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Abstract

Background: The Scaling Integrated Care in Context (SCIROCCO) tool has been developed to facilitate knowledge
transfer and learning about the implementation and scaling-up of integrated care in European regions. To
adequately test the functionality of the tool in assessing the maturity for integrated care within regions, this study
evaluated its structural validity, internal consistency and convergent validity.

Methods: Exploratory factor analysis was used to investigate the structural validity of the 12-items of the SCIROCCO
tool. Hereafter, the internal consistency was assessed by calculating Cronbach’s and ordinal alpha. The convergent
validity was explored by testing 23 pre-hypothesized relationships between items of the SCIROCCO tool and items
of an instrument measuring a similar construct.

Results: Factor analysis revealed a one-factor structure. Cronbach’s alpha of the overall instrument was 0.92, ordinal
alpha was 0.94. Only 30.34% of the hypotheses for testing the convergent validity were met.

Conclusion: The one-factor structure is considered relevant in representing the structural validity of the SCIROCCO
tool. The scale of the SCIROCCO tool shows good internal consistency. The tool (DMIC Quickscan) used to assess
the convergent validity might measure a different aspect of integrated care than the SCIROCCO tool. Further
research is needed to continue investigating the validity and reliability of the tool.

Keywords: Delivery of health care, Integrated care, Convergent validity, Internal consistency, Maturity, Scaling-up,
Structural validity

Background
To reach more European citizens who could benefit
from sustainable and efficient health and social care sys-
tems, scaling-up of good practices in integrated care is
desirable. Scaling-up is, however, a difficult task as there
is currently insufficient knowledge available on how to
use good practices in integrated care effectively and
make this knowledge applicable for adopters. The use of
practical tools can support the effective implementation,

scalability and transferability of integrated care initiatives
in Europe.
To achieve a more structured approach for scaling-up

integrated care throughout Europe, the B3 Action Group
on Integrated Care of the European Innovation Partner-
ship on Active and Healthy Ageing developed the concep-
tual B3 Maturity Model (B3-MM) [1]. The model consists
of 12 dimensions which represent the range of activities
that need to be managed in order to deliver integrated
care. To further develop the B3-MM, The European
Union (EU) Health Programme funded project SCI-
ROCCO, aims to develop, test and validate the B3-MM to
become a key tool in facilitating exchange of good prac-
tices and scaling-up of integrated care in Europe. The
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definition of scaling-up which is used in the context of the
EIP on AHA, and the SCIROCCO project, is derived from
the review of Mangham and Hanson, and is described as
“the ambition or process of expanding the coverage of
health interventions,” but can also refer to “increasing the
financial, human and capital resources required to expand
coverage [2].” The various steps involved in the SCI-
ROCCO project including the details on the further devel-
opment of B3-MM are described in a study protocol
elsewhere [3].
The SCIROCCO tool was derived from the B3-MM.

The 12 dimensions, as described in the B3-MM, are dis-
played in the SCIROCCO tool (a full version of the tool
is presented in Additional file 1). Each of the dimensions
include a specific rating scale of an ordinal nature
(6-points rating scale). To make the tool accessible for
regions participating in the SCIROCCO project, the tool
is available in English, Czech, Italian and Spanish. A
healthcare region can assess its maturity for integrated
care delivery, by considering each of the 12 dimensions
and allocating a measure of progress or ‘maturity’ (on a
0–5 scale) to that dimension. After each of the 12 di-
mensions have been assessed, a simple radar diagram of
the maturity status of that region is derived. This diagram
provides a simple overview of a region’s strengths, weak-
nesses and potential improvements in integrated care.
Several regions have conducted the maturity assessment.
The aim of the SCIROCCO project is to match regions
which indicate complementary strengths and weaknesses,
to enable the exchange of knowledge and experiences
between those regions. The SCIROCCO project will
therefore test the process of how to ensure an appropri-
ate flow of information and knowledge between adopt-
ing and transferring regions. This is hypothesized to be
a precondition to successful transfer and scaling-up of
good-practices. However, testing and validation of the
SCIROCCO tool is needed first to adequately support
such activities.
One part of the SCIROCCO project focuses on testing

