched
technology category, followed by sensors (n = 16) and
ICT (n = 10). Social robots [39], therapeutic robots [40]
and also robotic auxiliary systems such as robotic trans-
port assistants [41] can be highlighted as common appli-
cations. Studies situated in formal care at home mostly
focus on ICT n = 22). One purpose of ICTs in this set-
ting is communication between nurses and other health
professionals, such as general practitioners, in order to
obtain sufficient patient-relevant information [42].

We found very few studies on virtual reality (VR) tech-
nologies in the literature. Studies on VR were performed
only in hospitals (n = 4), residential long-term care (n = 2)
and in the field of education (n = 5). Distraction therapy
for pain patients in hospital can be cited as an example for
the use of this technology [43]. In education, VR is used
primarily in terms of VR learning simulations [44—46]. In
summary, most of the included technologies are for hos-
pital care, informal care at home and residential long-term



Krick et al. BMC Health Services Research (2019) 19:400

Page 8 of 15

Table 3 Number of studies by technology category and specific target setting

Technology Target Setting
Hospital Informal care Residential Formal care ICU  Cross  Day-care Education Palliative  N.A.  Undefined
care at home long-term  at home care sectoral centre care inpatient
care care care

ICT 42 28 10 22 16 3 3 9 0 3 15
Robot 5 22 46 2 1 0 3 2 0 2 23
Sensor 12 26 16 2 6 0 0 0 1 0 21
Multiple Technologies 15 19 12 7 1 0 0 6 0 9 15
EHR/EMR 33 2 10 1 4 3 0 3 0 0 1
Monitoring 12 23 6 2 3 0 0 0 1 0 5
Assistive Device 12 8 3 6 1 0 0 0 0 0 9
E-Learning 0 0 0 0 0 0 0 38 0 0 0
HIS 22 0 6 1 4 0 0 0 0 0 0
Educational Technology 0 0 0 0 0 0 0 23 0 0 0
AAL 0 1 4 4 0 0 0 0 0 0 0
Decision Support 9 3 3 0 1 0 0 0 0 1 0
Virtual Reality 4 0 2 0 0 0 0 5 0 0 0
Tracking 3 4 1 1 0 0 0 0 0 0 1
Serious Games 0 0 3 0 0 0 0 4 0 0 1
PMR 0 1 0 0 0 0 0 0 0 0 0
Total 169 147 122 48 37 6 6 90 2 15 91

care. There is also a large number of studies in which the
setting remains undefined. Only a few studies focus on
formal care at home, and hardly any on cross-sectoral
care.

Field of support and technologies

We also analysed the fields of support that the technolo-
gies are promoting (Table 4). Most technology applica-
tions included in this review aim at providing
organisational support (# = 169). This corresponds to a
share of 24% of all included studies. Work organization,
self-management and organisational support in everyday
life are included in this category. Organisational support
is most commonly pursued by ICT (n = 49) and EHR/
EMR (n = 48). Many technologies aim not just at one
field, but at multiple areas. Technologies supporting sev-
eral areas account for 21% of all included studies (n =
162). Security-related technologies make up around 14%
of all included studies, thus forming another important
support area (n = 99). Sensors are the most commonly
explored security support technology (n = 45). Physical
(n = 46), social (n = 40) or psychological support sys-
tems are relatively less explored. In the included studies,
robotic systems are most frequently employed to provide
support in one of these three categories. Technologies
that focus mainly on economic support (n = 2) are ra-
ther uncommon. The total results in 713 studies,

because two studies could not be assigned to a field of
support. In summary, most of the included studies on
technologies aim to provide support at the organisa-
tional level (work- and self-organisation) and in the field
of security. Furthermore, there is a large number of
technologies that aim at multiple support areas. Tech-
nologies that provide physical, psychological, social or
economic support were explored less often.

Target groups and technologies

The data analysis of the target groups presented in Table 5
shows which target groups are most frequently addressed
by the different technologies. In general, the research on
most of the technologies included in this review addresses
people in need of care (n = 382). Formal caregivers (n =
326) represent the second largest target group. Technolo-
gies for informal caregivers are relatively rarely explored.
Only 8% of all included studies focus on informal care-
givers (n = 57). Also, technologies that address the institu-
tional level are less explored (6% of all studies). Children
in need of care are rarely found as a specific target group
in the included studies (1 = 7). The described trends differ
for some of the technology categories. EHR/EMR systems
usually address formal caregivers (n = 40) and AAL sys-
tems mostly target at people in need of care (n = 17). Sen-
sors (n = 70) and monitoring technologies (n = 35) are
also primarily used to record the parameters of people in
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Table 4 Number of studies by technology category and specific field of support

Technology Field of support

Organisational ~ Security  Educational ~ Monitoring ~ Physical ~ Psychological ~ Social ~ Economic  Multiple  Total
ICT 49 15 12 4 3 8 9 0 45 145
Robot 9 2 3 0 21 13 27 0 27 102
Sensor 2 45 0 21 4 3 1 0 7 83
Multiple Technologies 12 8 6 2 3 3 2 1 43 80
EHR/EMR 48 2 3 0 0 1 0 0 3 57
Monitoring 3 10 0 33 0 0 0 0 5 51
Assistive Device 5 7 0 1 12 4 0 0 10 39
E-Learning 0 0 38 0 0 0 0 0 0 37
HIS 23 3 0 0 0 0 0 0 4 30
Educational Technology 0 0 23 0 0 0 0 0 0 23
AAL 4 1 0 0 1 0 0 0 12 18
Decision Support 9 1 0 0 0 3 1 1 3 18
Virtual Reality 0 0 5 0 2 3 0 0 1 11
Tracking 4 5 0 0 0 0 0 0 0 9
Serious Games 0 0 4 0 0 2 0 0 2 8
PMR 1 0 0 0 0 0 0 0 0 1
Total 169 99 94 61 46 40 40 2 162 713

need of care. Whereas educational technologies are exclu-
sively intended for the education of formal caregivers (n =
23), educational technologies for informal caregivers or
people in need of care themselves are not explored so far
in terms of AEE. Most studies on technologies for infor-
mal caregivers describe ICT systems that provide better

information about the caring process or help in ways of
communication with professionals or the people in need
of care. In summary, most of the included technologies
focus on people in need of care and formal caregivers.
Technologies with a focus on children and informal care-
givers are much less commonly researched.

Table 5 Number of studies by technology category and specific target group

Technology Formal Informal People in Need of Care Institution Undefined
Caregivers Caregivers Total Children
ICT 81 25 74 4 4 0
Robot 16 5 97 0 1 0
Sensor 17 1 70 0 0 0
Multiple Technologies 30 14 42 0 11 2
EHR/EMR 40 0 1 0 16 0
Monitoring 17 3 35 2 0 1
Assistive Device 14 2 30 1 0 0
E-Learning 37 0 1 0 0 0
HIS 23 0 1 0 8 0
Educational Technology 23 0 0 0 0 0
AAL 5 4 17 0 0 0
Decision Support 12 1 3 0 2 1
Virtual Reality 5 0 6 0 0 0
Tracking 2 2 8 0 2 0
Serious Games 4 0 4 0 0 0
PMR 0 0 1 0 0 0
Total 326 57 382 7 44 4
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Study design and outcome dimensions

The quality and scope of evidence that is generated in
the studies on acceptance, effectiveness and efficiency
largely depends on the studies’ designs. We refer to
common evidence-based nursing and evidence-based
medicine guidelines [47, 48] to assess the evidence level
of the different study designs. Based on these guidelines,
we categorise meta-analysis, systematic reviews (Ia),
RCTs (Ib) and quasi-experiments (II) as the highest
levels of evidence, evidence from well-designed cohort
studies or case-control studies as a medium level of evi-
dence (III) and evidence from single descriptive, qualita-
tive (IVa) or uncontrolled interventional studies (IVb) as
a low level of evidence. Table 6 presents the outcome di-
mensions, differentiated by study design. About 22% of
the studies on acceptance (n = 96) and 32% of the stud-
ies on effectiveness (n = 138) included in this review fall
into a study design category that we call “experimental
no control (n.c.)”. This study design thus makes up most
of the studies on both outcome dimensions. In this cat-
egory studies are included that tested technical perform-
ance and accuracy (with respect to effectiveness),
analysed acceptance under laboratory conditions or first
effects with no control groups (mostly under laboratory
conditions as well). The term "experiment" is used here
in a technical understanding that differs from the meth-
odological understanding of "experimental studies" in
the social sciences. The experimental testing of tech-
nologies with user studies to understand acceptance, us-
ability, feasibility, and technical effects in engineering is
often done with small groups of people who "test”" the
technology in controlled environments to get accurate

Table 6 Number of studies by study design and outcome
dimension

Design Outcome Dimension
Acceptance Effectiveness Efficiency

Experimental n.c. 96 138 3
Mixed Methods 83 55 5
Quialitative 68 13 0
Case Study 53 36 5
Cross-sectional 51 18 3
Systematic Review 24 45 5
Other Types of Review 19 25 5
Quasi-experiment 14 46 5
RCT 8 30 4
Cohort Study 6 8 1
Modelling Study 1 4 5
Meta-analysis 1 8 1
Case-control 0 1 0
Total 424 427 42
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measurements and / or to answer questions about the
technology [49-53]. The term "experimental (n.c.)" used
in our study describes these user studies and connects
them with other studies widely used in the social sci-
ences. This situation occurs because nursing technolo-
gies are located in an intermediate region between the
social and technical sciences. This study design is also
classified as having a low level of evidence (IVb) accord-
ing to the referred guidelines [47, 48].

Besides these studies, 20% of the research on accept-
ance is carried out using mixed methods designs (n =
83). Qualitative approaches (16%), case study designs
(12%) and cross-sectional analyses (12%) also make up a
considerable share. Larger, cross-sectional studies have
often been performed on technologies already in use
such as EMR/EHR. This analysis shows that a majority
of the included studies on acceptance were performed at
a relatively weak level of evidence design. We have
found only a few quasi-experiments (# = 14) and RCTs
(n = 8) that analysed acceptance, but relatively many sys-
tematic reviews (n = 24). These reviews tended to in-
clude all types of study designs (qualitative and
quantitative) [54-57], which are medium level of evi-
dence designs.

The research approaches to measuring effectiveness
found in this review are different. In addition to the ex-
perimental n.c. designs already mentioned, mixed
methods designs (n = 56) and quasi-experiments (1 = 47)
were frequently used to measure effects. Mixed methods
designs thus account for 13% and quasi-experiments for
12% of all studies on effectiveness in this review. It is not-
able that 45 systematic reviews and 8 meta-analysis were
found, but only 30 RCTs. Consequently, for each single
technology the number of available RCTs is very small.
This is consistent with the fact that a lot of systematic re-
views conclude that the study situation is not sufficient to
report meaningful results on effectiveness [11, 18-23], be-
cause there are very few high-quality studies.

Efficiency studies are generally rare. Therefore, a com-
mon type of study cannot be named. We found effi-
ciency analyses in modelling studies, quasi-experiments,
case studies, mixed methods studies, systematic reviews
and other types of reviews (each n = 5). Most of the
studies categorized as efficiency studies contained only
cost analyses (n = 21). Cost-effectiveness analyses were
performed in 13 studies. Studies providing cost-benefit
(n = 3) or cost-utility analyses (n = 1) were even less
common. In summary, most of the included studies on
acceptance and effectiveness have an experimental n.c.
design. In addition, next to mixed method approaches,
acceptance was frequently measured qualitatively and ef-
fectiveness with quasi-experiments. Efficiency studies
have very rarely been carried out and often focus on cost
analysis only.
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Study design and technology

It remains to be clarified for which technology categories
included in this review studies with a high level of evi-
dence can be found and for which areas such studies
can hardly be found. Table 7 lists common study designs
of the included articles in relation to the technology cat-
egories for which they were applied. We defined meta-
analysis, systematic reviews (Ia), RCTs (Ib) and quasi-
experiments (II) as having the highest levels of evidence.
Nevertheless, it should be kept in mind that the system-
atic reviews and meta-analyses included in this review
not only consist of data from RCTs, and that they often
conclude that the quality of included studies was not
sufficient. Other study designs may contribute to a
greater insight, depending on the outcome dimensions
and the research question. We only consider the formal
levels of evidence here. Most high level of evidence stud-
ies of the described three levels (Ia,Ib,II) can be found
for the category ICT (n = 33), followed by robots (n =
18), e-learning (n = 16), sensors (n = 10) and assistive
devices (n = 10).

Few studies with a high level of evidence were found
for VR (1 RCT), tracking (1 quasi-experiment) and there
were no high-evidence studies for PMR. Despite the
wide range of technology categories included, only a few
of them have been explored comprehensively using
methods with a high level of evidence. Since the
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technology categories include very different individual
technologies, a differentiated analysis would be required
here to identify particularly good and less well-researched
individual technologies. The robot “Paro” can be
highlighted as an example for an individual technology,
for which we found a total of seven RCT studies [58—64].

To summarize, studies with a higher level of evidence
design (meta-analysis, systematic reviews, RCTs, quasi-
experiments) were most commonly found for ICT, ro-
bots and e-learning. Only a few studies with a high level
of evidence have been found for most of the other areas
of technology, like for example VR and tracking.

Discussion
The aim of this study was to map the field of digital
technologies for informal and formal care that have
already been explored in terms of AEE and to give a
structured overview of the used methods, target settings,
fields of support and target groups of these technologies.
To our knowledge this is the first study trying to provide
a quantitative overview over the entire study scope on
the subject of digital technology and nursing care, cover-
ing all areas of informal and formal care, including nurs-
ing education.

ICT, robot and sensor technologies can be stated to be
the most frequently explored areas of technology in
terms of all outcome dimensions (AEE). Virtual reality

Table 7 Number of studies by technology category and selected study design

Technology Design

Experimental  Case Qualitative  Cross- Mixed Quasi- RCT Systematic Meta-

n.c. Study sectional Methods experiment Review analysis
ICT 26 21 18 10 24 15 6 12 0
Robot 43 9 9 1 20 6 9 3 0
Sensor 59 5 2 1 4 5 4 1 0
Multiple 7 5 9 9 8 0 321 0
Technologies
EHR/EMR 4 9 " 13 10 0 0 2 1
Monitoring 28 5 4 5 4 0 1 1 1
Assistive Device 12 5 5 4 2 2 4 2 2
E-Learning 5 3 3 3 5 9 2 4 1
HIS 2 7 5 4 6 1 1 4 0
Educational 4 3 2 4 3 3 0 1 1
Technology
AAL 4 2 0 3 4 1 1 3 0
Decision Support 1 3 1 0 3 2 1 3 2
Virtual Reality 5 1 1 0 0 3 1 0 0
Tracking 4 0 0 2 2 1 0 0 0
Serious Games 3 1 1 0 0 1 0 0
PMR 0 0 0 1 0 0 0 0 0
Total 207 79 71 60 95 50 34 56 8
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technologies, tracking technologies and serious games
are technology categories that are comparatively less
researched so far. It can be assumed that the most fre-
quently researched technologies have been the most im-
portant areas for researchers and research funders in
recent years. Without knowing more about the results of
the studies, it is reasonable to conclude that this re-
search interest has either been motivated by high expec-
tations for these technologies in terms of supporting
nursing care from the perspective of care research and
nursing science — or that nursing contexts are applica-
tion areas of high interest from the perspective of tech-
nical sciences developing these technologies. The rarely
researched technologies may be promising fields of re-
search for the future.

Taking a closer look at the outcome dimensions, it has
been shown that there is a large number of effectiveness
studies with a focus on ICT, robots and sensors, and a
large number of acceptance studies focusing on ICT, ro-
bots and EHR/EMR. However, a large proportion of
these studies has a low level of evidence, as will be elab-
orated below. Efficiency studies are very rare in general.
This points to the low consideration of the relationship
between benefits and costs of a technology, so far. There
could be several reasons for this. One possible reason is
that there are not enough high-quality studies that allow
a comparison of the effects of a technology with costs in
the form of a health economic evaluation. Many tech-
nologies are still under development or have never
reached the implementation phase. Subsequently, they
may not have reached the stage for high-quality studies
in real-life settings, which makes it difficult to accurately
estimate future costs. Another reason could be that the
future costs of a technology are difficult to predict if the
technology is currently still in the development phase,
since it can be assumed that the future price of a tech-
nology will be significantly lower than the current one.

When analysing the target settings of all included arti-
cles, we found that most technologies aim at hospital
care, informal care at home or residential long-term
care. There is also a large proportion of technologies for
which the setting remains undefined. We do not con-
sider it expedient to leave the target setting undefined
during the development phase of a technology, because
it hinders a purposeful development of the technology.
Research gaps related to target settings were found for
formal care at home and cross-sectoral care. If this is
reflected in relation to the target groups for which the
technologies were developed, the analysis shows that
most of the included technologies focus on people in
need of care and formal caregivers. This means that
technologies relating to informal care at home are pri-
marily intended for people in need of care and not for
informal caregivers. We assume that this is mainly due
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to the fact that these technologies are often developed to
strengthen the independence of people in need of care
and hence to prevent the intervention of informal care-
givers. Still, this review identifies informal caregivers as an
under-represented group in the exploration of digital tech-
nologies. Research on technologies for assisting children
in need of care has also very seldom been carried out.

We also analysed the fields of support the included tech-
nologies are intended for. Most of the technologies in-
cluded provide support at the organisational level (work
and self-organisation) and the field of security. Further-
more, there is a large part of technologies that provide sup-
port in multiple areas. This category often refers to
research settings, where multiple technologies are com-
bined, such as AAL, or to systematic reviews that focus on
a specific target group or setting and thus include several
aspects of support. Another large part are ICTs, which
combine organizational as well as psychological or social
support. Technologies that exclusively support physical,
psychological, social or economic areas were relatively rare.

Our analysis also includes a valuation of the study de-
signs used to evaluate AEE. Although there are many
studies on different technologies overall, there are only a
few studies with a high level of evidence, considering all
outcome dimensions. There are significantly more RCTs,
quasi-experiments and systematic reviews for effective-
ness than for acceptance. Efficiency studies have been
carried out very rarely and often focus on cost-analysis
only. Given the low number of studies with a high level
of evidence, there are only a few studies that can deliver
high-evidence results.

Most of the included studies on acceptance and effect-
iveness were carried out in an experimental n.c. design.
This type of study is essential during the development of
a technology in order to establish its effectiveness from a
technical—scientific point of view. From the perspective
of health and nursing science, however, the evidence
level is low with respect to the measurement of health
or nursing related effects when applied in actual nursing
practice. In addition, next to mixed method approaches,
acceptance was frequently measured qualitatively and ef-
fectiveness using quasi-experiments.

Studies with a higher level of evidence design (meta-
analysis, systematic reviews, RCTs, quasi-experiments)
were most commonly found for ICT, robots and e-
learning. It is important to distinguish between system-
atic reviews and meta-analyses on the one hand and
RCTs and quasi-experiments on the other. A systematic
review has a high level of evidence if it is based on stud-
ies with high evidence levels. If a systematic review is
based on low-quality studies with a low level of evi-
dence, it adds only a little insight into the effectiveness
or acceptance of a technology. Therefore, a closer ana-
lysis of the systematic reviews and meta-analyses included
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here in terms of quality and results is needed to finally
judge their quality. This applies especially to the area of
multiple technologies. However, for ICT, robot and e-
learning there are relatively many RCTs and quasi-
experiments, so it can be expected that systematic reviews
on a high level of evidence are possible in these research
areas. Still, a first look at the systematic reviews included
in this article reveals that many of them actually conclude
that there are not enough high-evidence studies, and more
high-quality studies are needed. This also seems to apply
to sub-areas of ICT [10], robots [11] e-learning [65], AAL
[23] and assistive technologies[19, 20].

Overall, the methods used in all studies appear to be
very diverse, and the measured outcome parameters di-
verge broadly for the different technology categories,
which also could be a problem for the subsequent com-
parability of results of the studies in terms of AEE.

Limitations

Although our scoping review was conducted in line with
the standards of the methodology [25, 26], we still need to
acknowledge some limitations. We have ventured into a
field with a huge scope. Given the broad field and large
number of potentially relevant technologies, producing a
concise capture, systematization and summary of all infor-
mation was indeed a challenging. To make the scope man-
ageable, the considered time period was limited to 7 years.
This must be named as a limitation, because no longer
period could be displayed. A systematization of all techno-
logical innovations without any overlaps was not possible
due to the complexity of the technologies. The highest pos-
sible quality standards for classification were developed in
an iterative team process, but possible overlaps should be
taken into account when interpreting the presented results.

Looking at all 715 studies included in this review it
was noticeable that a lot of studies describe their
methods and results poorly. This made it difficult to
evaluate and describe relevant information. The quality
of the description of the study tended to increase with
the quality of the study design. Still the impression arose
that not uncommonly, study authors tended to enhance
their study design by labelling it a study design of a
higher evidence level than was actually used.

We also had to make methodical compromises due to
the available resources, as recommended by Levac et al.
[26], but we were still able to maintain the quality by apply-
ing the four-eyes principle in all steps of exclusion using a
special sequencing method we developed for this review.
The publication bias must be mentioned as a further limita-
tion of this review. We considered published scientific
studies only, and no grey literature. This review therefore
tends to contain fewer publications with negative or neutral
findings [66]. Consequently, it can be assumed that there
may be a bias towards promising technologies.
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There may also be an over-representation of some tech-
nology areas, as we have included both systematic reviews
and primary studies. Some primary studies are included in
the systematic reviews. However, we have accepted this
limitation in order to get an overview of the different levels
of evidence used to explore individual technology areas.

We did not scrutinize the reference lists of all studies
found in the databases, moreover, due to the huge
amount of potential publications found at this stage. We
are therefore unable to consider technologies in early
stages of development and without any published studies
involving actual users. Nevertheless, a comprehensive
overview of the scope of relevant literature has been
provided by our thorough search through nine data-
bases, covering the key areas of health and nursing sci-
ence as well as the field of computer science.

Conclusion

The results of this scoping review can be used as a basis
for further research in the field of digital technology and
nursing care. We mapped the field of technologies for
informal and formal care that has already been explored
in terms of AEE, and presented a structured overview of
the methods used, target settings, fields of support and
target groups of these technologies and provide data-
based indications which technologies appear to be prom-
ising for further research. Given the broad field and
large number of potentially relevant technologies, pro-
ducing a concise capture, systematization and summary
of all information was indeed a challenging research.

We recommend that for the time being the scientific
community should not focus on conducting systematic re-
views on digital technologies in nursing care, because there
appears to be a lack of high-quality studies. Rather, we rec-
ommend producing high-quality evaluations on existing
technologies in terms of acceptance, effectiveness and effi-
ciency in real-life settings. A special focus should be placed
on research into efficiency, as — at the time of writing — the
proportion of efficiency studies is particularly low. Future
research should also be devoted to taking a closer look at
the applied evaluation methods for AEE and deciding
whether they are appropriate or whether new methods are
needed to perform an ideal measurement of AEE. When
analysing the target settings and target groups, we found
that formal care at home and cross-sectoral care technolo-
gies are underexplored in terms of AEE. There are also nu-
merous technologies where the setting remains undefined.
We recommend defining an application setting when devel-
oping technologies for care. Technologies for informal care-
givers and children in need of care have seldom been
explored. Policymakers should provide funding to enable
large-scale, long-term evaluations of digital technologies in
the practice of care, filling research gaps for technologies,
target settings and target groups we identified.
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Abstract

Background: Digital nursing technologies (DNT) comprise an expanding, highly diverse field of research, explored
using a wide variety of methods and tools. Study results are therefore difficult to compare, which raises the
question how effectiveness of DNT can be adequately measured. Methods currently used might not be sufficient
for certain specific nursing contexts. A comprehensive outcome framework that shows the multitude of possible
outcome areas could be useful to generate more comparable results. The aim of the present study is to develop an
outcome framework for DNT and to indicate which outcome areas have been most frequently evaluated in
previous studies and how this has been done.

Methods: We combined an inductive and deductive approach to develop the framework. The numerical analysis is
based on a scoping review focussing on the effectiveness of DNT for persons in need of care, formal or informal
caregivers or care institutions. Nine databases were included in the screening: Medline, Scopus, CINAHL, Cochrane
Library, ACM Digital Library, IEEE Xplore, the Collection of Computer Science Bibliographies, GeroLit and Carelit.
Additional literature searches and expert interviews were included.

Results: The developed framework comprises four outcome target groups and 47 outcome areas. There are
considerable differences in the researched outcome areas for the individual outcome target groups. Persons in
need of care were by far the most frequently surveyed, particularly with respect to their psychological health. There
are much fewer studies on formal and informal caregivers, and it is particularly noticeable that the quality of life of
both groups has rarely been investigated. Care process quality was most frequently researched for organisations.
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level of effectiveness assessment.

Conclusion: We were able to provide a comprehensive DNT outcome framework, thereby identifying the outcome
tools used and the less researched outcome areas. We recommend a detailed investigation of all areas and tools in
future research projects with a view to initiating a discussion on the differing importance of existing outcome areas
and on a standardisation of outcome tools. We also recommend the development of outcome areas for the macro

Keywords: Technology, Care, Nursing, Framework, Effectiveness, Effect, Digital, Outcome, Evidence

Background

Research on digital nursing technologies is an emerging
field. An initial analysis of 715 articles on Digital nursing
technologies (DNT) showed the existing variety of re-
search. The field is highly diverse and is explored using
a multitude of methods and instruments, which makes
the measured effects very difficult to compare [1]. The
question how effectiveness of DNT can be adequately
measured is becoming increasingly relevant. There are
no comprehensive systematisations that can help to
structure this measurement, which is why only frame-
works that cover partial areas [2] of the field or from
other related healthcare contexts such as eHealth [3] or
HTA [4] can be used.

Many systematic reviews in the field of technology and
nursing conclude that solid evidence with respect to ef-
fectiveness is lacking [5-12], mainly due to a weak level
of evidence and the incomparability of the study results.
For this reason, a comprehensive outcome framework
detailing the multitude of possible outcome areas could
be useful for generating more comparable results. A sys-
tematisation of outcome areas and outcome tools for
DNT could promote scientific exchange, improve the
comparability of results and facilitate the identification
of research gaps. Hence, the aim of this research is to
systematically develop a comprehensive outcome frame-
work for DNT and to indicate which outcome areas have
been most frequently evaluated in previous studies, and
on this basis to provide an overview on research focuses
and possible gaps in current research on DNT. The de-
velopment of the framework and the mapping of current
research are based on a scoping review. The categories
of the framework were further elaborated on the basis of
additional literature and expert knowledge.

