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Abstract

Background The adoption of digital health technologies can improve the quality of care for polypharmacy patients,
if the underlying complex implementation mechanisms are better understood. Context effects play a critical role in
relation to implementation mechanisms. In primary care research, evidence on the effects of context in the adoption
of digital innovation for polypharmacy management is lacking.

Study aim This study aims to identify contextual factors relevant to physician behavior and how they might mediate
the adoption process.

Methods The physicians who participated in this formative evaluation study (n=218) were part of the interven-
tion group in a cluster-randomized controlled trial (AdAM). The intervention group implemented a digital innovation
for clinical decision making in polypharmacy. A three-step methodological approach was used: (1) a realist inquiry
approach, which involves the description of a context-mechanism-outcome configuration for the primary care set-
ting; (2) a belief elicitation approach, which involves qualitative content analysis and the development of a quanti-
tative latent contextualized scale; and (3) a mediation analysis using structural equation modeling (SEM) based on
quantitative survey data from physicians to assess the mediating role of the contextualized scale (n=179).

Results The key dimensions of a (1) context-mechanism-outcome model were mapped and refined. A (2) latent con-
struct of the physicians'innovation beliefs related to the effectiveness of polypharmacy management practices was
identified. Innovation beliefs play a (3) mediating role between the organizational readiness to implement change
(p<0.01) and the desired behavioral intent of physicians to adopt digital innovation (p <0.01; R>=0.645). Our contex-
tualized model estimated significant mediation, with a relative size of 38% for the mediation effect. Overall, the model
demonstrated good fit indices (CFI=0.985, RMSEA =0.034).
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advantageous approach for formative evaluation.

Conclusion Physician adoption is directly affected by the readiness of primary care organizations for the implemen-
tation of change. In addition, the mediation analysis revealed that this relationship is indirectly influenced by primary
care physicians' beliefs regarding the effectiveness of digital innovation. Both individual physician beliefs and practice
organizational capacity could be equally prioritized in developing implementation strategies. The methodological
approach used is suitable for the evaluation of complex implementation mechanisms. It has been proven to be an

Trial registration NCT03430336. First registration: 12/02/2018. ClinicalTrials.gov.

Keywords Digital technology, Polypharmacy, Primary health care, Clinical reasoning, Diffusion of innovation, Behavior
and behavior mechanisms, Realist, Evaluation methodology

Background

The implementation of digital health technologies is
expected to improve the quality of care and simplify
clinical actions [1]. As an additional outcome, there is
evidence that the implementation of digital systems, such
as clinical decision support systems, can have a positive
impact on patient safety [2—4]. Despite the potential to
improve patient outcomes, research on implementation
often demonstrates inconsistent effectiveness. This may
be related to proximal outcomes of the actual complex
implementation behavior during the change processes
[5, 6]. The effectiveness of implementing and adopting
digital innovations varies considerably across healthcare
organizations [7]. Therefore, the underlying mechanisms
are of great interest.

Research has already been conducted on a number of
technology-related factors, including the interoperability
of new technologies with existing practice systems [8],
the availability of information on screen versus on paper
[6], the compatibility of health IT and clinical work pro-
cesses [9], and the level of physician involvement in the
development of new technologies [5]. However, there is
still limited evidence to date on the relationship between
the context in which a digital innovation is implemented
and its effectiveness [2, 6].

As part of the digital transformation of the German
healthcare system, we sought to understand the complex
implementation mechanisms that lead to the adoption
of a digital innovation for polypharmacy management.
Therefore, this formative evaluation study within the
cluster-randomized controlled trial (cRCT) project
“Application of a Digitally Assisted Pharmacotherapy
Management System” (AdAM project—original Ger-
man acronym for the project), was designed to analyze
individual and organizational contextual factors related
to implementation mechanisms [10]. A qualitatively
described configurational model of context, mecha-
nism, and outcome was developed for our study setting,
and the intersection with structural equation modeling
(SEM) was explored [11, 12]. In keeping with the real-
ist approach, our study aimed to better understand the

effects of contextual features on the implementation
behavior of primary care physicians.
Our research questions were the following:

What are the possible implementation mechanisms
by which digital innovation for polypharmacy man-
agement results in intended outcomes?

How and in what context does the digital innovation
work for primary care physicians?

Theoretical framework
Although it is important to identify influential technol-
ogy-related factors to analyze the complex implementa-
tion mechanisms of a digital innovation, these factors
were not sufficient as explanatory variables for our theo-
retical framework. In our study design, we define com-
plexity in terms of both the different levels of the social
system in which an innovation is implemented and the
influences of the context itself. In particular, the interac-
tion of these factors in implementation mechanisms can
be considered complex and the results unpredictable.
Therefore, disaggregating the different levels of the
social system of primary care organizations was an impor-
tant prerequisite to make the study of the complexity of
implementation mechanisms more manageable for data
analysis. In a subsequent step, the disaggregation enabled
us to analyze how the inhibiting or facilitating contextual
factors at the different levels influence adoption [13]. In
particular, at the meso-organizational and micro-behav-
ioral levels, the empirically studied and known imple-
mentation factors may have influenced the social system
responses of primary care practices [14, 15].

