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Abstract

Internationally comparable assessments of implementation outcomes are a prerequisite for the accurate and useful exchange
of implementation science results. We translated the English versions of the acceptability of intervention measure (AIM),
the intervention appropriateness measure (IAM), and the feasibility of intervention measure (FIM) into German follow-
ing recent guidelines. We tested the structural validity, the internal consistency (Cronbach’s ), and the construct validity
(known-groups validity) in a hypothetical situation study of secondary school teachers (n1 =142) and the structural valid-
ity and the internal consistency in a pilot field study of primary school teachers participating in a school health promotion
project (n2=61). The hypothesized three-factor solution (acceptability, appropriateness, and feasibility) revealed the best
model fit in the hypothetical situation study (CFI=0.97; RMSEA =0.08). The second study tended to support these results
(CF1=0.99; RMSEA =0.05) only when the error terms of two items from different constructs were allowed to correlate
with each other (“seems like a good match” [IAM] and “seems possible” [FIM]). Furthermore, the intercorrelations between
the three factors were higher in the pilot field study than in the hypothetical vignette study (0.71-0.86 vs. 0.06-0.35). The
instruments’ internal consistency proved to be high in both studies (Cronbach’s a: 0.91-0.97). We gathered positive evi-
dence for the known-groups validity, as participants who received different stimuli before answering the instruments rated
them statistically significantly different. Our study showed that the German versions of the instruments could successfully
be applied in health promotion research. We suggest using the four items per instrument rather than an abbreviated version
and discuss recommendations for the instruments’ application.
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1AM Intervention appropriateness measure

IOF Implementation outcomes framework: frame-
work describing implementation outcomes
developed by Proctor et al. (2011)

KMO Kaiser—Meyer—Olkin: this criterion indicates
how suited the data are for factor analysis.
KMO values can range from O to 1; higher
values indicate a higher suitability

M Mean

Max Maximum

Md Median

Min Minimum

n Number

RMSEA Root mean square error of approximation: this
criterion analyses the discrepancy between
the hypothesized model and the population
covariance matrix. RMSEA ranges from O to 1;
smaller values indicate a better model fit

TRAPD Translation, review, adjudication, pretesting,
and documentation: guidelines for translating
questionnaires and instruments

% Percentage

Background

Implementing an intervention or a new evidence-based prac-
tice in a specific setting is a process that requires exper-
tise as well as accurate and precise instruments to measure
the outcomes (Greenhalgh et al., 2004; Nilsen, 2015). In
addition to assessing the actual effectiveness of an inter-
vention, researchers need to take the direct effects of the
implementation endeavor (i.e., implementation outcomes)
into consideration to advance the understanding of imple-
mentation processes or to compare implementation strate-
gies. Implementation science is growing globally, and the
need to compare research results across borders is important.
To generate internationally comparable research results and
facilitate multi-country studies and cross-border initiatives
(Biihrmann et al., 2020), translating reliable and valid instru-
ments into languages other than English is essential (Sch-
weizer, 2010).

Investigated Framework

The Implementation Outcomes Framework (IOF, a list
of explained abbreviations can be found at the end of the
article) covers eight conceptually different implementation
outcomes (Proctor et al., 2011): acceptability, appropriate-
ness, feasibility, cost, adoption, penetration, and sustain-
ability. The first three outcomes are commonly used for
the evaluation of implementation outcomes (Proctor et al.,
2011; Weiner et al., 2017) in different fields, although this
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framework was originally developed for the mental health
sector.

“Acceptability is the perception among implementation
stakeholders that a given treatment, service, practice, or
innovation is agreeable, palatable, or satisfactory” (Proctor
et al., 2011, p. 67). “Appropriateness is the perceived fit,
relevance, or compatibility of the innovation or evidence
based practice for a given practice setting, provider, or con-
sumer; and/or perceived fit of the innovation to address a
particular issue or problem” (Proctor et al., 2011, p. 69).
Although these two constructs show semantic similarities,
they can be distinguished on a theoretical level. For exam-
ple, a new treatment can be considered by a provider as a
good fit to address patients’ diseases (high appropriateness);
nevertheless, the provider may be reluctant to use it, as he
or she disapproves a certain feature of the intervention (low
acceptability). “Feasibility is defined as the extent to which a
new treatment, or an innovation, can be successfully used or
carried out within a given agency or setting” (Proctor et al.,
2011, p. 69). Even though appropriateness and feasibility
can correlate, they address differing aspects on a conceptual
level. For example, a program may fit to the culture and mis-
sion of a certain setting (high appropriateness), but may take
up extraordinary personal costs and other resources (low
feasibility).

