
RESEARCH ARTICLE Open Access

Cross-cultural adaptation, internal
consistency, test-retest reliability and
feasibility of the German version of the
evidence-based practice inventory
Tobias Braun1* , Katja Ehrenbrusthoff1 , Carolin Bahns1 , Lisa Happe1 and Christian Kopkow1,2

Abstract

Background: A psychometrically robust measurement instrument is prerequisite to tailor and monitor interventions
aiming to improve evidence-based practice (EBP). The recently developed “Evidence-based Practice Inventory” (EBPI)
questionnaire (five dimensions) provides a sound inventory for a comprehensive assessment of adherence to EBP,
and identification of barriers and facilitators for EBP. The aims of this study were to establish a German language
version of the EBPI and to examine the instrument’s reliability in a diverse sample of healthcare professionals.

Methods: The English version of the EBPI was translated, adopted and subsequently test-retest reliability of the
German language EBPI was examined in a nationwide online survey. Participants working in Germany were invited
to complete the questionnaire twice.
For each EBPI dimension, internal consistency reliability (Cronbach’s alpha) and the relative test-retest reliability
(intraclass correlation coefficient, ICC) were calculated. The standard error of measurement, limits of agreement and
minimal detectable change values were estimated to quantify measurement error.

Results: A German language version of the EBPI was established. In the online survey, the EBPI was initially
completed by 889 healthcare professionals. At follow-up, 344 individuals (39%) completed the questionnaire (74%
female; mean work experience: 13.6 years).
The ICCs for the five dimensions varied between 0.78 and 0.86. The standard error of measurement varied between
6.5 and 8.8% of the respective dimension scale range, and the limits of agreement between 24 and 37%. For
internal consistency reliability, alpha varied between 0.64 and 0.90. There were neither floor nor ceiling effects, nor
any other relevant feasibility issues.

Conclusions: The German language EBPI can be used to assess EBP adherence of healthcare professionals in clinical
practice, and to identify barriers and facilitators for an EBP conform behaviour. Results on test-retest reliability indicate
that the EBPI produces reliable scores when used for group comparisons, but the questionnaire seems insufficiently
reliable for individual measurements over time. Methods of item response theory or Rasch measurement theory should
be used for further evaluation and revision of the EBPI, informed by the results of this study.

Trial registration: German Clinical Trials Register (DRKS00013792). Registered 19 January 2018.
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Background
Evidence-based practice (EBP) is the conscientious, expli-
cit, and judicious use of current best evidence in making
decisions about the care of individual patients [1]. EBP is a
problem-solving approach providing “a framework for the
integration of research evidence and patients’ values and
preferences into the delivery of health care” [2, 3]. EBP is
an essential competence for clinicians, and the implemen-
tation of EBP principles is crucial for improving the qual-
ity of delivered healthcare as well as patient outcomes [4].
In general, healthcare professionals have positive atti-

tudes towards EBP and the use of evidence to support
clinical decision-making [5–7], perceive EBP as necessary
and are interested in incorporating evidence from research
into clinical practice [5–9]. However, the implementation
of EBP into clinical practice remains challenging,
highlighted by a discrepancy between its acceptance and
the extent of research use in health care practice [5].
The most frequently reported factors believed to inhibit

the use of EBP in clinical practice are time restrictions,
limited access to literature as well as poor skills in litera-
ture search and critical appraisal of existing literature [5–
9]. Major facilitators of EBP implementation reported in
the literature include frequent educational sessions, spe-
cific additional staff to enable research evidence implemen-
tation, support from colleagues, personal motivation, and
access to resources [6].
To improve EBP behaviour of healthcare professionals,

strategies such as an increased support from the
organization and on management levels have been dis-
cussed [5]. Another important strategy are educational
interventions, such as journal clubs, aimed at facilitating
skills and knowledge of EBP [10].
To assess the facilitators and barriers of EBP and to

evaluate the effectiveness of intervention strategies for
improving EBP performance, a comprehensive measure-
ment instrument is prerequisite [4]. Among content and
construct validity, reliability of test scores is an import-
ant characteristic. Especially when an instrument is used
to detect changes in EBP conform behaviour, the meas-
urement instrument must provide trustworthy test
scores over time (change scores). To differentiate real
change from measurement error, sound evidence on the
extent of the latter must be established. Test-retest reli-
ability (relative reliability) concerns the extent to which
scores of respondents who have not changed are the
same for repeated measurements over time [11]. A fur-
ther aspect of reliability is measurement error (absolute
reliability), defined as the systematic and random error
of a patient’s score, not attributed to true changes in the
construct under investigation [11]. Parameters of meas-
urement error are the standard error of measurement,
the Bland and Altman limits of agreement, and the min-
imal detectable change (MDC) [11–13].

A wide range of instruments exists for assessing know-
ledge and skills in EBP performance [14, 15]. Leung et al.
reviewed instruments for measuring evidence-based know-
ledge, skills and/or attitudes in nursing practice [14].
Among 24 different instruments, the authors identified
two promising instruments, including the “Evidence Based
Practice Questionnaire” developed by Upton et al. 2006
[16, 17]. Although this instrument demonstrates many
good measurement properties, there are concerns about its
content and construct validity [14]. However, the instru-
ment has been especially developed for measuring the
knowledge, skills and attitudes of nurses towards EBP, indi-
cating a strength for this population, but limiting the in-
strument’s use with other healthcare professionals.
Another recently developed instrument is the ‘Health
Sciences-Evidence Based Practice’ (HS-EBP) questionnaire
for measuring transprofessional EBP [18, 19]. The HS-EBP
demonstrated sufficient measurement properties in a large
sample of Spanish health science professionals, but the
third dimension (Development of professional practice)
presented certain difficulties with its content validity. Thus,
the authors proposed that the HS-EBP needs subsequent
review [19].
Another promising instrument is the recently devel-