Barriers and facilitators to adoption

Empirically studied implementation barriers and facilita-
tors found in the initial literature search were categorized
as follows:


https://clinicaltrials.gov/ct2/show/NCT03430336

Soling et al. BMC Primary Care (2023) 24:131

1) Meso level: Research on organizational determinants
that affect adoption include numerous topics, such as
organizational culture; organizational readiness for
change; networks and communication (collaboration
and teamwork); resources (financial, education, and
training); and leadership [16—20].

2) Micro level: The technology acceptance model
(TAM) has been widely used as a research model
since the 1980s to study the behavior-related micro-
level determinants of adoption during the IT imple-
mentation process [21]. TAM is based on an adapted
version of the social-cognitive theories of reasoned
action (TRA) and planned behavior (TPB). The tech-
nology acceptance model measures dimensions of
technology-related behavioral aspects, such as ease
of use and usefulness, that influence the stakeholders’
intentions to use [22]. In particular, the construct of
behavioral intentions to use innovation—as the most
proximal antecedent to actual information technol-
ogy (IT) use—intersects with the outcome adoption
of the implementation. Intention has been used syn-
onymously in numerous studies to measure adoption
[23] and has been demonstrated to be a valid proxy
measure for the behavior of physicians [24]. On aver-
age, intention can account for 28% of the variance
in behavior [25]. The behavioral factors described
above, namely intention to use an innovation or
adoption of an innovation, are particularly impor-
tant for the formative evaluation of implementation
processes. Contextual behavior-related factors may
explain observed variation in implementation effec-
tiveness or influence how clinicians cope with imple-
mentation challenges and how they interact with
innovation in the health IT adoption process [26, 27].

Context in implementation research: a new approach

In addition to the empirically observed organizational
and behavioral determinants, we examined the current
state of research on context in implementation research
[10, 28, 29]. Implementation research has shown that cer-
tain clinical practices are complex in nature (for example,
the prescription of multiple drugs). Moreover, the adop-
tion of new and complex practices may be influenced by
facilitating or inhibiting contextual features.

Context is defined as “the relational and dynamic fea-
tures that shape the mechanisms through which the
intervention operates; context is assumed to be dynamic
and emerge over time at several different levels of the
social system” [10, 28]. From an implementation research
perspective, empirical research should not only focus
on the targeted clinical practice, but also on the contex-
tual features of the implementation. The success of an
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innovation is inseparably linked to the context in which it
is implemented [21].

Advanced empirical research is needed to understand
the unresolved causal relationships between the contex-
tual characteristics of implementation and the adoption
of new and complex practices [16]. Although implemen-
tation science has developed several conceptual models
to address contextual complexity [28, 29], these models
lack specific methods for conducting empirical research.
These findings emphasize the importance of developing
new methods of analysis to determine the impact of con-
textual features on the complex responses of adaptive pri-
mary care social systems for three reasons: (1) to explain
the emergence of generative mechanisms in implemen-
tation, (2) to explain the differences in implementation
outcomes, and (3) to be able to develop targeted imple-
mentation strategies based on the discovered underlying
mechanisms [11].

For this purpose, already confirmed general concepts
from implementation and complexity research, health
services research, and technology acceptance research
can be integrated to generate empirically testable
research models [17, 22, 29]. However, research mod-
els must also incorporate data-driven concepts adapted
to the specific study context to gain new insights and to
capture the complexity of context in implementation. In
relation to our study objective, we sought to address the
above challenges and to apply a novel methodological
approach to an example of implementing digital innova-
tion to manage polypharmacy in primary care (see Addi-
tional File 1).

Methods

Thus, the paradigm of context in (1) realist approaches is
situated scientifically and analytically between positiv-
ist and constructivist approaches. The goal is to discover
semi-predictable patterns related to contexts, underly-
ing generative mechanisms, and outcomes (CMO), and
to develop middle-range theories related to the object of
study [10]. We used the formula revised by Dalkin et al.
(2015), according to which a mechanism includes both
resources and reasons. In addition, we assume a strong
connection between context and reasoning (mechanism
[resources] + context - mechanism [reasoning] =outcome)
[11]. The revised formula suggests an alternative operation-
alization of context in realist approaches in which “inter-
vention resources are introduced in a context, in a way that
enhances a change in reasoning. This alters the behaviour
of participants, which leads to outcomes”” In this process,
we used both the findings from an initial literature review
and the results of a qualitative data analysis. The choice of
the description of a context-mechanism-outcome configu-
ration for the study setting was the result of an abductive
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synthesis process. In addition, the conclusions drawn from
that description were used to operationalize the structural
equation model.