Other frameworks, like the evaluation framework for
Health Information Systems (HOT-fit) [13], the General
Framework for Evaluating Health Information Technol-
ogy [14], the Canadian Health Information Performance
Framework [15], the OECD Framework for Health Sys-
tem Performance Measurement [16], the Infoway Bene-
fits Framework [17] or the MAST Framework [18], have
been proposed to structure the process of effectiveness
evaluation in health care areas using digital technologies.
However, the existing frameworks and categorization

systems have different focal points, and none of them
are — from our point of view — adequately geared to the
specific needs of the complex nursing care context. Out-
comes relating to caregivers, and in particular informal
caregivers, are often neglected or overlooked. The Info-
way Benefits Evaluation Framework [17] that has been
proposed for the analysis of health information systems
in Canada, and the Model for Assessment of Telemedi-
cine (MAST) [18], pose an exception here, as they are
very well elaborated. Both frameworks were developed
in a similar context, but for different purposes. The
frameworks do not specifically consider informal care-
givers, but they nevertheless indicate important sub-
areas for the evaluation of DNT (such as, for example,
patient safety, care quality, access to care or organisa-
tional productivity) that should be integrated into a
comprehensive DNT framework. However, they are in-
adequate and inappropriate for a specific application re-
lating to DNT, because they have been developed for
different purposes. In addition to these two frameworks,
there is also a framework which especially displays the
impact of ICT solutions on nursing care. The adapted
version of the Nursing Care Performance Framework [2]
focusses on organisational issues, formal caregivers and
aspects relating to people in need of care. This makes a
helpful contribution in these areas. However, outcomes
for technologies on informal caregivers are not repre-
sented in this framework. Besides these frameworks,
there is also specific work on the measurement of the ef-
fectiveness of technology for ageing people in general,
including effects on physical and psychological health,
mobility, social connectedness, safety, everyday activities
and leisure [19].

As we have established, therefore, a number of differ-
ent instruments for categorizing outcome measures and
tools in healthcare contexts have already been devel-
oped. To the best of our knowledge, however, there is
no extensive analysis of relevant outcome areas and out-
come tools pertaining to digital nursing technology pub-
lished in the English nursing literature. We therefore
decided to develop a new comprehensive outcome
framework that is applicable to the design of effective-
ness evaluation studies in the field of digital nursing
technologies.



Krick et al. BMC Health Services Research (2020) 20:243

Definitions
In order to elucidate the conceptual differences between
the individual terms in this study, we shall first define
our understanding of the most important terms. The
main subject of this article is digital nursing technologies
(DNT). DNT are required i) to support the immediate
action of a caregiver (e.g. decision support systems for
guideline compliance [20]); ii) to contribute to the self-
reliance of the person in need of care in such a way that
direct on-site care assistance can be avoided (e.g. ambi-
ent assisted living support at home [21]); iii) to substi-
tute the nursing support by using technology (e.g. robot
that measures vital signs prior to consultation) [22]; or
iv) to support the training or education of nurses (e.g.
high fidelity simulator systems [23]) [1]. Technological
support may relate to the person in need of care, formal
or informal caregivers, or to an organisational process.
We also distinguish between the terms “outcome
measure” and “outcome tool”. An outcome measure is a
specific measure used to quantify (quantitative) or gauge
(qualitative) an effect, e.g., of an eHealth intervention,
and an outcome tool is a specific instrument used to col-
lect quantitative or qualitative data [24, 25]. Outcome
tools or outcome measures are indicators that represent
effects in a specific outcome area. A distinction is also
made between the terms “outcome target group” and
“outcome area”. The outcome target group refers to the
assignment of the outcome of a technology to a specific
group of people (e.g. formal caregivers) or to an organ-
isation (e.g. hospital). The outcome area specifies the
content layer on which an effect occurs (e.g. well-being
or functional health). There is also a distinction between
the terms ‘effectiveness’ and ‘efficacy’. Efficacy studies
measure (expected) effects under ideal circumstances, ef-
fectiveness studies measure (beneficial) effects under
“real world” conditions [26]. Since we have found an in-
coherent use of the terms in the studies included, we
use the term “effectiveness” to cover both concepts. This
decision will be further justified and discussed in the dis-
cussion section.

Objective and research question

The ultimate objective of this article is to develop an
outcome framework for DNT that enables systematic
classification into different outcome areas and can be
used to support future effectiveness research. It is essen-
tial to the development of such a framework that past
attempts to evaluate effectiveness in previous studies are
understood. This review is thus guided by the following
main research questions: (i) Which possible outcome
areas for measuring effectiveness of digital nursing tech-
nologies can be identified? (ii) Which outcome areas
have so far been the focal point of research on effective-
ness of digital nursing technologies, and which areas
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have been researched less frequently or not at all? (iii)
How has effectiveness been measured in previous
studies?

Methods

Our analysis is based on a previous scoping review
(phase one) [1], which we conducted on the basis of
Arksey and O’Malley’s scoping review framework [27].
We used processual advice drawn up by Levac, Colqu-
houn et al. [28] to enhance the scientific process. This
was particularly important because the search of the pre-
vious scoping review generated a large number of titles,
which made the identification, selection and charting of
the relevant studies very time consuming and resource
intensive. We have tried to counteract this by using the
advice to refine the search and selection strategy in an
iterative process. We also jointly developed, tested and
updated a data charting form that allowed us to review
and extract each full text by one researcher, a second au-
thor was consulted in case of uncertainties regarding the
classification.

The scoping review included 715 studies focussing on
acceptance, effectiveness or efficiency DNT. The full
search strategy, analysis and results of the scoping re-
view are published in Krick et al. 2019 [1]. The initial
analysis of the scoping review yielded strong indications
that a more in-depth analysis of tools and research areas
could be useful for further research. Therefore, we de-
cided to extend the evaluation to include methodological
questions in a second research phase. In the following,
the method of the initial scoping review will be briefly
presented, followed by an explanation of the method
used in the second phase.

Methodical foundation of the initial scoping review

We screened 19.510 titles, based on a search in nine
electronic databases, covering studies published between
2011 and March 2018. The initial scoping review (phase
one) was conducted with a view to a broader research
question insofar as studies were included that related to
the acceptance, the effectiveness or the efficiency of a
digital nursing technology.

Eligibility criteria of the initial scoping review and the
analysis of effectiveness

In order to understand how the preselection of articles
for this review took place, the eligibility criteria of Phase
one will now be explained briefly. Articles were included
if they reported on study results relating to acceptance,
effectiveness (on any evidence level) or efficiency (in-
cluding cost analysis); target settings include residential
long-term care, formal and informal care at home, hos-
pital care, palliative inpatient care, intensive care unit
care, day-care centre care and cross-sectoral care. Based
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on this preselection, all studies that reported on the ef-
fectiveness of DNT were included for the second phase
of analysis. In the next step, as we aimed to focus on ef-
fects on persons in need of care, caregivers and care or-
ganisations, all studies that aimed primarily at an
educational environment and studies conducted in a la-
boratory environment were excluded. Studies in a la-
boratory environment were excluded as most of them
measure technical effectiveness, which is not the subject
of our analysis. The remaining articles were analysed ac-
cording to the outcome areas, outcome measures and
outcome tools to create an empirical basis for the DNT
outcome framework. Again, studies were excluded that
focussed only on technical effectiveness. Based on these
limitations, 123 individual studies were subjected to the
analysis presented in this article.

Development of the outcome framework and data
assignment

A combined inductive/deductive approach was used to
develop the outcome framework. A basic model was de-
veloped by drawing on the analysis of the effectiveness
articles (n =123) of the initial scoping review [1]. Two
authors screened the full texts to identify all relevant in-
formation. The identified outcome measures and out-
come tools of the studies were used to inductively derive
a preliminary systematic draft of outcome areas. In
addition, a narrative literature search was carried out in
the databases PubMed and Google Scholar in order to
review whether further outcome areas could be found or
identified that were not considered in the 123 studies.
We combined the search terms “nursing”, “framework”,
“outcome”, “digital” and “technology” and decided which
articles should be included in the analysis. The search
focussed on studies that explicitly referred to specific
frameworks, developed frameworks themselves or pro-
vided a systematic structure to measure effectiveness.
We analysed the texts and reference lists for relevant
frameworks or systematisations. This snowballing
method is important for such complex search fields. It
helped us to provide meaningful additional information
as a supplement to the systematic approach [29]. The
aim was to identify studies or other frameworks that de-
scribe or contain further outcome areas for DNT. All
relevant information that could be used to determine
further outcome areas was extracted.

Deductive reasoning was used to gather information
from general frameworks and inductive reasoning was
used for single studies. A definition of each potential
outcome area was then drawn up by one author and dis-
cussed with the other authors as to their relevance and
fit for the framework. The development process included
a multi-stage discussion and iteration with multiple revi-
sions to ensure high quality decisions on the outcome
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areas and their definitions. The outcome framework was
then validated by a group of ten German experts in the
measurement of effectiveness of DNT. At the time of
the survey, the experts in question were all involved in
projects evaluating different digital technologies in nurs-
ing in the German healthcare system. The experts were
requested to report their own project experiences in
order to supplement missing relevant outcome areas.
This survey took place as part of a regular exchange
among experts.

The final outcome areas of the framework described
for persons in need of care were developed with strong
references to the Nursing Outcomes Classification
(NOC) criteria [30] and existing frameworks [17, 18].
The caregiver-related outcome areas were derived from
the initial scoping review and supplemented by categor-
ies based on the literature review (e.g. [18, 31-38]), while
the organisation-related outcome areas emanate from
the literature review (e.g. [17, 18, 39—-45]), supplemented
by expert opinions. All information is included in the
final definitions for each outcome area documented in
the Additional files 1, 2, 3, 4.

Data assignment

In the last step of the second phase, the extracted out-
come tools from all the studies included were assigned
to the outcome areas in the outcome framework using
the collectively developed criteria. One researcher re-
reviewed all studies (# = 123) to ensure a consistent as-
signment of outcome measures to outcome areas based
on the iteratively developed framework. As a result, the
numerical analysis can be presented according to the
DNT outcome framework.

Results
Analysis results
A total of 123 studies from the initial scoping review
were included in the analysis. These studies refer to the
following technology categories: ICT, robotics, monitor-
ing, sensors, assistive devices, ambient assisted living and
virtual reality as defined by Krick et al. (2019) [1]. A
more detailed systematization of the included technolo-
gies together with a list of all included studies is pro-
vided in Additional file 5.

The PRISMA Flow Chart is presented in Fig. 1.

Digital nursing technology (DNT) outcome framework

We developed an outcome framework to provide a sys-
tematic classification and orientation scheme for out-
come measures and outcome tools in the field of DNT
(Fig. 2). The classification of the framework differentiates
between the four outcome target groups: persons in
need of care, formal caregivers, informal caregivers and
healthcare organisations. For persons in need of care
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Fig. 1 Search results and publication selection process
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and formal caregivers we also distinguish between indi-
vidual effectiveness and individual-related organisational
effectiveness. This distinction is used to categorize out-
come measures or tools that clearly apply to an individ-
ual but are closely related to organisational effectiveness
and thus in an intermediate area. Overall, the model
comprises 47 different outcome areas (e.g. functional
health, well-being, patient satisfaction). The outcome
areas included in the framework refer to micro (individ-
ual) or meso (organisational) levels of evaluation [46].
The macro level is deliberately not included here be-
cause it implies different study perspectives and so far,
has only been very rarely analysed in the field of DNT.
Detailed definitions and examples for the individual cat-
egories are provided in Additional files 1, 2, 3, 4.

Overall outcome areas

This chapter comprises a detailed analysis of all outcome
tools and measures used in the 123 studies included
(Table 1). The numerical analysis shows which outcome
areas have or have not been extensively analysed with
the respective measures or tools. Each study that used
an outcome tool or outcome measure in a specific area
is only included once in this analysis. Most of the in-
cluded studies investigated the effectiveness of the tech-
nologies in question on persons in need of care (n =77).
Aspects of organisational effectiveness were measured in

45 studies and only 30 studies referred to caregiver out-
comes (formal # = 20; informal caregivers # = 10). There
are substantial differences in the researched outcome
areas for the individual outcome target groups. Psycho-
social health (n = 33), intensity of service utilization (n =
19) and organisational patient safety indicators (1 =19)
for persons in need of care were measured much more
frequently than needs assessment/ fulfilled needs (n = 3),
health knowledge & attitudes (n =3) or intersectoral
continuity of care (n =1). For formal caregivers the out-
come areas most frequently covered are relationship to
person in need of care (1 =7), guideline compliance
(n =7) and physical/psychological workload (n =6).
Well-being/quality of life, health-related quality of life
(QOL), medical condition and caregiver burden were
not measured once in our sample. The other outcome
areas were only rarely analysed.

For informal caregivers, caregiver burden is the most
frequently analysed outcome area (n =7), while all other
outcome areas were rarely analysed or not at all (e.g.
knowledge & competences n = 0; compliance #n = 0; use
of caregiving support n =0). The most frequently ana-
lysed outcome areas for healthcare organisations are care
process quality (n =21), operational efficiency (n =21)
and communication/social interaction (# = 15). Little re-
search has been done on financial performance (1 =4),
access to care (n =1) or working conditions (n =1),
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Person in need of care N Formal Caregiver N Informal Caregiver N Healthcare Organisation N
Functional Health 16 (Job) Satisfaction 3 (Life) Satisfaction 2 Care Process Quality 21
Physiological Health 11 Medical Health condition 0 Medical Health Condition 0 Access to Care 1
Psychosocial health 33 Psychosocial health 0 Psychosocial Health 4 Communication/Social 15
Interaction
Social Condition 7 Professional Knowledge and 2 Social Condition 3 Recruitment and Staffing 0
Competences
Health Behaviour 5 Physical/ Psychological Workload 6 Living Conditions 2 Working Conditions 1
Health Knowledge & Attitudes 3 Relationship to Person in Need of 7 Knowledge and 0 Operational Efficiency 21
Care Competences
Patient Safety 11 Compliance 0 Financial Performance 4
Physical/ Psychological 2
Workload
Use of caregiving support 0
Overarching Concepts Overarching Concepts Overarching Concepts Overarching Concepts
Well-being/ Quality of Life 17 Well-being/ Quality of Life 0 Hospital/Nursing Home 4
Quiality
Health-related QOL 13 Health-related QOL 0 Well-being/ Quality of Life 2
Needs Assessment/ Fulfilled 3 Caregiver Burden 0 Health-related QOL 0
Needs
Caregiver Burden 7
Organisational Organisational
Intensity of Service Utilization 19 Employee Satisfaction 0
Organisational Patient Safety 18 Professional Guideline Compliance 7
Indicators
Patient Satisfaction 6  Impact on Workload 2
Intersectoral Continuity of Care 1
Total number of studies* 77 20 10 45

*the total number of studies is lower than the amount (n) of the outcome areas from the above table, as single studies contain aspects from multiple

outcome areas

while aspects of recruitment and staffing were not evalu-
ated at all.

Outcome areas of tools

This section provides a numerical analysis of all out-
come tools included in the 123 articles. The numbers in
Table 2 indicate the outcome tools used in each out-
come area. The psychosocial state of persons in need of
care was evaluated broadly using different tools (n = 69),
as well as well-being/quality of life (n = 14), whereas so-
cial condition (n =0) or health knowledge & attitudes
(n =0) were not analysed using tools. Formal caregivers
were seldom examined using tools. Looking at the distri-
bution of the available studies, psychological health (n =
3) was proportionally the most frequently measured out-
come area for formal caregivers. Individual-related out-
come areas such as medical condition or relationship to
the person in need of care, or organisation-related indi-
vidual outcomes such as employee satisfaction or impact
on workload were not measured at all using outcome
tools. Outcomes for informal caregivers were also rarely

analysed using tools. The most frequently used concept
was caregiver burden (n =10). This is an overarching
concept, which includes many of the single outcome
areas listed for informal caregivers. A similar picture
emerges for organisational factors. Only communica-
tion/social interaction (n =4) and hospital/nursing home
quality were evaluated using tools (# =3). In the next
sections, a detailed analysis is carried out to show which
tools were used in the individual result areas.

Outcome tools used for specific target groups

Effectiveness relating to persons in need of care

In order to establish how past studies have attempted to
measure the effectiveness of care technologies, we have
listed all outcome tools that have been used and catego-
rized them according to the outcome framework. Most
of the studies included here investigated the effective-
ness of a technology on persons in need of care (n =77).
Almost half of these studies (7 =38) used standardised
instruments for measuring effectiveness. All instruments
are listed in Tables 3 and 4 (for psychological measures)
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Persons in need of care N Formal Caregiver N Informal Caregiver N Healthcare Organisation N
Functional Health 7 (Job) Satisfaction 1 (Life) Satisfaction Care Process Quality 0
Physiological Health 9  Medical Health condition 0 Medical Health Condition Access to Care 0
Psychological Health 69 Psychological Health 3 Psychological Health 2 Utilization of Services 0
Social Condition 0  Professional Knowledge and 1 Social Condition 0  Communication/Social 4
Competences Interaction
Health Behaviour 1 Physical/ Psychological Workload 2 Living Conditions 0 Recruitment and Staffing 0
Health Knowledge & Attitudes 0  Relationship to Person in Need of 0 Knowledge and 0 Working Conditions 0
Care Competences
Patient Safety 0 Compliance 0 Operational Efficiency 0
Physical/ Psychological 0 Financial Performance 0
Workload
Use of caregiving support 0
Overarching Concepts Overarching Concepts Overarching Concepts Overarching Concepts
Well-being/ Quality of Life 14 Well-being/ Quality of Life 0 0 Hospital/Nursing Home 3
Quiality
Health-related QOL 7 Health-related QOL 1 Well-being/ Quality of Life 0
Needs Assessment/ Fulfilled 3 Caregiver Burden 0 Health-related QOL 1
Needs
Caregiver Burden 10
Organisational Organisational
Intensity of Service Utilization 1 Employee Satisfaction 0
Organisational Patient Safety 2 Professional Guideline Compliance 0
Indicators
Patient Satisfaction 3 Impact on Workload 0
Intersectoral Continuity of Care 0

with a reference to the studies that use them. The corre-
sponding outcome area is indicated in the top row of
both Tables. A total of 69 different instruments were
identified, most of which measure the psychological
health of the person in need of care: 40 different instru-
ments were used to measure the psychological health
condition. The change effect is most frequently mea-
sured in terms of a state of depression, for example by
using the Geriatric Depression Scale (n =8) or the Cor-
nell Scale for Symptoms of Depressions in Dementia
(n =4). The most frequently used single instrument for
cognition is the Mini-Mental-State Examination (n = 8).
In addition to mental state, the impact of technology on
the quality of life was also frequently measured. The
Quality of Life in Alzheimer’s Disease scale (QOL-AD)
was most frequently used here (1 =7). Tools for the
measurement of organisational patient safety indicators
(n =3) or intensity of service utilization (n =3) were
used less often. Most of the tools were only used in sin-
gle studies.

Effectiveness relating to caregiver
Significantly fewer studies from our sample relate to re-
sults for caregivers. Only 30 studies referred to caregiver

outcomes, and eleven of them used standardised instru-
ments (Table 5). A total of 20 different instruments were
found, four of them specifically for formal caregivers
and, ten for informal caregivers; five are universal instru-
ments. Though there are fewer studies on informal care-
givers (n =10) than on formal caregivers (n =20), the
informal caregiver burden was the most frequently ad-
dressed outcome area for outcome tools. The second
most frequently used category of tools addresses psycho-
logical changes and the third most frequently used cat-
egory of instruments evaluates changes in satisfaction.
Instruments for QOL, knowledge and workload were the
least used. We did not find any instruments for measur-
ing the physical load of caregivers. No tool can be
named that has been used particularly frequently for the
evaluation of caregivers. Almost all tools were used only
once in the sample.

Organisational effectiveness

Aspects of organisational effectiveness were measured in
45 studies. Seven studies used different standardised in-
struments. We found four instruments to analyse com-
munication/social interaction in the respective
organisation and three instruments to analyse hospital
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Table 4 Psychological health outcome tools for person in need of care

N Tools Measurement of:

1 COOP/WONCA Mood scale [12] Mood

8 GDS: Geriatric Depression Scale [47, 48, 58-60, 62, 69, 71] Depression

3 CSDD: Cornell Scale for Symptoms of Depressions in Dementia [63, 74, 75] Depression

1 PHQ-9: Patient Health Questionnaire (Depression) [52] Depression

1 HAM-D: Hamilton Depression Rating Scale [47] Depression

1 BDI: Beck Depression Inventory [47] Depression

1 GDS-12R: Geriatric Depression Scale (residential) [76] Depression

4 CMAI/CMAI-SF: Cohen-Mansfield-Agitation Inventory Instrument [67, 74, 77, 78] Agitation

2 Raid: Rating Anxiety in Dementia Scale [60, 75] Anxiety

1 BARS: Brief Agitation Rating Scale [77] Agitation

1 BAI: Beck Anxiety Inventory [47] Anxiety

1 Burn Specific Pain Anxiety Scale (BSPAS) [79] Anxiety

1 AOL: Alertness Observation (check)-List [80] Alertness

1 PSS: Perceived Stress Scale [47] Stress

1 RAWS: Revised Algase Wandering Scales [60] Wandering

1 APADEM-NH: Apathy scale [69] Apathy

1 Al: Apathy Inventory [69] Apathy

1 AES: Apathy Evaluation Scale [60] Apathy

1 GSR: Galvanic skin Response (measuring emotional arousal) [75] Affect

1 OERS: Observed Emotion Rating Scale [60] Affect

2 UCLA: loneliness scale [52, 62] Loneliness

1 DJGLS: De Jong Gierveld Loneliness Scale [81] Loneliness

4 NPI: Neuropsychiatric Inventory [47, 55, 61, 69] Psychological Symptoms
1 0Q-45 -questionnaire (psychological patient progress) [52] Psychological Symptoms
1 BNT: Boston Naming Test [48] Psychological Symptoms
1 NPI-Q: Neuropsychiatric Inventory Questionnaire [74] Psychological Symptoms
1 Pearlin Mastery Scale (psychological resources) [21] Psychological Resources
8 MMSE: Mini-Mental State Examination [21, 47, 48, 58, 61, 63, 64, 69] Cognition

2 TMT: Trail Making Test A/B (Visual attention and task switching) [47] [48] Cognition

1 SMMSE: Severe Mini Mental State Examination [69] Cognition

1 MoCA: Montreal Cognitive Assessment [47] Cognition

1 FUCAS: Functional Cognitive Assessment Scale [47] Cognition

1 CDT: Clock Drawing Test (cognitive impairment) [48] Cognition

1 GDS* Global Deterioration Scale (cognitive function) [75] Cognition

1 ACE-R: Addenbrooke’s Cognitive Examination-Revised [82] Cognition

2 ROCF: Rey-Osterrieth complex figure (spatial visual construction and visual memory) [47, 48] Memory

2 RAVLT: Rey Auditory Verbal Learning Test [47, 48] Memory

1 RBMT: Rivermead Behavioral Memory Test [47] Memory

1 Digit Span Memory Test [48] Memory

1 TEA: Test of Everyday Attention [47] Attention

quality (Table 6). Each tool was used only once in the
sample.

Discussion

The aims of this scoping review are (i) to show which
possible outcome areas for measuring effectiveness of
DNT can be identified, (ii) to depict which areas have

been the focal point of research on effectiveness of DNT
so far, and which areas have been researched less, and
(iii) to show how effectiveness has been measured in
previous studies. The discussion section is structured
around these research questions. Therefore, we divided
the discussion section into three main parts: discussion
of the framework development (i), critical reflection in
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Table 5 Caregiver relevant outcome tools
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n Psychological Health n Caregiver Burden n (Job) Satisfaction n

Health-related QOL

n Professional Knowledge n
and Competences

Impact on Workload

1 PERI-D: 2
Psychiatric Epidemiology
Research Instrument?

SSCQ: Short Sense 1
of Competence
questionnaire”

Job Satisfaction 1
Score' (Hagopian
et al) [59]

(Demoralization (dealing with
Scale) [59] burden) [21, 55]
1 MM-CGl: Marwit Meuser 2 ZBI-12: 1 CSS: Caregiving 1

Caregiver Grief Inventor — Zarit Burden Satisfaction

short form? [85] Interview - short Scale? [86]
form” (85, 86)

1 PHQ-9: Patient 1 DIS: Desire to 1 Press-Ganey™
Health Questionnaire * Institutionalize patient
(Depression) [85] Scale? [85] satisfaction

surveys’ [87]

1 NPI: Neuropsychiatric 1 NAC: National

Inventory? [55] Alliance for
Caregiving survey’
[86]

1 CSI: Caregiver
Strain Index® [53,
86]

1 SPPIC: Self-
Perceived Pressure
from Informal Care
— Scale? [88]

1 OBM: Objective
Burden Informal
Caregiver” [53]

1 SRB: Self Rated
Burden ° [53]

SF-12: 12-Item Short 1
Form Health Survey' [59]

EQ-5D + ¢ (perceived 1
level of health and
cognitive function)? [55]

NASA-TLX: The NASA
Task Load Index' [84]

Palliative and End of Life 1
Care competency
Assessment Tool' [83]

RUD-FOCA: Resource
Utilization in Dementia —
Formal Care ' [63]

1: used for formal caregivers; 2: used for informal caregivers

relation to the scientific literature (i) and discussion of
the quantitative analysis (ii & iii).

Framework development

The comprehensive DNT outcome framework was de-
veloped to show which possible outcome areas can be
identified for the evaluation of DNT. This framework
can be used by researchers to structure their effective-
ness evaluation and to check whether essential outcome
areas are considered in their evaluation. Thus, its pur-
pose is thus to encourage researchers to focus on spe-
cific outcome areas or include additional outcome areas
in their work. It is also intended to promote and struc-
ture discussion and reflection on desirable or necessary
research objectives of DNT and may help to draw infer-
ences on areas in which undesirable negative effects may
emerge. The framework was developed using deductive

Table 6 Organisation-related outcome tools

and inductive methods, and therefore comprises ele-
ments that have already been researched specifically for
the field of technology as well as a derivation from gen-
eral nursing contexts to the specific context of DNT.
Parts of the framework are therefore generic and could
also be used for the evaluation of general nursing care
interventions. We have also included both effectiveness
and efficacy studies in the development of the Frame-
work. Being aware of the differences of these two con-
cepts, we assume that the incoherent use of the words
within the analysed studies was caused by the fact that
“efficacy and effectiveness exist on a continuum” [91]
and the generalizability depends on the viewpoint of the
observer and the observed condition [91]. The incorrect
or incoherent classification of the two terms has already
been described in the scientific literature [92]. In order
to allow researchers to choose from a variety of possible

n Hospital/Nursing Home Quality N Communication/Social Interaction

1 QAS: Quality 1 Perception of Communication Difficulty
Improvement Activities Survey [57] Questionnaire [65]

1 CPS: Clinicians’ 1 Frustration with Communication tool [65]

Perceptions of Quality Survey [57]

1 CaINOC: Medical Administration Accuracy Observation 1
Codesheet [89]

CSACD: Formal Caregiver: Collaboration and Satisfaction About Care Decisions
survey instrument [90]

1 QCPR: quality of caregiving relationship [76]
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outcomes adapted to the particular circumstances and
context of the study, and to decide which outcome areas
are to be evaluated, it is necessary to develop the most
comprehensive framework possible. This led us to in-
clude studies referring to themselves as effectiveness
studies and studies that refer to themselves as efficacy
studies. We leave it to the judgement of the respective
researchers to decide which are the optimal outcome
areas and corresponding outcomes for their aspired
studies.