Often existing instruments lack a sound development pro-
cess or provide only limited information on psychometric
criteria, other than internal consistency (Lewis et al., 2015;
Mettert et al., 2020). However, a research group (Weiner
et al., 2017) undertook a thorough development process and
psychometrically tested self-reported instruments that aim
to measure acceptability, appropriateness, and feasibility.

Measures

The three instruments, the Acceptability of Intervention
Measure (AIM), the Intervention Appropriateness Measure
(IAM) and the Feasibility of Intervention Measure (FIM),
each consist of four items with scale values ranging from
1—completely disagree to 5—completely agree. The source
English instruments are publicly available and free of charge
(Weiner et al., 2017). Due to their generic nature, the meas-
ures can be applied when investigating psychosocial, techni-
cal, health promotion or other interventions in the hospital
and health care setting, in the education system, or at the
workplace. They can also be used within a wide range of
stakeholder groups such as administrators, direct service
providers, or family members.

The development and testing process of the instrument
followed several steps described in three different studies
included in one article. First, based on the definitions of
the investigated constructs and on already existing instru-
ments, the research team developed 31 items. In an online
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study, 103 members of the relevant stakeholder group (i.e.,
implementation scientists and mental health practitioners)
allocated the unsorted items to the constructs and judged
their confidence in their allocation procedure (Weiner et al.,
2017). The results of a factor analysis led to a refinement
and shortening of the scales (overall 15 items). In a second
study based on the answers of 326 members of the Ameri-
can Mental Health Counselors Association, a confirma-
tory factor analysis revealed the hypothesized three-factor
structure (Lewis et al., 2018; Weiner et al., 2017) showing
a good model fit (Comparative Fit Index, CFI=0.96; Root
Mean Square Error of Approximation, RMSEA =0.079).
The Cronbach a values for the revised 4-item scales were
0.85 for acceptability, 0.91 for appropriateness, and 0.89 for
feasibility. A third study investigated test—retest reliability
after seven weeks (r ranged from 0.73 to 0.88) and verified
the instruments’ sensitivity to change in both directions.
Currently, comprehensive results on the psychometrical
performance of the instruments based on other samples are
lacking, but a range of studies applying these instruments
have recently been published (Adrian et al., 2020; Damush
et al., 2021; Swindle et al., 2021; Taboada et al., 2021; Wasil
etal., 2021).

Aims of the Present Investigation

To the best of our knowledge, there is currently no generic,
reliable, and valid instrument available in the German lan-
guage that can be used to assess the implementation out-
comes acceptability, appropriateness, and feasibility (Kien
et al., 2018). We chose to translate the English versions of
the measures AIM, IAM, and FIM (Weiner et al., 2017) into
German as they are promising, reliable, valid and generic
in nature and can therefore be applied in varying contexts
(Finch et al., 2012). In addition, these instruments enable
the assessment of the three implementation outcomes in a
similar way, therefore enabling a direct comparison of the
three different constructs.

These instruments have only been applied and extensively
tested in the mental health sector so far and we aimed to
extend their usage to health promotion interventions in the
school setting. In general, the aim of the present investi-
gation was to assess the structural validity, reliability, and
known-groups validity of the German language instruments.
Structural validity is the extent to which a scale shows the
internal structure of its items as theoretically hypothesized
(McDowell, 2006). Internal consistency refers to the extent
the items of a scale are correlated (McDowell, 2006).
Known-groups validity aims to conclude whether groups
with distinct features can be differentiated as assumed by
their answers to a measure (Lewis et al., 2018; Souza et al.,
2017).

Therefore, our approach followed three distinct steps: (i)
We translated the instruments into German. (ii) We assessed
the instruments’ structural validity, internal consistency,
and known-groups validity based on the answers of study
participants who read hypothetical situations and filled in
the instruments from the perspective of the protagonist of
the hypothetical situation (i.e., Study 1). (iii) We assessed
the instruments’ structural validity and internal consistency
within the evaluation of a health promotion project in a real-
world setting. We expected less variation in the participants’
answers as they have already decided on adopting the pro-
gram (i.e., Study 2).

Methods
Measures—Translation Process

Different methods for the cross-cultural adaptation of
instruments exist (Epstein et al., 2015). Within the health
sciences, the forward- and backward-translation design is
the most common technique used for cross-cultural adapta-
tions of self-reported instruments. Therefore, we followed
the guidelines depicted by Guillemin and colleagues (Guil-
lemin et al., 1993). This process also resembled the Transla-
tion, Review, Adjudication, Pretesting, and Documentation
(TRAPD)-team translation model (Cross-Cultural Survey
Guidelines, 2016):

1. Translation: Two German native speakers (qualified
implementation scientist, evaluation researcher) inde-
pendently translated the English source instruments
including the description of the scale values and the
introduction explaining the usage of the instruments to
researchers and practitioners into German.