We then used the (2) belief elicitation approach to
develop a contextualized latent scale. This data-driven
approach allows the contextualization of behavior-related
assumptions for a particular setting, population, or new
behavior of interest [19, 22]. In technology acceptance
research, the belief elicitation approach is recommended
to identify health-related variables from the participants’
perspective instead of arbitrarily including variables [22].

Regarding our research questions, we assumed that the
(3) structural relations between meso and micro levels in
participating primary care organizations should be differ-
entiated in the structural equation model. Two objectives
were pursued for empirical investigation: (a) to explain
the influence of an organization-related variable on the
implementation mechanism and the outcome of imple-
mentation (adoption) and (b) to examine the mediating
effect of physicians’ contextualized innovation beliefs.
Relevant constructs were operationalized for different
levels of the organization to enable the mediation model
to explain the complex implementation pathways. Test-
able hypotheses were generated based on the different
methodological and analytical steps applied.

Data collection and research design

We collected qualitative data (from May to September
2018) and quantitative data (from November 2019 to
January 2020) from primary care physicians who par-
ticipated in the formative evaluation study of the AdAM
project. This formative evaluation study was conducted
alongside the stepped-wedge, cRCT in AdAM. In the
cRCT study protocol, we described the study design
of our formative evaluation study, in which we aimed
to examine physician-side barriers and facilitators to
the implementation process using a mixed methods
approach (see Additional File 2) [30].

Interviews with physicians from the intervention group
were conducted to determine their experiences with digi-
tal innovation (see Additional File 3). Focus groups were
conducted with both arms of the RCT. The objective was
to compare project-related expectations and experiences
according to the participants’ cRCT group. All inter-
views and focus groups were conducted or moderated
by the first author of this article (SS). Data were indepen-
dently coded by two researchers from the University of
Cologne’s research team. MAXQDA was used to support
data coding.

Data from the cross-sectional survey of physicians
were used for structural equation modeling. The sample
for the survey included all the physicians in the interven-
tion group, who had enrolled at least one patient in the
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study. To increase the response rate, we used the tailored
design approach by Dillman, which means that the phy-
sicians were reminded three times to respond to a ques-
tionnaire administered by post [31].

We used a sequential and exploratory design. Qualita-
tive data analysis was conducted in an exploratory man-
ner in the first phase of the study to identify categories
related to the range of physician expectations and expe-
riences, which were then used in the second phase of
the study to develop a quantitative measurement instru-
ment and build a model. In addition, we triangulated the
data at the modeling level as the qualitatively developed
model was transformed into a quantitative model. The
results of the first phase of the study were confirmed in
the second phase of the study in an attempt to reduce
bias in the interpretation of the results. A meta-inference
was generated by merging the inferences from the CMO
and the mediation model to provide the final description
of the mechanism [32, 33].

Description of the innovation

The digital innovation was implemented in 688 recruited
general practices in North Rhine-Westphalia. It was
expected to improve prescription quality and safety for
adult patients with polypharmacy compared to patients
receiving standard care. The innovation included several
design components (e.g., a digitalized clinical decision
support system for polypharmacy, patient medication
history and diagnosis, information about other special-
ists, training on system use and management, technical
support for physicians, and recommendations for pre-
scribing in polypharmacy).

Data analysis

Qualitative data analysis was conducted for two pur-
poses: (1) summarizing content-deductive mapping
of the data material with the aim of describing the cat-
egories of context, resources, reasoning, and outcome
(CMO) and (2) application of the belief elicitation
approach through deductive-inductive qualitative con-
tent analysis to develop the latent measurement tool of
contextual innovation beliefs for the structural equa-
tion model (SEM). A content analysis approach was
adopted, which incorporated elements of conventional
and directed content analysis [34]: conventional because
interview data were used to describe the range of physi-
cians’ responses to innovation, and directed because the
guides for interviews and focus groups were thematically
structured and theory-driven, based on the results of the
literature review. The content analysis was conducted in a
deductive-inductive fashion: it was deductively oriented
to the categories of CMO and the interview guides and
inductively derived categories from the data material.
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The quantitative items were operationalized based
on categories identified by the content analysis and
inserted into the structural equation model as latent
variables with their measurable indicators (n=179).
The validity and reliability of the final construct were
tested through factor analysis in the structural equa-
tion measurement model. We decided to apply SEM
because it is particularly useful for mediation analysis
and testing relationships between latent constructs,
which otherwise remain unobserved or cannot be
directly assessed [35, 36]. Structural equation mod-
eling facilitates the analysis of latent constructs through
the observed indicators representing the constructs of
interest and provides multivariate evidence of causal
mechanisms.

A two-stage approach to quantitative data analysis
was implemented. In this approach, the measurement
model and the structural model were analyzed separately
[37]. The measurement model specifies the relation-
ships between latent constructs and observed measures,
whereas the structural model specifies the relation-
ships among latent constructs and includes multivariate
regression models [35]. The models were analyzed using
STATA 15.1, and graphical path models were created.
A covariance matrix was utilized as an input, and maxi-
mum likelihood with bootstrapped estimators was gener-
ated (200 replications). No missing values were inputted.
The quality of the measurement model was tested by
confirmatory factor analysis (CFA). Convergent validity
was established by examining the significance of individ-
ual item loadings.