oped “Evidence-based Practice Inventory” (EBPI), an in-
ventory for the comprehensive assessment of EBP
adherence and the identification of barriers and facilita-
tors of EBP, through reflection and self-report of clini-
cians [20]. The EBPI includes crucial domains of EPB,
such as competences (knowledge and skills), attitude
and behaviour. Furthermore, the instrument aims to ad-
dress local conditions for EBP in various clinical settings,
information processing, and decision making [20]. The
English language EBPI, developed in the Netherlands by
Kaper et al. [20], is a 26-item questionnaire, including
five dimensions (Fig. 1). The EBPI initially proofed to be
easy to complete within 15min and has an established
structural validity based on factor analysis [20]. It also
demonstrated first evidence of construct validity based
on known-groups validity examinations, for sufficient in-
ternal consistency reliability for all dimensions but “deci-
sion making” (dimension 4), and moderate to substantial
test-retest reliability (intraclass correlation coefficient
(ICC) between 0.53 and 0.83) [20]. These psychometric
properties of the EBPI were examined in a sample of 93
medical doctors, and further reliability analyses in a lar-
ger and heterogeneous sample of healthcare profes-
sionals seem necessary [11].
A German-language version of the EBPI is deemed

valuable to identify facilitators and barriers of EBP and
to evaluate implementation strategies of EBP in German
speaking countries. Thus, the first objective of this study
was the translation and cross-cultural adaptation of the
EBPI into German language.
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A second objective was to evaluate the internal
consistency reliability, the test-retest reliability and the
feasibility of the German EBPI, as the psychometric
evaluation of a translated measurement instrument in
the new linguistic and cultural context is highly recom-
mended [21].
The EBPI was designed to “differentiate in the adher-

ence to EBP among clinicians of different specialties, in
various stages of career and vocational training, and with
different background and experience in EBP” [20]. How-
ever, psychometric testing was performed in an exclusive
sample of medical doctors. Thus, the third objective of
our study was to evaluate the reliability and the feasibil-
ity of the EBPI in a mixed sample and in various uni-
form sub-samples of healthcare professionals, such as
physiotherapists or midwifes.

Methods
Reporting of this study followed the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guideline for observational studies [22] and the
Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) [23]. Reporting was further informed by the
criteria of the COnsensus-based Standards for the selec-
tion of health Measurement INstruments (COSMIN) Risk
of Bias checklist [24] and the Guidelines for Reporting Re-
liability and Agreement Studies (GRRAS) [25].

Design
We performed a prospective cross-sectional study with
two phases. In the first phase, the EBPI was translated into
German language and adopted for the use in a population
of German speaking healthcare professionals according to
the ‘translation and cross-cultural adaptation guidelines
for self-report measures’ [26]. In a second phase, an online
survey was used to assess test-retest reliability and internal
consistency of the German EPBI in a sample of healthcare
professionals working in Germany.

This study was approved by the Ethical Review Board
of the German Confederation for Physiotherapy (regis-
tration number: 2017–13). All respondents participated
anonymously and voluntarily. By initiating the survey,
participants gave informed consent for data analysis and
publication. The study was performed according to the
ethical principles described in the Declaration of
Helsinki and registered a priori in the German Clinical
Trials Register (DRKS00013792).

Evidence-based practice inventory
The EBPI is a questionnaire designed for clinicians to
identify barriers and facilitators of EBP [20]. The EPBI
consists of 26 items (questions and statements) covering
five dimensions: attitude, subjective norm, perceived be-
havioural control, decision making and intention, and
behavior, each rated on a scale from 1 to 6. Usually,
items have a positive phrasing for the high-scale extreme
and a negative phrasing for the low-scale extreme. For
items with two extremes, not necessarily positive or
negative, we phrased the item in such a way that it was
balanced between one and another extreme. Individual
dimensions can be summarized, although summation of
all dimensions is not permitted [20]. Items of the origin-
ally published EPBI are presented in the table in Add-
itional file 1 and the conceptual design of the EBPI is
illustrated in Fig. 1.

Translation and cross-cultural adaptation
The aim of the translation procedure was to reach concep-
tual equivalence between the English and the German ver-
sion of the EBPI. Conceptual equivalence is a prerequisite
to maintain content validity across different cultures [26].
Initially, permission to establish a German language ver-
sion of the EBPI was obtained from the developer of the
questionnaire (Nina M. Kaper), who was involved through-
out the process of cross-cultural adaptation.
For the German version of the EBPI, the following

parts from the original EBPI as published by Kaper et al.

Fig. 1 Combined formative and reflective measurement model of the Evidence-based Practice Inventory (EBPI), adopted from Kaper et al. [20]
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[20] were used: Introduction and definitions, dimensions
with corresponding definitions and the 26 items from
the questionnaire (Additional file 1).

Step I: translation
Two native German-speaking translators with fluent
English language skills translated the English version of
the EBPI into German. One of the translators had a
medical background (physiotherapist) and was informed
about the concept and the background of the question-
naire. The other translator was uninformed and had no
medical background. Each translator worked independ-
ently and wrote a report on uncertainties, challenging
phrases or alternative phrasing options.

Step II: synthesis
The translators discussed their forward translations and
produced a synthesis. A written report was used to list
issues of dissent and how they were resolved.

Step III: back translation
A back translation into English (source language) was
performed to ensure that the translated version reflected
the same item content as the source version. The Ger-
man synthesis of the EBPI was independently translated
into English by two bilingually raised (British English
and German) translators. Both translators were informed
(medical students) about the concept and the back-
ground of the questionnaire and were blinded regarding
the original questionnaire version. Each translator
worked independently and wrote a report on uncertain-
ties, challenging phrases or alternative phrasing options.

Stage IV: expert committee
Following the translation processes, an expert committee
was organized as recommended [26] with the aim to
create a pre-final questionnaire version, which could be
used for the field-test in stage V. The committee
reviewed all translations, all reports and the original
English language questionnaire to identify any discrep-
ancies in meaning and suggested modifications to re-
solve existing discrepancies.
The expert committee consisted of 13 people with differ-

ent educational and professional backgrounds, including
the four translators, two methodologists, an academic lan-
guage professional and six health professionals (one speech
and language therapist, one occupational therapist, three
physiotherapists and one physician). The comparison be-
tween the original English and the German pre-final ver-
sion was subjected to semantic, idiomatic, experiential and
conceptual equivalence. The complete expert committee
meeting was documented in a report written by the princi-
pal investigator.