2. Back-translation: Two English-native speakers fluent in
German (epidemiologist, English language teacher) each
back-translated one of the two different German versions
into English.

3. Committee review: The multidisciplinary committee of
the above mentioned persons and the principal inves-
tigator, all native in German or English and fluent in
the second language (n=35) reviewed and discussed
the results of the translation and back translations in an
online meeting. Disagreements were resettled via con-
sensus or if not reached, we empirically tested different
options (see next step).

4. Cognitive interviews: We conducted seven cognitive
interviews with representatives of the intended sample
population of primary and secondary school teachers
(5 women, 2 primary school teachers, 3 over 50 years).
Specifically, we elicited the teachers’ associations to dif-
ferent translated options for one item to choose the one
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that best fit the English source item. According to the
results of the cognitive pre-tests the principal investiga-
tor adapted the instruments.

5. The Committee discussed and approved the adaptations.
No further changes were considered necessary.

The translated German versions of the instruments (12
items) are available in Additional File 1. The scale names
were translated in alignment with the results of the system-
atic translation and cross-validation (Gutt et al., 2018) of the
implementation outcomes defined by Proctor et al. (2011).

Hypothetical Situations Study
Procedure, Material, and Participants

Following the study design developed by Weiner and col-
leagues we created eight different hypothetical situations
(i.e., vignettes). In general, they presented the discussion
of two fictitious secondary school teachers about the imple-
mentation of a physical activity health promotion program.
Within these vignettes, the antecedents of each imple-
mentation outcome were either pronounced as very high
or very low. This manipulated maximum variation within
the vignettes was intended to lead to maximum variability
in assessing the implementation outcomes acceptability,
appropriateness, and feasibility. We manipulated the fol-
lowing antecedents: an individual’s openness to new experi-
ences and the possibility to try out and undo the implemen-
tation of an intervention (i.e., trialability) should affect the
implementation outcome acceptability (Weiner et al., 2017).
Furthermore, social norms within a professional group and
the target groups’ needs for an intervention should influence
the perception of appropriateness. In addition, the available
resources for the implementation endeavor and the perceived
complexity of the intervention should affect the outcome
feasibility.

To make sure that the different vignettes and the per-
ceived variation of the antecedents were plausible, we tested
them within the seven cognitive interviews. Afterward, we
revised the vignettes to improve plausibility (e.g., age of
pupils participating in the program, program costs) and to
increase variation between antecedents (e.g., trialability and
resources). The variation of the antecedents in the different
vignettes is entailed in Table 1.

Table 1 Overview of the characteristics of the different vignettes

Secondary school teachers were invited to rate the meas-
ures (AIM, IAM, FIM) from the perspective of the illustrated
character in the vignette without being influenced by their
own opinion about the hypothetical program in the vignette.
The eight different vignettes were randomly assigned. To
avoid sequence effects, we also randomly ordered the items
of the paper—pencil instrument (15 different versions). Addi-
tionally, we collected demographic data (e.g., gender, work
experience, place of work—type of school, experience with
implementation of health promotion projects) for the sample
description.

We used GPower (Faul et al., 2007) to calculate the nec-
essary sample size for detecting a difference in the imple-
mentation outcomes ratings defined as a medium effect size
(f=0.25) in main and interaction effects (considering 8 dif-
ferent vignette types) with a power of 80% at a statistical
significance level of a <0.05. We arrived at a calculated
sample size of 128 participants. This sample size also con-
forms to the recommendation that the sample size for the
confirmatory factor analysis (CFA) should be at least five
times the number of items (Bentler & Chou, 1987), resulting
in a recommended sample size of n=60.

Overall, a convenience sample of 147 secondary school
teachers participated in the vignette study during April and
July 2019. We originally intended to invite teachers to par-
ticipate in the study who were attending further education
courses at the University College of Teacher Education in
Vienna (Austria), as we strived for a diverse sample popu-
lation. However, in the last months of the school year, we
could only manage to invite the participants of three fur-
ther education courses (n=76/ 51.7%). Therefore, we also
recruited teachers from two higher secondary schools in
Vienna (n=65/48.3%) to fulfill our target sample size. The
participation rates at the further education courses ranged
from 73.3% to 93.3% and in the schools from 11.9% to
68.7%. Women prevailed in the sample (78.8%); reflecting
a similar gender distribution as in the Austrian education
system (Statistik Austria, 2019). The participants reported
to have worked on average for 10.3 years, mainly at higher
secondary schools (91.8%). The remaining participants
worked at lower secondary schools (5%) or vocational
schools (2.8%). Approximately a fifth (18.4%) and more
than half of the participants (59.9%) indicated that they had
implemented a health promotion project or another project
in their school during the last five years. Five teachers did

V-1 V-2 V-3 V-4 V-5 V-6 V-7 V-8
Acceptability (openness, trialability) High High High High Low Low Low Low
Appropriateness (social norms, target groups’ needs) High High Low Low High Low Low High
Feasibility (resources, complexity of the intervention) High Low Low High High High Low Low
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not answer all items of the AIM, IAM and FIM measure.
Since a CFA cannot be performed with missing data (Weiber
& Miihlhaus, 2014), we omitted these five cases from the
analysis, resulting in a final sample size of 142.