Critical reflection of the framework in relation to the
scientific literature

When comparing our framework with existing frame-
works in the field of digital technologies in health care
we can state that to the best of our knowledge there is
no other such comprehensive framework with a special
focus on nursing. As stated in the methods section, we
incorporated other frameworks in the development of
the DNT framework. To highlight the specific strengths
of the newly developed framework, we shall now briefly
describe the differences between the DNT framework
and some other frameworks in similar contexts. The
most comprehensive framework available (MAST) was
incorporated in the design of the DNT framework [18].
MAST provides seven domains, including a focus on pa-
tients and a focus on the organisation. Five of the seven
domains are highly relevant to the nursing context and
were therefore included in the development of the DNT
outcome framework (safety, clinical effectiveness, patient
perspectives, economic aspects, organisational aspects).
Formal caregivers are only rarely considered in MAST,
and informal caregivers are not considered at all. These
target groups are presented and highlighted in much
greater detail in the DNT results framework. As a holis-
tic framework, MAST also contains references to socio-
cultural, ethical and legal aspects. These are important
areas for the evaluation of DNT in general, but they do
not fit into the specific context of an effectiveness evalu-
ation for DNT that we wanted to depict in this study.
The analysis of ethical and socio-cultural effects requires
different research approaches, which are not reflected in
our sample. In order to cover these areas, it would be
necessary to include a macro perspective underpinned
by scientifically sound data. We have deliberately not fo-
cused on the macro level, but it would be a possibility to
complement this with further research.

For a second comparison, the Infoway Benefits Evalu-
ation Framework [17] is used. This framework divides
the evaluation of health information systems into six
main dimensions: system, information, service, use, satis-
faction and net benefits. The “net benefits” dimension
includes many outcome areas such as patient safety,
health outcomes, access to care and productivity that
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were integrated into the DNT outcome framework. User
(in this case patient) satisfaction was also integrated into
the DNT outcome Framework, but we added areas relat-
ing to formal and informal carers, as they were not taken
sufficiently into account in the Infoway Benefits Evalu-
ation Framework. Other attributes such as accuracy, per-
formance or functionality refer primarily to the
effectiveness of the respective technology, so we there-
fore excluded them from the DNT Framework.

For another comparison we refer to the adapted ver-
sion of the Nursing Care Performance Framework [2],
which displays the impact of ICT solutions on nursing
care. This framework shows important areas especially
for formal caregiving, which can also be found in the
DNT Outcome Framework. Informal caregivers are not
represented, which is certainly due to the focus. The ef-
fects on patients are presented in a very specific way.
Our DNT outcome frameworks can be helpful to com-
plement some details on outcome areas, such as psycho-
logical health or health behaviour. The comparison of
the DNT framework with the systematization in a sys-
tematic review of effectiveness studies in the field tele-
medicine [93], indicates that the DNT Framework
covers all important outcome areas on the micro and
meso level. Ekelanda et al. also include a few aspects on
the macro level, e.g. in the area of politics [93]. This level
was excluded in the DNT outcome framework, as it im-
plies a different perspective of analysis, and none of the
studies in the scoping review related to the macro level.
The exploration of outcome areas, outcome tools and
outcome measures on the macro level, however, is an in-
teresting field for future research. In sum, it can be said
that the developed DNT outcome framework closes an
existing gap in nursing and technology research by in-
cluding all important outcome areas relevant to nursing.

Reflection on the included outcome areas and outcome
tools

We evaluated all outcome tools and measures of the in-
cluded 123 articles with a view to establishing which
outcome areas have so far been focused on by research
on DNT effectiveness, and which areas have been
researched less. There are considerable differences in the
researched outcome areas for the individual outcome
target groups. It should be pointed out, however, that no
valuation of the significance of an outcome area can be
made at present. This could be the topic of further re-
search. The study presented here constitutes a first step
towards summarizing existing trends.

Persons in need of care were by far the most fre-
quently researched target group. Psychological health,
intensity of service utilization, and organisational patient
safety indicators were measured much more frequently
than needs assessment/ fulfilled needs, health knowledge
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& attitudes or intersectoral continuity of care. There
might be several reasons for this. On the one hand, it
might be more difficult to capture fulfilled needs, inter-
sectoral continuity of care, or health knowledge & atti-
tudes with the existing standardised instruments or
outcome measures. On the other hand, it might simply
not have been of such profound interest during the
evaluation because the respective technologies did not
target these areas. It is interesting to note that intersec-
toral care is an area that has so far largely been
neglected. Intersectoral care in form of communication
or collaboration between different healthcare sectors
(e.g. ambulatory care and inpatient care) [94] could, for
example, help to prevent hospitalisations [95]. One rea-
son for the neglection of intersectoral care might be that
while it is already difficult to implement digital technolo-
gies in a single sector, sector boundaries possible consti-
tute a major challenge. The decision-making structures
of a healthcare system might be seen to be a barrier to
change in this context [96].

Overall in our sample, formal and informal caregivers
have not been researched frequently in terms of the ef-
fectiveness of DNT. Relationship to person in need of
care was most frequently measured among formal care-
givers, along with guideline compliance and physical/
psychological workload. Well-being/quality of life,
health-related quality of life, medical condition and care-
giver burden were not measured once in our sample.
Several other outcome areas were very rarely analysed.
This shows that these aspects were neglected in the past,
while quality of life and caregiver burden on professional
caregivers are still not being evaluated. The reasons for
this should be clarified. It is unclear whether this is the
case because these outcome areas are generally consid-
ered to be less important than others, or whether there
are other reasons for non-evaluation. Assuming that an
important goal of digital technologies in nursing care is
to relieve nursing staff, it seems inappropriate to only
evaluate the direct workload (e.g. physical load or psy-
chological stress through direct work) and not evaluate
the effects of digital technologies on the general burden
on or the quality of life of formal caregivers. Existing in-
struments such as the Professional Care Team Burden
(PCTB) scale harbour the potential to contribute to the
evaluation of DNT in this context [97].

The caregiver burden of informal caregivers was the
most frequently analysed outcome area, while all other
outcome areas were analysed very seldom or not at all.
One reason might be that most instruments for measur-
ing caregiver burden have been developed for informal
caregivers [97]. On the other hand, there seems to have
been a socio-political interest in reducing the burden on
family members through technology in the past. At the
same time, the medical health condition, knowledge and
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competences or the use of caregiving support of infor-
mal caregivers have not been analysed in a single study.
Medical health may not have been recorded for reasons
of personal data protection. Specialised nursing know-
ledge and skills do not seem to play such a large role in
research on technological support for informal carers.
We expect enhanced support for informal caregivers to
play a more important role in the future, and, hence,
those research areas that are seldom examined now to
become more important.

The most frequently analysed outcome areas for
healthcare organisations were care process quality, oper-
ational efficiency and communication/social interaction.
Little research has been done on financial performance,
access to care and working conditions, while recruitment
and staffing areas were not evaluated at all. The fre-
quently researched areas correspond with the potential
goal of technologies to improve efficiency while main-
taining a high quality of care [98]. Aspects of working
conditions or effects on the recruitment or staffing pro-
cesses from an organisational perspective have appar-
ently never been analysed. If it is assumed that, from an
organisational point of view, the main purpose of the
technologies is to increase efficiency while maintaining
or improving the quality of care, factors such as working
conditions for carers play a minor role. This is consist-
ent with the results on formal caregivers. Nevertheless, it
is interesting that the impact of existing technologies on
recruitment has not been investigated, as technologies
are often claimed to be beneficial in terms of enhancing
the attractiveness of a healthcare organisation for pro-
spective and current employees [99], which could be
expressed in an evaluation of the effects of a technology
on recruitment figures. In the light of the current lack of
skilled workers, proof of such effects might be an inter-
esting finding.

The third research question was addressed by showing
which outcome areas were evaluated with outcome tools
and which areas were more likely to be covered by other
measures. At the same time, the variety and range of the
tools used were presented. The wide range of outcome
tools — especially in the field of psychological health -
makes it difficult to compare the studies’ results, and a
common set of standards for using outcome tools shared
by several studies would considerably help improve com-
parability To this end, further research is needed to as-
sess and evaluate existing outcome tools.

Limitations

Limitations that refer to the underlying scoping review
are described in Krick et al. 2019. Especially important
for this additional methodological analysis are the fol-
lowing aspects:
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Publication bias in particular should be considered
here. Studies without positive results are often not pub-
lished in journals. Outcome areas for which effects are
difficult to prove may be underrepresented in this article
due to this publication bias, whereby, there is a possibil-
ity that studies on certain technologies may have been
over-represented, under-represented or not presented at
all due to negative results. This may indirectly affect the
presented outcome tools and measures.

The included outcome areas and outcome tools pre-
sented could also be influenced by the fact that we in-
cluded both effectiveness and efficacy studies in the
development of the framework. It could be criticised that
a further breakdown of a framework for efficacy studies
and a framework for effectiveness studies is necessary
because they may differ in their outcomes and tools.
However, we decided to combine these concepts for the
reasons of applicability and comprehensiveness, as de-
scribed in the discussion section. Based on the included
publication period of 7 years, the question needs to be
considered whether outcome tools or outcome measures
are only mapped for the indicated period, and therefore
relevant measures of the effectiveness of DNT applied
outside that period are missing. There is also the possi-
bility that outcome areas overlap or might have been
composed differently by other researchers. Overall, we
have tried to ensure the highest possible standard for the
outcome framework, by combining literature and expert
knowledge. The current version is very comprehensive,
but the field of research on DNT is very dynamic, and
future adaptions should be included.

Conclusion

This scoping review provides a broad overview on out-
come areas and outcome tools used for the evaluation of
digital nursing technologies. All outcome tools and mea-
sures have been categorised according to our newly de-
veloped DNT outcome framework to show which areas
have been focused on by research on effectiveness of
DNT so far and which areas have rather been neglected.
We highly recommend the use of this framework (and
the further explanations given in the Additional files) as
a basis for future research. Researchers can use the DNT
outcome framework as a tool to structure their effective-
ness evaluations and to examine whether essential out-
come areas have been overlooked in their evaluations.
Currently, the DNT outcome framework mainly pro-
vides an overview of all outcome areas. The weighting of
the importance or significance of the different outcome
areas — especially those that have been less explored so
far — should be subjected to further research. This would
require a more detailed assessment of the individual out-
come areas, including a valuation of the areas in the sub-
sequent research. We also consider it important to
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investigate the heterogeneity of interventions in DNT
and to deepen the understanding of different important
outcomes linked to these DNTs.

Our systematized overview of the tools in the individ-
ual areas can be used as a starting point for further re-
search, in order to share and compare information about
appropriate tools and initiate a discussion on the stand-
ardisation of tools used for similar questions. An appro-
priate exchange would also certainly be helpful for
outcomes measures used that are not listed here in detail
due to the large number.

So far, our findings indicate that intersectoral continu-
ity of care for persons in need of care, quality of life of
formal and informal caregivers, caregiving support for
informal caregivers and working conditions from an or-
ganisational perspective are outcome areas which have
only been scantily researched so far and would benefit
considerably from future research. At the same time, we
recommend the development of outcome areas for the
macro level of effectiveness assessment, which is not in-
cluded in the current version of the DNT outcome
framework. Overall, the DNT outcome framework
already offers a very good overview of the possible out-
come areas and we are confident that future research
will benefit from this structured approach.
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Additional File 1: Effectiveness Outcomes — Person in need of care

related

Outcome Area

Examples for Subcategories or Indicators

Functional Health
Outcomes that describe capacity for and
performance of basic tasks of life*

Mobility

Self-care (ADL/IADL)

Energy maintenance (i.e. sleep patterns)
Activity Level

Required care levels

Level of independence (perceived)

Physiological Health
Outcome that describe organic functioning*

Metabolic Regulation (vital signs)

Electrolyte & Acid/Base Balance

Tissue Integrity (i.e. wound healing)
Neurocognitive functions/condition
Therapeutic response (reactions to treatment)

Psychological Health
Outcomes that describe psychological
functioning*

Psychological well-being (i.e. agitation,
loneliness, stress-level)

Psychosocial adaption (i.e. Coping, acceptance
of health status)

Self-control (challenging behaviour)

Social Condition
Outcomes that describe social functioning and
social inclusion

social interactions (verbal and visual
engagement)

social relation to caregiver

social participation/ social inclusion

Health Behaviour
Outcomes that describe an individual’s actions
to promote or restore health*

Therapy compliance

Dealing independently with requirements and
strains caused by illness or therapy

Patient engagement

Health Knowledge & Attitudes

Outcomes that describe an individual’s
understanding in applying information to
promote maintain and restore health* (or an
individual’s ideas and perceptions that
influence health behaviour*)

Knowledge on health promotion, healthy
lifestyle

Knowledge on medication (pain management)
Disease/health situation related knowledge
Perceived ability to perform

Patient Safety
Outcomes that describe an individual’s safety
status*

Fall prevention behaviour
Falls occurrence

Overarching Concepts (Comprise different aspects of the above-mentioned dimensions)

Well-being/ Quality of Life
Outcomes that describe an individual’s
perceived health status and life circumstances*

General QoL-Indicators
Disease specific QolL-Indicators
Subgroup specific QoL-Indicators

Indicators

ASCOT (Adult Social Care Outcomes Toolkit)
WHO-QolL (WHO-Quality of Life Scale)
QolL-AD (Quality of Life in Alzheimer Disease)

Health related QoL

Outcomes that refer to a valuation of an
individual’s perceived physical, mental and
(optionally) social well-being

General self-perceived health status
Disease or symptom specific self-perceived
health status (i.e. pain level, symptom
severity)




Indicators

- EQ-5D, SF-36
Needs Assessment/ Fulfilled Needs Indicators
Outcomes that relate to systematic processes - IPPA (Individually Prioritized Assessment
for determining and addressing needs score)
(discrepancies between current and wanted - CANE (Camberwell Assessment of Need for
conditions) the Elderly

Individual-related organisational Effectiveness

Intensity of Service Utilization
Outcomes that describe the length or intensity
of usage of a specific health care service

- Length of stay

- Number of (re)admissions to specific
institutions

- Days in need of specific services/medication
(i.e. number of days with antibiotics)

Organisational Patient Safety Indicators
Outcomes that describe safety-related negative
organisational incidents

- Mortality

- Occurrence of medical complications (i.e.
number of cardiac arrest calls, infection rates)

- Occurrence of adverse events (i.e. falls)

Patient Satisfaction

Outcomes that describe an individual’s
perception of the quality and adequacy of
health/nursing care provided*

- Satisfaction with access to care resources

- Satisfaction with performance of services

- Satisfaction with adequacy of provided
services

Intersectoral Continuity of Care

Outcomes relating to patient transfers and the
collaboration between different care providers
or different units of care providers

- Continuity of care inside institutions (i.e.
different units in hospitals)

- Continuity of care between different
institutions

* Definitions based on NOC (5 edition)

5th Edition:

https://www.academia.edu/38156239/Nursing_Outcomes_Classification_NOC_Moorhead_HERRY_.pdf




Additional File 2: Effectiveness Outcomes — Formal Caregivers

Outcome Area

Examples for Subcategories or Indicators

(Job) Satisfaction

Outcomes that relate to the subjective
evaluation of the current life or work
situation/condition by a person him/herself

- General job satisfaction

- Life satisfaction

- Satisfaction with flexibility and
autonomy

- Satisfaction with professional status

Medical Health condition
Outcomes that describe the health situation of
the formal caregiver

- Occurring diseases
- Symptoms (i.e. pain, fatigue)
- Use of healthcare services

Psychological Health
Outcomes that describe psychological
functioning*

- Psychological well-being (self-
confidence, stress, depression
loneliness ...)

- Psychosocial Adaption (i.e. coping)

Professional Knowledge and Competences
Outcomes that indicate the level of existing
professional knowledge, skills and behavioural
patterns necessary for the practice of
professional nursing

- Knowledge on safety regulations
(regarding patients)

- Knowledge on disease related care

- Knowledge on occupational safety

- Professionalism

Physical/ Psychological Workload
Outcomes that describe the physical and/or
mental effort during the performance of a
specific care activity

- Physical Workload (incl. tasks)
o Force required to handle
Patient
o Walking distance
- Psychological Load
o Stress in specific work
situations

Relationship to the Person in Need of Care
Outcomes that indicate the degree of personal
and professional connection to the patient

- Relationship continuity

- Empathic resonance

- Trust

- Interpersonal treatment

- Time with patient (for building a
relationship)

Overarching Concepts (Comprise different aspects of the above-mentioned dimensions)

Well-being/ Quality of Life:
Outcomes that describe an individual’s
perceived health status and life circumstances*

- General QolL-Indicators
- Disease specific QolL-Indicators
- Subgroup specific QoL-Indicators

Indicator
- WHO-Qol (WHO-Quality of Life Scale)

Health related QoL

Outcomes that refer to a valuation of an
individual’s perceived physical, mental and
(optionally) social well-being

- General self perceived health status

- Disease or symptom specific self
perceived health status (i.e. pain level,
symptom severity)

- Indicators

- EQ-5D: EuroQol-5D

- SF-36: 36-Item Short Form Health
Survey

Caregiver Burden




Multifactorial outcomes on work related
burdens that a professional caregiver is exposed
to

Indicators
- Professional Care Team Burden (PCTB),
Caregiver Burden Inventory (CBI)

Individual-related organisational Effectiveness

Outcome Area

Examples for Subcategories or Indicators

Employee Satisfaction

Outcomes that indicate the well-being and
general satisfaction with respect to the working
conditions of all employees in an organizational
unit

- Staff moral
- Absenteeism
- Attrition

Professional Guideline Compliance

Outcomes that indicate the degree to which
formal caregivers act according to professional
guidelines

- Self-monitoring compliance

- Documented compliance

- Compliance awareness

- Access to guideline information

Impact on Workload
Outcomes that describe the functional load that

the performance of a particular work activity of
a professional caregiver implies, when it is

considered at the organizational level

- Workload
o Tasks
o Frequency
o Intensity (daily work hours)
o Time spent on caregiving

* Definitions based on NOC (5% edition)

5th Edition:

https://www.academia.edu/38156239/Nursing_Outcomes_Classification_NOC_Moorhead_HERRY_.pdf




Additional File 3: Effectiveness Outcomes —Informal Caregiver

Outcome Area

Examples for Subcategories or Indicators

(Life) Satisfaction

Outcomes that relate to the subjective
evaluation of the current life or care
situation/condition by a person him/herself.

Satisfaction with life situation
Satisfaction with care situation
Satisfaction with care services

Medical Health Condition
Outcomes that describe the health situation of
the informal caregiver

Use of healthcare services
Symptoms (i.e. pain, fatigue)
Occurring diseases

Psychological Health
Outcomes that describe psychological
functioning*

Psychological well-being (i.e. depression,
loneliness, stress-level)

Psychosocial adaption (i.e. Coping, acceptance
of care situation)

Social Condition
Outcomes that describe social functioning and
social inclusion

Social relation to care-receiver

Social participation/ social inclusion

(Social relation to family/significant others)
Family Health (health status, behaviour or
functioning of the family, relationship to the
patient)

Living Conditions

Outcomes that describe the effects of the care
situation on general life circumstances of a
caregiving person

Daily Activities
Work Life

Family well-being
Financial Situation

Knowledge and Competences

Outcomes that describe a caregiver’s
understanding in applying information to
promote maintain and restore health,* and to
support and care for the care-receiver

Knowledge on health promotion, healthy
lifestyle

Disease/care situation related knowledge
Knowledge on supportive infrastructures?

Compliance

Outcomes that describe the degree to which
informal caregivers comply with professional
advices

Compliance awareness
Access to guideline information
Self-monitored compliance

Physical/ Psychological Workload:

Outcomes that describe the physical and/or
psychological effort during the performance of
a specific care activity

Physical Workload (incl. tasks)
Psychological Workload

Time spent on caregiving
Care performance

Use of caregiving support

Outcomes that describe the amount of
additional informal or professional care support
that is needed in the care situation

Use of professional care services
Use of non-professional care support
resources (i.e. self-help groups)

Overarching Concepts (Comprise different aspects of the above-mentioned dimensions)

Well-being/ Quality of Life
Outcomes that describe an individual’s
perceived health status and life circumstances*

General QoL-Indicators
Subgroup specific QoL-Indicators

Health related QoL

Outcomes that refer to a valuation of an
individual’s perceived physical, mental and
(optionally) social well-being

General self-perceived health status
Disease or symptom specific self-perceived
health status (i.e. pain level, symptom
severity)

Indicators




- EQ-5D: EuroQol-5D
- SF-36: 36-ltem Short Form Health Survey

Caregiver Burden Outcomes that describe the Indicators

strain perceived by caregivers due to a home - ZBI-12: Zarit Burden Interview-short form
care situation (caused by caregiving activities - CSl: Caregiver Strain Index

and responsibilities) - OBM: Objective Burden Informal Caregiver’

* Definitions based on NOC (5t edition)
5t Edition:

https://www.academia.edu/38156239/Nursing_Outcomes_Classification_NOC_Moorhead_HERRY_.pdf



Additional File 4: Effectiveness Outcomes — Organisation

Outcome Area

Examples for Subcategories or Indicators

Care process quality
Outcomes that indicate the general quality of
the nursing process in an organisation

- Risk of poor treatment

- Quality of assessment and
documentation

- Healing/Recovery rates

- Readmission rates

- Medication administration (errors,
accuracy)

Access to care
Outcomes that describe the degree of the

access to and availability of certain services

- Accessibility (physical/remote)
- Availability of services (geographic,
timeliness, barriers)

Communication/Social interaction
Outcomes that describe the communication
between different groups within an
organization and the social interactions and
collaboration

- Relationship quality

- Communication intensity

- Communication errors

- Interprofessional relationship

Recruitment and Staffing

Outcomes that describe aspects related to the
recruitment of employees and the maintenance
of employee quantity and quality

- Recruitment related outcomes
- Staff retention

- Absenteeism

- Personnel development

Working Conditions
Outcomes that describe the general working

conditions within an organisation

- Physical (noise, vibration)
- Organisational (monotonicity, variety)
- Working Hours (nightshifts, scheduling)

Operational Efficiency

Outcome measures that indicate the degree to
which efficient processes are designed by an
organization to help improve productivity and
performance

- Efficient usage of resources

- Organisational workflow

- Operational efficiency (staff per
patient)

- Efficiency of work processes

- Productivity
Financial Performance - Profitability
Outcomes that indicate the financial result that - Financial sustainability
an organization is capable of producing - Debts

Overarching Concepts (Comprise different aspects of the above-mentioned dimensions)

Hospital/Nursing Home Quality
Outcomes that summarise the quality of a care
of an institution in different dimensions

Indicators:
- QAS: Quality Improvement Activities

Survey
- CPS: Clinicians’ Perceptions of Quality
Survey




Additional File 5: Included Technologies

Technology subcategory / Specific technology

Authors/Year

1. Studieson ICT

1.1. Studies on Health Institution Information System (HIS)
HIS (hospital) (Angst et al. 2012), (Appari et al. 2014), (McKenna et al. 2017),
(Restuccia et al. 2012)
HIS (ICU) (Steurbaut et al. 2012)

HIS (nursing home)

HIS (subsystem/ patient engagement)

(Patmon et al. 2016)

1.2. Studies on Electronic Health Re

cords/Electronic Medical Records

EMR in long-term care

(Hitt & Tambe 2016), (Meehan 2017), (Rantz et al. 2011)

EMR in hospitals in general

(Mitchell & Yaylacicegi 2012), (Bradley 2011), (Takian et al. 2012),
(Yusof 2015)

Decision support/Data results management

(Lo et al. 2014)

Medication Administration

(Seibert et al. 2014), (Appari et al. 2012), (Chanyagorn et al. 2016),
(Ching et al. 2014), (Huang & Lee 2011)

Patient handoff/health information exchange

(Clarke et al. 2017), (Oakley & Hunter 2017), (Yeaman et al. 2015),
(Meyer-Delpho & Schubert 2014)

Patient information administration/Nurse reminding
system

(Lear & Walters 2015), (Paranilam 2013)

1.3. Studies on Computerised Decis

ion Support Systems

Risk assessment

(Lapane et al. 2011), (Dykes et al. 2012)

Care Decisions

(Lang 2012), (Salinas et al. 2011)

1.4. Studies on Telecare

Video-Telecare

(van der Heide et al. 2012), (Cady 2012), (Cady & Finkelstein 2014)

Video Telecare incl. remote monitoring

(Bowles et al. 2011)

Remote health-monitoring

(Steventon et al. 2013), (Wakefield & Vaughan-Sarrazin 2017)
(Paré et al. 2013)

Telecare per Instant-Messaging

(Chiang & Wang 2016)

Telecare/ App supported

(Goransson et al. 2017)

Telecare/ Internet- vs. telephone-based support

(Hicken et al. 2017)

1.5. Studies on Communication Sup

port Technologies

1.5.1. Communication Support between

professionals

Cloud based smartphone nurse-call system

(Chuang et al. 2015)

Hands free communication

(Pemmassani et al. 2014)

Discharge huddle with mobile technology

(Tielbur et al. 2015)

Tele-conferencing for remote training of health care
providers

(White et al. 2015)

Wireless call handling and task management system (out
of hours)

(Blakey et al. 2012)

Hospital-home care collaboration by electronic messaging

(Melby et al. 2015)

Smartphone use in clinical communication

(Wu et al. 2011)

1.5.2. Communication support between professionals and patient/relatives

Communication between formal caregiver and patient/ for
suddenly speechless patients

(Rodriguez 2016)

Communication between professionals and relatives
/intraoperative communication

(Wieck et al. 2017)

1.6.

Studies on Specific Software/Apps

1.6.1. Care support for professionals

Provision of informa-tion about residents

(Webster & Hanson 2014)

Point of care documentation

(Yi-Sheng et al. 2014)

Point of care wound documentation

(Florczak et al. 2012)

Wound monitoring and remote support

(Vowden & Vowden 2013)

(Alexander et al. 2014), (Alexander et al. 2015), (Munyisia et al. 2012)




1.6.2. Care support for informal caregivers

Dementia specific digital social chart

| (Mierlo et al. 2015)

1.6.3. Patient support for everyday life

Personal assistant for dementia

| (Nijhof et al. 2013a)

1.6.4. Therapeutic support for patients/persons in need of care

Cognitive stimulation

(Zaccarelli et al. 2013), (Zhuang et al. 2013), (Berenbaum et al. 2011),
(Nordheim et al. 2015)

Digital life story books

(Subramaniam & Woods 2016)

Serious Games (Wii)

(Portela et al. 2011)

Serious Games (Xbox Kinect)

(Chen et al. 2012)

1.7.

Studies on Process Planning/Work Process Management

Software for planning and optimizing nursing processes

(Pare et al. 2011)

Intelligent performance assessment system

(Valerie et al. 2016)

1.8.