Stage V: test of the pre-final version
The pre-final German language EBPI version was field-
tested in a convenient sample of healthcare professionals,
representing the population in which the questionnaire is
intended to be used. A sample size of 30 to 40 individuals
is recommended [26]. Participants were recruited via per-
sonal address by the study investigators. Inclusion criteria
for this piloting sample were: (1) ≥18 years old, (2) gradu-
ated healthcare professional, and (3) sufficient German
language (spoken and written) to complete the question-
naire. All participants gave written informed consent.
The printed pre-final questionnaire was handed to the

participants by research assistants (three graduated physio-
therapists). After obtaining socio-demographic data, partici-
pants self-completed the EBPI via paper-pencil, followed by
a content review (cognitive interviewing). Consultation of
the research assistants was prohibited during completion of
the questionnaire. The research assistants were well
acquainted with the concept of EPB, the process of cross-
cultural adaptation of health related outcome measures and
the English original questionnaire [20]. Prior to data acqui-
sition, the research assistants participated in a detailed
training on the conduction of questionnaires and the tech-
nique of ‘cognitive interviewing’ [27].
Based on the concept of ‘cognitive interviewing’, the par-

ticipants were asked to report their experiences and im-
pressions during the completion of the questionnaire [28].
Four questions were asked: (1) “Was there anything in the
introduction, the definitions or the question that you did
not understand or did not understand well?” (2) “How
confident were you in answering these questions?” (3)
“Were there any terms/expressions/formulations that you
have never heard before or that were unclear to you?” (4)
“How much time did it take to complete the question-
naire?” Participants were encouraged to make further com-
ments on the questionnaire (by verbalizing feelings,
impressions, and/or unclearness) in ‘think-aloud-inter-
views’. These comments, together with all other answers,
were recorded in written form.

Stage VI: final version and appraisal of the adaptation
All evidence and experiences from the previous stages were
used to refine the pre-final questionnaire version. The study
team discussed relevant issues, and produced slightly modi-
fied translations where necessary. Modifications were re-
ported to the questionnaire developer, and the feedback
was used to create a final version of the EPBI. This German
language version was submitted to the developer for ap-
praisal of the adaptation process and for final approval.

Online survey
To analyse the psychometric properties of the final Ger-
man language version of the EBPI, an online survey was
created and set up by using the software “SoSci Survey”
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(SoSci Survey GmbH, Munich, Germany; https://www.
soscisurvey.de). The survey was accessible online only via
an internet link to a “survey homepage”. The whole survey
was distributed on 14 separate pages/screens (Add-
itional file 2, written in German language): (#1) Invitation
letter, including a short description of the background and
the aims of the research project, the estimated conduction
time of approximately 10min, and some short instructions
on how to complete the survey; (#2) the informed consent
formula; (#3) data security information; (#4) notes on how
to complete the questionnaire and definitions of the key
terms used in the questionnaire, such as “clinician”, “pa-
tient” and “evidence”; (#5–7) options to provide socio-
demographic data; and (#8–12) the full German language
EBPI (one screen for each scale dimension). On a 13th
screen, participants were invited to leave an e-mail address
if they so wished, which was later used to provide the
EBPI a second time (test-retest reliability analysis). A 14th
screen finished the survey.
We aimed to provide the definitions given on screen

#4 available throughout the online survey. Thus, these
terms were always presented in underlined format, and
placing the cursor on the term opened a pop-up defin-
ition when desired.
Participants could access the survey without any re-

strictions, such as a password or registration. All the
survey’s items were offered in a standardized, unaltered
order and participants were able to review and change
their answers at any time before completion. In the case
of a missing answer, participants were reminded, but not
forced to complete missing answers before proceeding
to the next screen.

Participants
The voluntary online survey was accessible to all
German-speaking healthcare professionals (unrestricted
public internet link and sample of convenience). In this
study, we only included data from adult (≥18 years)
health professionals (e.g. medicine, midwifery, nursing,
occupational therapy, speech and language therapy,
sports therapy, psychology, physiotherapy) mainly work-
ing in Germany.
We excluded questionnaires from respondents (a) who

reported to work < 1 h per week with patients or in clin-
ical care, (b) who aborted the survey before completing
the 12th screen and, (c) those who did not complete any
of the five dimensions of the EBPI.

Recruitment procedures and data collection
The online survey was launched for 81 days, starting on
25 January 2018 and ending on 15 April 2018. To recruit
healthcare professionals, diverse media and communica-
tion channels were used. We created an invitation letter,
a press release and a short “advertisement”, all including

a description of the study aim and procedure and in
addition contact information for the persons responsible
of the study. We informed the community of healthcare
professionals in Germany about the survey through pub-
lication via different media by the institutions, profes-
sional societies and journals listed in Additional file 3.
No incentives were offered for participation.
Participants who provided an e-mail address for a sec-

ond participation received an automatically generated
invitation e-mail for a second (test-retest) survey 14 days
after the first survey completion, including an individu-
alized code to allow for matching of baseline and test-
retest data without violating the principle of anonymous
participation. A reminder was not sent. Completion of
the test-retest survey was possible until 15 May 2018.
To ensure stable/unchanged subject conditions for

test-retest reliability analyses [11], a 4-weeks participa-
tion period (minimum of 2-weeks and maximum of 6-
weeks after first completion) was chosen, considering
enough time to avoid recall bias due to memory effects
but at the same time unaltered EBP conditions for the
participants (facilitators and barriers of EBP).
We asked to distribute the survey link and the project

to as many colleagues as possible (“snowball principle”).
Per protocol, a total sample size of 800 participants was
targeted to allow for sub-group analyses for single
healthcare professions with sufficient sample sizes (n ≥
100) [11, 29, 30]. However, we aimed to include as many
participants as possible and did not define a maximum
sample for the survey.
The number of participants who completed the EBPI a

second time was smaller than expected. Thus, most sub-
groups (e.g. medicine, nursing) did not reach an “excel-
lent” sample size of 100 participants for reliability ana-
lyses, according to recommendations of the COSMIN
group [11, 29]. However, deviating from the study proto-
col, we decided to analyse the reliability of the EBPI of all
sub-group with a “good” sample size of ≥50 participants
(physiotherapy, occupational therapy, midwifery) [11, 29].