The participating teachers were informed about the aim,
the duration, and the demands of the study a priori in a leaf-
let. By filling in the paper—pencil instruments, teachers pro-
vided informed consent. The study protocol and the instru-
ments were submitted to the ethics committee of the Medical
University of Vienna that waived responsibility, since survey
studies with experts/professionals do not need to be submit-
ted to an ethics committee in Austria.

Data Analyses

First, we calculated descriptive statistics for the description
of the study sample and to become familiar with the data.
Second, to assess unidimensionality for each instrument sep-
arately, we performed an exploratory factor analysis (EFA)
for each instrument (principal component analysis with pro-
max rotation). We applied the following criteria for good
model fit: communalities > 0.5; Kaiser-Kriterium eigenval-
ues > 1 (Weiber & Miihlhaus, 2014); Kaiser—Meyer—Olkin
(KMO) Measure of Sampling Adequacy criterion indicating
correlation of variables > 0.6 (Kaiser, 1974) and a statistical
significant Bartlett’s Test of Sphericity (Dziuban & Shirkey,
1974).

Third, we calculated a three-factor CFA using maximum
likelihood estimation. We applied the following guidelines
for defining good model fit: CFI1>0.95 (Schreiber et al.,
2006), and RMSEA <0.08 (Browne & Cudeck, 1993). For
comparison reasons we calculated two alternative models:
a two-factor model with appropriateness and acceptability
items loading on one factor, as it is hypothesized that these
factors would show the highest correlations (Weiner et al.,
2017), and a general factor model including all items.

Fourth, based on the results of the CFA, for assessing
the internal consistency of the items of the three different
instruments, we calculated Cronbach’s «, considering a val-
ues > 0.8 as good (Rossiter, 2002).

Fifth, for assessing the known-groups validity we per-
formed three 3 X2 ANOVAs with type three sum of square
methodology to assess the assumed differences in the scales’
ratings due to the assignment to the diverse vignettes. If
interaction effects were not statistically significant, we omit-
ted them from the model and recalculated it. For further
analyses of two-way interactions, we applied the COMPARE
approach (Howell & Lacroix, 2012).

We used SPSS AMOS Graphics 26 (IBM Knowledge
Center, 2019a) for performing the CFA and carried out
all other analyses with SPSS 26 (IBM Knowledge Center,
2019b).

Pilot Field Study
Procedure, Material, and Participants

Overall, 61 primary school teachers working in 20 schools
out of 261 teachers (response rate: 23.4%) working in 22
schools participated in an online survey at the end of a health
promotion program in June 2019. The “Water Schools in
Lower Austria” program intended to encourage pupils
(6 — 10 years) to drink more water in schools instead of
other liquids and to increase the pupils’, the parents’, and
the teachers’ positive attitudes toward drinking water. The
intervention included a 2-h-workshop for teachers at the
beginning of the intervention in October 2018, the imple-
mentation of drinking rules, and the provision of free water
bottles for each pupil. Within a process and outcome evalu-
ation of the health promotion project, we administered the
three instruments. Due to practical constraints, the items in
the instruments were not randomly ordered.

Fifty-nine teachers were women, one was a man, and one
person did not indicate her/his gender. This gender distribu-
tion reflects the distribution in the Austrian education system
(Statistik Austria, 2019). Overall, the participants reported
a mean age of 40.4 years, and a mean work experience of
17.1 years. The participating teachers were informed about
the aim, the duration, and the demands of the study. By com-
pleting the online instruments, teachers provided informed
consent. Approval from the ethics committee at the Dan-
ube University Krems was obtained on July 12th, 2018 (GZ
EK 31/2015-2018) and from the School Board of the state
of Lower Austria on August 20th, 2018 (Praes.-420/2410-
2018). This was necessary because pupils were involved in
the larger and separate evaluation of the health promotion
project.

Data Analyses

Similar to study 1, for assessing structural validity we ran
EFAs and CFAs based on the same model fit guidelines.
Additionally, we calculated Cronbach’s « to estimate internal
consistency of the scales.