Studies on Target Group Specific Interfaces

Electronic Medical Record Interface for ICU-use

(Olchanski et al. 2017)

Interface for people with memory impairment/dementia

(Lazar et al. 2016)

Dashboard design within an electronic health record

(Schall et al. 2017)

2. Studies on Robotic Technologies

Physical assistance (robotic lifting device)

(Ranasinghe et al. 2014)

Physical assistance (robotic wheelchair)

(Wang et al. 2011)

Physical assistance/ Transport (pharmacy delivery robot)

(Summerfield et al. 2011)

Social/service robot (Cafero)

(Broadbent et al. 2015)

Social/telepresence robot

(Bettinelli et al. 2015)

Socially interactive robot (Guide robot, Cafero)

(Broadbent et al. 2016)

Social/therapeutic robot (JustoCat)

(Gustafsson et al. 2015)

Social/therapeutic robot (Paro, Pleo)

(Baisch et al. 2018)

Social/therapeutic robot (Paro)

(Moyle et al. 2017), (Petersen et al. 2017), (Robinson et al. 2013),
(Jgranson et al. 2015), (Jgranson et al. 2016), (Bemelmans et al. 2015),
(Liang et al. 2017), (Moyle et al. 2013), (Bennett et al. 2015)

(Birks et al. 2016), (Sabanovié et al. 2013), (Wagemaker et al. 2017),
(lacono & Marti 2016), (Wada et al. 2014)

Social/therapeutic robot (Paro) / humanoid socially
assistive robot (NAO)

(Valenti et al. 2015), (Shukla et al. 2017)

3. Studies on Sensors / Monitoring

Behaviour Analysis / Emergency detection

(van der Lende et al. 2016), (Hardin et al. 2013), (Sahota et al. 2014),

Behaviour Analysis / fall prevention

(Shee et al. 2014), (Tchalla et al. 2013)

Behaviour Analysis / pressure ulcer prevention

(Pickham et al. 2018)

Behaviour Analysis of Carers/Hand hygiene

(Marra et al. 2014)

External risk detection /noise sensor

(Jousselme et al. 2011)

General Behaviour Analysis/ Decision support

(Lexis 2013), (Rantz et al. 2017), (Lazarou et al. 2016)

Tracking /GPS-Device

(Pot et al. 2012)

Tracking/RFID-Identification

(Osaimi et al. 2017)

Vital sign monitoring (patient)

(Brown et al. 2014), (Zhou et al. 2012), (Kuroda et al. 2013), (Pigini et
al. 2017)

4. Studies on Assistive Devices

Care support (multi-modal distraction)

(Miller et al. 2011)

Care support with treatment focus
(smart pumps)

(Orto et al. 2015)

(Vadiei et al. 2017)

Care support for Activities of Daily Living (Drink
monitoring)

(Zimmermann et al. 2017)

Reminder System (medication dispenser)

(Marek et al. 2013), (Akiyama & Sasaki 2013), (Suzuki et al. 2011)

5. Studies on Ambient Assisted Living Solutions

AAL at home

(Hattink et al. 2016), (Nijhof et al. 2013b)

AAL at home incl. formal care

(Trukeschitz B. 2018)




6. Studies on Virtual Reality

Virtual Reality for distraction/pain reduction

(Kipping et al. 2012), (Mazzacano et al. 2016), (Patterson et al. 2012)
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Background: The evaluation of digital nursing technologies (DNT) plays a major role in gaining knowledge about
certain aspects of a technology such as acceptance, effectiveness, or efficiency. Evaluation frameworks can help to
classify the success or failure of a DNT or to further develop the technology. In general, there are many different
evaluation framewaorks in the literature that provide overviews of a wide variety of aspects, which makes this a
highly diverse field and raises the question how to select a suitable framework. The aim of this article is to provide
orientation in the field of comprehensive evaluation frameworks that can be applied to the field of DNT and to
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Methods: This overview was conducted using a three-component search process to identify relevant frameworks.
These components were (1) a systematized literature search in PubMed; (2) a narrative review and (3) expert
consultations. Data relating to the frameworks’ evaluation areas, purpose, perspectives, and success definitions were
extracted. Quality criteria were developed in an expert workshop and a strength and weakness assessment was
carried out.

Results: Eighteen relevant comprehensive evaluation frameworks for DNT were identified. Nine overarching
evaluation areas, seven categories of purposes, five evaluation perspectives and three categories of success
definitions could be identified. Eleven quality criteria for the strengths and weaknesses of DNT-related evaluation
frameworks were developed and the included frameworks were assessed against them.

Conclusion: Evaluators can use the concise information and quality criteria of this article as a starting point to
select and apply appropriate DNT evaluation frameworks for their research projects or to assess the quality of an
evaluation framework for DNT, as well as a basis for exploring the questions raised in this article. Future research
could address gaps and weaknesses in existing evaluation frameworks, which could improve the quality of future
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Background

A large number of digital nursing technologies (DNTs)
are currently being developed and tested in nursing
practice [1, 2]. These technologies offer promising op-
portunities to address existing societal challenges such
as the shortage of skilled workers or the increasing de-
mand for long-term care [3].

This article refers to digital nursing technology (DNT)
as defined by Krick et al. 2019 [2] and Krick et al. 2020
[4]. DNT are technologies that fulfil one or all of the fol-
lowing criteria: i) “support the immediate action of a
caregiver”; or ii) “contribute to the self-reliance of the
person in need of care in such a way that direct on-site
care assistance can be avoided”; or iii) “substitute the
nursing support by using technology”, or iv) “support
the training or education of nurses” [4]. The focal points
of this article are the aspects i-iii. DNT’s can, for ex-
ample, be information and communication technologies,
robots, sensors, monitoring technologies, assistive de-
vices, ambient assisted living technologies, virtual reality
or tracking technologies [1, 2].

Professional nurses point to the need for improved
technological support in direct care to reduce physical
strain and psychological stress [5], which e.g. could have
a long-term impact on retention in the profession. On
the other hand, use and acceptance in actual clinical
support appears to be rather low [6, 7].

The reasons for the lack of acceptance and usage can be
very diverse, since DNT are complex interventions [8].
Specific reasons for non-adoption can be that technologies
are not user-friendly (low usability) [5] or have no obvious
perceptible benefit for actual work practice (job relevance,
perceived usefulness) [5]. Privacy issues or cost concerns
may also bea major concern for persons in need of care
[9]. Scientific evaluations that provide information on
technologies from different perspectives and viewpoints
could help us to understand the bigger picture of DNT
success and provide important insights on specific impact
factors. Evaluation results can, for example, help decision-
makers to facilitate the process of system implementation
[10]. Evaluation conducted during the development
process also has the potential to prevent system failures
and misdevelopments [10].

Comprehensive evaluation frameworks that clearly
present important aspects of evaluation play a significant
role in supporting researchers, decisionmakers and de-
velopers in this process. Evaluation frameworks can be
used to provide a structure for the evaluation of DNT as
they provide information and definitions of technology
success, evaluation areas, methods, and tools. In this
way, they “facilitate a systematic approach” [11] in DNT
evaluation. The information provided by evaluation
frameworks can enable different stakeholders to gain a
common understanding of the evaluation process and
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help identify and decide on appropriate objectives and
methods. This can help mediate the fit between research
and practice-oriented approaches to evaluation [11].

This article focusses on comprehensive evaluation
frameworks that include information on multiple evalu-
ation areas. There is a wide variety of frameworks in the
literature and most of them are highly heterogeneous in
content, approaches, and methodologies. Identifying and
deciding on the appropriate evaluation framework can
be very challenging, as there is no suitable overview of
evaluation frameworks in the field of DNT available in
the literature. It is also difficult to see how these frame-
works differ in terms of purpose, and areas of evaluation,
and their definition of success. Orientation must be pro-
vided on these possibilities, and this overview was con-
ducted to this end.

Objective and research question

The objectives of this article are to provide orientation
on existing comprehensive evaluation frameworks that
can be applied in the field of DNT and to conduct a de-
tailed analysis and assessment of these frameworks. The
aim is to contribute to the discussion and understanding
of what constitutes a good (DNT) evaluation framework
and to offer field researchers guidance in the selection
and application of evaluation frameworks.

This article is thus guided by the following research
questions: (i) Which comprehensive evaluation frame-
works that can be applied to DNT evaluation are available
in the literature? (ii) What purposes, perspectives, and def-
initions of success are described in these frameworks? (iii)
What are the strengths and weaknesses of the included
frameworks? (iv) Which areas of evaluation are repre-
sented in the frameworks and where are the most overlaps
and differences between these frameworks?

Methods

Search process

This overview [12] was conducted using three different
search components (roman numerals). The goal was to
identify frameworks of relevance to the nursing context
according to the inclusion and exclusion criteria de-
scribed further below. The search components com-
prised: (i) a systematized literature search conducted in
PubMed; (ii) a narrative review was carried out by
searching google scholar, screening already identified lit-
erature [4] and reference lists of the systematically iden-
tified articles; (iii) information on relevant frameworks
collected from four experts in the field of evaluation
from the German “Cluster Zukunft der Pflege” (Future
of Care Cluster) [13]. In this joint project, regular evalu-
ations of digital nursing technologies have been and are
carried out over the period 2017-2022. The search
terms of the systematized literature search can be found
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in Table 1. The complete search strategy, including all
three components, is shown in Fig. 1.

Eligibility criteria for systematic search

Scientific papers included in the search had to have been
published between 2005 and 2020 in English. A sum-
mary and full text had to be available. All information
was gathered in March 2020, which limits the inclusion
period from January 2005 to March 2020.

The studies in question had to (i) either apply an
evaluation framework to a (nursing) technology or de-
scribe the development of an evaluation framework. The
selected frameworks had to (ii) be at least based on ei-
ther a literature study, an empirical evaluation, or an ex-
pert survey. They had to (iii) be directly related to
technologies in (nursing) care, or comparable fields like
the evaluation of digital health applications in general,
but they had to be potentially suitable for the evaluation
of DNT. (iv) The technology specific focus must lie on
Information and Communication Technologies (ICT),
telemedicine, telecare, sensor technology or robotics (or
their sub-sectors), as these are the most common tech-
nology areas in nursing care (definitions by Krick et al.
2019) [2]. (v) The frameworks could refer to the evalu-
ation of different stages of the life cycle of a technology
[14] e.g. before, during or after implementation.

Exclusion criteria were: articles (i) focussing on frame-
works for the evaluation of specific medical technology
fields (e.g. radiology, surgery) with no relation to nurs-
ing; (ii) from developing countries or underdeveloped
health systems; (iii) that described study protocols; (iv)
with overviews that only present categorical systems
without creating a framework; (v) focussing on frame-
works related to technologies for education or training;
(vi) focussing on fitness applications, wellness applica-
tions or applications for general disease prevention; (vii)
in a psychiatric context; (viii) that are not comprehen-
sive, i.e. only focus on individual areas such as economy
or acceptance or satisfaction or usability; (ix) which refer
exclusively to the implementation and not the evaluation
of the implementation.

Table 1 Search terms of the systematic search in PubMed

Term Term Term Hits
Framework AND Evaluation AND Technol* 1381
Framework Evaluation ICT 24
Framework Evaluation Robot 48
Framework Evaluation Sensor 135
Framework Evaluation Telecare 10
Framework Evaluation Telemed 97
Framework Evaluation Digital 260
1955
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Identifying relevant frameworks

All systematic search results were imported into End-
Note X8 and reimported into the Excel screening work-
book by VonVille [15]. A multi-step screening process
was performed. The first step included screening 100 ti-
tles and 100 abstracts. The eligibility criteria were then
refined. All titles were screened in the second step and
the remaining abstracts in the third step. The eligibility
criteria were then refined again before screening the full
texts. If an identified article only applied a framework,
for which the development is described in another art-
icle, this was an intermediate step for the identification
of the framework. The original article describing the
framework was than identified and included in the fur-
ther steps of the analysis.

The narrative search was performed with the know-
ledge and eligibility criteria of the first screening process,
which enabled a much more precise identification
process. Google scholar was searched with the terms
“framework” AND “evaluation” AND “nursing”. Articles
were screened and reference lists were also examined,
snowballing through the reference lists of these articles.
Reference lists of the systematically identified studies
and literature from a previous search [4] were also in-
cluded. This method of snowballing is important for
such complex search fields. It helped to obtain all rele-
vant information on frameworks as a supplement to
those not found in the systematic approach [16].

The expert consultation additionally focussed on the
identification of relevant frameworks. The experts were
invited to name frameworks known to them and list all
frameworks used in their projects to evaluate digital
nursing technologies. The whole search and identifica-
tion process can be found in Fig. 1.

Data extraction

Purpose, perspective, and success definitions

The first step for data extraction was to screen all full
texts of the frameworks for the technology group to
which they refer, the stated purpose and the evalu-
ation perspective [17], as well as the success defin-
ition/description (ii). This article defines the purpose
of a framework as the description of what the frame-
work is intended to achieve. The perspective describes
the viewpoint from which the framework was devel-
oped and thus the viewpoint from which the evalu-
ation results could be interpreted. The analysis of
“success” focused on the definitions or descriptions of
what the articles mean by “success” or “successful
technology”. A qualitative synthesis was conducted to
identify and categorize the included purposes, per-
spectives and success definitions by using textual nar-
rative synthesis [18].
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Strengths and weaknesses

A strengths and weaknesses analysis of the frameworks
under consideration was also carried out to answer re-
search question (iii). The criteria for evaluating the
frameworks were developed in an expert workshop with
experienced researcher in the field of evaluation. The
criteria are listed in Table 2. This approach was chosen
because there are no universal quality criteria for the
strengths and weaknesses of DNT related evaluation
frameworks in the literature.

Areas of evaluation

To answer research question (iv) all frameworks were
screened for similarities in their categorization systems.
Most frameworks used different sorting systems and
systematization logics. An iteratively developed data ex-
traction form was drawn up in Excel and piloted with
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three frameworks. It was decided to assign all evaluation
topics of the frameworks to the generic categories “Top
Category” “Subcategories” and “Specification” (Add-
itional file 1). This step was necessary, because there is
no universal systematization to categorize the content of
evaluation frameworks, but there is a kind of hierarchy
that can be found in these frameworks.

Charting the data
All extracted information on the technology group to
which the frameworks refer, the stated purpose and the
evaluation perspective, as well as the definition/descrip-
tion of success (research question ii), were charted in
excel and listed with the respective framework.

To answer research question (iv) all identified top cat-
egories were analyzed to build overarching top categories
that were used for the systematization of these

=
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= v !
Records after removal of duplicates (n=1.755)
) Y
%" I Titles screened (n=1.755) H Titles excluded (n=1642)
g
5 l Abstracts excluded (n = 44)
7} - framework unsuitable for nursing context (17)
| Abstracts screened (n=113) - off topic (13)
- medical/psychiatric (8)
l - no framework included (6)
Full-texts excluded (n=43)
| Full-text articles assessed for eligibility (n=69) ‘ - framework unsuitable for nursing context (37)
- no framework included (5)
- - medical/psychiatric (1)
2
20 Full texts eligibly for framework identification
= (n=26)
Frameworks identified from systematic search Frameworks identified from narrative search and expert
(n=22) consultations (n= 13)
1 |
v Frameworks after removing duplicates (n=26)
’ !
= . .
-2 Frameworks included in data extraction (n=26) - Frameworks eXCIUdEd_ while data ex‘tractlon
2 - framework unsuitable for nursing context
-] ®)
¥
13}
&
<
=]
N Y
=
7]
e v
'g Relevant frameworks included in results (n=18)
—
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Table 2 Guiding categories for assessing the strengths and
weaknesses of the frameworks

Guiding Content

Category

Focus of the
framework

Description of the specific focus of the framework.

This can include a

- description of the purpose (and the addressed
question)

- the application setting

- the technology (area)

[llustration - Clarity/ complexity of illustration
- Visualization of connections and relationships

within the framework

Terminology - Transparent definitions of terms and key concepts

Instructions for - Concrete application strategy and instructions for
use use
- Instruction on how the results can be interpreted

Scientific quality - Transparency of development process
- Reflection of the limitations of the framework
- Transferability of the framework (Settings,

technologies, questions)

frameworks. The analysis of all top categories of the 18
frameworks resulted in 9 generic top categories, which
were then defined and formed the basis for further ana-
lysis. The definitions of these categories were generated
inductively and iterative while analyzing all included
evaluation aspects of the frameworks (analysis in Add-
itional file 2; definitions in Table 3). Despite this process a
non-overlapping categorization of these categories was
not possible due to the complexity of the frameworks con-
tent and the interconnectedness of different categories.

In the next step, the extracted content of the subcat-
egories from the frameworks (Additional file 2) was ana-
lyzed to identify similarities and differences related to
the newly built top categories (Table 3). During the

Table 3 Definitions of the DNT evaluation areas
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extraction of the category “specifications”, these were
found to be vastly diverse and, hence, not suitable for
any standardization. Therefore, only the content of the
subcategories was included in the mapping process.
Where there were no subcategories, the top categories
were included into this step. This was the case for the:
Design and Evaluation of DHI Framework [14], Evalu-
ation Framework for Fit-For-Purpose Connected Sensor
Technologies [19], Digi-HTA [20], CISSM [21] (in parts
because there were only specifications in the form of
specific questions for the top categories).

If the subcategories corresponded to a completely dif-
ferent sorting logic as the other frameworks and there-
fore did not contain any evaluable information, the
“specifications” were evaluated if they contained valid in-
formation. This was done for the: Khoja—Durrani—Scott
Evaluation Framework [22], the layered telemedicine im-
plementation model [23]; and the Comprehensive evalu-
ation framework for telemedicine implementation [24].

All charting results can be found in (Additional file 2).
The assignment may differ from their logic in the repre-
sentation to the original assignment because the frame-
works used different sorting systems and logics, which
were unified in this representation. Models and frame-
works often develop their own categorization logic.
There is no uniformly recognized logic.

Results

Search results

The systematic search in PubMed generated 1957 hits.
After removing the duplicates, 1.755 remained for
screening the titles. The abstracts of 113 articles were
chosen for screening, yielding 69 full-texts eligible for
full-text screening. The systematic search generated a

Focus Product/Technology

This area includes what the
technology focuses on in
terms of its objectives and
purpose and the problems
and needs it aims to solve for
a specific target group in a
specific setting.

This area includes all aspects
of the technology itself. This
ranges from visual appearance
to functionality and certain
specific technological aspects
such as interoperability.
(However, there is also an
interface to the category
“individual”, because certain
individually perceived aspects
are covered here, such as
usability and access).

Objective Value/Effect

This category includes the
relevant information on
evidence, aspired values as
well as intended and
unintended effects of the
technology.

Individual Organization

This area includes
aspects that are
relevant in the
relationship between
the technology and
an organization.

This area includes reactions
and perceived impressions,
as well as the behaviour and
the relationship of
individuals towards the
technology.

Societal

This area includes relevant
aspects of the technology in a
societal context (e.g. political,
juridical, regulatory, or socio-
cultural aspects - Overlaps
with the area of ethics are
possible).

Ethics

This area includes relevant
ethical standards and ethical
implications to be considered
in relation to the technology.

Economics

This area includes relevant
economic aspects for the
technology (e.g. business
model, price, economic
evaluation).

Strategic

This area includes strategic
aspects that may be relevant
for the introduction and
dissemination of the
technology.
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total of 22 articles to be analyzed for relevant frame-
works. The narrative search and the expert consulta-
tions vyielded 13 articles with frameworks. There
remained 26 frameworks for the final analysis process,
after sorting out the duplicates generated by the dif-
ferent search processes. Eight further frameworks
were discarded during the data extraction process be-
cause detailed analysis revealed that they did not
meet the eligibility criteria. This left 18 frameworks
filtered out for the final analysis (Fig. 1).

Analysis results

Eighteen comprehensive evaluation frameworks that can
be applied to DNT are presented in the results section.
According to the technology categories there are n=7
frameworks related to information and communication
technologies (with different sub-sectors), n=3 frame-
works for telemedicine/telecare, and n =1 framework for
sensor technologies. The remaining frameworks were
generalistic frameworks from the areas of digital health
(n=3), health (and care) technologies (n=2), e-health
(n=1) and clinical informatics (n =1). The classification
was based on the technologies derived from the articles
with reference to the definitions of technology categories
from Krick et al. 2019 [2] (Table 3). The final selection
of frameworks can be found in Table 4.

Purpose and perspectives of the frameworks
The purposes and the perspectives of the selected frame-
works were analyzed to answer research question (ii).

Table 4 Included Frameworks and technology categories
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Although these frameworks have the common purpose
of assessing digital technologies using specific assess-
ment categories, the purposes described beyond this dif-
fer. The detailed assessment can be found in Table 5.
The qualitative synthesis identified 7 overarching cat-
egories of purposes:

1. Help and guide researchers (design and evaluation
process) [14, 22, 25-27, 32—35]

2. Identify success and failure factors (and help to
manage them) [14, 19, 21, 23, 27, 34]

3. Assess the performance/success of a technology
(outcomes, impact, errors, deficiencies) [28—31]

4. Make the results comparable [19]

5. Contribute to the quality and development of the
technology [31, 34, 35]

6. Support the implementation of a technology [33—
35]

7. Help in decision-making [20, 24, 31]

A further classification of the purposes could be
made by dividing them into two main categories. (A)
knowledge-oriented purposes (1-4) that mainly indi-
cate that the frameworks and their use serve to gen-
erate a certain form of knowledge. (B) practice-related
purposes (5-7). Theses purposes could be summa-
rized as application-oriented knowledge as they indi-
cate that the knowledge will be used for a specific
action such as development, implementation or deci-
sion making.

Information and Communication
technologies

Infoway benefits evaluation Framework [25]

Health Information Technology Evaluation Framework (HITREF) [26]

Hospital Information System Success Framework [27]

Development of an Evaluation Framework for Health Information Systems (DIPSA Framework) [28]

Human, Organization, Process and Technology-fit (HOPT-FIT) [29]

Clinical Information Systems Success Model (CISSM) [21]

Adapted nursing care performance framework [30]

Telemedicine/Telecare

Model for Assessment of Telemedicine (MAST Manual) [31]

Comprehensive evaluation framework for telemedicine implementation [24]

The layered telemedicine implementation model [23]

Sensor Technologies

Digital Health

Evaluation Framework for Fit-For-Purpose Connected Sensor Technologies [19]

Design and Evaluation of DHI Framework [14]

Health technology assessment framework for digital healthcare services (Digi HTA) [20]

Digital Health Score Card [32]

Health (and care) technologies

Health Technology Adoption Framework [33]

Nonadoption, Abandonment, Scale-up, Spread, and Sustainability Framework (NASSS Framework) [34]

E-health programs

Clinical informatic interventions
informatics)) [35]

Khoja—-Durrani-Scott Framework for e-Health Evaluation [22]

RE-AIM (Reach, Effectiveness, Adoption, Implementation, and Maintenance) (expanded to clinical
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For a deeper understanding of the purpose of a frame-
work, it is necessary to also analyze the perspective that
the framework takes as it might have an influence on
how the framework is intended to achieve that purpose.

Of the 18 frameworks, n =9 had a universal perspec-
tive, which means that they can be applied to different
perspectives or remain neutral thus leaving the decision
to the evaluator. The remaining nine frameworks indi-
cate or define for themselves, that they were developed
from a specific viewpoint, and that the results could be
interpreted from this viewpoint. Of these nine, n = 4 take
the perspective of a healthcare organization, n=2 de-
scribe the healthcare system as a perspective, n =2 have
the nurse’s perspective as a viewpoint and 7 =1 is devel-
oped from an investment program perspective.

Success definitions/descriptions
The frameworks were also scrutinized for definitions or
descriptions of what is meant by “success” or “successful
technology” in order to gain a better understanding of
the differences that might exist (Table 5). Most of the
frameworks do not have an explicit definition of success
[19, 20, 22, 26, 28—-33]. In such cases, the evaluation cri-
teria described in the frameworks and the resulting in-
terpretation of the evaluation results could be used to
make a statement about whether or not the technology
in question was successful.

The qualitative synthesis of the success definitions/ de-
scriptions of success identified three categories:

1. Success is when the technology achieves its
intended purpose [27]

2. Success means achieving implementation,
dissemination and/or sustainability of a technology
(14, 23, 24, 34]

3. A successful technology must generate a net benefit
(21]

Strengths and weaknesses of the frameworks

The strengths and weaknesses of the frameworks under
consideration were assessed in order to contribute to a
better understanding of what constitutes a good (DNT)
evaluation framework and answer research question (iii).
Previously developed quality criteria for DNT Frame-
works were used for the assessment (as described in the
methods section). A detailed analysis of the assessment
can be found in Table 6. (+) stands for strength and (-)
denotes a weakness in a certain assessment area.

The assessment revealed differences and similarities
between the frameworks under study. All frameworks
included a description of their intended purpose and the
question(s) addressed. Of the 18 frameworks, 14 do not
explicitly describe an application setting, since these
frameworks were developed with generic setting
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approaches. They therefore received a (+) in the evalu-
ation for the universality of the setting and at the same
time a (-) because they are not specifically related to a
setting. However, most frameworks describe specific
technology areas on which they focus. Only six have uni-
versal designs, for potentially different technologies, so
that they have been assessed with a (+) for universality
and a (-) for being non specific. Due to their elabor-
ation, n = 12 of the frameworks are easily transferable to
other contexts. N =11 frameworks have a very clear vis-
ual presentation and n =9 include a visual representa-
tion of connections and relationships of individual
aspects within the framework. On the other hand, this
means that n="7 frameworks were not without visual
weaknesses and n=9 frameworks did not show visual
connections between the aspects with which they were
concerned. Almost all frameworks (#=15) included
transparent definitions of terms and key concepts and
are transparent in terms of the development process
(n =14). However, many of the frameworks have weak-
nesses in applicability, clear guidance, and assistance for
the interpretation of the results. Only n =9 frameworks
are strong in the description of an application strategy
and instructions for use and only # = 6 include soundad-
vice on how to interpret the results. Furthermore, many
articles on the frameworks do adequately discuss weak-
nesses and limitations - if at all(z = 11). The frameworks
with the highest scores across all assessment categories
were:

(1.) Health Technology Adoption Framework [33]
strengths n =9, weaknesses n =1 (no visualization
of connections and relationships within the
framework) and strength/weaknesses n = 1
(transferability limited to surgical context).

(2.) CISSM [21] strengths n =9, weaknesses n=1 (no
description of the limitations) and strength/
weaknesses n =1 (transferability limited to hospital
context).

(3.) NASSS Framework [34] strengths # = 8, and
strengths/weaknesses 7 = 3 (no clear focus on an
application setting, no clear focus on a technology
(area), and no applicable strategy using the
framework.)

The detailed analysis of the assessment can be found
in Table 6. More detailed descriptions of the strengths
and weaknesses can be found in Additional file 3.