Statistical analysis
Data from the online survey were saved as an SPSS data
file by SoSci Survey. All data were analysed with SPSS
Version 25.0 statistical software (SPSS Inc., Chicago, IL,
USA) and R Version 3.5.0 (The R Project for Statistical
Computing, Vienna, Austria). Descriptive statistics (e.g.
mean values with 95% confidence intervals) were used
to present sample characteristics.
No weighting of items or propensity scores were used.

There was no imputation for missing values. We ex-
cluded participants who reported more than one profes-
sional background (e.g. nursing and midwifery) from
sub-group analyses for single professions.
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Measurement properties
Internal consistency reliability
Cronbach’s coefficient alpha, an adequate measure of in-
ternal consistency in case of a unidimensional scale, to-
gether with appropriate CIs [31], was derived from the
baseline sample data because of the large sample size
[32]. An alpha value between 0.70 and 0.95 was consid-
ered acceptable [32].

Test-retest reliability
The relative test-retest reliability for all five dimensions of
the EBPI was examined by using the intra-class correl-
ation coefficient model 2.1 (two-way random effects
model; ICCAGREEMENT) [12]. The ICCAGREEMENT was cal-
culated by dividing the systematic differences between the
“true” scores of participants by the error variance, which
consists of the systematic differences between the true
scores of participants, the variance due to systematic dif-
ferences between the two measurements, and the residual
variance [12].
For group-comparisons, an ICC ≥ 0.7 is deemed ac-

ceptable [32, 33]. For individual measurements over
time, an ICC ≥0.9 is considered sufficient [32, 33].

Measurement error: standard error of measurement
We calculated the standard error of measurement
(SEMAGREEMENT) for each EBPI dimension. For that we
used the same variance components used for the calcu-
lation of the ICCAGREEMENT. The SEMAGREEMENT was
calculated using the square root of the variance between
the two questionnaire completions and the error vari-
ance of the ICCAGREEMENT [12]. For interpretation, the
SEMAGREEMENT was related to the scale range of each
dimension.

Measurement error: limits of agreement/Bland and Altman plot
To illustrate agreement between the baseline and retest as-
sessment of each EBPI dimension, the method by Bland
and Altman was used to calculate the 95% limits of agree-
ment [13]. Homoscedasticity and normally distributed dif-
ferences are required [34]. Heteroscedasticity was denoted
in case of a positive Kendall’s tau (τ) correlation > 0.1 be-
tween the absolute differences and the corresponding
means was observed [35]. For heteroscedastic data, the fol-
lowing formula was used to calculate the limits of agree-

ment: −2X ð10a−1Þ
ð10aþ1Þ and þ 2X ð10a−1Þ

ð10aþ1Þ , where a = 95% limits

of agreement of the 10 log transformed data, and X = the
mean score [36]. A corresponding bar charts for frequen-
cies of differences was added to allow better interpretation.

Measurement error: minimal detectable change
The minimal detectable change (MDC) is a quantification
of absolute agreement. MDC values were calculated based

on the test-retest reliability data as MDC90 =
1.64*√2*SEMAGREEMENT (MDC with 90 confidence) and
MDC95 = 1.96*√2*SEMAGREEMENT (MDC with 95% confi-
dence), respectively. The MDC95 (MDC90) is defined as the
minimal amount of change that needs to occur between re-
peated assessments in an individual to exceed the error of
the measurement with 95% (90%) confidence [37].

Feasibility
We counted the number of missing values per item in
the baseline data of the complete sample and sub-
samples by healthcare profession. For items with > 5% of
missing values, this item (and the respective dimension)
were considered infeasible.
Floor or ceiling effects were assessed by dimension

and considered if ≥15% of the participants scored the
highest or lowest possible EBPI score [32].

Results
Translation process and cross-cultural validation
The translation stages (I to IV) of the EBPI were con-
ducted as planned. During the expert committee stage,
some minor and major ambiguities evolved and some
terms and items lead to intensive discussions. Detailed
results on the stages I to V are described in the Add-
itional file 4, including the characteristics of the pilot
sample (n = 30) and a list of the major issues evolved
during the process of translation and adaptation.

Online survey
The revised final German language version of the EBPI
was included in the online survey (Additional file 2).
The total baseline sample included 889 participants
(data sets), and 344 participants completed the EBPI
twice (follow-up sample), including 130 physiotherapists,
56 occupational therapists and 55 midwifes. A flow chart
of the study is provided in Fig. 2. The participants’ char-
acteristics of the baseline samples are given in Table 1.
The median time between baseline and follow-up was
14 days (interquartile range: 14–16; mean: 16.4 ± 6.0).
The figures in Additional file 5 (additional results) il-

lustrate the distribution of the respondents across the 16
German federal states for the baseline and the follow-up
sample. The figures in Additional file 5 illustrate the
baseline and follow-up sample compositions by profes-
sion. The characteristics of the follow-up sub-samples by
profession are listed in the table in Additional file 5.

Reliability
Internal consistency reliability
Cronbach’s alpha values are illustrated in Fig. 3, and var-
ied between the acceptable range (0.70 to 0.95) [32] for
dimension 1, 2, 3 and 5, but not for dimension 4 (alpha
between 0.55 and 0.69). The same distribution pattern of
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alpha also applies for the sub-groups physiotherapy, oc-
cupational therapy and midwifery.