Results

Hypothetical Situations Study

Structural Validity

Based on the results of 142 respondents, we conducted an
EFA for each hypothesized construct separately to assess

unidimensionality of the scales. For all three EFAs the KMO
criteria and Bartlett’s Tests of Sphericity showed satisfactory
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results (i.e., KMO > 0.6; p-value for Bartlett’s Test of Sphe- the one-factor and the two-factor CFA. The two-factor

ricity <0.05; see Table 2) proving the correlation of the four =~ CFA showed factor loadings ranging between 0.33 and

items in each instrument. The instrument specific analyses ~ 0.94. The CFI value was 0.65 and the RMSEA value was

yielded just one factor including all four items of each instru-  0.27 [90% CI 0.25-0.29]. In the one-factor model the fac-

ment (eigenvalues > 1). The explained variance for each one  tor loadings varied from 0.04 to 0.93, and the model fit

ranged from 79.35% for FIM to 85.90% for IAM. parameters were dissatisfying: CFI=0.40; RMSEA =0.35
Based on the answers of the same sample (n=142) we [90% CI 0.33-0.37].

calculated a three-factor CFA with maximum likelihood

estimation. The factor loadings ranged from 0.81 to 0.92

(see Fig. 1) and the overall model fit was adequate with  Internal Consistency

CFI1=0.97 and RMSEA =0.08 [90% CI 0.06-0.11]. The

correlations between AIM and IAM (r=0.35) and AIM We calculated Cronbach’s a as estimates for the internal

and FIM (r=0.26) were moderate. No relevant correla- consistency of the scales. The Cronbach’s o values were 0.94

tion between IAM and FIM could be observed (r=0.06). each for AIM and IAM, and 0.91 for FIM. Detailed item

In general, the three-factor CFA fitted the data better than  scale statistics are depicted in Additional File 2.

Table 2 EFAs for assessing unidimensionality of each instrument separately (Study 1: n=142)

Communalities  Component  Eigenvalue Explained variance =~ KMO 7 df p

AIM

1. “X”* meets my approval 0.867 0.931

2. “X” is appealing to me 0.863 0.929

3. I'like “X” 0.832 0912

4.1 welcome “X” 0.866 0.930 3.428 85.69% 0.87 52389 6 <0.000
IAM

5. “X” seems fitting 0.908 0.953

6. “X” seems suitable 0.866 0.931

7. “X” seems applicable 0.874 0.935

8. “X” seems like a good match  0.788 0.888 3.436 85.90% 0.86 55196 6 <0.000
FIM

9. “X” seems implementable 0.831 0911

10. “X” seems possible 0.747 0.864

11. “X” seems doable 0.829 0.910

12. “X” seems easy to use 0.767 0.876 3.174 79.35% 0.84 39093 6 <0.000

Extraction method: principal component analysis; Rotation: Promax with Kaiser Normalization. These results relate to the German version of
the measures AIM, IAM, and FIM

df degrees of freedom, KMO Kaiser-Maier-Olkin measure of sampling adequacy criterion, p probability value, y* Chi?
*Instead of “X”, the name of the intervention should be included

Fig. 1 Confirmatory factor

analysis (Study 1: n=142) cll c|2 T T T e|6 e|7 eI$ c|<) el|0 C]II C:Z
.84 81 76 82 .90 .83 83 .69 .76 .66 .78 .69
v v v v v v v v v v v v
11 ’ 12 ‘1_3 1_4‘ 15 ‘ 16 1_7‘ 1.8 1.9 1_10‘ T8 ‘1_12
.92@.91 .95.91 .91 .83 .89.81.88.83
acc app fea
.35’/‘\.06

.26
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Construct Validity—Known-Groups Validity

We investigated the known-groups validity of the instru-
ments applying 3 X2 ANOVAs (see Table 3). The larg-
est effects on the respective instruments (* ranging from
0.630-0.805) were observed according to the manipulation
of the antecedents (see Procedure, Material, and Partici-
pants sections). However, to a smaller extent, the manipula-
tion of the respective antecedents of the acceptability and the
appropriateness construct influenced all three scale ratings.