Areas of evaluation in relation to the assigned
perspectives

A detailed analysis of the areas of evaluation included in
the frameworks was carried out to answer research
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Table 5 Analysis and assessment of the frameworks
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Analysis
Technology Framework Authors/ Perspective Stated Purpose Success Definition/
Field Year Description
Information and Infoway benefits Francis Lau  Investment programs 1. Provide a high-level evi- Success measured by
Communication evaluation Framework et al. 2007  for digital technologies dence based model to guide  analysing the results of the
technologies [25] (to guide evaluations) subsequent field evaluation evaluation (Factors based on
(Health the van der Meijden et al.
Information model [36])
Systems (HIS))
Information and Health Information Sockolow Universal perspective 1. Conceptual tool for framing  No success definition
Communication Technology Evaluation et al. 2012 (mainly influenced by evaluations studies in (measuring the success by
technologies Framework (HITREF) [26] health services research  assessing EHR-based imple- analysing the results of the
(Health and informatics) mentations in organizational,  evaluation)
Information systematic, and environmental
Technologies contexts
(EHRY)) 2. Displaying evaluation criteria
Information and Hospital Information  Sadoughi Universal perspective 1.Identification of Hospital Success as a dynamic concept.
Communication System HIS Success etal. 2013 Information System success Success is when the
technologies Framework [27] and failure factors and the technology achieves its
(Hospital evaluation methods of these intended purpose. (+ time,
Information factors budget, and user satisfaction)
Systems)
Information and Development of an Stylianides  Healthcare 1.Evaluation framework for No success definition
Communication Evaluation Framework et al. 2018  Organization hospitals utilizing IHIS to help  (measuring the success by
technologies for Health Information (28] identify any existing analysing the results of the
(Integrated Systems (DIPSA deficiencies in the system evaluation)
Health Framework)
Information
Systems (IHIS))
Information and Human, Organization, Yusof 2019  Healthcare 1. Evaluate HIS performance No success definition
Communication Process and [29] Organization (focus on  and efficiency (measuring success with the
technologies Technology-fit (HOPT- technology induced 2. Systematically guide error included dimensions of HIS
(Health FIT) errors) evaluation success)
Information 3. Describing the Human-
Systems) Organization-Process-Technol-
ogy fit
Information and Clinical Information Garcia- Nurse’s perspective 1. Framework for evaluating Success = net benefit (‘degree
Communication Systems Success Smith & CIS success from the nurse’s to which a nurse believes that
technologies Model (CISSM) Effken 2013 perspective using a particular system
(Clinical [21] enhances job performance”)
Information
Systems (CIS))
Information and Adapted nursing care  Rouleau Nurse’s perspective 1. lllustrate how ICTs No success definition
Communication performance et al. 2017 interventions influence nursing (measuring the success by
technologies framework (30] care and impact health analysing the results of the
(Information and outcomes evaluation)
Communication
technologies for
nurses)
Telemedicine/ Model for Assessment  Kidhom Universal perspective 1. Describe effectiveness No success definition
Telecare of Telemedicine etal. 2010 (user-based decision 2. Contribution to quality of (measuring the success by
(MAST Manual) [31] making, research) care of telemedicine analysing the results of the
applications evaluation)
3. Produce a basis for decision
making
Telemedicine/ Comprehensive Chang 2015 Universal perspective 1. Summarising important Long-term implementation
Telecare evaluation framework  [24] (decision making for themes for the evaluation of
for telemedicine individuals, organizations, telemedicine systems
implementation and communities) 2. Support related
stakeholders’ decision-making
by promoting general under-
standing, and resolving argu-
ments and controversies
Telemedicine/ The layered Broens et al. Universal perspective 1. Detailed classification of the  Successful implementation
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Table 5 Analysis and assessment of the frameworks (Continued)
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Analysis
Technology Framework Authors/ Perspective Stated Purpose Success Definition/
Field Year Description
Telecare telemedicine 2007 [23] (the focus on individual determinants of the success of (“putting an idea or a concept
implementation determinants/ future telemedicine into actual practice”)
model perspectives changes implementations
throughout the
development life cycle)
Sensor Evaluation Framework  Coravos Healthcare System 1. Working evaluation No success definition (success
Technologies for Fit-For-Purpose etal. 2020  Perspective (users and framework that reflects could be measured by
(Connected Connected Sensor [19] other stakeholders) different types of risks analysing the results of the
Sensor Technologies 2. Framework is conducted to  evaluation and comparing
Technologies: better manage these risks them with the standards for
including 3. Make information on sensor connected sensors)
wearables. technologies more
biosensors) comparable and
understandable
Digital Health Design and Kowatsch Universal perspective 1. Framework for the design A successful DHI needs to
(Digital Health Evaluationof DHI etal. 2019 (researchers and and evaluation of DHI consider “the selection of
Interventions Framework N4 practitioners) 2. Showing evaluation criteria  suitable evaluation criteria and
(DHI) and implementation barriers the overcoming of
to be considered during the implementation barriers”
life cycle phases of DHI
3. Support researchers and
practitioners from conception
to large-scale implementations
Digital Health Health technology Jari et al. Healthcare System 1. Inform decisionmakers in No success definition (success
(Digital assessment framework 2019 [20] Perspective (decision order to better support the could be measured by
Healthcare for digital healthcare making) introduction of new health analysing the results of the
Services: services (Digi HTA) technologies evaluation)
mHealth, Al, and
robotics)
Digital Health Digital Health Score Mathews Universal perspective 1. Multi-stakeholder approach ~ Measuring the success by
(Digital Health Card etal. 2019 (multi-stakeholder to objectively evaluate digital  analysing the results of the
Technologies) [32] approach) health solutions evaluation (Success as the
successful delivery of validated
digital health solutions)
Health (and Health Technology Poulin et al. Healthcare 1. Framework with clear, user-  No success definition (success
care) Adoption Framework 2013 [33] Organization validated criteria for evaluating could be measured by
technologies new health technologies for analysing the results of the
adoption at the local level evaluation)
Health (and Nonadoption, Greenhalgh  Universal perspective 1. Framework to help predict ~ Adoption, scale-up, spread,
care) Abandonment, Scale- et al. 2017 and evaluate the success of a  and sustainability of a
technologies up, Spread, and Sus- technology-supported health  technology
tainability Framework or social care program
(NASSS Framework) 2. Help to design, develop,
[34] implement, scale up, spread,
and sustain technology-
supported health or social care
programs by identifying key
challenges in different do-
mains and the interactions be-
tween them
E-health Khoja-Durrani-Scott ~ Khoja et al.  Universal perspective 1. Comprehensive Framework  No success definition
programs Framework for e- 2013 [22] (included tools usable for  to show relevant themes for e- (measuring the success by
Health Evaluation managers, healthcare health evaluation analysing the results of the
providers, and clients) evaluation)
Clinical RE-AIM (Reach, Bakken & Healthcare 1. Used to design, No success definition
informatic Effectiveness, Ruland Organization implementation, evaluation, (measuring the success by
interventions Adoption, 2009 [35] (implementation in and reporting of clinical analysing the results of the

Implementation, and
Maintenance)
(expanded to clinical
informatics)

organizational practice)

informatics with a goal of
translation of research into
practice

evaluation)
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Table 7 Frameworks with evaluation areas and perspectives
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Health Information Technology

Evaluation Framework (HITREF) [26]

Universal perspective
(mainly influenced by health services research and informatics)

Evaluation Areas

Product/

Individual  Organization Societal Economic  Strategic

technology

Hospital Information System Success

Framework [27]

Universal perspective

Model for Assessment of Telemedicine

(MAST Manual) [31]

Universal perspective
(user-based decision making, research)

Comprehensive evaluation framework

for telemedicine implementation [13]

Universal perspective
(decision making for individuals, organizations, and
communities)

The layered telemedicine

implementation model [24]

Universal perspective
( the focus on individual determinants changes throughout the
development life cycle)

Design and Evaluation

of DHI Framework [16]

Universal perspective
(researchers and practitioners)

Digital Health Score Card [32]

Universal perspective

(multi-stakeholder approach)

Khoja-Durrani-Scott Framework for e-

Health Evaluation [23]

Universal perspective
(included tools usable for managers, healthcare providers, and

clients)

Nonadoption, Abandonment, Scale-up,
Spread, and Sustainability Framework

(NASSS Framework) [34]

Universal perspective

Development of an Evaluation
Framework for Health Information

Systems (DIPSA Framework) [28]

Healthcare Organization

Human, Organization, Process and

Technology-fit (HOPT-FIT) [29]

Healthcare Organization

(focus on technology induced errors)

RE-AIM (Reach, Effectiveness, Adoption,
Implementation, and Maintenance)

(expanded to clinical informatics) [35]

Healthcare Organization (implementation in organizational

practice)

Health Technology Adoption Framework

[33]

Healthcare Organization

Clinical Information Systems Success
Model (CISSM [22]

Nurse’s perspective

Adapted nursing care performance

framework [30]

Nurse’s perspective

Evaluation Framework for Fit-For-
Purpose Connected Sensor Technologies

[21]

Healthcare System Perspective

(users and other stakeholders)

Health technology
framework for digital healthcare services

(Digi HTA)[12]

System
(decision making)

Infoway benefits evaluation Framework

[25]

Investment programs for digital technologies (to guide
evaluations)

question (iv). The analysis resulted in definitions for nine
evaluation areas that are described in Table 3.

Table 7 shows a comparison of the frameworks
regarding the evaluation areas they cover. The re-
sults of the analysis of these areas indicate where
the frameworks have their main areas of focus. The
colour coding in the table signals that a framework
covers a certain area. The allocation was based on
the definitions and the sorting logic described in
the Methods section above. The specific perspective
described for the frameworks was also included in
the table to crosscheck whether it is possible to
make generalized statements about the existence of

certain evaluation areas in relation to the perspec-
tive taken.

Most frameworks (1 = 17) contained evaluation aspects
of the area of objective value/effect. Also, the evaluation
of the specific product/technology aspects (n =16), as-
pects of the organization (n = 15) and the relationship of
individuals to the technology (n=14) was largely
represented.

Societal (7 = 10) and strategic (n = 6) aspects, as well as
ethical aspects (n=4), were not as frequent. A closer
look reveals that these aspects are particularly rare when
the perspective described is the healthcare organization
or the nurses. At the same time, these aspects are jointly
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represented three times in the assessment if the perspec-
tive “universal” was assigned (in the HIS Success Frame-
work [27], MAST Manual [31] and the Khoja—Durrani—
Scott Framework for e-Health Evaluation [22]).

Overall the evaluation area “focus” is not as frequently
represented. Only n=5 frameworks contain aspects of
this areas. All frameworks containing this aspect come
from the “universal” perspective. The area covers evalu-
ation aspects that can be used as starting point for the
design of a DNT or DNT evaluation by conducting a
“needs analysis” (related to the addressed problems and
needs of a target group).

Frameworks for which a universal perspective has been
described (7 =9) also cover more areas more often in
general (coverage of 7,2 areas on average). While frame-
works for which a healthcare organization perspective is
described (n =4) only cover 4 areas on average (none of
them covers the areas focus, societal or ethics), and
frameworks covering the nurse’s perspective (n =2) only
cover 2 and 4 areas respectively (none of them covers
the focus, societal, ethics, economic or strategic aspects).
The frameworks with a healthcare system perspective
(n=2) cover 4 areas on average (none of them covers
the focus, individual, organization, ethics, or strategic
areas) and the only framework with an investment pro-
gram perspective covers 5 areas (does not include the
areas focus, societal, ethics or strategic). A mapping of
the content of the frameworks to the evaluation areas
was carried out and can be found in Table 6.

Discussion

The aim of this study was to contribute to a better un-
derstanding of what constitutes a good (DNT) evaluation
framework and to guide field researchers in the selection
and application of evaluation frameworks. This aim re-
sulted in four research questions: (i) Which comprehen-
sive evaluation frameworks that can be applied to DNT
evaluation are available in the literature? (ii) What pur-
poses, perspectives, and definitions of success are de-
scribed in these frameworks? (iii) What are the strengths
and weaknesses of the included frameworks? (iv) Which
areas of evaluation are represented in the frameworks
and where are the most overlaps and differences be-
tween these frameworks?

Eighteen different comprehensive evaluation frame-
works were identified that met the inclusion criteria in the
field of DNT. Unlike other overviews of evaluation frame-
works, which either had a very technology-specific focus
(e.g. on health information systems [37]) or a different
thematic orientation (e.g. on HTA [38]), this article took a
broad approach on comprehensive frameworks for DNT.

This led to the identification of technology-specific
frameworks 7 =11 (Information and Communication
technologies, telemedicine/telecare, and sensor
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technologies) — as well as more generalistic frame-
works addressing digital health (nz=3), health (and
care) technologies (n=2), e-health (n=1) or clinical
informatics (n=1). The identified frameworks and
their main features are listed in the Tables 4-7.
These may serve as a good overview and starting
point for researchers to select an appropriate
framework.

It should be noted, however, that although a specific
definition of DNT was used, there is inevitably an over-
lap to other different themes like e-health or digital
health which makes a general distinction very difficult.
The frameworks for specific technology categories in this
article only cover a part of the technologies that can be
subsumed under DNT. For example, evaluation frame-
works for monitoring technologies, assistive devices or
ambient assisted living, are not included [2]. This is so
as to avoid too much heterogeneity of technologies in
this article and the technologies included make up a sig-
nificant proportion of the DNTs discussed in the litera-
ture [2]. Also, the generic frameworks can potentially be
used for the evaluation of further technologies.

To distinguish, differentiate and select relevant frame-
works, researchers should look at specific assessment
categories and the frameworks content. Some important
aspects regarding the frameworks are covered in this art-
icle. The perspective of a framework is essential to put
the definitions of success in a framework into context
and to understand a potential interpretation of the
evaluation categories. There should also be clarity about
the purpose of the framework to apply it appropriately,
and transparency about where frameworks have their re-
spective strengths and weaknesses. All these issues were
analyzed and are discussed in the following.

Purposes

It is important to understand that although the common
purpose of the frameworks dealt with here is to assess
digital technologies using specific evaluation categories,
the purposes described beyond this differ. Most frame-
works included here were developed (i) to help and
guide researchers in the design and realisation of an
evaluation [14, 22, 25-27, 32-35], and/or (ii) to support
the identification of success and failure factors (and to
help manage them) [14, 19, 21, 23, 27, 34]. (iii) Four
frameworks were specifically designed to assess the per-
formance/success of a technology (outcomes, impact, er-
rors, deficiencies) [28—-31], but only one framework (iv)
was drawn up to help to make the results comparable
[19]. This could be since the other articles simply as-
sume the comparability issue to be implicitly logical and
therefore do not name it explicitly as a purpose. These
four purpose categories (with the exception of the man-
agement of success and failure factors) could be
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summarized as knowledge-oriented purposes, indicating
that the frameworks mainly serve to generate a certain
form of knowledge.

Some frameworks indicate a more practice-related
purpose such as (v) contributing to the quality and de-
velopment of the technology [31, 34, 35], (vi) supporting
the implementation of a technology [33-35] or (vii) pro-
viding help in decision-making [20, 24, 31]. These pur-
poses can be summarized as application-oriented
knowledge generation. As the classification shows, a
DNT framework can have several purposes in both cat-
egories: knowledge generation and application orienta-
tion. The knowledge-oriented categories i, ii, iii, iv and
the practice-related category vi are in line with seven out
of eight general attributes of evaluation frameworks in
healthcare identified by Bradford et al. (2019) These are
1. simplify a complex (evaluation) process, 2. provide
structure (for an evaluation), 3. facilitate the evaluation
process, 4. promote meaningful evaluation, 5. identify
and explain outcomes, 6. generate transferable lessons,
7. identify mechanisms driving or inhibiting change [39].
Bradford and colleagues also consider it an important
element that frameworks help to identify relevant stake-
holders [39]. This element was not mentioned as a pur-
pose by any of the frameworks in the present study. In
general, DNT evaluation and DNT relevant evaluation
frameworks can consider knowledge-oriented and
application-oriented purposes. It does not make a frame-
work better or worse if it includes only one of the cat-
egories, but having a clearly defined purpose is a quality
criterion when choosing a reliable framework. Re-
searchers must be aware of the intended purpose of a
framework when choosing their evaluation approach.

Perspective and evaluation areas

A closer look at the perspectives of the frameworks dis-
cussed here raises the question whether the perspective
under which a framework has been developed, may have
an impact on the evaluation categories included. The
analysis of the frameworks revealed five perspectives:
universal, healthcare system, healthcare organization,
nurses, and investment program perspective.

Of the 18 frameworks, =9 had a universal perspec-
tive, which means that they can be applied to different
perspectives, leavingthe decision is left to the evaluator.
Frameworks for which a universal perspective has been
described cover more evaluation areas in general (cover-
age of 7,2 areas on average), what supports this assump-
tion. Frameworks for which a healthcare organization
perspective is described only cover 4 areas on average
(none of them covers the areas focus, societal or ethics),
and frameworks with the nurse’s perspective only cover
3 areas on average (none of them covers the aspects
focus, societal, ethics, economic or strategic). Those
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frameworks with a healthcare system perspective (1 = 2)
cover 4 areas on average (with none of them covering
the areas focus, individual, organization, ethics, or stra-
tegic) and the only framework with an investment pro-
gram perspective covers 5 areas (does not include the
areas focus, societal, ethics or strategic). The perspective
with which a framework has been developed is therefore
always an important feature to consider when selecting a
framework, as this could influence the evaluation aspects
included.

In addition, there are several stakeholder perspectives
that were not taken as the main perspective in the
frameworks. These perspectives are the payors perspec-
tive, the perspective of the patient / person in need of
care and the perspective of the informal caregiver. All
these perspectives are particularly important in the con-
text of DNTs. However, it should be mentioned that
these perspectives are often included in the universal
frameworks like the patient perspective in the MAST
[31] or the 3rd party payment aspect in the comprehen-
sive evaluation framework for telemedicine implementa-
tion [24]. In summary, when selecting and using a
comprehensive evaluation framework to evaluate a
DNT, the perspective of the chosen framework and the
intended perspective of the evaluation should always be
reflected and contrasted, as there may be a relationship
between the perspective and the evaluation areas in-
cluded in the framework. The frameworks with a narrow
perspective, such as the nurses’ perspective, cover fewer
evaluation areas overall in this study, while those with a
universal perspective cover significantly more. Three ex-
amples explaining this in more detail can be found in
the discussion section entitled “Discussion of the three
most relevant frameworks”. If researchers require a com-
prehensive framework with as many evaluation areas as
possible, they must choose a framework with a universal
evaluation perspective.

Success definitions/descriptions

It is not easy to define a successful digital nursing tech-
nology. Nguyen et al. (2014) argue that the success of a
technology may be “disputed depending on the interests
of the evaluating party.” [40] This is in line with the suc-
cess description of Lau (2009) who sees it in the context
of an “ongoing negotiation and adaptation of interrela-
tionships” of the healthcare professionals involved [41].
A large multi stakeholder Delphi study conducted by
McNair and colleagues (2006) [42] concluded that “suc-
cess cannot be characterized along one single axis” and
therefore defined success as the fulfilment or non-
fulfilment of five consensus based aspects, namely (1)
the wide usage in daily practice, (2) the fulfilment of the
role and tasks it was planned for (in a specific environ-
ment), (3) the support of good medical practice
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(benefitting the patient), (4) the benefits to the health-
care organization and working conditions, (5) easy up-
gradability to adapt to the developments in practice [42].

Aspects 1-4 from McNair and colleagues were also
identified as success definitions in the analyzed frame-
works in this article (1. Success is when the technology
achieves its intended purpose [27]; 2. Success means
achieving implementation, dissemination and/or sustain-
ability of a technology [14, 23, 24, 34]; 3. A successful
technology must generate a net benefit [21]). This sug-
gests that these aspects could be universal definitions of
success for digital nursing technologies. Aspect 5 of the
McNair study could be added as equally important.

However, looking at success from a certain perspective
in a specific context might lead to additional perceptions
or definitions of success — which could influence the
evaluation.

In view of these differences in definition, it must be
concludedthat the “success” of a DNT is a relative term,
made up of various aspects and depths of success defini-
tions, the selection of which depends strongly on the
evaluation perspective. This insight is decisive for the
evaluation of a DNT because it should always be
reflected for whom and from which perspective an
evaluation is conducted and what is considered as
successful.

Strengths and weaknesses of the frameworks

The strengths and weaknesses analysis process in this
article identified framework components where more
guidance would be beneficial, and which are important
to consider when selecting a DNT evaluation framework.
The assessment included the focus of a framework, the
illustration, terminology, instructions for use and scien-
tific quality. The strengths and weaknesses criteria were
created especially for DNT evaluation frameworks al-
though there are other quality criteria that could be ap-
plied from other healthcare fields. For example, Bradford
et al. (2019) [39] provide 6 quality criteria for frame-
works, most of which are similar to the criteria in this
article. Bradford et al. also suggest assessing whether the
frameworks help to identify and include stakeholders as
well as mechanisms that drive or inhibit change — which
might be also helpful selecting a framework.

The results of the framework assessment presented in
this article need to be seen in a wider context. The
evaluation was carried out with a view to assessing of
perceived strengths and weaknesses in general. Several
aspects mighthave been rated differently in other con-
texts, e.g., assessing the transferability of a framework to
only onespecific context, as with the Health Technology
Adoption Framework [33] and the CISSM [21] as a
strength or a weakness depends on the viewpoint of the
planned evaluation. If the context is surgical the Health
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Technology Adoption Framework might be the perfect
choice, although it is not transferable to other contexts.

By showing and applying assessment possibilities for
DNT frameworks this article gives guidance for the se-
lection of appropriate DNT evaluation frameworks. An
assessment of strengths and weaknesses in combination
with the other important information presented in this
article is crucial.

Discussion of the three most relevant frameworks

This section describes the three highest rated frame-
works of the strengths and weakness analysis in more
detail in order to give researchers insights into the ana-
lytical dimensions described in this article. The complete
data for all frameworks are summarized in Tables 4-7.
The description is written in an application-oriented
way to support researchers. Problematic aspects in the
selection of DNT frameworks are also discussed.

Framework 1: health technology adoption framework [33]
The Health Technology Adoption Framework shows val-
idated criteria for assessing new health technologies for
adoption at local level with a hospital focus in the surgi-
cal context. It is developed generically with respect to
the technology to be assessed and can therefore be ap-
plied to several DNTs.

The evaluation categories presented focus on the
product/technology, its objective value/effect in the
adoption process, the evaluation of organizational as-
pects as well as economic and strategic aspects with re-
spect to the (potential) adoption process. Individual,
societal, ethical and aspects of the area “focus” are not
covered. This distribution of the aspects considered
could be related to the fact that the framework was de-
veloped from the perspective of the healthcare
organization and is intended to help decision makers
(e.g., nurse managers) to evaluate the suitability of new
technologies as well as to facilitate smooth adoption
from the perspective of the organization. This means
that while aspects such as security, costs and strategic fit
in the organization are considered, individual aspects
like usability or acceptance are not. The Health Technol-
ogy Adoption Framework covers more evaluation areas
(n=5) than the other three frameworks in this study
with a health organization perspective (see Table 7).
Overall, however, all frameworks with this perspective
cover fewer areas than those with a universal perspec-
tive. This limitation regarding the evaluation areas
should always be considered, when deciding on a
framework.

The Health Technology Adoption Framework per-
forms very well in the framework quality assessment.
The descriptions and definitions are accurate and
complete. An evaluation tool with appropriate evaluation
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categories, an application strategy, relevant questions,
and a scoring logic is provided. The development
process of the framework is also presented transparently,
and the corresponding limitations are named in the art-
icle. Only the transferability to other settings is limited
and there is no visual presentation of the framework. It
is displayed in a table and not as a graphic. Overall, the
Health Technology Adoption Framework provides a very
good evaluation basis with valid assessment criteria.

Framework 2: clinical information systems success model
(CISSM) [21]

The CISSM framework is designed to assess the success
of clinical information systems (CIS) from the nurses’
perspective. The framework is suitable for all DNTs
from the CIS category in the hospital setting. CISSM fo-
cusses only on a specific selection of evaluation areas:
product/technology, objective value/ effect, individual as-
pects, and aspects of the healthcare organization. The
societal, ethical, economic and strategic aspects are not
considered.

Compared to the second framework with the nurses’
perspective from this study (Adapted nursing care per-
formance framework) [30], the CISSM covers two more
evaluation areas. The Adapted nursing care performance
framework [30] only covers the areas of the objective
value/ effect and individual aspects of technology. By
comparison, CISSM is the more comprehensive frame-
work - but overall, both cover only a few of the possible
evaluation areas. It is certainly critical that none of the
two frameworks covers ethical aspects. This should be
considered when selecting and applying them, as the
ethical aspects are also important in this context. Add-
itional ethical evaluation criteria from other frameworks
could be added to fill this gap.

When selecting a framework with such a narrow per-
spective it should be borne in mind that aspects of the
“bigger picture” might not be depicted. The specific suc-
cess definition of a technology in this framework fo-
cusses solely on the nurses’ net benefit. Success in this
case is the “degree to which a nurse believes that using a
particular system enhances job performance”. This
makes the CISSM framework particularly suitable for
use when the nurses’ perspective is the object of re-
search. If a broader spectrum of evaluation aspects is to
be researched, then this framework would not be the
right choice.

At the same time, however, the framework scores
very well in the strengths and weaknesses assessment
for this specific perspective. It has a very clear de-
scription of purpose, target setting, and technology
addressed. It is very well illustrated, and the connec-
tions are visualized. The key concepts and terms a
are completely defined. A procedure and evaluation
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matrix are provided as well as examples for the inter-
pretation of an evaluation. The development process
was fully explained.

The main shortcoming of the article on this frame-
work is that no explanation is given about its limitations.
Overall, the CISSM framework is a good basis to assess
the success of clinical information systems (CIS) from
the nurses’ perspective and the article provides a good
basis and example for the methodology.

Framework 3: nonadoption, abandonment, scale-up,
spread, and sustainability framework (NASSS framework)
[34]

The Nonadoption, Abandonment, Scale-up, Spread, and
Sustainability Framework (NASSS) was designed to help
predict and evaluate the success of health and care tech-
nologies and to support the design, development, imple-
mentation, scale up, spread, and sustainability of
technology-supported health or social care programs by
identifying key challenges in different domains and the
interactions between them. As the description shows,
this is the most comprehensive and generic framework
of the three described. The framework does not focus on
any specific technology or setting which makes it suit-
able for any DNT. The comprehensiveness of the frame-
work is also reflected in the included evaluation aspects.
The framework considers aspects of the focus, product/
technology, objective value/ effect, individual aspects, as-
pects of the organization, societal aspects, and economic
aspects — which makes it a compendium of evaluation
options for DNTs. Only the ethics and strategic aspects
as defined in this review are not covered by the NASSS
Framework. Thus, among all the frameworks covered in
this study, the NASSS framework is one that covers the
most evaluation areas.

A special feature of this framework is that it addresses
the issue of complexity. It categorizes the interpretation
of the evaluation domains as simple, complicated, or
complex. The level of complexity of each evaluation as-
pect is seen as the greatest challenge to scale-up, spread,
and sustainability. No specific evaluation perspective is
given, which makes it a universally applicable frame-
work. However, this universality is also accompanied by
a limitation. As no specific setting, technology or per-
spective is given, the researcher using it must always re-
flect on the individual application strategy. The NASSS
Framework is not a directly applicable or formulaic in-
strument, which is reflected by the authors of the frame-
work themselves. Specific additional tools to solve this
problem have been published recently [43].

Apart from this, the NASSS framework scores very
well in the strengths and weaknesses assessment.

Looking at all three frameworks in comparison, the
question arises whether a framework with a specific
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perspective is always preferable to a universal frame-
work. This question can only be answered on a case-by-
case basis when assessing the fit of a framework to the
research situation.

Limitations of the article

It is important to discuss the limitations of such an ex-
tensive procedure as described in this article. A three-
component search process was chosen for this article.,
namely (1) a Systematic search in PubMed, (2) a narra-
tive search in Google Scholar and reference lists, (3) ex-
pert consultations. Additional databases could have been
systematically searched. Experience from previous sys-
tematic search processes in such complex fields has
shown that a combination of systematic searches and
other methods is a good way to identify relevant articles
[4]. However, with such a search procedure there is al-
ways a chance that something is left undiscovered. There
is also a limitation associated with a single researcher
conducting a study that may have affected the search
and analysis process. Single studies with frameworks
might have been overlooked [44] or specific biases in in-
terpretation could have occurred in the analysis process
[12]. These limitations were sought to be minimised
through expert workshops and consultations to identify
relevant frameworks and discuss the methodology and
the analysis process of this article. Also, the exclusion
criteria were very strict. Only literature published in the
English language was included. The DNT related criteria
were based on the knowledge of Krick et al. 2019 [2]
and Krick et al. 2020 [4] but still led to a heterogeneity
of frameworks due to the broadness of the field.