Test-retest reliability
The results of test-retest reliability analysis for the
complete follow-up sample are listed in Table 2. Reliabil-
ity data for the sub-groups of physiotherapists, occupa-
tional therapists and midwifes are presented in the
tables in the Additional file 5.
For the complete follow-up sample (n = 344), there

were statistically significant mean test-retest differences
for the dimensions 2, 4 and 5, all below 3% of the base-
line scores (Table 2). During follow-up, respondents
showed slightly higher scores across all dimensions in
comparison to baseline measures. There was no consid-
erable variance due to systematic differences over time
in any dimension (σ2o between 0 and 0.2).
The ICCAGREEMENT of the five dimensions was be-

tween 0.78 and 0.86 for the complete sample (Fig. 4).
Figure 4 also shows the test-retest reliability of all five
dimensions according to sub-groups of physiotherapists,
occupational therapists and midwifes. For these sub-

groups, the ICC varied between 0.71 and 0.89, except for
the dimension 3 for occupational therapists (ICC = 0.60)
and dimension 4 for midwifes (ICC = 0.64). However, the
upper 95% CI was above the 0.7 cut-off value for those
two dimensions.

Measurement error: standard error of measurement
SEMAGREEMENT values for all dimension of the complete
sample (Table 2) varied between 6.5 and 8.8% of the
total scale range of the respective dimension. SEMAGREE-

MENT values for sub-groups are presented in the tables
in Additional file 5.

Measurement error: limits of agreement/Bland and Altman
plot
The 95% absolute limits of agreement for the complete
sample and sub-samples by profession are listed in Table
2 and in Additional file 5, respectively. Bland and Alt-
man plots for the dimensions 1 to 5 for the complete
sample are presented in the Figs. 5, 6, 7, 8 and 9, re-
spectively. The limits of agreement were between 24%
(dimension 1) and 37% (dimension 2). Bland and Altman

Fig. 2 Flow chart of the study
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Table 1 Socio-demographic characteristics of the participants by sample

Characteristic Baseline sample
(n = 889)

Follow-up sample
(n = 344)

Age in years, mean 37. 4 ± 11.5 (18–69) 37.9 ± 11.5 (22–69)

Gender: male/female/other, n (%) 225/657/3 (25.4/73.2/0.3)
(n = 885)

88/253/2 (25.7/73.8/0.6)
(n = 343)

Individual number of professions: one/two/three, n (%) 838/49/2 (94.3/5.5/0.2)
(n = 889)

320/22/2 (93.0/6.4/0.6)
(n = 344)

Professionsa, n (%)

Physiotherapy 318 (35.8) 130 (37.8)

Occupational therapy 154 (17.3) 56 (16.3)

Midwifery 137 (15.4) 55 (16.0)

Speech and language therapy 79 (8.9) 25 (7.3)

Nursing 73 (8.2) 20 (5.8)

Medicine 28 (3.1) 16 (4.7)

Sport therapy/sport sciences 26 (2.9) 9 (2.6)

Psychology 9 (1.0) 2 (0.6)

Other 14 (1.6) 7 (2.0)

≥1 profession 51 (5.7) 24 (7.0)

Highest professional degree, n (%)

Undergraduate 90 (10.1) 28 (8.1)

Diploma (vocational school) 368 (41.4) 130 (37.8)

Bachelor/diploma (university) 273 (30.7) 108 (31.4)

Master 106 (11.9) 54 (15.7)

Higher academic degree 40 (4.5) 21 (6.1)

Missing 12 (1.3) 3 (0.9)

Contact time with patients, hours per week, mean 26.7 ± 11.8 (1–60)
(n = 861)

26.1 ± 12.2 (1–55)
(n = 339)

Primary setting of work, n (%)

Hospital 196 (22.0) 72 (20.9)

University clinic 58 (6.5) 21 (6.1)

Rehabilitation clinic 61 (6.9) 28(8.1)

Outpatient clinic/private practice 468 (52.6) 186 (54.1)

Other 96 (10.8) 36 (10.5)

Missing 10 (1.1) 1 (0.3)

Work experience in years, mean 13.3 ± 10.8 (0–44)
(n = 870)

13.6 ± 11.0 (0–42)
(n = 341)

Employment situation, n (%)

Employee/worker 584 (65.7) 234 (68.0)

Self-employed 159 (17.9) 59 (17.2)

Freelancer 83 (9.3) 37 (10.8)

Undergraduate/in training/practical year 59 (6.6) 14 (4.1)

Missing 4 (0.4) 0 (0.0)

Leading/leadership position: yes/no, n (%) 286/589 (67.3/32.7)
(n = 875)

106/231 (31.5/68.5)
(n = 337)

Having inter-professional communication, n (%) 769 (86.5)
(n = 884)

299 (87.2)
(n = 343)

Inter-professional communication with other professions†, n (%)

Medicine 679 (88.3) 261 (87.3)
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plots for the sub-samples of physiotherapists, occupa-
tional therapists and midwifes are given in the
Additional file 5.

Measurement error: minimal detectable change
MDC90 and MDC95 values are given in Table 2
(complete sample) and the tables in Additional file 5
(sub-groups by profession).

Feasibility
The figures in Additional file 5 illustrate the distribution
of response categories and missing values per item for the
complete sample and the three sub-samples. The number
of missing values per item was < 5%, except for the items
#10 (6.6%) and #11 (14.6%) in the sample of midwifes.
The distributions of baseline total scores by dimension

and by each sample are shown in the histograms in the
Additional file 5. There were no floor or ceiling effects.

Discussion
This study describes the process of cross-cultural adapta-
tion of the German language EBPI and provides a compre-
hensive analysis of the internal consistency, test-retest
reliability and feasibility of the questionnaire. The three
objectives of this study are discussed in the following.