Specifically, the analysis for AIM showed a large statis-
tically significant main effect for the manipulation of the
antecedents of acceptability, F(1, 138)=245.81, p <0.000,
n*=0.64, and a moderate statistically significant main
effect for the manipulation of the antecedents of appropri-
ateness, F(1, 138)=9.80, p=0.002, 5*=0.07. The analysis
for IAM revealed a small statistically significant interac-
tion effect between the manipulation of the antecedents
of acceptability and appropriateness, F(1, 137) =6.36,
p=0.013, >=0.04. The interaction effect occurred
because the differences between the groups “acceptability
low” and “acceptability high” were larger in the “appro-
priateness low” than in the “appropriateness high” group
(depicted in Fig. 2). In other words, the manipulation of
appropriateness had a larger effect in the “low acceptabil-
ity” groups (see Additional File 3 for details). The main
effect for the manipulation of appropriateness’ antecedents
was very large, F(1, 137)=566.75, p <0.000, 7*=0.81.
Finally, the analysis for FIM detected a statistically sig-
nificant interaction effect between the manipulation of
the antecedents of acceptability and appropriateness,

Table 3 ANOVAs for assessing known-groups validity

Manipulation Acceptability
5,00/
high

low
4,00/

3,00(

2,00(

1,00 -
low high

Manipulation Appropriateness

Fig. 2 Interaction effect between manipulation antecedents of accept-
ability and appropriateness on IAM (Study 1: n=142)

F(1, 137)=16.94, p <0.000, #>=0.11 and a large main
effect for the expected manipulation of the antecedents of
feasibility, F(1, 137)=232.83, p <0.000, >=0.63. The
interaction effect was as follows: Within the “appropriate-
ness low” group the manipulation of the acceptability’s
antecedents did not affect the feasibility ratings. However,
in the “appropriateness high” group, the “acceptability
high” group rated the intervention as more feasible than
the “acceptability low” group (see Fig. 3, and Additional
File 3). The hypothetical situations consisting of the pat-
terns “appropriateness high” and “acceptability low” may
have confused the participants. Around four out of ten par-
ticipants (41%) indicated that they doubted the plausibility
of this hypothetical situation, while on average two out of
ten people (23%) doubted the plausibility of the vignettes
in general. The statistical models explained 64%, 81%, and
65% of the variance (adjusted R? reported).

Source df  Dependent variables

Acceptability (AIM) Appropriateness (IAM) Feasibility (FIM)

F p s F p s F p s
ACC 1 245.81 <0.000 0.640 47.80 <0.000 0.259 19.52 <0.000 0.125
APP 1 9.80 0.002 0.066 566.75 <0.000 0.805 0.05 0.821  0.000
FEA 1 0.92 0.339 0.007 2.16 0.144  0.016 232.83 <0.000 0.630
ACC x APP - - - - 6.36 0.013  0.044 16.94 <0.000 0.110
ACC x FEA - - - - - - - - - -
APP x FEA - - - - - - - - - -

ACC x APP x FEA

R%2=0.65 (Adj. R>=0.64)

R?2=0.82 (Adj. R>=0.81)

R%2=0.66 (Adj. R>=0.65)

ACC manipulation acceptability, APP manipulation appropriateness, FEA manipulation feasibility, df degree of freedoms, p probability value, 1

effect estimate

TR

“y

X" refers to the investigation of interaction effect

indicating that interaction effects were not statistically significant and therefore dropped from the analysis
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5,00

Manipulation Acceptability:

3,00

2,00

1.00 low high

Manipulation Appropriateness

Fig. 3 Interaction effect between manipulation antecedents of accept-
ability and appropriateness on FIM (Study 1: n=142)

Pilot Field Study
Structural Validity

After calculating descriptive statistics, we started to assess
unidimensionality by applying EFAs separately for each
instrument based on 61 respondents. For AIM the KMO cri-
terion (0.84) and Bartlett’s Test of Sphericity (y*=232.53;
df=6; ¢ <0.000) showed satisfactory results. All items were
loading high (ranging from 0.918 to 0.938) on one compo-
nent with an eigenvalue > 1 (see Table 4). Two items within
each of the measures IAM (#6 “suitable” and #8 “good
match”) and FIM (#9 “implementable” and #10 “possible”)
correlated perfectly (r=1) with each other. Therefore, we

decided to omit the items #6 “suitable” and #9 “implementa-
ble” from further analyses, as these were each the first in
the row. Due to the perfect correlation, this decision did not
affect the further analyses. Subsequently, the preconditions
for conducting EFAs were met (see Table 4). The EFAs of
the trimmed versions of IAM and FIM yielded a one compo-
nent solution in each case, explaining 93.67%, respectively,
88.92% of variance.

The three-factor CFA with maximum likelihood estima-
tion failed to reveal a good model fit as indicated by the
model fit parameters (CFI=0.98; RMSEA =0.10 [90% CI
0.044-0.150]). Factor loadings ranged from 0.83 to 0.99.
The factors correlated highly with each other, appropriate-
ness and feasibility showing the highest correlation with
0.86. We could only establish a good model fit after allowing
the error terms of the items #8 “seems like a good match”
(IAM) and #10 “seems possible” (FIM) to correlate, (CFI:
0.99; RMSEA: 0.05 [90% CI 0.00-0.11]), see Fig. 4 for
details. As the items of IAM and FIM are similar in struc-
ture, all starting with the word “seems” (“scheint” in the
German version), and the items of all three scales were not
randomly ordered, the correlation of the error terms might
account for the assumed sequence effect and the semantic
similarities.