Only comprehensive, technology related frameworks
were included, which ruled out many specific frame-
works that could potentially also have been included.
Frameworks focussing exclusively on special fields like
health economics or acceptance could have been in-
cluded, because they are certainly relevant for DNT, but
were excluded due to their specificity and the large
number of different frameworks available. Generalistic
evaluation frameworks for (complex) healthcare inter-
ventions like the Consolidated Framework for Imple-
mentation Research (CFIR) [45] or on HTA Frameworks
could have also been included (e.g. Integrate HTA [46])
— but it was necessary to limit the included frameworks
to allow statements on this specific field of research.

The framework analysis itself has further limitations.
Due to the heterogeneity of the frameworks and the dif-
ference in their content the categories and the assign-
ment of the framework content to these categories is
subjective. Even though the process of evaluation and
classification was carried out with the utmost care, a
non-overlapping categorization of these categories was
not possible due to the complexity of the frameworks
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content and the interconnectedness of different categor-
ies. There are overlaps between the category of technol-
ogy and individual as well as ethical and societal aspects.
It should also be considered that the generalized state-
ments made in this article can only provide initial indi-
cations in this specific field. No statistical analysis was
carried out, but a qualitative and hypothesis-generating
analysis. Despite these limitations, this article makes an
important contribution to further research in the field of
DNT evaluation.

Conclusion

This research article provides orientation in the complex
field of DNT evaluation. Eighteen relevant comprehen-
sive evaluation frameworks for DNT have been identi-
fied. These frameworks focussed on different purposes
and included various evaluation perspectives. The ana-
lysis and mapping in this article provide a good overview
of the frameworks under consideration, their similarities
and differences, evaluation areas, success definitions,
strengths, and weaknesses. The assessment whether a
DNT evaluation framework is good should be based on
the clarity of the description of these aspects and the ful-
filment of the quality criteria described.

The information on DNT evaluation frameworks pro-
vided in this review can therefore help in communication
between decision makers and researchers to improve the
evaluation process [11], by providing systematic informa-
tion and a structure for the evaluation of a DNT. This can
facilitate system implementation or provide helpful infor-
mation in the technology development process. Compre-
hensive evaluation has the potential to avoid early system
failures, prevent wrong investment decisions [10] or con-
tribute to the development and implementation of better,
more useful DNTs from a societal perspective. The gen-
eral question what evaluation frameworks can contribute
to this process should be further analyzed. The diversity
and heterogeneity of frameworks presented in this article
shows, that there is not one sole definition of the term
“evaluation framework” in the field of DNT. The question
of what constitutes a good DNT framework could also be
further explored taking the criteria developed in this art-
icle as a starting point.

Future research could also address questions regarding
what makes a successful DNT. The definition of a “suc-
cessful” DNT, the role of the evaluation perspective and
the purpose of the evaluation should be discussed when
analyzing this question.

Overall, evaluators can use the concise information
and quality criteria of this article as a starting point to
select DNT evaluation frameworks for their research
projects or to assess the quality of an evaluation frame-
work for DNT, as well as a basis for exploring the open
research questions raised.



Krick BMC Nursing (2021) 20:146

Abbreviations

CFIR: Consolidated Framework for Implementation Research; CIS: Clinical
Information Systems; CISSM: Clinical Information Systems Success Model;
DHI: Digital Health Interventions; DIPSA: Development of an Evaluation
Framework for Health Information Systems; DNT: Digital nursing
technologies; EHR: Electronic Health Records; HIS: Health Information System;
HTA: Health Technology Assessment; HITREF: Health Information Technology
Evaluation Framework; HOPT-FIT: Human, Organization, Process and
Technology-fit; IS: Information System; ICT: Information and Communication
Technology; IHIS: Integrated Health Information Systems; MAST: Model for
Assessment of Telemedicine; mHealth: Mobile health; NASSS: Nonadoption,
abandonment, scale-up, spread, and sustainability; NCPF: Nursing care
performance framework; RE-AIM: Reach, Effectiveness, Adoption,
Implementation, and Maintenance

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512912-021-00654-8.

Additional file 1. Framework Analysis.
Additional file 2. Evaluation Areas.

Additional file 3. Detailed strength and weakness analysis.

Acknowledgements

This work is part of a project funded and supported by the Federal Ministry
of Education and Research (BMBF).

This research was supported by feedback of Kai Huter. The DNT experts
consulted for this article were Anika Heimann-Steinert, Jirgen Zerth, Jorm
Kriickeberg, Ronny Klawunn.

Author’s contributions

TK conceptualized and conducted the study. The author authorized the final
version of the manuscript that was submitted. The author read and
approved the final manuscript.

Funding

This study arises from the project “Pflegeinnovationszentrum” (P1Z) which is
funded by the Federal Ministry of Education and Research (BMBF) (Grant
number: 165V7821). Open Access funding enabled and organized by Projekt
DEAL.

Availability of data and materials
The datasets used and/or analyzed during the current study are included in
this published article and the Additional files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
There are no competing interests to declare.

Received: 26 January 2021 Accepted: 16 July 2021
Published online: 17 August 2021

References

1. Huter K, Krick T, Domhoff D, Seibert K, Wolf-Ostermann K, Rothgang H.
Effectiveness of digital technologies to support nursing care: results of a
scoping review. J Multidiscip Healthc. 2020;13:1905-26. https://doi.org/1
0.2147/JMDH.S286193.

2. Krick T, Huter K, Domhoff D, Schmidt A, Rothgang H, Wolf-Ostermann K.
Digital technology and nursing care: a scoping review on acceptance,
effectiveness and efficiency studies of informal and formal care
technologies. BMC Health Serv Res. 2019;19(400).

20.

21.

22.

23.

Page 18 of 19

Isfort M, Rottlander R, Weidner F, Tucman D, Gehlen D, Hylla J. Pflege-
thermometer. Eine bundesweite Befragung von Leitungskraften zur
situation der Pflege und Patientenversorgung in der ambulanten Pflege.
Kéln: Deutsches Institut fur angewandte Pflegeforschung eV. (dip); 2016.
Krick T, Huter K, Seibert K, Domhoff D, Wolf-Ostermann K. Measuring the
effectiveness of digital nursing technologies: development of a
comprehensive digital nursing technology outcome framework based on a
scoping review. BMC Health Serv Res. 2020;20(1):243. https;//doi.org/10.11
86/512913-020-05106-8.

Seibert K, Domhoff D, Huter K, Krick T, Rothgang H, Wolf-Ostermann K.
Application of digital technologies in nursing practice: results of a mixed
methods study on nurses’ experiences, needs and perspectives. Zeitschrift
fur Evidenz, Fortbildung und Qualitat im Gesundheitswesen; 2020.

Alexander GL, Madsen RW, Miller EL, Schaumberg MK, Holm AE, Alexander
RL, et al. A national report of nursing home information technology: year 1
results. J Am Med Inform Assoc. 2017;24(1):67-73. https;//doi.org/10.1093/ja
mia/ocw051.

Merda M, Schmidt K, Kahler B. Pflege 4.0 — Einsatz moderner Technologien
aus der Sicht professionell Pflegender. Forschungsbericht. Hamburg:
Berufsgenossenschaft fir Gesundheitsdienst und Wohlfahrtspflege (BGW);
2017.

Craig P, Petticrew M. Developing and evaluating complex interventions:
reflections on the 2008 MRC guidance. Int J Nurs Stud. 2013;50(5):585-7.
https://doi.org/10.1016/j.ijnurstu.2012.09.009.

Alaiad A, Zhou L. Patients' adoption of WSN-based smart home
healthcare systems: an integrated model of facilitators and barriers. IEEE
Trans Prof Commun. 2017,60(1):4-23. https://doi.org/10.1109/TPC.2016.2
632822.

Currie LM. Evaluation frameworks for nursing informatics. Int J Med Inform.
2005;74(11-12):908-16. https://doi.org/10.1016/jjmedinf.2005.07.007.

Fynn JF, Hardeman W, Milton K, Jones AP. A scoping review of evaluation
frameworks and their applicability to real-world physical activity and dietary
change programme evaluation. BMC Public Health. 2020;20(1):1000. https://
doi.org/10.1186/512889-020-09062-0.

Grant MJ, Booth A. A typology of reviews: an analysis of 14 review types
and associated methodologies. Health Inf Libr J. 2009;26(2):91-108. https://
doi.org/10.1111/j.1471-1842.2009.00848 x.

Boll S, Hein A, Heuten W, Wolf-Ostermann K: GruBwort der Organisatoren.
In: Zukunft der Pflege Tagungsband der 1 Clusterkonferenz 2018 "innovative
Technologien fiir die Pflege”. Edn. Edited by Boll S, Hein a, Heuten W, Wolf-
Ostermann K. Oldenburg: OFFIS - Institut fur Informatik; 2018: iii-iv.
Kowatsch T, Otto L, Harperink S, Cotti A, Schlieter H: A design and
evaluation framework for digital health interventions. it - Information
Technology 2019,61(5-6):253-63.

Vonville H: Screening titles/abstracts, reviewing full text, and reporting results.
In: 142nd APHA Annual Meeting and Exposition 2014. New Orleans; 2014.
Greenhalgh T, Peacock R. Effectiveness and efficiency of search methods in
systematicreviews of complex evidence: audit of primary sources. BMJ. 2005;
331(7524):1064-5. https://doi.org/10.1136/bm;j.38636.593461.68.

Mandelblatt JS, Ramsey SD, Lieu TA, Phelps CE. Evaluating frameworks that
provide value measures for health care interventions. Value Health. 2017;
20(2):185-92. https://doi.org/10.1016/jval.2016.11.013.

Barnett-Page E, Thomas J. Methods for the synthesis of qualitative research:
a critical review. BMC Med Res Methodol. 2009,9(1):59. https.//doi.org/10.11
86/1471-2288-9-59.

Coravos A, Doerr M, Goldsack J, Manta C, Shervey M, Woods B, et al.
Modernizing and designing evaluation frameworks for connected sensor
technologies in medicine. Npj Digital Medicine. 2020;3(1):37.

Haverinen J, Kerédnen N, Falkenbach P, Maijala A, Kolehmainen T, Reponen J:
Digi-HTA: health technology assessment framework for digital healthcare
services. Finnish Journal of eHealth and eWelfare. 2019;11(4):326-41.
Garcia-Smith D, Effken JA. Development and initial evaluation of the clinical
information systems success model (CISSM). Int J Med Inform. 2013;82(6):
539-52. https//doi.org/10.1016/j.ijmedinf.2013.01.011.

Khoja S, Durrani H, Scott RE, Sajwani A, Piryani U. Conceptual framework for
development of comprehensive e-health evaluation tool. Telemed J E
Health. 2013;19(1):48-53. https://doi.org/10.1089/tmj.2012.0073.

Broens T, Veld R, Vollenbroek - Hutten M, Hermens H, Halteren A,
Nieuwenhuis B. Determinants of successful telemedicine implementations: a
literature study. J Telemed Telecare. 2007;13(6):303-9. https://doi.org/10.12
58/135763307781644951.


https://doi.org/10.1186/s12912-021-00654-8
https://doi.org/10.1186/s12912-021-00654-8
https://doi.org/10.2147/JMDH.S286193
https://doi.org/10.2147/JMDH.S286193
https://doi.org/10.1186/s12913-020-05106-8
https://doi.org/10.1186/s12913-020-05106-8
https://doi.org/10.1093/jamia/ocw051
https://doi.org/10.1093/jamia/ocw051
https://doi.org/10.1016/j.ijnurstu.2012.09.009
https://doi.org/10.1109/TPC.2016.2632822
https://doi.org/10.1109/TPC.2016.2632822
https://doi.org/10.1016/j.ijmedinf.2005.07.007
https://doi.org/10.1186/s12889-020-09062-0
https://doi.org/10.1186/s12889-020-09062-0
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1136/bmj.38636.593461.68
https://doi.org/10.1016/j.jval.2016.11.013
https://doi.org/10.1186/1471-2288-9-59
https://doi.org/10.1186/1471-2288-9-59
https://doi.org/10.1016/j.ijmedinf.2013.01.011
https://doi.org/10.1089/tmj.2012.0073
https://doi.org/10.1258/135763307781644951
https://doi.org/10.1258/135763307781644951

Krick BMC Nursing

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2021) 20:146

Chang H. Evaluation framework for telemedicine using the logical
framework approach and a fishbone diagram. Healthcare informatics
research. 2015;21(4):230-8. https://doi.org/10.4258/hir.2015.21.4.230.

Lau F, Hagens S, Muttitt S. A proposed benefits evaluation framework
for health information systems in Canada. Healthcare Quarterly. 2007;
10(1):112-6.

Sockolow PS, Crawford PR, Lehmann HP. Health services research evaluation
principles. Broadening a general framework for evaluating health
information technology. Methods Inf Med. 2012;51(2):122-30. https://doi.
0rg/10.3414/ME10-01-0066.

Sadoughi F, Kimiafar K, Ahmadi M, Shakeri MT. Determining of factors
influencing the success and failure of hospital information system and their
evaluation methods: a systematic review. Iran Red Crescent Med J. 2013;
15(12):e11716.

Stylianides A, Mantas J, Roupa Z, Yamasaki EN. Development of an
evaluation framework for health information systems (DIPSA). Acta Inform
Med. 2018;26(4):230-4. https.//doi.org/10.5455/aim.2018.26.230-234.

Yusof MM. A socio-technical and lean approach towards a framework for
health information systems-induced error. Stud Health Technol Inform.
2019;257:508-12.

Rouleau G, Gagnon MP, Cété J, Payne-Gagnon J, Hudson E, Dubois CA.
Impact of information and communication technologies on nursing
care: results of an overview of systematic reviews. J Med Internet Res.
2017;19(4):e122.

Kidholm K, Bowes A, Dyrehauge S, Ekeland AG, Flottorp SA, Jensen LK,
Pedersen CD, Rasmussen J: The MAST Manual. MAST - Model for
ASsessment of Telemedicine. In.: MethoTelemed team; 2010.

Mathews SC, McShea MJ, Hanley CL, Ravitz A, Labrique AB, Cohen AB.
Digital health: a path to validation. NPJ Digit Med. 2019;2(1):38. https://doi.
0rg/10.1038/541746-019-0111-3.

Poulin P, Austen L, Scott CM, Waddell CD, Dixon E, Poulin M, et al. Multi-
criteria development and incorporation into decision tools for health
technology adoption. J Health Organ Manag. 2013;27(2):246-65. https.//doi.
0rg/10.1108/14777261311321806.

Greenhalgh T, Wherton J, Papoutsi C, Lynch J, Hughes G, A'Court C, et al.
Beyond adoption: a new framework for theorizing and evaluating
nonadoption, abandonment, and challenges to the scale-up, spread, and
sustainability of health and care technologies. J Med Internet Res. 2017;
19(11):e367. https;//doi.org/10.2196/jmir.8775.

Bakken S, Ruland CM. Translating clinical informatics interventions into
routine clinical care: how can the RE-AIM framework help? J Am Med
Inform Assoc. 2009;16(6):889-97. https://doi.org/10.1197/jamia.M3085.

Van Der Meijden MJ, Tange HJ, Troost J, Hasman A. Determinants of success
of inpatient clinical information systems: a literature review. J Am Med
Inform Assoc. 2003;10(3):235-43. https://doi.org/10.1197/jamia.M1094.
Yusof MM, Papazafeiropoulou A, Paul RJ, Stergioulas LK. Investigating
evaluation frameworks for health information systems. Int J Med Inform.
2008;77(6):377-85. https://doi.org/10.1016/j.ijmedinf.2007.08.004.

Vis C, Buhrmann L, Riper H, Ossebaard HC. Health technology assessment
frameworks for eHealth: a systematic review. Int J Technol Assess Health
Care. 2020;36(3):204-16. https.//doi.org/10.1017/5026646232000015X.
Bradford N, Chambers S, Hudson A, Jauncey-Cooke J, Penny R, Windsor C,
et al. Evaluation frameworks in health services: an integrative review of use,
attributes and elements. J Clin Nurs. 2019,28(13-14):2486-98. https://doi.
org/10.1111/jocn.14842.

Nguyen H, Saranto K, Tapanainen T, Ishmatova D. A review of health
information technology implementation success factors: importance of
regulation and finance; 2014.

Lau F. Extending the infoway benefits evaluation framework for health
information systems. Stud Health Technol Inform. 2009;143:406-13.
McNair J, Ammenwerth E, Nykdnen P, Talmon J. Factors influencing success
and failure of health informatics systems: a pilot Delphi study. Methods Inf
Med. 2006;45:125-36.

Greenhalgh T, Maylor H, Shaw S, Wherton J, Papoutsi C, Betton V, Nelissen
N, Gremyr A, Rushforth A, Koshkouei M, Taylor J. The NASSS-CAT Tools for
Understanding, Guiding, Monitoring, and Researching Technology
Implementation Projects in Health and Social Care: Protocol for an
Evaluation Study in Real-World Settings. JMIR Res Protoc. 2020,9(5):.e16861.
https://doi.org/10.2196/16861.

Waffenschmidt S, Knelangen M, Sieben W, Biihn S, Pieper D. Single
screening versus conventional double screening for study selection in

45.

46.

Page 19 of 19

systematic reviews: a methodological systematic review. BMC Med Res
Methodol. 2019;19(1):132. https://doi.org/10.1186/512874-019-0782-0.
Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC.
Fostering implementation of health services research findings into practice:
a consolidated framework for advancing implementation science.
Implement Sci. 2009;4(1):50. https://doi.org/10.1186/1748-5908-4-50.
Wahlster P, Brereton L, Burns J, Hofmann B, Mozygemba K, Oortwijn W,
Pfadenhauer L, Polus S, Rehfuess E, Schilling | et al: Guidance on the
integrated assessment of complex health technologies — the INTEGRATE-
HTA model. 2016.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.4258/hir.2015.21.4.230
https://doi.org/10.3414/ME10-01-0066
https://doi.org/10.3414/ME10-01-0066
https://doi.org/10.5455/aim.2018.26.230-234
https://doi.org/10.1038/s41746-019-0111-3
https://doi.org/10.1038/s41746-019-0111-3
https://doi.org/10.1108/14777261311321806
https://doi.org/10.1108/14777261311321806
https://doi.org/10.2196/jmir.8775
https://doi.org/10.1197/jamia.M3085
https://doi.org/10.1197/jamia.M1094
https://doi.org/10.1016/j.ijmedinf.2007.08.004
https://doi.org/10.1017/S026646232000015X
https://doi.org/10.1111/jocn.14842
https://doi.org/10.1111/jocn.14842
https://doi.org/10.2196/16861
https://doi.org/10.1186/s12874-019-0782-0
https://doi.org/10.1186/1748-5908-4-50

Additional File 1: Framework Analysis

Framework Top Category
Nonadoption, abandonment,  Condition
scale-up, spread, and

sustainability Framework

(NASSS) [1]

Technology

Value Proposition

Adopters

Organisation

Wider System

Subcategories

Nature of condition or
iliness

Comorbidities,
sociocultural influences

Material features

Type of data generated

Knowledge needed to use

Technology supply model

Supply-side value (to
developer)

Demand-side value (to
patient)

Staff (role, identity)

Patient (simple vs
complex input)

Carers (available nature
of input)

Capacity to innovate

(leadership etc.)

Readiness for this
technology (change)

Nature of adoption/
Funding decision

Extend of change needed
to routines

Work needed to
implement change

Political/ policy

Regulatory/ legal

Specification

What is the nature of the
condition or illness?

What are the relevant
sociocultural factors and
comorbidities?

What are the key
features of the
technology?

What kind of knowledge
does the technology
bring into play?

What knowledge and/or
support is required to use
the technology?

What is the technology
supply model?

What is the developer’s
business case for the
technology (supply-side
value)?

What is its desirability,
efficacy, safety, and cost
effectiveness (demand-
side value)?

What changes in staff
roles, practices, and
identities are implied?

What is expected of the
patient (and/or
immediate caregiver)—
and is this achievable by,
and acceptable

to, them?

What is assumed about
the ex- tended network
of lay caregivers?

What is the
organisation’s capacity to
innovate?

How ready is the
organisation for this
technology-supported
change?

How easy will the
adoption and
funding decision be?

What changes will be
needed

in team interactions and
routines?

What work is involved in
implementation
and who will do it?

What is the political,
economic, regulatory,
professional (eg,



Embedding and adaption over
time

Professional
Socio-cultural

Scope for adaption over
time

Organisational resilience

medicolegal), and
sociocultural context for
program rollout?

How much scope is there
for adapting and
coevolving the
technology and the
service over time?

How resilient is the
organisation to handling
critical events and
adapting to unforeseen
eventualities?

Model for Assessment of
Telemedicine (MAST Manual)

(2]

Preceding consideration

Health problem and
characteristics of the
application

Purpose of the
telemedicine application?
Relevant alternatives?
International, national,
regional or local level of
assessment?

Maturity of the
application

Health problem

Description of the
application

Technical characteristics

Definition of target
condition/disease
Symptoms, consequences
Number of patients
(epidemiology)

Burden of disease,
resource use

Current management of
health condition

Existing quality standards
Relations to other
conditions or treatments.
(Does the service have
implications for
treatment of competing
disease)

Change in patient
segments (will the service
increase or decrease the
group of patients who
can benefit from or

will get the service
offered)

Features of the
application

Tools required for using
the application

Training and information
needed for utilizing the
application (staff and
patients)

Maturity of the
telemedicine application
(life cycle)

Division of responsibility
for the technical solution
between involved
organisations.
Regulatory status
Technical platform
Market situation

Infrastructure
requirements
Interoperability:
Integration needs (EPR,
devices, with current



Safety

Clinical effectiveness

Patient perspectives

applications, technical
standards etc.)
Technical support
Technical environment
Standard situation
User support

Back-up systems and
procedures

Clinical safety (patients . What are the direct or
and staff) indirect harms when
using the telemedicine
application?
. What is the scope of the
harms?
. What are the types of
harms?
. Are there estimates of
incidence of harms?
. What is the timing of
onset of harms?
. What is the duration and
severity of the harms?
. What can be done to
minimise the harms?

Technical safety e Isthere a backup system
(technical reliability) and how does it work?

. What do the Service Level
Agreements cover?

. Does the technology
experience interference
and what are the
consequences?

. How is the safety
compared to alternative
technologies?

. How is security of data
and the database (data
privacy) and quality of
data managed?

- encryption/cry
ptography
- data storage
and ownership
- data
ownership
Effects on mortality
Effects on morbidity
Physical health
Mental health
Effects on health related
quality of life (HRQL)
Behavioural outcomes
(e.g. exercise)
Utilization of health
services
Satisfaction and
acceptance
Understanding of
information
Confidence (in the
treatment)
Ability to use the
application
Access and accessibility
Empowerment, self-
efficacy



Economic aspects

Organisational aspects

Socio-cultural, ethical and legal
aspects

Economic evaluation
(societal perspective)

Business case
(institutional level)

Sensitivity analysis (Risk
analysis)
Process

Structure

Culture
Management
Ethical issues

Legal issues

Amounts of resources
used when delivering the
assessed telemedicine
application and its
comparators in the
health care sector and
other sectors (e.g.):
- Investments in
equipment
- Training of
staff
- Maintenance
Unit costs or prices for
each resource used
Related changes in use of
health care resources
(e.g.):
- Primary care
- Emergency
unit

Expenditures per year
(including expenditures
related to the resource
use described in the cost
estimation above)
Revenue per year:

- Activity
(number of
patients or
services)

- Reimburseme
nt (e.g. DRG-
rate) per
service or
patient

Workflow

Staff, training and
resources
Interaction and
communication

Spread of technology,
centralization or
decentralization
Economy (see domain on
economic aspects)

Attitude and culture

Overall questions: Does
the application challenge
religious,

cultural or moral beliefs?
Potential ethical
problems, e.g. giving the
responsibility to the
Patients

Autonomy: Is the
patient’s autonomy
challenged or increased?
Equity

Clinical accreditation
Information governance
Professional liability



Transferability Assessment

Social issues

. Cross-border
. Scalability
. Generalizability

Patient control — consent,
access

Changes in the patients
role in major life areas
(e.g. social life,

working life)

Patients’ relatives and
others’ understanding of
the technology

Societal, political context
and changes. Will the
service influences

the general model for the
delivery of healthcare
service if deployed
Changes in responsibility.
Are the patients and/or
relatives capable of
handling their
responsibility?

Gender issues. Has the
service any consequences
on the position of
gender?

Infoway benefits evaluation System Quality
Framework [3]

Information Quality

Service Quality

Use

User Satisfaction

Net Benefits

Functionality

Performance

Security

Content

Availability

Responsiveness

Use/behaviour pattern

Self-reported use

Intention to use

Competency
User Satisfaction

Ease of use

Quality

Type of feature and level
of decision support
Accessibility (distance
and availability) reliability
(down time, system
response time)

Type of features

Completeness, accuracy,
relevance,
comprehension
Timeliness, reliability and
consistency of
information when and
where needed

User training, ongoing
technical support and
availability of support
Frequency, duration,
location, type or nature
and flexibility of actual
usage

Frequency, duration,
location, type or nature
and flexibility of
perceived usage
Proportion of and factors
for current non-user to
become user
Knowledge, skills and
experience

Perceived expectations,
value,
information/system/servi
ce quality and use of the
system (including
provider — patient
interaction, preference,
comfort and experience)
User friendliness and
learnability

Patient Safety



Organisational Context Factors

. Appropriateness/effectiv
eness

Access . Health outcomes

. Ability of
patient/provider to
access service

. Patient and caregiver
participation

Productivity
. Efficiency
. Care coordination
. Net Cost

Strategy

Culture

Business Process

Health Information
Technology Evaluation
Framework (HITREF) [4]

Structural Quality

Quality of Information
Logistics

Unintended Consequences/
Benefits

Effects on Outcome Quality of
Care

Effects on Quality Processes

Barriers or Facilitators to
Adoption

Organizational Support/
Capacity

Hardware

Software
Functionality
Completeness/
Correctness of data
Costs of information
processing

User satisfaction
Patient privacy
Patient satisfaction with
HIT

Diffusion
Unintended
Consequences/
Benefits

Patient outcome
Costs of patient care
Patient satisfaction
with care

Patient related
knowledge

Efficiency
Appropriateness of
patient care
Organizational or social
Quality

Clinical involvement in
HIT Selection,
Implementation, Training

Barriers or Facilitators to
Adoption

Evaluation Framework for
Fit-For-Purpose Connected
Sensor Technologies [5]

Verification, analytical
validation, and clinical
validation

Security practices

Data rights and governance

Utility and usability

. Does the tool measure
what it claims to
measure?

. Is the measurement
appropriate for the target
population?

. Does the manufacturer
build with safety by
design? Is there a
disclosure policy?
Software bill of
materials?

. Who has access to the
data and when? Is the
privacy policy publicly
accessible?

. How is the tool worn?
Battery life? Available
technical support?



Economic feasibility

What’s the net benefit vs
price? Is cost a one-time
or a subscription model?

RE-AIM (Reach, Effectiveness,
Adoption, Implementation, and
Maintenance.)