The first objective was the translation and cross-cultural
adaptation of the EBPI into German language. A key result
is the successful production of a German language EBPI ac-
cording to recommended, standardized procedures [26].
Based on the results of this study, the German language
EBPI can be used to assess EBP adherence of healthcare
professionals in clinical practice, and to identify barriers
and facilitators of EBP conform behaviour. Furthermore,
the EBPI can be used in research and clinical practice to
evaluate the impact of efforts of implementing and maxi-
mizing EBP [2].
The second objective was to evaluate the internal

consistency reliability, the test-retest reliability and the
feasibility of the German language EBPI in the new linguis-
tic and cultural context, as recommended [26]. Results indi-
cate adequate internal consistency of the dimensions 1, 2,
3, and 5. Dimension 4 (decision making) shows insufficient
internal consistency (α < 0.7). This result is in agreement
with the findings reported for the original EBPI, where all
dimensions showed good or excellent internal consistency,
except for dimension 4 (α = 0.60) [20]. A possible explan-
ation might be the low number of items (n = 3) in dimen-
sion 4. As stated by Pallant [38], Cronbach's alpha values
are quite sensitive to the number of items in the scale, and
with short scales (e.g. scales with fewer than ten items) it is
common to find quite low Cronbach's alpha values.

Table 1 Socio-demographic characteristics of the participants by sample (Continued)

Characteristic Baseline sample
(n = 889)

Follow-up sample
(n = 344)

Nursing 461 (59.9) 174 (50.6)

Physiotherapy 454 (59.0) 171 (57.2)

Occupational therapy 345 (44.9) 121 (40.5)

Psychology 297 (38.6) 129 (43.1)

Speech and language therapy 270 (35.1) 93 (31.1)

Sport therapy/sport sciences 146 (19.0) 66 (22.1)

Midwifery 92 (12.0) 45 (13.1)

Other 96 (10.8) 42 (14.0)

Size of the city/municipality of employment, n (%)

< 5.000 (rural community) 64 (7.2) 23 (6.7)

5.000–20.000 (small town) 153 (17.2) 53 (15.4)

20.000–100.000 (mean sized city) 235 (26.4) 93 (27.0)

> 100.000 (large city) 427 (48.0) 174 (50.6)

Missing 10 (1.1) 1 (0.3)

Available time for scientific literature studies at work within a typical week in minutes per
week, mean

53.6 ± 100.8 (0–900) (n =
751)

53.3 ± 104.0 (0–900) (n =
304)

Availability of scientific literature at work place, n (%) 578 (66.5) 236 (70.0)

Drafting of or involvement in ≥1 scientific publication, n (%) 277 (31.2) 130 (37.8)

Hosting of lectures or workshops on evidence-based practice, n (%) 120 (13.6) 66 (19.3)

Values are the total numbers (percent) or indicated otherwise. Mean values are given with the standard deviation (range). Different sample sized within each
sample due to missing values.
a Multiple answers possible
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The relative test-retest reliability of the 5 dimensions
of the German language EBPI for the complete sample
of healthcare professionals was sufficient for group-
comparisons (ICC ≥ 0.7), but insufficient for individual
measurements over time (ICC < 0.9) [32, 33]. However,
the comparison between the reliability estimations of the
German and the original EBPI is limited since the latter
was evaluated in a uniform sample of medical doctors
only, and the authors did not report 95% CI for the
ICCs. It should further be noted that some of the 95%
CI of ICCs found in the present study were not within
the “critical” borders of 0.7 and 0.9 (Fig. 3). Thus, the
EBPI in this form seems not suitable to measure individ-
ual change over a time frame of 14 days based on test-
retest reliability estimations.
The interpretation of measurement error is not straight

forward, since no clear criteria for an acceptable SEM value
are available in the literature. Van Baalen et al. [39] pro-
posed an arbitrary SEM cut-off value of <10% of the total
possible range. The relative SEM of the German language
EBPI is between 6.5 and 8.8% of the individual dimension

scale range, indicating acceptable relative measurement
error of the EBPI. In contrast, the 95% limits of agreement
are between 24 and 37% for the five dimensions, indicating
large (not acceptable) measurement error of the EBPI. No
estimations of measurement error for the English language
EBPI have been reported yet.
The German EBPI seems feasible in that the adminis-

tration time is 10 to 15min and the number of missing
values per item is <5%. However, during the process of
cross-cultural adaptation, for some items of the EBPI
conceptual concerns were noted, resulting in possible
lacking comprehensibility and content validity (items #8,
#14–19, #25).
The third objective of this study was to evaluate the reli-

ability and the feasibility of the EBPI in various uniform
sub-samples of healthcare professionals. We intended to
include substantial sub-samples of participants from each
major group of healthcare professionals, such as medical
doctors, nurses, psychotherapist et cetera. However, the
number of participants who completed the EBPI a second
time was smaller than expected and thus, participation

Fig. 3 Internal consistency reliability of the Evidence-based Practice Inventory (EBPI)
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rates allowed for robust sub-group analyses of physiother-
apists (n = 130), occupational therapists (n = 56) and mid-
wifes (n = 55) only. Findings indicate acceptable internal
consistency for all five dimensions in all three sub-groups,
except for dimension 4.
Since reliability differs substantially between sub-

groups, test-retest reliability for sub-groups by profes-
sion will be discussed for each single dimension. For di-
mension 1 (attitude), we found ICC values of 0.74, 0.79
and 0.88 for samples of occupational therapists, mid-
wifes and physiotherapist, respectively. However, the
test-retest reliability of dimension 1 of the original EBPI
in a sample of medical doctors is substantially lower
(ICC = 0.53). For dimension 2 (subjective norm) of the
original EBPI, an insufficient ICC of 0.63 is reported
[20]. Surprisingly, we found a higher test-retest reliability
of 0.80 to 0.89 in sub-samples of allied healthcare

professionals for this dimension. Dimension 3 (perceived
behavioural control) shows sufficient reliability in med-
ical doctors (ICC = 0.83) [20], physiotherapists (ICC =
0.86) and midwifes (ICC = 0.79), but low reliability
(ICC = 0.60) in occupational therapists. Dimension 4
(decision making) and dimension 5 (intention and
behaviour) have sufficient test-retest reliability for
group-comparisons (ICC ≥ 0.7) in physiotherapists, oc-
cupational therapists and medical doctors [20], but di-
mension 4 seems not sufficiently reliable when it is
applied in midwifes (ICC = 0.63). These results indicate
that the EBPI produces reliable scores for most dimen-
sions if used for group comparisons in uniform groups
of healthcare professionals. However, some dimensions
are insufficiently reliable over time if the EBPI is used to
quantify EBP performance in uniform groups, such as
midwifes or occupational therapist.