Other established models did not reveal a better model
fit. We calculated a two-factor CFA with appropriateness
and feasibility items loading on one factor and acceptabil-
ity items as another factor. The model fit parameters were
then: CFI=0.85; RMSEA =0.19 [90% CI 0.15-0.23]. We

Table 4 EFA for assessing unidimensionality of each instrument separately (Study 2: n=61)

Communalities  Component  Eigenvalue Explained variance KMO  4? df 4

AIM

1. “X”* meets my approval 0.867 0.935

2. “X” is appealing to me 0.863 0.929

3. I'like “X” 0.832 0.938

4.1 welcome “X” 0.866 0.918 3.460 86.49% 0.84 23253 6 <0.000
1AM

5. “X” seems fitting 0.950 0.975

6. “X” seems suitable - -

7. “X” seems applicable 0.910 0.954

8. “X” seems like a good match  0.950 0.975 2.810 93.67% 0.77 22430 3 <0.000
FIM

9. “X” seems implementable - -

10. “X” seems possible 0.936 0.968

11. “X” seems doable 0.900 0.948

12. “X” seems easy to use 0.832 0.912 2.688 88.92% 0.72 169.37 3 <0.000

Extraction method: principal component analysis; Rotation: Promax with Kaiser Normalization. These results relate to the German version of

the measures AIM, IAM, and FIM

df degrees of freedom, KMO Kaiser-Maier-Olkin Measure of Sampling Adequacy criterion, p probability value, * = Chi>

“Instead of “X”, the name of the intervention should be included
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calculated another two-factor CFA with acceptability and
appropriateness items loading on one factor and feasibil-
ity items as a single factor. The model fit parameters were
then: CFI=0.91; RMSEA =0.24 [90% CI 0.20-0.28]. A sin-
gle factor model also showed unsatisfying model fit with:
CFI=0.78; RMSEA =0.28 [90% CI 0.25-0.32].

Internal Consistency

The analysis of study 2 based on 61 respondents revealed
similar results to study 1. The Cronbach’s o values were
0.95 for AIM (4 items), 0.97 for IAM (3 items), and 0.93
for FIM (3 items). Detailed item scale statistics are depicted
in Additional File 2.

Discussion

The assessment of implementation outcomes can provide
immediate feedback regarding the success or non-success of
an implementation endeavor. The importance of this topic
for both researchers and practitioners is also reflected in the
Society for Implementation Research Collaboration Instru-
ment Review Project (Society for Implementation Research
Collaboration {SIRC}, 2021), and the newly developed
and openly accessible Implementation Outcome Reposi-
tory (Centre for Implementation Science—King's College
London, 2019). It allows for searching for instruments to
measure implementation outcomes in the English language.

To our best knowledge, our study provided the first instru-
ments that are generic, reliable, and valid in the German lan-
guage to assess the implementation outcomes acceptability,
appropriateness, and feasibility in a comparable manner. We
tested the reliability and validity of the German versions of
AIM, TAM, and FIM in a vignette study, creating optimal
conditions as variance was induced. This study found high

internal consistency of the scales and revealed the hypoth-
esized three-factor solution. Where differences in hypotheti-
cal situations were pronounced, participants could differenti-
ate between the three distinct scales. However, the variation
of the antecedents of acceptability and appropriateness also
influenced the ratings of the other measures, although to a
lesser extent than the respective main effects.

In the pilot field study with primary school teachers par-
ticipating in a health promotion project, the hypothesized
three-factor solution of the CFA exhibited the best compa-
rable model fit. Nonetheless, we only achieved a good model
fit once we allowed the correlation of the error terms of the
items #8 “seems like a good match” (IAM) and #10 “seems
possible” (FIM). This accounted for the assumed sequence
effect and the semantic similarities. Finally, the AIM, IAM,
and FIM showed high internal consistency values in both
studies.

Consistent with the theoretical assumptions and previ-
ous psychometric assessment, confirmatory factor analyses
applied in the vignette study yielded three correlated factors.
The correlations between the factors (r ranging from 0.06
to 0.35) were low to moderate in the vignette study. Fur-
thermore, the results of the ANOVAs showed that the vari-
ations of the antecedents of acceptability (i.e., individual’s
openness, and possibility to undo the implementation of the
intervention) influenced not only the respective AIM, but to
a lesser extent also IAM and FIM. Weiner and colleagues’
study showed higher correlations between different factors
(r ranging from 0.36 to 0.77), which might be imposed due
to a study design error (Weiner et al., 2017). However, the
correlations between the different factors in the pilot field
study ranged from 0.71 to 0.86, highlighting the conceptu-
ally distinguishable implementation outcomes being hard to
distinguish empirically (Proctor et al., 2011).