CONTEXT:
Polypharmacy
patients in
ambigous clinical
decision-making
situations
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We evaluated model fit using the comparative fit index
(CFI) and the Tucker—Lewis index (TLI). The values of
CFI and TLI range from O to 1, with values from >0.90
to>0.95 representing acceptable to good fit [36]. In addi-
tion, we examined the root mean square error of approxi-
mation (RMSEA) and the associated confidence interval
and p value. We considered RMSEA values<0.08 and
an upper bound of the confidence interval<0.1 to be
acceptable [38]. Furthermore, we assessed discriminant
validity by comparing the average variance extracted for
each construct to the squared correlation between two
latent variables at one time point. Estimations of com-
posite reliability and average variance extracted, as well
as investigations of internal reliability (Cronbach’s alpha),
were the last steps of the measurement model analysis.

Hypothesis development: structural equation model
Because structural equation modeling focuses on testing
of models of hypothesized theoretical relationships, we
synthesized the results of our literature review to select
theory-based latent constructs with the findings related
to the qualitative configurational model (see Fig. 1) and
integrated the data-driven construct developed to build
the structural equation model (see Fig. 2).

We chose the construct of organizational readiness
for change as an organizational variable at the meso
level [17, 18, 39]. Organizational readiness models pro-
vide a perspective on the extent to which members of
an organization are psychologically and behaviorally
prepared to implement organizational change. Technol-
ogy acceptance models (TAMs) were selected as a micro

Resources:

MECHANISM

Reasoning:

OUTCOME: Continuum of
respondents' behavioral
intentions to use the innovation

Fig. 1 Context-mechanism-outcome model for physician delivery of digital innovation
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M: Contextualized

a-path——>»{ innovation effectiveness [—— b-path

beliefs (CB)

X: Organizational

Y: Behavioral

readiness for change
(ORIC)

Fig. 2 Mediation model

c-path

Intention to Use (BI)

Note: X=independent variable, M=mediator, and Y =outcome. The indirect effect is estimated as the product of the a- and b-paths (i.e, a*b). The
c-path represents the direct effect of X on'Y (i.e, the effect of X on Y that is not transmitted through the mediator, M)

level theoretical approach. TAMs focus on attitudes and
behavioral intentions to use health IT [22]. With the use
of a TAM, we included the intentions/adoption con-
struct in the research, but none of the other constructs
that measure other technology-related aspects. Regard-
ing health IT adoption, alternative models suggest that
organizational readiness to change can influence the indi-
vidual level and, thus, the actual usage and adoption [17].
At the meso level, we hypothesized that organizational
readiness for change is an important prerequisite to ena-
ble physicians to evaluate the effectiveness of innovation
(mechanism [reasoning]; meso- and micro-level relations;
a-path). This assumption was based on what our previ-
ous qualitative analyses demonstrated. For example, the
process of patient registration and the groundwork for
transferring additional patient data into digital innova-
tion depend on the readiness of the primary care employ-
ees. They have to adapt to these changes brought about
by the implementation of innovation. Both these tasks
are related to organizational readiness and are important
prerequisites for activating the part of the mechanism that
corresponds to physician reasoning. The primary role of
the physician is to make appropriate clinical decisions
regarding the prescription of medications for patients
with polypharmacy. Contextualized beliefs regarding the
effectiveness of innovation consist of several components.
These components are important from the pragmatic per-
spective of physicians in the management of polyphar-
macy patients in ambiguous clinical decision situations
(context — mechanism [reasoning]). We hypothesized
that physicians would only perceive the innovation as
being effective if it addressed components relevant to the
care of polypharmacy patients on a practical level.
Moreover, physicians’ strong contextual beliefs increase
a positive effect on the intention to use the innovation
(b-path). Finally, we assessed whether the hypothesized
direct relationship between the organization’s readiness

to implement innovation and the physician’s intention to
adopt (c-path) is mediated by the physicians’ belief in the
effectiveness of innovation.

Our empirical research questions for the mediation
analysis are as follows: Do physicians’ contextualized
beliefs regarding the effectiveness of innovation (micro
level) mediate the relationship between primary care
organizations’ readiness for change (meso level) and
physicians’ adoption behavior (micro level) during the
change process of implementing digital innovation for
polypharmacy management? How strong are the direct
and indirect effects?

Based on the previous discussion, the following
hypotheses are proposed:

H1: Organizational readiness for change has a posi-
tive direct effect on behavioral intention to use digital
innovation (c-path).

H2: Organizational readiness for change has a posi-
tive direct effect on physicians’ contextualized inno-
vation effectiveness beliefs (a-path).

H3: Physicians’ contextualized innovation effective-
ness beliefs have a positive direct effect on behavioral
intention to use digital innovation (b-path).

H4: Physicians’ contextualized innovation effective-
ness beliefs mediate the relations between organiza-
tional readiness for change and behavioral intention
to use digital innovation.