Table 2 Test-retest reliability of the German language version of the Evidence-based Practice Inventory (EBPI) for the complete
sample (n = 344)

Dimension Dimension 1 Dimension 2 Dimension 3 Dimension 4 Dimension 5

Description of dimension Attitude Subjective norm Perceived
behavioural
control

Decision making Intention and
behaviour

Items included in dimension Item 1–8 Item 9–13 Item 14–19 Item 20–22 Item 23–26

Scale range 8–48 5–30 6–36 3–18 4–24

Number completed dimension 343 327 344 342 344

Mean ± SD score 1st measure 39.1 ± 6.4 18.3 ± 5.9 28.1 ± 5.7 13.0 ± 2.7 15.6 ± 4.3

Mean ± SD score 2nd measure 39.3 ± 6.0 19.0 ± 5.7 28.4 ± 5.6 13.2 ± 2.6 15.9 ± 4.2

Mean difference absolute (95% CI) 0.2 (−0.2 to 0.6) 0.7 (0.4 to 1.0) 0.3 (0.0 to 0.7) 0.2 (0.0 to 0.4) 0.3 (0.1 to 0.6)

Mean difference relative to score
of 1st measure

0.5% 2.8% 1.0% 1.5% 1.9%

P value for mean difference 0.29 < 0.01 0.08 0.03 < 0.01

σ2p 31.9 29.1 25.8 5.4 15.3

σ2o 0.0 0.2 0.0 0.0 0.0

σ2residual 6.8 4.7 6.3 1.5 2.4

ICCAGREEMENT 0.82 0.86 0.80 0.78 0.86

95% CI for ICC 0.79 to 0.86 0.82 to 0.88 0.76 to 0.84 0.73 to 0.82 0.83 to 0.89

P value for ICC < 0.01 < 0.01 < 0.01 < 0.01 < 0.01

SEMAGREEMENT (absolute value) 2.6 2.2 2.5 1.2 1.6

SEMAGREEMENT (relative to
scale range)

6.5% 8.8% 8.3% 8.0% 8.0%

τ -correlation a −0.23 −0.08 −0.27 −0.12 −0.17

Normal distribution of differences b p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01

95% LoA (log as function of X) −0.24X + 0.2 to
0.24X + 0.2

0.37X + 0.7 to −
0.37X + 0.7

0.34X + 0.3 to −
0.34X + 0.3

−0.29X + 0.2 to
0.29X + 0.2

0.32X + 0.3 to −
0.32X + 0.3

MDC90 6.1 5.2 5.8 2.9 3.6

MDC95 7.2 6.2 7.0 3.5 4.3

SD Standard deviation, CI Confidence interval, σ2p Variance between participants, σ2o variance due to systematic differences between questionnaire
administrations, σ2residual Residual variance, ICC Intraclass correlation coefficient, SEM Standard error of measurement, LoA Absolute limits of agreement with 95%
confidence, X test score, MDC90 minimal detectable change with 90% confidence, MDC95 Minimal detectable change with 95% confidence
aKendall’s Tau correlation between absolute difference and mean scores of two measures; b Shapirow Wilk test of Normality
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Fig. 4 Test-retest reliability of the Evidence-based Practice Inventory (EBPI)

Fig. 5 Bland and Altman plots for the dimension 1 of the Evidence-based Practice Inventory (EBPI) for the complete sample

Braun et al. BMC Health Services Research          (2019) 19:455 Page 12 of 17



The substantial deviations in reliability estimations in
some single dimensions, e.g. dimension 1 and 2, may be
based on errors in the translation and adaptation process
of the German language EBPI, which may have led to
disagreement in the content-related equivalence of the
English and the German versions. However, we consider
distinct amounts of variability between sub-samples by
profession to be the reason for diverging reliability esti-
mations between the sub-samples.
Based on the results of this study, the EBPI seems feas-

ible in physiotherapists and occupational therapists, but
item #10 and item #11 seem problematic in midwifes.
Those two items refer to “my department” and “managers

in my department”, respectively. We assume that espe-
cially freelancing midwifes and people working in out-
patient nursing services did not respond to these items.

Strengths and limitations
There is no consensus on a method to perform a cross-
cultural adaptation of a questionnaire [21]. However, we
followed an established guideline [26] and included key
elements which are widely recommended (expert com-
mittee, target population input, back translation) [21].
Since the committee meeting is an important part of the
cross-cultural adaptation process [40], all translators and
a relatively large and diverse number of 13 participants

Fig. 6 Bland and Altman plots for the dimension 2 of the Evidence-based Practice Inventory (EBPI) for the complete sample

Fig. 7 Bland and Altman plots for the dimension 3 of the Evidence-based Practice Inventory (EBPI) for the complete sample
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with different educational and professional backgrounds
collaborated in this meeting. As we strictly followed all
recommended steps [26], involved the instrument devel-
oper and field-tested the pre-final version in a sample of
the target population that was as large as recommended
(n = 30), we consider the translation and adaptation of
the EBPI to be sound and valid.
Sampling bias might be a major limitation of this study.