(expanded to clinical
informatics) [6]

Reach
(individual level)

Efficacy/effectiveness
(individual level)

Adoption (setting
and/or organizational
level)

Implementation
(setting and/or organizational
level)

Maintenance

(individual and setting and/or
organizational

levels)

. Absolute number
o proportion
. representativeness

of individuals who are willing
to participate in a given
initiative, intervention, or
program

Impact of an intervention on:
. Important outcomes

. Potential negative effects

. Quiality of life

° Economic outcomes

. Absolute number
. proportion,
. representativeness

of settings and intervention
agents (people who deliver
the program) who are willing
to initiate a program

Intervention agents’ fidelity to
the various elements of an
intervention’s protocol,
including consistency of
delivery as intended and

the time and cost of the
intervention; individual level—
clients’ use of the intervention
strategies

Extent to which a program or
policy becomes
institutionalized or part of the
routine organizational
practices and policies;
individual level—long-term
effects of a program on
outcomes for 6 or more month
after the most recent
intervention contact

What percentage of the
target population came
into contact with or
began program?

Did program reach those
most in need?

Were participants
representative of your
practice setting?

Did program achieve key
targeted outcomes?

Did it produce
unintended adverse
consequences?

How did it affect quality
of life?

What did the program
cost as implemented and
what would it cost in your
setting?

Did low-resource
organizations serving
high-risk populations use
it?

Did program help the
organization address its
primary mission?

Is program consistent
with your values and
priorities?

How many staff members
delivered?

Did different levels of
staff implement the
program successfully?
Were different program
components delivered as
intended?

Did program produce
lasting effects at
individual level?

Did organizations sustain
the program over time?
How did the program
evolve?

Did those persons and
settings that showed
maintenance include
those most in need?

Adapted nursing care
performance framework [7]

Acquiring, Deploying, and
Maintaining Resources

Transforming Resources into
Services

. Time and Efficiency

. Nurses’ Practice
Environment

Time Management

Time Spent for Patient
Care

Documentation Time
Knowledge Updating and
Utilization

Information Quality and
Access

Nurse Autonomy



’

Producing Changes in Patients
Condition

Nursing Processes

Professional Satisfaction

Nursing-Sensitive
Outcomes

Intra- and
Interprofessional
Collaboration

Nurses’ Competencies
and Skills

Quality of Documentation
Nurse-Patient
Relationship
Assessment, Care
Planning, and Evaluation
Teaching of Patients and
Families

Communication and Care
Coordination

Nurses’ Perspectives of
the Quality of Care
Provided

Satisfaction or
Dissatisfaction of Nurses
Using ICTs

Patient Comfort and
Quiality of Life Related to
Care

Empowerment
Functional Status
Satisfaction or
Dissatisfaction of Patients
of Using ICTs

Design and Evaluation Ease of use

of DHI Framework)[8]

Content Quality

Privacy & security

Accountability

Adherence

The degree to which
effort is required to take
advantage of the DHI (e.
g., using common
interaction paradigms).

The degree to which the
content of a DHI is
accurate, timely,
complete, relevant, and
consistent (e. g., real-
time location-based
pollen warnings for
asthmatics)

The degree to which the
DHI considers legal
requirements and aspects
with respect to

privacy and security
aspects (e. g., a DHI is
compliant with the
General Data Protection
Regulation).

The degree to which
information about the
DHI is made explicit for
usage decisions

(e. g., details of the
intervention author of a
DHI are accessible).

The ratio of actual usage
to intended usage




Aesthetics

Perceived benefit

Effectiveness

Service Quality

Personalization

Perceived enjoyment

Ethics

Safety

of a DHI (e. g., 4 out of 5
exercises are
conducted per week).

The degree to which the
DHl interface

applies design elements,
colors and fonts in

a logical way (e. g.,
consistent use of colors,
figures and fonts).

The degree to which a
person believes that
using a DHI improves his
or her health
behavior/health
condition (e. g., a believe
that a DHI helps to
increase physical activity)

The degree to which the
DHI contributes to

the enhancement of an
individual’s health
behavior/condition (e. g.,
significant

reduction of fat mass).

The extent to which
support of a DHI is
provided (e. g., a
technical support line is
made available).

The degree to which the
DHI adapts to the

needs of an individual (e.
g., the daily step

goal of a DHI adapts to
the capabilities of an
individual).

The degree to which an
individual believes

that using a DHI is
engaging (e. g., the use of
game elements and level
designs in a DHI).

The degree to which the
DHI addresses

ethical aspects (e. g., the
DHI was designed

for individuals with
various cultural
backgrounds or
disabilities).

The extent to which the
usage of a DHI is safe
with respect to side
effects (e. g., interactions
with a DHI are limited to
account for addiction
behavior

Health technology Company information
assessment framework for

digital healthcare services

(Digi HTA) [9]

Contact information of
company.

What is the company’s
business model?




Product information

Are quality management
systems in use? Which
ones?

The name of the product.
Short description of the
product.

What is the product’s
readiness level (TRL levels
1-9)?

Which platforms and
platform versions of the
product are available?
Does the product have CE
and/or FDA approval?

Is the product a medical
device, and what
classification does it
have?

Is the product classified
according to MDD or
MDR requirements?
Does the product meet
the electrical safety
requirements for medical
devices (if applicable)?
Does the use of the
product require
registration or login?
Does the use of the
product require strong
identification?

Does the company have
any plans for post-market
surveillance of the
product?

What kind of product
support does the
company offer?

What is the intended use
of the product?

What are the intended
user groups?

What problem in the
healthcare system is the
product trying to solve?
Is the aim of the product
to replace any existing
healthcare services?
Does the introduction of
the product cause any
changes to the premises,
information systems, or
care processes?

Is the product already in
use elsewhere in Finland
or worldwide?

Where, and for how
long?

What kind of support
does the end user need
to use the product?

If users need training,
who organizes it? When?
What is the language of
training?

Does the company have
instructions (e.g., a
project plan) for
healthcare service

10



Technical stability

Cost

Effectiveness

providers to ensure
fluent introduction of the
product?

What is the company’s
testing process?

What is the company’s
process for handling error
messages?

Does the company have
the capacity to roll back
to previous versions of
the product?

Does the company have a
process to proactively
monitor the running of
systems and system
components to
automatically identify
faults and technical
issues?

Does the company have a
plan for decommissioning
the product?

Has there been any
downtime or impairment
time in the use of the
product during the last
six months?

What are the costs of
using the product for a
healthcare customer?

If the use of the product
is free, what is the source
of the company’s
income?

What kind of initial costs
(estimated minimum and
maximum values in
detail) does the introduc-
tion of the product
impose on the
organization, including
changes to buildings or
facilities, a need for new
devices and software, as
well as needed training?
What are the
maintenance costs
(estimated minimum and
maximum values) to the
organization for the use
of the product?

How often must devices
or software versions
related to the product be
renewed?

Which uncertainties
apply to these cost
estimates?

Does the product provide
clinical benefits? What
are they?

Does the product
provide benefits to the
end users by improving
their behavior related to
their own health? How
so?

11



Clinical Safety

Data security and protection

Usability and accessibility

Does the product provide
benefits to the
organization (like
improving care
processes)? How so?
What kind of evidence is
available for
effectiveness (case
studies, randomized
controlled trials,
Cochrane reviews, etc.)?
Are there any ongoing
studies to investigate the
product’s effectiveness?
Does any institution like
the Duodecim Current
Care Guidelines
recommend the use of
the product?

Are there any risks,
possible side effects, or
other undesirable effects
associated with using the
product?

Is there any research
evidence available
related to clinical safety?
Have any product-related
adverse events been
reported or identified?
What is the company’s
process to handle
adverse events?

Has the product
undergone a risk
analysis?

Are there any undesirable
effects associated with
misuse of the product?
Are the error conditions
of guidelines removed, or
is their realization
unlikely?

Is the company aware of
the product register and
Manufacturer Incident
Report supervised by the
National Supervisory
Authority of Welfare and
Health?

Who is the responsible
person in the company
for handling
Manufacturer Incident
Reports?

Data Security and
Protection Preliminary
Task

Information Security and
Data Protection
Requirements

Have all user groups been
taken into account in
product design, like
people with visual or
hearing impairments?

12



Interoperabilty

Has the product been
tested with real user
groups?

What kind of accessibility
testing has been
performed on the
product?

Has the functionality of
the product been tested
with screen readers or
other assistive technol-
ogies?

How have the product’s
users been taken into
account in the product’s
text (clear, concrete
language; the avoidance
of professional
language)?

How have the product’s
users been taken into
account in the design of
its textual content
(headings, lists, and
images)?

How does the company
continue to collect
feedback from users and
make changes to the
product based on this
feedback?

What changes have been
made to the product
based on user feedback?
How is the company
going to continue to
evaluate and develop
accessibility?

Is the product compatible
with the following ty
guidelines (if applicable)?
WCAG 2.0/ WCAG 2.1
Papunet Design Guide for
Websites

EN 301 549 section 11-
Software

Design guidelines for
native application
Design guidelines for
progressive web
application

Does the application
support OS accessibility
features?

Does the product have
interfaces into the
website or other
software?

Does the product have
interfaces into the
following healthcare
services? Electronic
patient records (which
ones?) Finnish Kanta PHR
Other (what?)

Are proprietary formats
used to store and
transfer data?

13



Artificial intelligence

Are the definitions of the
original proprietary
formats openly available?
Does the product have
interfaces for other
companies’ services?

Can the data contained in
the product be exported
in a commonly used or
standard format?

Does the product use
data from other systems
via interfaces? If yes, can
the data produced by
others be separated in
the system?

Does the product connect
with health or wellness
devices? If yes, is it
compatible with ISO/IEEE
11073 Personal Health
Data (PHD) Standards?

Exactly what defined
problem is going to be
solved by the AI?

What is the classification
of AI? Visualization only,
Al-assisted (e.g., diagno-
sis/classification/decision
), or solely Al-controlled?
Could the problem be
solved without the Al
solution?

Is the solution based on
machine learning or a
neural network?

Do the staff have
sufficient capacity to
understand the
operational logic of Al
(e.g., do they need
additional training)?

Are the conclusions and
decisions of the Al
solution transparent, i.e.,
can medical staff
understand what the
decisions are based on?
Is the Al solution
validated in the
environment in which it
will be used?

What are the data
sources for the Al
solution?

Are the data sources used
in the training of Al
solutions relevant to a
final use case (e.g. are
the age and gender
composition of training
groups comparable to
that of real user groups)?
Are the access rights
required for the use of
the data in order, and
have data protection
(e.g., GDPR) and security

14



Robotics

issues been taken into
account?

When it comes to
classifier teaching, are
there enough data
relative to the size of the
smallest class?

Can the Al solution use
incomplete data? Can the
Al solution use noisy
data?

Is retraining possible for
the Al solution? What are
the data sources for
retraining?

How is it ensured that the
system is not taught with
irrelevant data?

How many tests or
results are needed for the
Al model?

Is the algorithm
purchased software as a
service (SaaS) or its own
design? What
performance criteria are
used?

Does the Al solution
change care processes?
How?

When does the Al
solution propose an
action?

How, and who will
actually implement it?

Is staff’s approval needed
for action proposed by
the AI?

Is there any possibility
that using the robot
could create safety risks
for healthcare personnel
or customers (e.g., forces
that could be destructive
or collision with people)?
How have those risks
been avoided in the
robot’s design?

What kind of
arrangements are needed
to teach or program the
robot to operate?

If the robot is battery-
operated, what are the
operating, idle, and
charging times?

Clinical Information Systems

Success Model (CISSM) [10]

System Performance (SP)

Ease of Use

Accessibility

Reliability

The degree to which a
person believes that
using a particular system
would be free of effort

The ease or difficulty with
which the user may act to
utilize the capability of
the computer system

The dependability and
consistency of access and
uptime of systems
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Information Quality (1Q)

Social Influence (SI)

Facilitating Conditions (FC)

CIS Use Dependency

Nurse Satisfaction

Perceived Usefulness

Content Completeness

Format

Accuracy

Service Support

Social Support

Perceived Behavioral
Control

Work Processes

The degree to which a
person believes that
using a particular system
would enhance his or her
job performance

The completeness and
precision of the output
information

The material design of
the layout and display of
the output contents

The correctness of the
output information

The degree to which
clinicians perceive a
helpful network of
co-workers

User’s expectations and
perceptions of service
performance levels
provided by CIS staff

Perceptions of internal and
external constraints on
behavior

The clinician’s
perceptions of clinical
activities as they relate to
specific CIS applications

The extent to which the
CIS is integrated into the
clinician’s work routine

The level of overall
clinician satisfaction with
CIS

Net Benefit
. The degree to which a
clinician believes that
using a particular CIS
impacts job performance
Comprehensive evaluation Human . Service Provider . Comfort with
framework for telemedicine Work flow
implementation [11] . Expertise on ICT
. Education &
Training
. Comfort with
Patient communication
. Comfort with Provider
interaction
. Resistance to
Change
. Location/ travel time
. Disease characteristics
. ICT skills & knowledge
* Patient/clinic . Patient awareness
. ICT equipment

User habit
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System .

Environment .

Outcomes .

Organisation

Technology

Society

Rules/policy

Cost effectiveness
Quiality of care
Patient satisfaction

Medical cost
(out-of-pocket)
Leadership
Organizational culture
Change management
Hospital information
systems

Budget

Training & support
Work flow reengineering

Reliability of technology
Storage

System speed

User interface

Data quality
Transmission
Interoperability
Information security
Reimbursement

3rd party payer
Insurance fee
schedule

ICT infrastructure
Social norms & values

Governmental authority
Interface standards
Privacy certification &
license

Privacy & security rule
Practice Medical liability

Digital Health Score Card Technical .
(12]

Clinical .

Usability .

Cost .

Performance

Security
Interoperability

Evidence

Usability (helpful,
learnable, likable)

Purchasing price
Resources

Assessment of
performance when
compared to technical
gold standard

Testing of security
Testing of interoperability

Critical appraisal of
evidence supporting
whether solution has
impact on defined clinical
outcome

Comparison to existing
clinical gold standard
Real world testing or
simulation performance
intarget population

Assessment using
standardized usability
framework that evaluates
Performance across basic
Characteristics (e.g.
helpful; effective;
learnable; likeable)

Purchase price
Resources including time
required for training, set-
up, implementation,

and management
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Anticipated costs

of solution

Anticipated cost impact
on clinical outcome of
interest

Development of an
Evaluation Framework for
Health Information Systems
(DIPSA Framework) [13]

Technology

Human Factor

Organization

System quality
Safety

Collaboration
Satisfaction

Procedures

Health Technology Adoption
Framework [14]

Health gain

Service delivery

Efficacy (evidence based
medicine, clinical
outcomes and quality of
life)

Population health
(burden of disease)

Standard of care

Safety

Training

Access

Is there evidence that the
technology will improve
individual patient short-
term (, 5 years) gain in
health (clinical outcomes
and/or quality of life) as
compared with the
current practice?

Is there evidence that the
technology will improve
individual patient long-
term (5 years) gain in
health or reduce the
likelihood of further
disease or complications
as compared with the
current practice?

Can the technology,
including risk of adverse
events, benefit cases with
few alternatives?

Does the technology
address a condition with
significant incidence
and/or prevalence
(burden of disease)?

Is the incidence or
prevalence projected to
increase or decrease over
the next 5

years?

Has the technology
become the Standard of
Care in other health
regions?

Will the technology
establish a new Standard
of Care?

Is the technology at least
as safe as current
practice for the patients?
Is the technology at least
as safe as current
practice for the health
care providers?

Will the technology
require health care
provider training?
What is the expected
time frame for more
health care providers to
acquire the expertise to
use the technology?

Will the technology
improve accessibility (i.e.

18



Strategic fit

Innovation

Financial

Service coordination

Sustainability

Strategic fit

Knowledge and research

Cost (resources,
infrastructure)

Economic analysis (cost-
effectiveness,
cost-benefit)

shift services closer to
where patients reside;
geographic equity)?
Will the technology
provide services to
under-served
population(s)?

Will the technology
improve the provision of
services at the most
appropriate time or
decrease wait times?
(Timeliness; service
efficiency)?

Will the technology
improve coordination
and collaboration with
other clinical services or
reduce or increase impact
on other services (service
coordination)?

Will the technology
reduce load or positively
impact other services?

How many health care
providers are demanding
this technology?

Will the technology be
well utilized?

How many health care
providers have the
expertise to use the
technology upon
acquisition?

Will additional human
resources be required?

Is the technology aligned
with internal
(Department/Division)
strategic goals?

Will the technology
improve the generation,
transfer, and/or
application of new
knowledge to patient
care services? (innovation
characteristics)

Will the technology have
Direct costs (purchase of
technology)?

Will the technology have
One Time and Start Up
Costs?

Will the technology have
Ongoing costs?

Will the technology
impact Other Services
Areas?

Will the technology have
Alternative or Partial
Funding Sources?

Will the technology have
Environmental costs?

Is there evidence to
support the cost-
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effectiveness of the
technology?

Is the cost-effectiveness
threshold the same for all
(e.g. children vs adults)?
Is there evidence to
support the cost-benefit
ratio of the technology?
Are any potential cost
increases associated with
the technology offset by
significant improvements
in quality of life or other
patient outcomes?

Hospital Information
SystemSuccess Framework
[15]

Functional

Preparation of the user
requirements

Alignment of the role and
design of the HIS (Task-
technology adaption)
Flexibility towards
dynamic changes and
changes in the
organizational context
Added functionality are
provided by the HIS,
enabling users to provide
new or better services
Improve clinical
performance and
outcomes

In general

Organizational

Collaboration and
cooperation
Participation in decision-
making

Work from the workflow
Support from higher level
organizations

Make implementation a
transparent process
within the organization
Organizational stability
Rate of hospital
independence and
authority

Organizational capacity
for changes

In general

Behavioral

User involvement

User engagement and
commitment

Resistance to changes
User knowledge and skills
Stakeholder, user and
patient satisfaction
Motivational activities
User acceptance
(perceived system ease of
use, perceived system
usefulness)

In general

Cultural

Understand health care
as a specific culture
Understand the local
culture (such as attention
to cultural differences
between public and
private hospitals as well
as developing and
developed countries)
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Preparedness and
willingness towards
cultural change
(professional culture)
Expectations of users
In general

Management

Managers commitment
Formulation and
expression of a clear
vision for the enterprise
showing the HIS as part
of it

Setting clear goals and
instructions

Flexible planning
Prospective and proactive
control

Coping with the impact of
change

Internal communication
and clear feedback
Having a strategy
Handling the diversity
within stakeholder goals
Using formal project
management
methodology

Dedicate, availability and
prioritize of competitive
hospital

resources (human,
financial and physical
resources and time)
Identify and mitigate risk
(risk management)
Consider IT
implementation as a
change process 1
Understanding socio-
technical nature of HIS
Regular evaluations and
using their results at
different stages of HIS life
cycle

In general

Technical (system
quality, information
quality and service
quality)

Integration with Legacy
system

Interoperability and
Interconnectivity
Usability

Balance between
flexibility and stability of
IT

Reliable technical
infrastructure or network
Complexity of the system
Information quality
(relevancy, usefulness,
completeness, etc.)
Response time (system
speed)

System security

Service quality (the
support provided by the
information department,
the support provided by
the maintenance
company)

Quality of user
documentation
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Flexibility and
adoptability, enabling
future functional and
technical changes

Using proper standards,
coding and nomenclature
In general

Strategy

National, regional,
organizational
Accepted also at lower
levels

Alignment between
system strategies and
hospital strategies

In general

Economy

Return on investment
(material or immaterial)
Justification of increase
of costs

Sufficient funding

In general

Education

Sufficient training to
make the best out of the
daily operation

Sufficient training to
provide an understanding
of its limitations and
future potentials

In general

Legal

Compliance with legal
requirements

Know what the legal
constraints/opportunities
In general

Ethical

Compliance with existing
ethical rules in affairs
management

Privacy and
confidentiality

In general

Political

Political games/conflicts
Willingness towards
investment on IT systems
Reliable external partners
In general

Human, Organization,
Process and Technology-fit
(HOPT-FIT) [16]

Human

Organisation

Process

Technology

System Design
System Implementation
System Use

Structure
Environment

Clinical Flow/Standard
Business Process
Management

Lean Method

System Quality
Information Quality
Service Quality

Khoja—Durrani—Scott
Evaluation Framework [17]

Health services outcomes

Development . Ongoing and periodic
assessment of health
status, existing services,
needs, and opportunities

Implementation . Improved diagnosis and
treatment of disease
conditions

. Improved decision

support and clinical
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Technology outcomes

Integration

Sustained Operation

Development

Implementation

Integration

Sustained Operation

care and health
management

Improved access to care
Barriers and facilitators
Acceptability of e-health
Better clinical safety
Improved quality of care
Functional independence
among staff

Equity of care

Stability of services
Effects on the delivery of
medical care

Health impact leading to
change in disease status
Social impact due to
improved access and
quality of services
Stability of services
Improvement in quality of
life

Health impact showing
change via indicators
Stability of services
Wide reach

Development cost,
availability, affordability
Interoperability and
standardization
Well-designed software
Reliable hardware
Technical efficiency or fix
Timeliness

Cost

Robust and reliable
networking

Easily adaptable to
different settings
(patenting)

Cultural acceptability
Environmental viability

Interoperability

User-
friendliness/usability
Appropriate in a variety
of conditions

Relevance to existing and
growing needs

Flexible (can be modified
to suit local
cultural/social needs)
Efficiency/error rates
Accuracy

User acceptance

Appropriate in a variety
of conditions

Relevant to existing and
growing needs

Broader interoperability

Scalability
Cost benefit
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Economic outcomes

Behavioral and
sociotechnical outcomes

. Ethical outcomes

Development

Implementation

Integration

Sustained Operation

Development

Implementation

Integration

Sustained Operation

Development

Implementation

Ability to be incorporated
into policy

Affordability
Cost minimization

Cost-utility

Cost-benefit

Improved DALYs
Improved QALYs

Human resource factors
(management style,
working relationship,
communications flow,
staff motivation)

Strategy for e-health
implementation
User-friendliness
Human—-computer
interaction

Direct benefits to users in
routine work

Benefits in learning
Penetration/diffusion of
innovation (addressing
the digital divide)

Trust
Beneficence/nonmalefice
nce (client, provider,
organization)

Problem handling
Gender issue/gender
divide

Penetration/diffusion of
innovation (addressing
the digital divide)
Strategy for broader e-
health adoption

Adoption/adaptation of
technology on a wider
Scale

Prioritizing e-health over
other issues

Moral consideration
Autonomy (client based)
Justice and equity
Selection of study
subjects/patients and
population

Securing identity and
maintaining
confidentiality of patient
information

Sensitive to sociocultural
issues

Security

Liability

Licensure
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Readiness and change

outcomes

Policy outcomes

o Integration

. Sustained Operation

. Development

. Implementation

. Integration

. Sustained Operation

. Development

. Implementation

. Integration

. Sustained Operation

Reimbursement

All of the following in a
broader perspective:
Sensitive to sociocultural
issues

Security

Liability

Licensure
Reimbursement

Security

Plan for change
management

Individual, organizational,
and societal readiness to
technology change
"Involvement" of end
user in requirements
elicitation phase,
selection of vendor,
solution, evaluation,
features, etc.

Effective change
management
(preparation and action)
Training of all staff,
including clinical and
management staff

Effective change
management
(maintenance)

Modification
Improvement
Customization

Policies for change
management

Scope for innovations
Funding support for
research

Limited changes in
organizational and
national policies to
facilitate e-health
implementation

Policy changes to
facilitate broader
adoption,
implementation,
and innovation in
e-health

Healthy public policy and
organizational practice
Knowledge sharing with
other organizations and
countries

The layered telemedicine

implementation model [18]

Technical

. Technology

Support
Training
Usability
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. Quality

Behavioural . Acceptance . Attitude and usability
. Evidence based medicine
. Diffusion and
dissemination

Economical . Financial . Provider and structure
Organizational e  Organization e  Intramural and
extramural work
practices
. Policy and Legislation . Legislation and policy

. Standardization
. Security
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Additional File 2: Evaluation Areas

Canvas Category

Framework Category

Related Framework

Focus Nature of condition or illness Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)
Health problem Model for Assessment of Telemedicine (Mast Manual)
Disease characteristics Comprehensive evaluation framework for telemedicine
implementation
Comorbidities Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)
Purpose of the telemedicine application Model for Assessment of Telemedicine (Mast Manual)
Relevance to existing and growing needs Khoja—Durrani-Scott Evaluation Framework
Product/ Material features Nonadoption, abandonment, scale-up, spread, and
Technology sustainability Framework (NASSS)

Aesthetics

User interface

System Design
Well-designed software
Format (material design of the layout and display)
Alignment of the role and design of the HIS (Task-
technology adaption)
Technology supply model
Maturity of the application
Functionality

Performance

Ease of use
Responsiveness

Software (Usability)
Functionality

Usability

Ease of use

Technical stability
Usability

Ease of Use

Reliability

Accuracy

Reliability of technology
Storage

System speed

Design and Evaluation of DHI Framework

Comprehensive evaluation framework for telemedicine
implementation

Human, Organization, Process and Technology-fit (HOPT-
FIT)

Khoja—Durrani-Scott Evaluation Framework
Clinical Information Systems Success Model (CISSM)
Hospital Information System Success Framework

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast Manual)
Infoway benefits evaluation Framework
Infoway benefits evaluation Framework
Infoway benefits evaluation Framework
Infoway benefits evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

Evaluation Framework for Fit-For-Purpose Connected
Sensor Technologies

Design and Evaluation of DHI Framework

Health technology assessment framework for digital
healthcare services (Digi HTA)

Health technology assessment framework for digital
healthcare services (Digi HTA)

Clinical Information Systems Success Model (CISSM)
Clinical Information Systems Success Model (CISSM)
Clinical Information Systems Success Model (CISSM)

Comprehensive evaluation framework for telemedicine
implementation
Comprehensive evaluation framework for telemedicine
implementation
Comprehensive evaluation framework for telemedicine
implementation



Transmission

Performance

Usability (helpful, learnable, likable)

System quality

Preparation of the user requirements
Usability

Balance between flexibility and stability of IT
Reliable technical infrastructure or network
Complexity of the system

Response time (system speed)

Flexibility and adoptability, enabling future functional

and technical changes
System Quality (measures of the information

processing system itself)
Reliable hardware

Technical efficiency or fix
Robust and reliable networking
User-friendliness/usability
Usability

Quality

Type of data generated Data
Description of the application
Content

Completeness/Correctness of data

Content quality (accurate, timely, complete, relevant,
and

consistent)

Personalization

Content Completeness

Data quality

Information quality (relevancy, usefulness,
completeness, etc.)