H5: Physician and structural characteristics have
direct and indirect effects on contextualized innova-
tion beliefs and intention to use digital innovation.

Measurement instrument

The data collected in our survey were used to develop
the SEM model. The questionnaire was pre-tested in
two stages: in think-aloud interviews (n=4) to assess the
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comprehensibility of the questions and in a postal sample
(n=10) to determine whether the filter guidance worked
and whether the range of the scales was used. The find-
ings were used to modify the questionnaire into the final
version and improve its quality.

Accordingly, the survey included measurement items
for each of the models’ latent constructs: ORIC (organi-
zational readiness for implementing change) [39], CBs
(contextualized innovation effectiveness beliefs), and BI
(behavioral intention to use/adoption) [40]. Each of the
constructs was measured using multi-item scales.

Physicians answered the organization-related aspects
of our questionnaire as key persons of the participating
practice. Measurement based on individuals’ assessments
of collective capabilities is preferable when collective
outcomes depend on skillful teamwork [41]. The organ-
ization-related instrument ORIC and individual-related
instruments CBs and BI had an adequate item structure
(items were written from the perspective of the collec-
tive for the organization-related instrument and from
the perspective of the individual for individual-related
instruments). For all measurement instruments, data
were not aggregated at the cluster level because nearly all
physicians in our sample were solo practice owners and
did not work in group practices (cluster level).

Measurements: organizational readiness for implementing
change (ORIC) (X)

The nine items used to measure ORIC are adapted from
Shea et al. and the validated German version [39, 42]. The
scale measures the extent to which members in an organ-
ization are psychologically and behaviorally prepared to
implement organizational change (e.g., with items such
as “People who work here are committed to implement-
ing contents of the AAAM project” or “Challenges may
arise in the implementation of the contents of the AAAM
project. The people who work here are confident that
they can overcome them”) [42].

Measurements: contextualized innovation effectiveness
beliefs (mediator)

Following the realist research approach, the items of the
CB construct were developed to measure different com-
ponents of beliefs regarding the effectiveness of innova-
tion. The empirically observed influence of the context on
the reasoning process from the qualitative analyses was
included in the scale. The construct includes six items
related to three components of physicians’ contextual-
ized beliefs related to polypharmacy management prac-
tices: (1) safety of the prescription: the perceived increase
in awareness of prescription risks of polypharmacy and
the transfer of newly gained knowledge about multi-
medication to other patients in the medical practice; (2)
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information quality: the perceived increase in informa-
tion quality related to polypharmacy risk and adverse
effect analyses; and (3) communication: the perceived
improvement in doctor—patient communication (Cron-
bach’s «=0.86) (see Additional File 4).

Measurements: behavioral intention to use (Bl) (Y)

Three items are used to measure the behavioral inten-
tion to use technology for routinely performed and
future work tasks (“I routinely use digital innovation
for my work with polypharmacy patients,” “I would like
to continue to use digital innovation for my work,” “I
have performed many of the routine tasks for my poly-
pharmacy patients with the help of digital innovation”).
In particular, we used a BI scale, which was validated,
translated into German, and checked for reliability [40].
As described in the introduction, following other studies
that measured behavioral intentions or adoption, we used
the construct as an implementation outcome [23]. For
all measures, the physicians could respond to items on a
five-point Likert scale.

Measurements: covariates

Physician characteristics and structural factors were
included as covariates. Physician characteristics included
age, gender, and work experience in ambulatory care
in full years. Age was categorized into three groups
(<50 years,>50 years, and>60 years). Gender was
dichotomized into male and female (because no answer
was provided in the “diverse” category). Structural factors
included the position within the primary care organiza-
tion (i.e., practice owner or employee) and the regional
location of the primary care organization (located in a
rural or urban area).

Results

Qualitative data

The initial qualitative data collection of the evaluation
study was conducted with 27 physicians, of whom 15
were in the intervention group and 12 were in the waitlist
control group. A brief summary of the qualitative find-
ings is provided as an overview; details of the qualitative
data collection and the COREQ checklist used have been
published elsewhere [43, 44].

Different behavior-related outcomes were identi-
fied: sensitization to risks related to polypharmacy; per-
ceived changes of interdisciplinary and doctor—patient
cooperation and communication; and learning effects
through using the digital tool. The findings from the two
RCT arms were similar in terms of physicians’ awareness
of high-risk prescription scenarios with polypharmacy
and reflections on changes in professional responsi-
bilities when using digital support for decision making.
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Qualitative findings were synthesized to describe three
different scenarios of simple and complex pathways,
which have been differentiated paradigmatically with
increasing complexity. The main findings of the qualita-
tive study were captured in the qualitative model, and
three relevant themes (prescription safety, information
quality, and communication) were selected to opera-
tionalize the construct of contextual beliefs, which we
predicted would have a significant impact on the main
mechanism in the mediation model.