the validity and reliability of the SCIROCCO tool in sep-
arate steps. Assessing the measurement properties of the
instrument, such as reliability and validity, is significant
in determining the quality of the tool [4]. In a first valid-
ation study, the content-validity of the B3-MM was
assessed by undertaking a literature review and Delphi
study [5]. In the literature review, the 12 dimensions and
assessment scales of the tool were compared with corre-
sponding measures or instruments which were found in
the literature. The outcomes showed that all the dimen-
sions in the original version of B3-MM are aligned to
the items of the corresponding instruments found in the
selected literature. Thereafter, the Delphi study was
undertaken. The three Delphi study rounds resulted in
various amendments to the phrasing of indicators and

the assessment scales used in B3-MM. In conclusion, the
study showed satisfactory content-validity of the SCI-
ROCCO tool. After the content-validity study, the SCI-
ROCCO tool was made available as an online tool. The aim
of this study is to examine the structural validity, internal
consistency and convergent validity of the SCIROCCO tool.
Hence the research question of this study: What is the
structural validity, internal consistency and convergent
validity of the SCIROCCO tool?

Methods
The measurement properties, sample and data collection
methods used for this study are presented below. There-
after, the instruments used to assess convergent validity are
described and the data analysis techniques are presented.

Assessment of measurement properties
The measurement properties, structural validity, internal
consistency and convergent validity of the SCIROCCO
tool were tested in this study. Structural and convergent
validity are aspects of construct validity. Construct valid-
ity ‘is based on the assumption that the measurement in-
strument validly measures the construct to be measured
and should be assessed in case a gold standard is lacking’
[4]. The first measurement property, structural validity, is
defined as ‘the degree to which the scores of a measure-
ment instrument are an adequate reflection of the dimen-
sionality of the construct to be measured’ [6]. This type of
validity can be explored by examining the instrument’s fac-
tor structure using factor analysis. The second property,
convergent validity, refers to the extent to which two in-
struments capture a corresponding construct [7] and can
be assessed by investigating associations between these
instruments. Finally, the measurement property, internal
consistency, is assessed and is an aspect of reliability. It is a
measure of the homogeneity of a scale and indicates the
extent to which items in a scale are intercorrelated.

Sample and data collection
Structural validity and internal consistency
To assess the structural validity and internal consistency of
the SCIROCCO tool, subjects were invited to fill in the on-
line SCIROCCO tool in three rounds between June 2017
and February 2018. The subjects were recruited according
to the following criteria: individuals from European regions
involved in the design and deployment of integrated care,
including no more than 10 people per region, from several
disciplines (i.e. a decision-maker, healthcare professional, an
information technology specialist, regulators, payers, users
group, and innovation agencies), different sectors (i.e.
health care, social care, housing and voluntary sector) and
different positions (i.e. senior management, front-line,
back-office). In the first round, subjects were recruited from
the five regions that participated in the SCIROCCO project
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and were recruited by SCIROCCO project members. The
subjects came from the five participating European regions
(Basque Country; Spain, Norrbotten; Sweden, Puglia; Italy,
Olomouc; Czech Republic and Scotland). In the second
round, subjects that are involved in other relevant EU pro-
jects were recruited to fill in the SCIROCCO tool. These
subjects were recruited by the project coordinator and by
SCIROCCO project members, mainly during dissemination
activities that took place within the SCIROCCO project. In
the last round, subjects were recruited by the researchers
from the Vrije Universiteit Brussel. These subjects were re-
cruited from other European regions (i.e. Denmark, France,
Germany, the Netherlands, and United Kingdom) and were
derived from a convenience sample (contacts provided
by one of the researchers). All those who were identi-
fied and selected received a general invitation e-mail
that described the purpose and procedure of the
study. The invitational e-mail also included a paper
providing an overview of the SCIROCCO tool and a
web-link to illustrative videos and demonstrations on
how to use the online version of the tool.