When programs are designed to be implemented in dif-
ferent settings, in our case, the school setting, program
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developers consider several assumed barriers of implemen-
tation (Pearson et al., 2015) and aim at developing an accept-
able, appropriate, and feasible intervention to foster adoption
and use of the program (Chor et al., 2015). Furthermore,
when schools already participate in a health promotion pro-
ject, the decision to adopt a program has already been made.
Both influencing factors would lead to less variance in the
data. This was reflected in the two data sets of our investiga-
tions. The results of the pilot field study compared with the
vignette study showed that the item means (see Additional
File 2) were higher in the pilot field study (ranging from
4.31t04.43 vs. 3.24 to 3.70) and the standard deviation was
lower (ranging from 0.50 to 0.65 vs. ranging from 1.09 to
1.39). Additionally, the higher mean values in the pilot field
study might indicate that only teachers being most satisfied
with the intervention may have participated in the study (i.e.,
selection bias). The high intercorrelation of the implementa-
tion outcomes in the field study makes it difficult to disen-
tangle the hypothesized factor structure.

A strength of this study is that we assessed the psycho-
metric criteria of the measures by applying them in two
different studies. The hypothetical situation study enabled
us to assess the instruments under optimal conditions. We
cannot exclude the possibility, however, that the artificial
situation provokes the association of a test situation resulting
in a more in-depth reading and then paying closer attention
to the wording of the items. Therefore, the results may not
be transferable to field studies. Unfortunately, we did not
record the time respondents needed to fill in the instruments
in either study to assess this hypothesis. The sample size of
the health promotion study’s evaluation was just above the
recommended threshold of five times the number of items
(Bentler & Chou, 1987). Although the teachers participating
in the program were reminded several times, the response
rate only reached 23.4%. Therefore, the results of this study
should be interpreted cautiously.

Another limitation of our study is that we could not assess
the psychometric equivalence of the constructs in question
across the English original and the translated German ver-
sion of the scales (i.e., measurement invariance). Such anal-
yses are considered a requirement for cross-cultural com-
parisons (Boer et al., 2018; Fischer & Karl, 2019; Putnick
& Bornstein, 2016); however, we did not have access to an
English speaking population.

Currently, the AIM, IAM, and FIM have not been tested
extensively except in one study (Weiner et al., 2017), yet
other studies applying these instruments have recently been
published (Adrian et al., 2020; Damush et al., 2021; Swindle
et al., 2021; Taboada et al., 2021; Wasil et al., 2021). The
first results are promising; however, further field studies are
necessary to test the psychometric criteria, and especially
further investigate the scales’ construct validity and pre-
dictive validity. We also encourage other researchers using
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these scales to report on psychometric criteria. Based on
our experience, we propose the following recommenda-
tions for future applications of the scales: First, the instru-
ments should be applied at an earlier stage, within the initial
implementation phase of the process (Pearson et al., 2015).
Also Proctor et al. (2011) hypothesized that acceptability,
appropriateness, and feasibility are especially relevant at an
early stage in the implementation process, influencing adop-
tion (i.e., uptake) and penetration (i.e., continuing use) of an
intervention. At this stage the providers’ perception of the
implementation outcomes may vary more, as people may
experience more difficulties which may be already settled
after approximately one school year. In addition, to avoid
selection bias, a high participation rate in the study should
be obtained. Second, because respondents seem to consider
the items to be very similar, the optimal order of the ques-
tions should be investigated empirically. One possibility
would be to administer the items of three scales randomly
to avoid sequence effects. The other possibility would be to
administer the scales and provide their definitions highlight-
ing the differences to raise participants’ awareness while
answering. Third, once the hypothesized factor structure is
proven by further field studies, the development of ultra-
short scales, with fewer items per scale could be pursued.

Conclusions

The German versions of AIM, IAM, and FIM were shown to
be promising, reliable, and valid instruments for the assess-
ment of the implementation outcomes acceptability, appro-
priateness, and feasibility in a hypothetical testing situation.
The pilot field study reinforced these results with some
limitations. Nevertheless, further field studies, especially in
the initial implementation phase, are necessary to provide
additional evidence regarding the scales’ structural validity,
internal consistency, and predictive validity. Based on the
current experience with these tools, we suggest using all
four items per instrument instead of an abbreviated version;
however, we believe that some items can be removed once
further research and testing is completed.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s43477-021-00019-y.
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