Descriptive statistics

Three hundred nineteen physicians who fulfilled the
inclusion criteria were contacted. The final sample for
our SEM research model included 179 physicians with
complete data in all variables of interest, out of a total of
218 physicians (response rate of 68%) (see Table 1). The
vast majority of participating physicians in the study were
men (65%) between 50 and 60 years of age. The partici-
pants had an average working experience of 17 years (see
Table 1). The study population represents the potentially
includable population of primary care physicians in the
region where the intervention was implemented in terms
of the distribution of gender and age. The patient enroll-
ment ratio averaged 59.97, indicating that physicians
used the application for polypharmacy management for
an average of 60% of the proposed patients.

Table 1 Descriptive statistics

Physician survey respondents (n=218)

Mean or
proportion of
sample
Sociodemographic variables
Gender
Female 35%
Male 65%
Age
<50 (y) 29%
50-60 (y) 46%
>60 (y) 25%
Physician work experience (y) 17.03 (SD:9.11)
Structural variables
Practice type
Practice owner 92%
Employee physician 8%
Practice location (region)
<10.000 (i) 23%
>10.000 (i) 19%
>20.000 (i) 34%
>100.000 (i) 24%

yyears, SDstandard deviation, i=inhabitants
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Psychometric properties of the measurement analysis

To test for unidimensionality, exploratory factor anal-
yses of the individual construct items and their Cron-
bach alpha reliabilities were first examined. The results
of these analyses revealed that all scale items associated
with a given construct or subconstruct loaded highly
(>0.70) on a single factor. One item from the behav-
ioral intention to use construct violated this threshold
slightly (0.56), and it also demonstrated loadings on a
subconstruct of the contextualized beliefs, although
these were weak (0.27). As a result, the final items were
analyzed in the measurement model (MM) using CFA.
Validation of the MM was performed by examining
discriminant and convergent validity and reliability.
The results indicated that the values for factor load-
ings and average variance extracted (AVE) were above
recommended thresholds (>0.5), with the value of the
context-specific construct lying slightly below the cut-
off. The composite reliability of each factor was above
the threshold of 0.7, as were the internal reliability val-
ues (Cronbach’s alpha>0.7). Discriminant validity was
assessed by calculating squared correlations of latent
variables with any other latent constructs. Discriminant
validity was assumed only if all AVE values were greater
than square correlations of latent variables. Recom-
mended cutoff values for fit indices supporting MM
used in SEM are presented in Additional File 5.

Structural equation modeling: hypothesis testing

The results presented in Table 2 correspond to the SEM
in Fig. 3 and meet the requirements for mediation analy-
sis. Organizational readiness for change is significantly
associated with behavioral intention to use innovation
(c-path) and physicians’ contextualized beliefs (a-path),
and contextualized innovation effectiveness beliefs
are significantly associated with behavioral intentions
(b-path). The table compares the main statistical meas-
ures with and without the addition of covariates. After
including the covariates, the effect measures changed
slightly, with the largest difference in the b-path. In total,
65% of variance in BI is explained by CBs and ORIC
(R*=0.645).

Overall, the results demonstrate that the hypoth-
eses (H1-H4) and the path model can be validated as a
result of good global and local fit indices (CFI=0.985,
RMSEA =0.034). From the results, it can be inferred that
the proportion of the total effect for the outcome behav-
ioral intention or adoption mediated by physicians’ con-
textualized beliefs is 0.38%, and the ratio of the indirect
effect to the direct effect is 0.62, or approximately % of the
direct effect (H1). Physician and structural characteristics
had no effect despite the regional variable (H5).
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Table 2 Standardized estimates of structural equation modeling

Path (a-c¢) Direct effect Indirect effect Total effect

Path a:

Organizational Readiness (ORIC) — > Contextualized beliefs (CB)

Std. Error
Path a (with covariates):

Organizational Readiness (ORIC) —> Contextualized beliefs (CB)

Std. Error
Path b:
Contextualized beliefs (CB) —> Behavioral Intention (BI)
Std. Error
Path b (with covariates):
Contextualized beliefs (CB) —> Behavioral Intention (Bl)
Std. Error
Path c:
Organizational Readiness (ORIC) — > Behavioral Intention (Bl)
Std. Error
Path c (with covariates):
Organizational Readiness (ORIC) —> Behavioral Intention (BI)
Std. Error
Covariates
Age <50°
Age >50°
Gender
Length of PCP experience (Years)
Structural: Practice owner®
Structural: Urban areac (GP practice)