With respect to the online survey, we put much effort into
including a representative sample by using different media
to inform the community of healthcare professionals in
Germany about the survey. We consider it a strength of
this study to use the “snowball-principle” and to involve
many national professional societies, journals, newspapers,
informal groups in social media and other ways to distrib-
ute the survey on a national level to as many potential

participants as possible. The survey was accessible to all
healthcare professionals working in Germany online with-
out any restrictions, such as a password. However, the total
number of participants in the baseline (n = 889) and the
follow-up (n = 344) samples were relatively low compared
to the total number of healthcare professionals working in
Germany. There are, for example, approximately 385,100
active doctors (in 2017) [41], 1,064,342 nurses, midwifes
and people working in emergency medical service who are
subjected to social insurance contributions (in 2018) [42]
and approximately 192,000 physiotherapists (in 2016) [43]
working in Germany. Thus, we assume that most health-
care professionals in Germany were not informed about the
survey, although we put much effort into a broad distribu-
tion. Especially medical doctors and nurses were underrep-
resented. A more intensive announcement of the survey

Fig. 8 Bland and Altman plots for the dimension 4 of the Evidence-based Practice Inventory (EBPI) for the complete sample

Fig. 9 Bland and Altman plots for the dimension 5 of the Evidence-based Practice Inventory (EBPI) for the complete sample
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within these professional groups and the use of the Total
Design Method as offered by D.A. Dillman [44] might have
increased the participation rate.
A further limitation is that the survey was only accessible

online. This might have increased the participation rate of
(younger) healthcare professionals and people who were
proficient in digital media and online content. But (older)
people who are not proficient in online content or people
working in institutions without internet access might have
been deterred by online administration procedures. The
mean age of respondents (37.4 years) was lower than the
mean age of the total working population in Germany (43
years) [45]. There are no representative data available for the
age distributions of healthcare professionals working in
Germany. Younger healthcare professionals may differ from
older (more experienced) ones with respect to EPB conform
attitudes and behaviour. For example, Dysart et al. [46] re-
ported greater scepticism towards research evidence of more
experienced occupational therapists compared to less expe-
rienced ones.

Theoretically, multiple baseline questionnaire entries
from the same individual were possible since we did not use
restrictions, e.g. based on cookies or IP addresses, to assign
a unique user identifier to each client computer. However,
the test-retest survey was only accessible via a personalized
link and survey completion was possible one time only.
Other sources of sampling bias might be the heteroge-

neous distribution of participants throughout the re-
gional states of Germany and, with respect to the follow-
up sub-samples, the overrepresentation of physiothera-
pists (52%), occupational therapists (46%) and midwifes
(45%) with a university-based professional degree in the
present samples compared to representative figures. For
example, approximately 3% of German physiotherapists
have a bachelor degree or higher, respectively [43, 47].
One strength of this study is the sufficiently large [29]

sample size of 889 participants for the internal consistency
and feasibility analyses. The sample sizes for the test-retest
reliability analyses for the complete sample (n = 344) and
the sample of physiotherapist (n = 130) can be judged as
“excellent” [11, 29]. However, reliability sample sizes for sub-
samples of occupational therapists (n = 56) and midwifes
(n = 55) were smaller and can be judged as “good” [11, 29].
For other common sub-groups, such as medical doctors and
nurses, the sample sizes were too small for credible reliabil-
ity analyses. Further studies are needed to examine the psy-
chometric properties of the EBPI in more balanced samples
of healthcare professionals, and in particular, in uniform
samples of other caregivers such as nurses, psychologists
and medical doctors.

Implications for further research
The evaluation of other relevant psychometric properties
of the German language EBPI was not within the scope of

this study, but needs to be analysed further. With respect
to the properties proposed by the COSMIN group [11],
aspects of content and construct validity seem most im-
portant. Before the German EBPI can be used for asses-
sing the effect of interventions to improve EBP behaviour,
robust evidence for responsiveness to change of the in-
strument needs to be established. To allow for interpret-
ation of change scores in the EBPI over time, aspects such
as minimal important change values are needed.
The EBPI was published in 2015 [20], and the present

study is the second one to evaluate the psychometric qual-
ity of the questionnaire. The developers [20] used estab-
lished methods, including a Delphi study of four rounds
with a large international panel of EBP experts to create
the EBPI and to achieve sufficient content validity, factor
analysis to assess structural validity, and know-group
comparisons to assess construct validity in a sufficient-
sized group of clinicians [20]. Content validity is the most
important measurement property (of a patient-reported
outcome measure) [48]. Some authors have argued to
stronger acknowledge bioethical values and bioethical
principles in EBP, such as respect for autonomy, non-
malevolence, beneficience, and justice/equity [49, 50].
These aspects of EBP are neither addressed in the EBPI,
nor in other recently published instruments to assess EPB
conform behaviour [18, 19] and may limit the content val-
idity of these instruments. To incorporate bioethical
values and concepts, such as benefit, harms, costs and
justice/equity [49], into a revised version of the EBPI, or a
new measurement instrument to assess EPB conform be-
haviour, these aspects of EBP should be included in initial
item-generation and selection (Delphi) processes.
Structural validity refers to the degree to which the

scores of a measurement questionnaire are an adequate
reflection of the dimensionality of the construct to be
measured and is usually assessed by factor analysis or item
response theory methods (IRT) or Rasch analysis [11, 51,
52]. The latter methods have not been used to develop the
EBPI, but provide a more thorough psychometric evalu-
ation [52, 53]. Thus, we assume further evaluation of
structural validity (including unidimensionality), scaling,
individual item fit, differential item functioning, and other
forms of measurement invariance of the EBPI with
methods of IRT or Rasch measurement theory.

Conclusions
In conclusion, the process of translation and cross-cultural
adaptation of the German language EBPI has been com-
pleted successfully. The German language EBPI can be used
to measure EBP performance of healthcare professionals in
Germany and to identify barriers and facilitators of EBP in
clinical practice. In general, the feasibility of the German
EBPI seems acceptable. However, the reliability issues of
the EBPI in both, the English and the German language
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version, suggest a critical examination and revision of the
EBPI, with consideration of minor feasibility issues raised in
the present study. Especially dimension 4 (decision making)
needs special attention based on its inadequate internal
consistency reliability.
Results on the psychometric properties of the EBPI in

sub-groups by profession may inform revision of the
EBPI. Future examinations should also focus on other
groups of healthcare professionals, such as nurses and
psychologists, to examine the EBPI in more balanced
samples. Methods of IRT or Rasch measurement theory
should be used for careful examination and refinement
of the EBPI.
To compare the EBPI to other instruments for meas-

uring EBP performance of healthcare professionals, a
systematic review following established methods [51] is
needed. Since the EBPI and most other available meas-
urement instruments rely on self-report rather than dir-
ect measurement of EBP competence [14, 15], an
(additional) performance-based instrument for EPB of
healthcare professionals is desired.
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