Quality of user documentation

Information Quality (measures of IS output)
Timeliness

Accuracy

Efficiency/error rates

Technical safety (technical reliability)

Comprehensive evaluation framework for telemedicine
implementation

Digital Health Score Card

Digital Health Score Card

Development of an Evaluation Framework for Health
Information Systems (DIPSA Framework

Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Human, Organization, Process and Technology-fit (HOPT-
FIT)

Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework

The layered telemedicine implementation model

The layered telemedicine implementation model
Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast Manual)
Infoway benefits evaluation Framework

Health Information Technology Evaluation Framework

(HITREF)
Design and Evaluation of DHI Framework

Design and Evaluation of DHI Framework

Clinical Information Systems Success Model (CISSM)
Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Hospital Information System Success Framework
Human, Organization, Process and Technology-fit (HOPT-
FIT)

Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani=Scott Evaluation Framework

Model for Assessment of Telemedicine (Mast Manual)



Clinical safety (patients and staff)
Security
Security

Safety

Clinical safety
Security

Safety

Safety

System security
Clinical Safety
Security
Security

Technical characteristics

(eg.) Infrastructure requirements; Interoperability:
Integration needs

Interoperability

Interoperability

Integration with Legacy system

Interoperability and Interconnectivity

Using proper standards, coding and nomenclature
Interoperability and standardization
Interoperability

Knowledge needed to use

Availability

Product information (detailed information about the
product e.g. name, technology readiness or intended
use)

Accessibility

Accessibility

Access

Sustainability

Flexibility towards dynamic changes and changes in the

organizational context
Flexible (can be modified to suit local cultural/social

needs)
Easily adaptable to different settings (patenting)

Appropriate in a variety of conditions

Ability to be incorporated into policy

Model for Assessment of Telemedicine (Mast Manual)
Infoway benefits evaluation Framework

Evaluation Framework for Fit-For-Purpose Connected
Sensor Technologies

Design and Evaluation of DHI Framework

Health technology assessment framework for digital
healthcare services (Digi HTA)

Digital Health Score Card

Development of an Evaluation Framework for Health
Information Systems (DIPSA Framework

Health Technology Adoption Framework

Hospital Information System Success Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework

The layered telemedicine implementation model

Model for Assessment of Telemedicine (Mast Manual)

Health technology assessment framework for digital
healthcare services (Digi HTA)

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Khoja—Durrani—Scott Evaluation Framework

Digital Health Score Card

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Infoway benefits evaluation Framework

Health technology assessment framework for digital
healthcare services (Digi HTA)

Health technology assessment framework for digital
healthcare services (Digi HTA)

Clinical Information Systems Success Model (CISSM)
Health Technology Adoption Framework

Health Technology Adoption Framework

Hospital Information System Success Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani=Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework



Acceptability of e-health

Khoja—Durrani=Scott Evaluation Framework

Objective
Value/Effect

Supply-side value (to developer)
Demand-side value (desirability, efficacy,
effectiveness)

Clinical Effectiveness:

Effects on mortality

Effects on morbidity

Physical health

Mental health

Effects on health related quality of life (HRQL)
Behavioural outcomes (e.g. exercise)
Utilization of health services

Quality

Access

Productivity

Patient outcome

Patient related knowledge

Efficiency

Appropriateness of patient care
Organizational or social quality
Evidence based medicine

Utility

Important outcomes

Quality of life

Long-term effects of a program on outcomes
Time and Efficiency

Nurses’ Practice Environment
Nursing Processes

Nursing-Sensitive Outcomes
Effectiveness

Effectiveness

Net Benefits

Quality of care

Efficacy (evidence based medicine, clinical outcomes
and quality of life)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Infoway benefits evaluation Framework

Infoway benefits evaluation Framework

Infoway benefits evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

The layered telemedicine implementation model

Evaluation Framework for Fit-For-Purpose Connected
Sensor Technologies

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)
Adapted nursing care performance framework
Adapted nursing care performance framework
Adapted nursing care performance framework
Adapted nursing care performance framework

Design and Evaluation of DHI Framework

Health technology assessment framework for digital
healthcare services (Digi HTA)

Clinical Information Systems Success Model (CISSM)
Comprehensive evaluation framework for telemedicine

implementation
Health Technology Adoption Framework



Population health (burden of disease)
Standard of care

Improved DALYs

Improved QALYs

Direct benefits to users in routine work
Benefits in learning
Beneficence/nonmaleficence (client, provider,

organization)
Improved diagnosis and treatment of disease

conditions

Improved decision support and clinical

care and health management

Improved access to care

Improved quality of care

Functional independence among staff

Equity of care

Stability of services

Effects on the delivery of medical care

Health impact leading to

change in disease status

Social impact due to improved access and quality of
services

Improvement in quality of life

Health impact showing change via indicators
Unintended Consequences/Benefits

Potential negative effects

Evidence

Added functionality are provided by the HIS, enabling

users to provide new or better services

Verification, analytical validation, and clinical
validation

Health Technology Adoption Framework

Health Technology Adoption Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

RE-AIM (Reach, Effectiveness, Adoption, Implementation,

and Maintenance) (expanded to clinical informatics)
Digital Health Score Card

Hospital Information System Success Framework

Evaluation Framework for Fit-For-Purpose Connected
Sensor Technologies

Individual

Satisfaction and acceptance

User Satisfaction

Attitude (towards technology)

User satisfaction

Patient satisfaction with EHR

Patient satisfaction with care

Professional Satisfaction

Model for Assessment of Telemedicine (Mast Manual)

Infoway benefits evaluation Framework

The layered telemedicine implementation model

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

Health Information Technology Evaluation Framework
(HITREF)

Adapted nursing care performance framework



Nurse Satisfaction

Comfort with Patient communication (provider)
Comfort with Provider interaction (provider)
Stakeholder, user and patient satisfaction
Intention to use

Individuals who are willing to participate
Resistance to Change (provider)

User acceptance (perceived system ease of use,
perceived system usefulness)

User acceptance

Staff (change of role or identity)

Patient (simple vs complex input - expectation)
Carers (available nature of input - assumptions about
them)

User habit (patient)

User involvement

User engagement and commitment

Resistance to changes

Motivational activities

"Involvement" of end user in requirements elicitation
phase, selection of vendor, solution, evaluation,
features, etc.

Clinical involvement in HIT Selection, Implementation,
Training

Use/behaviour pattern

Self-reported use

Clients use

Adherence

System Use

Adoption/adaptation of technology on a wider Scale
Wide reach

Patients Confidence (in the treatment)

Perceived benefit

Perceived enjoyment

Perceived Usefulness

Comfort with Work flow

Location/ travel time (patient)

Patient awareness (patient)

Clinical Information Systems Success Model (CISSM)

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Infoway benefits evaluation Framework

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics))

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Khoja—Durrani—Scott Evaluation Framework

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework

Hospital Information System Success Framework

Khoja—Durrani—Scott Evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

Infoway benefits evaluation Framework

Infoway benefits evaluation Framework

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics))
Design and Evaluation of DHI Framework

Human, Organization, Process and Technology-fit (HOPT-
FIT)

Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework

Model for Assessment of Telemedicine (Mast Manual)
Design and Evaluation of DHI Framework

Design and Evaluation of DHI Framework

Clinical Information Systems Success Model (CISSM)
Comprehensive evaluation framework for telemedicine

implementation
Comprehensive evaluation framework for telemedicine
implementation
Comprehensive evaluation framework for telemedicine
implementation



Understanding of information
Ability to use the application
Empowerment, self-efficacy
Competency

Perceived Behavioural Control
CIS Use Dependency

User knowledge and skills
Autonomy (client based)
Degree of adolescent control (autonomy)
Individual readiness to change
Expertise on ICT (provider)

ICT skills & knowledge (patient)

Model for Assessment of Telemedicine (Mast Manual)

Model for Assessment of Telemedicine (Mast Manual)

Model for Assessment of Telemedicine (Mast Manual)

Infoway benefits evaluation Framework

Clinical Information Systems Success Model (CISSM)

Hospital Information System Success Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Comprehensive evaluation framework for telemedicine
implementation
Comprehensive evaluation framework for telemedicine
implementation

Organisation

Work needed to implement change

Organisational Strategy

Diffusion

Consistency of delivery as intended and the time of the

intervention
Extent to which a program or policy becomes

institutionalized or part of the routine organizational
practices and policies

Make implementation a transparent process within the
organization

Consider IT implementation as a change process
System Implementation

Penetration/diffusion of innovation (addressing the
digital divide)

Modification

Improvement

Customization

Policy changes to facilitate broader adoption,
implementation, and innovation in e-health
Strategy for e-health implementation

Capacity to innovate

Readiness for this technology (change)

Nature of adoption (how easy will it be?)

Scope for adaption over time

Organisational resilience

Structure

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Infoway benefits evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics))

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)

Hospital Information System Success Framework
Hospital Information System Success Framework

Human, Organization, Process and Technology-fit (HOPT-
FIT)

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast
Manual)Model for Assessment of Telemedicine (Mast
Manual)



Culture

Culture

Hardware (availability in the organisation)
Organizational culture

ICT infrastructure

ICT equipment (patient)

Resources (e.g. time for training, set-up,
implementation,

and management)

Knowledge and research

Organizational stability

Rate of hospital independence and authority
Organizational capacity for changes

Coping with the impact of change

resources (human, financial and physical resources and
time)

Structure

Environment

Organisational readiness to change

Scope for innovations

Human resource factors (management style, working
relationship,

communications flow, staff motivation)
Organizational Support/ Capacity

Settings and intervention agents (people who deliver
the program) who are willing to initiate a program
Social Support (to use CIS)

Service Support

Education & Training & Support

Training

Sufficient training to make the best out of the daily

operation

Sufficient training to provide an understanding of its
limitations and future potentials

Training of all staff, including clinical and management
staff

Support

Training

(leadership etc.)

Management

Leadership

Model for Assessment of Telemedicine (Mast
Manual)Model for Assessment of Telemedicine (Mast
Manual)

Infoway benefits evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation
Comprehensive evaluation framework for telemedicine
implementation

Health Technology Adoption Framework

Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Human, Organization, Process and Technology-fit (HOPT-

FIT)

Human, Organization, Process and Technology-fit (HOPT-
FIT)

Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani—Scott Evaluation Framework

Health Information Technology Evaluation Framework
(HITREF)

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)

Clinical Information Systems Success Model (CISSM)
Clinical Information Systems Success Model (CISSM)
Comprehensive evaluation framework for telemedicine
implementation

Health Technology Adoption Framework

Hospital Information System Success Framework
Hospital Information System Success Framework
Khoja—Durrani-Scott Evaluation Framework

The layered telemedicine implementation model
The layered telemedicine implementation model
Nonadoption, abandonment, scale-up, spread, and

sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast
Manual)Model for Assessment of Telemedicine (Mast
Manual)

Comprehensive evaluation framework for telemedicine
implementation



Change management

Participation in decision-making

Support from higher level organizations

Managers commitment

Formulation and expression of a clear vision for the
enterprise

showing the HIS as part of it

Setting clear goals and instructions

Flexible planning

Prospective and proactive control

Having a strategy

Handling the diversity within stakeholder goals
Using formal project management methodology
Dedicate, availability and prioritize of competitive
hospital

Identify and mitigate risk (risk management)
Understanding socio-technical nature of HIS
Business Process Management

Lean Method

Prioritizing e-health over other issues

Plan for change management

Effective change management (preparation and action)
Effective change management (maintenance)
Policies for change management

Limited changes in organizational and national policies
to facilitate e-health implementation

Healthy public policy and organizational practice
Collaboration

Collaboration and cooperation

Internal communication and clear feedback

Service quality (the support provided by the
information department, the support provided by the
maintenance company)

Knowledge sharing with other organizations and
countries

Extend of change needed to routines

Process

Business Process

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Hospital Information System Success Framework
Human, Organization, Process and Technology-fit (HOPT-

FIT)
Human, Organization, Process and Technology-fit (HOPT-

FIT)

Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Development of an Evaluation Framework for Health
Information Systems (DIPSA Framework

Hospital Information System Success Framework

Hospital Information System Success Framework

Hospital Information System Success Framework

Khoja—Durrani-Scott Evaluation Framework

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast
Manual)Model for Assessment of Telemedicine (Mast
Manual)

Infoway benefits evaluation Framework



Work flow reengineering

Procedures

Service coordination

Work from the workflow

Regular evaluations and using their results at different

stages of HIS life cycle
Clinical Flow/Standard

Service Quality

Intramural and extramural work practices

Comprehensive evaluation framework for telemedicine
implementation

Development of an Evaluation Framework for Health
Information Systems (DIPSA Framework

Health Technology Adoption Framework
Hospital Information System Success Framework
Hospital Information System Success Framework

Human, Organization, Process and Technology-fit (HOPT-
FIT)

Human, Organization, Process and Technology-fit (HOPT-
FIT)

The layered telemedicine implementation model

Societal

Political/ policy

Rules/policy

Governmental authority

Political games/conflicts

(political) Willingness towards investment on IT
systems

Legislation and Policy

security (patient information) (Legislation)
Patient privacy

Privacy & security

Data security and protection

Information security

Regulatory/ legal

Legal issues

Data rights and governance

Privacy certification & license

Privacy & security rule

Interface standards

Practice Medical liability

Compliance with legal requirements
Know what the legal constraints/opportunities
Justice and equity

Liability

Licesure

Standardisation

Professional

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Hospital Information System Success Framework
The layered telemedicine implementation model
The layered telemedicine implementation model

Health Information Technology Evaluation Framework
(HITREF)

Design and Evaluation of DHI Framework

Health technology assessment framework for digital
healthcare services (Digi HTA)

Comprehensive evaluation framework for telemedicine
implementation

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast Manual)

Evaluation Framework for Fit-For-Purpose Connected
Sensor Technologies

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Hospital Information System Success Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani=Scott Evaluation Framework

The layered telemedicine implementation model

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)



Socio-cultural

Social issues

Society

Social norms & values

Understand health care as a specific culture

Understand the local culture (such as attention to
cultural differences between public and private
hospitals as well as developing and developed
countries)

Preparedness and willingness towards cultural change
(professional culture)

(Cultural) Expectations of users
Cultural acceptability
Environmental viability
Gender issue/gender divide

Sensitive to sociocultural issues

Societal readiness to technology change

Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast Manual)
Comprehensive evaluation framework for telemedicine

implementation

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework

Hospital Information System Success Framework

Hospital Information System Success Framework
Hospital Information System Success Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

Ethics Ethical issues Model for Assessment of Telemedicine (Mast Manual)
Ethics Design and Evaluation of DHI Framework
Compliance with existing ethical rules in affairs Hospital Information System Success Framework
management
Privacy and confidentiality
Moral consideration Khoja—Durrani—Scott Evaluation Framework
Autonomy (client based)
Scalability Khoja—Durrani-Scott Evaluation Framework
Economics Supply-side value (business case) Nonadoption, abandonment, scale-up, spread, and

Business case (institutional level)

Company information

Return on investment (material or immaterial)

Budget (Hospital)

Reimbursement

3rd party payer

Sufficient funding

Reimbursement

Funding support for research

Funding decision (organisation)

Costs of information processing

sustainability Framework (NASSS)
Model for Assessment of Telemedicine (Mast Manual)

Health technology assessment framework for digital
healthcare services (Digi HTA)

Hospital Information System Success Framework

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Comprehensive evaluation framework for telemedicine
implementation

Hospital Information System Success Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Nonadoption, abandonment, scale-up, spread, and

sustainability Framework (NASSS)

Health Information Technology Evaluation Framework
(HITREF)



Cost of the intervention

Cost

Productivity (net costs/efficiency)

Medical costs (out of pocket)

Purchasing price

Anticipated costs

Cost (resources, infrastructure)
Development cost, availability, affordability
Cost

Affordability

Cost

Demand-side value (cost-effectiveness)
Economic evaluation (societal perspective)
Sensitivity analysis (Risk analysis)

Relevant alternatives

Costs of patient care

Economic feasibility

Economic outcomes

Cost effectiveness

Economic analysis (cost-effectiveness, cost-benefit)

Justification of increase of costs

Cost benefit

Cost minimization

Cost-utility

Cost-benefit

(Financial) Provider and structure/cost effectiveness

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)

Health technology assessment framework for digital
healthcare services (Digi HTA)

Infoway benefits evaluation Framework
Comprehensive evaluation framework for telemedicine
implementation

Digital Health Score Card

Digital Health Score Card

Health Technology Adoption Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework

The layered telemedicine implementation model
Nonadoption, abandonment, scale-up, spread, and
sustainability Framework (NASSS)

Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Health Information Technology Evaluation Framework

(HITREF)

Evaluation Framework for Fit-For-Purpose Connected
Sensor Technologies

RE-AIM (Reach, Effectiveness, Adoption, Implementation,
and Maintenance) (expanded to clinical informatics)

Comprehensive evaluation framework for telemedicine
implementation

Health Technology Adoption Framework

Hospital Information System Success Framework
Khoja—Durrani—Scott Evaluation Framework
Khoja—Durrani-Scott Evaluation Framework
Khoja—Durrani—Scott Evaluation Framework

Khoja—Durrani-Scott Evaluation Framework

The layered telemedicine implementation model

Strategic

Strategic fit

National, regional, organizational (Strategy)

Accepted also at lower levels

Alignment between system strategies and hospital

strategies
Reliable external partners

Strategy for e-health implementation

Problem handling

Health Technology Adoption Framework

Hospital Information System Success Framework

Hospital Information System Success Framework

Hospital Information System Success Framework

Hospital Information System Success Framework

Khoja—Durrani-Scott Evaluation Framework

Khoja—Durrani=Scott Evaluation Framework



Trust

Cross-border (transferability)
Scalability (of results)
Generalizability (of results)
Barriers or Facilitators to Adoption

Barriers and facilitators

Khoja—Durrani=Scott Evaluation Framework

Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Model for Assessment of Telemedicine (Mast Manual)
Health Information Technology Evaluation Framework

(HITREF)
Khoja—Durrani-Scott Evaluation Framework



Additional file 3. Detailed strength and weakness analysis

Assessment
Framework Strengths Weaknesses

Infoway Clear description of the purpose and addressed question (to No clear focus on a specific technology type
benefits evaluate benefits for investments) No specific application settings described
evaluation Generalistic Health (business) settings described as a setting No application strategy for the framework
Framework Applicable for different health information technologies No guidance on interpretation of results
[19] Very well illustrated presentation of the model No discussion of weaknesses and limitations

Visualization of connections and relationships within the

framework is given

Clear definition of terms with examples

Full transparency of the development process

Transferable (allows comparison of evaluation findings)
Health Clear description of the purpose and the addressed question No specific application settings described
Information Clear description of specific technology (health information No guidance on interpretation of results
Technology technologies (EHR)) Insufficient discussion of weaknesses and
Evaluation Universal approach by referring to different possible settings limitations
Framework (hospital, ambulatory, community-based, public health)
(HITREF)[20] Well-illustrated presentation of the model

Visualization of connections and relationships within the

framework is given

Clear definition of key concepts and terms

Exemplary explanation for the application

Full transparency of the development process

Transferable to different settings
Hospital Clear description of the purpose and the addressed question No visualization of the framework (table only)
Information Clear description of the setting (hospital) No visualization of connections or relationships

System Success

Framework [7]

Clear description of the technology (hospital information systems)
Description of key concepts by presenting information on related

sub factors and evaluation methods

within the framework

No guidance on interpretation of results




Presentation of recommended methods and example studies for
individual evaluation factors

Full transparency of the development process
Limitations/weaknesses are sufficiently described

Transferability in the hospital setting is given

Development
of an
Evaluation
Framework for
Health
Information

Systems (DIPSA

Clear description of the purpose and the addressed question

Clear description of the setting (hospital)

Clear description of the technology (integrated Health Information
Systems)

Description and definition of key concepts and terms with related
questions (questions are not easily accessible)

Application strategy exists

Description of the development process is given

No visualization of the framework (table only)
No visualization of connections or relationships
within the framework

Application of the framework only possible if the
questions are available

No concrete instruction on how the results can be
interpreted

Insufficient description of the limitations

Framework)
[21] Transferable to other hospital settings
Human, Clear description of the purpose and addressed question Setting unspecified (health organisation)

Organization,
Process and
Technology-fit
(HOPT-FIT) [22]

Applicable for different types of health organisations (setting)
Clear description of the technology (health information systems)
Well-illustrated presentation of the model

Visualization of connections and relationships within the

framework is given

Insufficient explanation of the individual terms
No concrete application strategy and instructions
for use. The framework is still to be tested in
clinical settings

No instruction on how the results can be
interpreted

Methodology of the development process not
sufficiently described

Insufficient discussion of weaknesses and
limitations

Unclear transferability due to weaknesses in the

development methodology

Clinical
Information

Systems

Clear description of the purpose and the addressed question
Clear description of the setting (hospital)
Clear description of the technology (clinical information systems)

Very well illustrated presentation of the model

Discussion of weaknesses and limitations very
short
Limited transferability of the framework to other

settings




Success Model

(CISSM) [4]

Visualization of connections and (statistically validated)
relationships within the framework is given

Clear definition of key concepts and terms

Procedure, instruments, and evaluation matrix are given. A
validation study has been carried out

Examples are provided to aid interpretation

Full transparency of the development process

Transferable to other hospital settings

Adapted
nursing care
performance

framework [23]

Clear description of the purpose and the addressed question
Clear description of technology (information and communication
technologies for nurses)

Broad (healthcare) setting related to nursing care

Well-illustrated presentation of the model

Visualization of connections and relationships within the
framework is given

Detailed definition and explanation of terms and concepts based on
the studies examined

Description of the analysis process is given

Discussion of the weaknesses, biases, and limitations

Transferability to different nursing contexts given

No clear focus on a specific on a setting
Framework as an overview with no application
strategy

Indirect explanation how results can be
interpreted (by referring to analysed studies)
Development process: No independent
framework - rather the examination of the
transferability of indicators of a framework to

ICTs in the field of nursing

Model for
Assessment of
Telemedicine
(MAST Manual)
[24]

Clear description of the purpose and the addressed question
Universal setting approach (all telemedicine settings)

Clear description on specific technology (telemedicine
technologies -application to other contexts still conceivable)
Clear definition of included domains (e.g. safety) with examples
Concrete application strategy and instructions for use is given
including possible methods

High transparency of the development process
Limitations/weaknesses are sufficiently described

Transferability of the framework is described

Setting undefined (telemedicine)

Moderate clarity of illustration

No visualization of connections or relationships
within the framework

No guidance on interpretation of results




Comprehensive
evaluation
framework for
telemedicine
implementation

[18]

Clear description of the purpose and the addressed question
Universal setting approach (all telemedicine settings)
Clear description of the technology (telemedicine systems)

Vivid illustration

Setting undefined (telemedicine)

Lack of clarity of connections or relationships
within the framework

Insufficient definition of terms in the framework
No concrete application strategy and instructions
for use

No instruction on how the results can be
interpreted

Methodology of the development process not
sufficiently described

Insufficient description of the limitations

Unclear transferability

The layered
telemedicine

implementation

Clear description of the purpose and the addressed question
Universal setting approach (all telemedicine settings)

Clear description of the technology (telemedicine interventions)

Setting undefined (telemedicine)
No concrete application strategy and instructions

for use - only example studies and the advice to

model [17] Well-illustrated presentation of the model involve multiple stakeholders in the analysis.
Visualization of connections and relationships within the - No instruction on how the results can be
framework is given interpreted
Clear definition of key concepts and terms - Unclear transferability (study provides only an
Instruction to choose a layered approach along the development overview of the determinants described in the
life cycle. Different determinants should gain focus during the literature)
maturity of the telemedicine implementation
Explanation of the development process is given
Limitations/weaknesses are sufficiently described
Evaluation Clear description of the purpose, clear description of the addressed - No specific application settings described
Framework for question (risk evaluation) - No visualization of connections or relationships

Fit-For-Purpose
Connected
Sensor
Technologies

[15]

Applicable for clinical or research settings

Clear description of specific technology area (connected sensors)
Clear illustration

Clear definition of key concepts and terms

Exemplary explanation for the application

Sample threshold criteria for the interpretation of the results

within the framework

No discussion of weaknesses and limitations




Sufficient explanation of the development process

Transferable to different settings

Design and
Evaluation
of DHI
Framework

[11]

Clear description of the purpose and wide variety of questions to
be addressed to

Applicable for different care settings

Applicable for different digital health interventions (universal)
Clear definition of key concepts and terms

Description of the application based on different digital health
intervention phases

Full transparency of the development process
Limitations/weaknesses are sufficiently described

Transferable to different settings and technologies

No clear focus on a specific a technology area
No clear focus on a specific setting

No visualization of the framework (table only)
No visualization of connections or relationships
within the framework

No instruction on how the results can be

interpreted

Health
technology
assessment
framework for
digital
healthcare
services (Digi

HTA) [6]

Clear description of the purpose and the addressed question
Applicable for different care settings

Applicable for different digital healthcare services (mHealth, Al,
and robotics)

Evaluation categories (key concepts) are specified by means of
questions

Application procedure is described

Grid for the interpretation of the results is presented (guidance on
decision)

Full transparency of the development process

Transferable to different settings

Unspecified setting

No visualization of the framework (table only)
No visualization of connections or relationships
within the framework

Insufficient description of the limitations

Digital Health
Score Card

[10]

Clear description of the purpose and the addressed question
Applicable for different care settings

Applicable for different digital health technologies

Very well illustrated presentation of the model
Visualization of connections within the framework is given

Clear definition of key concepts and terms

No clear focus on a specific setting

No clear focus on a specific technology type

No concrete application strategy and instructions
for use. The framework is still in the early stages
of development and iteration is ongoing

No instruction on how the results can be
interpreted

Development process not sufficiently described

Insufficient description of the limitations




Unclear transferability

Khoja—Durrani—
Scott
Framework for
e-Health
Evaluation [16]

Clear description of the purpose and the addressed question
Universal setting approach (e-health)

Broad spectrum of possible technologies to be evaluated (e-health)
Table illustrates the relationships in the framework based on the e-
health life cycle

Important terms and concepts are defined - but not every term is
sufficiently defined in the framework

Sufficient explanation of the development process

Transferable to different settings and technologies

Setting undefined (e-health)

No clear focus on technology area (e-health)

No visualization of the framework (table only)
No concrete application strategy and instructions
for use (Specific evaluation tools were
developed, but were not publicly available at the
time of the review)

No instruction on how the results can be
interpreted

No discussion of weaknesses and limitations

RE-AIM (Reach,
Effectiveness,
Adoption,
Implementatio
n, and
Maintenance)
(expanded to
clinical
informatics)

[25]

Clear description of the purpose and research question (how
research can be translated into practice)

Universal approach (applicable for “clinical informatics”)
Clear description of the framework concepts and terms
Examples for the application given

Example advice for interpretation — (not very concrete)
Development: Framework based on the original article and
validated by clinical information case studies

Meta Framework (very transferable)

No clear focus on a specific technology area
No clear focus on a specific on a setting
(“clinical informatics™)

INlustration is a table

No visualization of connections or relationships
within the framework

Insufficient discussion of weaknesses and

limitations

Health
Technology
Adoption

Framework [8]

Clear description of the purpose and the addressed question
Clear description of the setting (surgical context)

Clear description of the technology area is given (health
technologies in the surgical context)

Vivid illustration with evaluation tool

Definitions of the domains, criteria and sub criteria provided
(related questions provided)

Concrete application strategy and instructions for use is given by

presenting an evaluation tool

No visualization of connections or relationships
within the framework
Transferability limited (limited to surgical

context)




Instruction on how the results can be interpreted is included in the
evaluation tool

Detailed description of the development process is given
Limitations/weaknesses are sufficiently described

Transferable to other surgical settings

Nonadoption,
abandonment,
scale-up,
spread, and
sustainability
Framework
(NASSS

Framework) [9]

Clear description of the purpose and the addressed question
Applicable for different care settings

Broad spectrum of possible technologies to be evaluated (Health
and care technologies)

Well-illustrated presentation of the model

Visualization of connections and relationships within the
framework is given

Clear definition of terms and associated question within the
framework

Detailed examples of usage possibilities

Classification system to interpret the results (simple, complicated,
complex)

Sound science-based framework development

Limitations are sufficiently described

High transferability to a wide variety of settings through

generalistic structure

No clear focus on a specific technology type

No clear focus on a specific setting

The individual application strategy of the
framework must always be reflected, as it is not a

directly applicable or a formulaic instrument
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