0.560%* [Cl: 0.25 - 0.69]
0.112

0.548** [Cl: 0.24 - 0.64]
0.103

0.510** [Cl: 0.23 - 0.90]
0.169

0.478** [Cl:0.25 - 0.92]
0.170

0.388** [Cl: 0.14 - 0.58]
0.114

0.419** [Cl:0.18 - 0.65]
0.118

-0.075
0.006
-0.054
0.004
-0.040
0.068

N/A

N/A

N/A

N/A

0.286** [Cl: 0.10 — 0.43]
0.082

0.262%* [C: 0.10 - 0.41]
0.079

-0.031
0.047
0.017
0.027
-0.007
0.068

0.560%* [Cl: 0.25 - 0.69]
0.112

0.548** [Cl: 0.24 - 0.64]
0.103

0.510** [Cl: 0.23 - 0.90]
0.169

0.478** [Cl: 0.25 - 0.92]
0.170

0.674** [C|: 0.48 - 0.78]
0.077

0.681** [Cl: 0.49 - 0.87]
0.097

-0.106
0.054
-0.036
0.031
-0.048
0.137*

Model Fit Statistics: CF1=0.985; TLI=0.981; RMSEA =0.034.; SRMR = 0.055 (with covariates)

Total effects is the sum of direct and indirect effects; Indirect effects are the product of the regression coefficient leading to the outcome. For example, for CB, ORIC

predicts CB and CB predicts Bl. The indirect effect equals the product of the two regression coefficients from path a * path b

Effects of covariates relate to M and Y

* Statistically Significant (p <0.01)

" Statistically Significant (p < 0.05)

@ Compared to Age > 60

b Compared to employed primary care physicans (PCP)
€ Compared to rural area

Discussion
Our overarching research objective was to examine
complex implementation mechanisms that may explain
variations in behavior-related outcomes, such as the
adoption of innovation. To this end, we examined the
relations between the three meso- and micro-level fac-
tors, organizational readiness for change, contextual-
ized innovation effectiveness beliefs, and adoption.
The findings indicate that an organizationally triggered
mechanism lead to the adoption of innovation. The
study further demonstrates how contextualized innova-
tion beliefs function within the mechanism, which con-
tributes to a broader understanding of the mechanism.
The empirical findings of this study contribute to the
literature on realist evaluation research, organizational

change, and the study of implementation mechanisms
[45, 46]. The notion that physicians’ beliefs about the
expected effective impact of digital innovation is critical
to their intentions to adopt innovations is supported by
the mediation effect highlighted in this study. Physicians’
perceptions of the effectiveness of digital innovation can
actually enhance the impact of organizational readiness
for change on innovation adoption. The inference from
the indirect effect further supports that implementa-
tion strategies of primary care organizations that are not
currently using digital innovations for polypharmacy
management would benefit from addressing physicians’
beliefs about the effectiveness of the innovation [46].
Regarding the last hypothesis, the control factors
had no direct or indirect effects and only the regional
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Covariates
Age<50
Age>50
Gender
a ORIC_1
Safety_1 Safety_2 | [Infoqual_1| [Infoqual_2| | Comm_1 Comm_2 o
wner
e ORIC_2
Region
@ ORIC_3 @
0.548** 0.478*
Q ORIC_4 (=) BI1
0.419**
e ORIC_5 ORIC > Bl Bl 2
@ ORIC_6 Bl 3
e ORIC_7
@ ORIC_8
@ ORIC_9

Fig. 3 Structural equation model. Note: See Table 2 for all effect measures; see Additional File 5 for all factor loadings of the measurable
indicators on the latent constructs. Error terms omitted for visualization purposes. ORIC = organizational readiness for implementing change;
CB=contextualized innovation effectiveness beliefs; Bl = behavioral intention/adoption; PCP exp = primary care physicians'working experience

(years)

variable exhibited minor effects. The results indicate
that the implementation of digital innovation in urban or
rural physician practices is significant. We can derive one
possible explanation for this from our qualitative data
collection; compared to physicians from rural areas, phy-
sicians from urban areas report that they are less knowl-
edgeable about the medical histories and medications of
some of their patients, because they see some patients
only briefly. Therefore, it is more likely that they will
expect additional benefit from using a digital innovation
that provides patient-relevant information.

In this paper, we presented a novel approach to SEM
mediation analysis that integrates qualitative find-
ings from a context-mechanism-outcome configura-
tion (realist inquiry) and a data-driven latent construct.
In addition, the synergistic effects of the two ana-
lytic approaches of realist evaluation and SEM were
explored. To the best of our knowledge and compared to

previous studies in the field of polypharmacy manage-
ment research [47-49], this study is the first to address
the underlying mechanisms in the change process of
implementing digital innovation for polypharmacy man-
agement in primary care. We achieved a broader under-
standing of the processes and relations between the
micro and meso levels and the effects on physician adop-
tion behavior.

The current state of research on polypharmacy indi-
cates that there is an urgent worldwide need to simplify
the complex clinical practice of polypharmacy manage-
ment, because an increasing number of elderly and mul-
timorbid patients will be affected by polypharmacy, and
the workload of primary care physicians who care for
these patients with complex medication regimens will
increase [1, 47]. Hence, digital solutions that meet the
physicians’ needs and are regarded by them as effective
tools for patient care are being sought.
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Practical implications

At the time of data collection, the physicians were using
digital innovation for approximately 60% of the patients
who could potentially derive benefit from it. This indi-
cates that the application was not yet fully implemented.
This observation may have practical implications for
developing implementation strategies for respondents
who have not used digital innovation actively, have only
used it infrequently, or have not even begun implement-
ing it. Insights into the specific beliefs about the effec-
tiveness of the innovation allow inferences to refine the
initial qualitative model of the configuration of con-
text, mechanism, and outcome (see Fig. 1) based on the
empirical findings. A middle-range theory of the main
complex implementation mechanism in our study setting
may be described as follows:

The employees of primary health care organizations
should be encouraged to develop a high readiness for
change and to be prepared to perform new tasks. Inno-
vation developers must understand which topics are
relevant from the physicians’ perspective, so that the
physicians will perceive innovation as effective and
adopt it (mechanism [reasoning] — outcome). Physi-
cians need digital innovation that sensitizes them to
the risks of polypharmacy, creates a learning effect, and
provides valuable and helpful information for practice
(mechanism [resources]). Beyond that, digital innova-
tion must serve to reassure and support clinicians in
ambiguous decision and communication situations with
polypharmacy patients, when (de-) prescribing medica-
tions (context —» mechanism [reasoning]). Organizations
or researchers can use these findings to adapt primary
care digital innovation and implementation strategies
to improve digital health technology adoption (con-
text > mechanism  [reasoning+ resources] — outcome)
for polypharmacy management [50].

Strengths and limitations
The sample consisted of primary care physicians who
implemented digital innovation for polypharmacy man-
agement. Only physicians who had participated in the
study between 2018 and 2020 and were part of the inter-
vention group during that period were included in the
data analyses. It is likely that physicians recruited for
the study at a later date had different initial conditions,
because technical problems had been resolved and better
communication strategies had been developed. Non-par-
ticipation in the survey could be ascribed to physicians
not using digital innovation regularly at the time of
data collection and, therefore, being unable to provide
responses.

The inferences drawn from the two strands of qualita-
tive and quantitative data analysis were merged to create
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a comprehensive understanding of the digital innovation
implementation process. The application of the modi-
fied methodological approach in this study enabled us to
integrate the interdisciplinary evidence on the topic of
contextual influences on change processes through real-
ist evaluation. We then explored the intersection with a
quantitative analysis method that uses a theory-based
confirmatory approach to examine statistical relation-
ships (SEM) [12].

The methodological synergy effects are particularly
reflected in the development of the contextual measure-
ment instrument, in which the findings of the qualitative
content analysis and CMO were integrated. Furthermore,
the directions of the effects and relationships of the micro
and meso levels and the corresponding measurement
instruments were determined on this basis and con-
firmed in the mediation model. As explained in the pre-
vious section, our analyses indicate reasonable reliability
as well as the convergent and discriminant validity of the
measurement instruments used in this study. In addition,
the requirements for mediation analysis were met. There-
fore, we argue that our study provides a robust meth-
odological basis to confirm semi-predictable patterns
between contexts, underlying generative mechanisms,
and outcomes in primary care settings. Future studies
should plan their study design accordingly to conduct
more advanced, strictly quantitative mediation analyses.
In the present study design, the focus was on the triangu-
lation of the different models in the two study phases. To
minimize bias, we sequentially analyzed qualitative and
quantitative data and confirmed the assumptions made
in the first study phase with the findings of the second
phase [33]. In addition, we emphasized the methodologi-
cal approach of realist inquiry and interpreted the the-
ory-building assumptions in this framework.

Conclusion

Implementation research indicates inconsistent imple-
mentation effectiveness, possibly related to the proximal
outcomes of the actual implementation behavior during
the change processes. This study explored the underly-
ing mechanisms. Empirical confirmation of contextual
mechanisms expands the theories regarding the func-
tioning of mechanisms triggered by the implementa-
tion of digital health technology. In addition, this study
confirms that organizational readiness for change has a
direct effect on physician adoption behavior. However,
this relationship is indirectly affected by individual beliefs
regarding the effectiveness of the innovation.

The adoption behavior of primary care physicians cor-
relates strongly with the degree of meso-level readiness
to implement change, as well as with the extent to which
physicians view the digital innovation as beneficial to
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their work. Innovation beliefs are related to three sub-
dimensions that pertain to the extent to which the use
of digital innovations is perceived as effective: (1) to
improve patient safety, (2) to improve clinical decision-
making during the course of risk and interaction analysis,
and (3) to improve communication regarding the man-
agement of polypharmacy for patients in the context of
ambiguous decision situations.

To the best of our knowledge, this is the first study to
provide new insights into in-depth local needs assess-
ment. The adoption of digital innovations for polyphar-
macy management in primary care organizations can be
improved by tailoring implementation strategies accord-
ingly. Our findings contribute to the understanding of the
underlying mechanisms and complex adaptive processes
of social systems that operate in a primary care set-
ting. Therefore, our approach provides methodological
insights into realist evaluation and contributes to current
research that seeks to illustrate the complex contextual
pathways and their effect on implementation outcomes
[10, 11].
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