Convergent validity
To examine the convergent validity of the SCIROCCO tool,
the participants who were invited in the first round were
also invited to fill in the DMIC Quickscan. This occurred
in a period of 6–24 weeks after the participants filled in the
SCIROCCO tool. The 22 statements of the Quickscan were
presented in an online survey that took about 10min to
complete. Subjects received an invitation by e-mail, includ-
ing information on the survey, ethical considerations, and
the link to the online DMIC Quickscan questionnaire. To
construct a general profile of the subjects, data were col-
lected about their professional position, and the name of
their organisation, region and service or network.

DMIC Quickscan
The DMIC Quickscan is based on the Development
Model of Integrated Care (DMIC) questionnaire, which
consists of 89 item [8]. In a recent literature review com-
paring the B3-MM with existing instruments that focus
on assessing the development of integrated care, the
DMIC was found to match with all the dimensions of
the B3-MM [5]. The elements of the DMIC represent a
wide range of activities considered as relevant to the real-
isation of integrated care which are grouped in nine clus-
ters; ‘patient-centeredness’, ‘delivery system’, ‘performance
management’, ‘quality of care’, ‘result-focused learning’, ‘inter-
professional teamwork’, ‘roles and tasks’, ‘commitment’ and
‘transparent entrepreneurship’. Implementing the elements
of all nine clusters contributes to the further development
of integrated care. The DMIC is being used to serve as an
assessment tool for health care professionals, managers
and integrated care coordinators to support the

implementation of improvement activities. The systematic
development of the DMIC consisted of a literature study, a
Delphi study and several survey studies [9]. The level of
evidence on the overall quality of the measurement prop-
erty content validity for the DMIC was found to be strong
[5]. Moreover, the DMIC has been empirically validated in
stroke, acute myocardial infarct, and dementia services in
the Netherlands [10]. Furthermore, the model has been
used, mainly in Europe and Canada, to evaluate and de-
scribe a variety of integration contexts [11–13].
In this study, to ensure a high response rate, we chose

to use the DMIC Quickscan rather than the DMIC, due
to a shorter completion time. It takes respondents10 mi-
nutes to complete the Quickscan as compared to 45 min
for the DMIC. The Quickscan is extracted from the 89
items of the DMIC, of which a total of 22 items were se-
lected based on priority scores [8] .These 22 items are
presented as statements in the Quickscan, which reflect
the different activities that can be undertaken to imple-
ment and develop integrated care. Subjects are asked to
rate whether the description on the separate statements
matches the current situation of their integrated services/
network by using a 5-point scale (which ranges from fully
agree-fully disagree). The DMIC Quickscan was translated
into Czech, English,, Italian and Spanish by experts in the
field of integrated care. Notwithstanding the theoretical
validity of the DMIC and the derivation of the DMIC
Quickscan from the DMIC, measurement properties
including construct validity, internal consistency and con-
vergent validity have not been tested for the DMIC nor
the DMIC Quickscan. Since to our knowledge, no other
similar instruments to SCIROCCO tool exist, the Quicks-
can was the most appropriate comparator available to test
the construct validity of the SCIROCCO tool.
The convergent validity of the SCIROCCO tool was

evaluated by comparing elements of the tool that used an
instrument measuring a similar construct, the DMIC
Quickscan. This means that the convergent validity of the
SCIROCCO tool is based on comparisons between re-
lated, but not quite equivalent, concepts. The SCIROCCO
tool concentrates on the maturity of elements for inte-
grated care operating in the health care system whereas
the DMIC Quickscan focuses on the development of prac-
tical elements in integrated care practices or networks.
Even though both instruments are considered to operate
on different levels, we expected to find a correspondence
between the elements of both tools since those elements
indicated to be present in the practice/network might also
provide an indication of progress on these elements in the
healthcare systems of those regions.

Data analysis
Quantitative data-analysis was performed to assess the
structural validity, internal consistency and convergent
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validity of the SCIROCCO tool. Analyses were performed
using IBM SPSS Statistics software (SPSS), version 25.0.

Structural validity
A specialist additional module for factor analysis, R
V2.4.3 was added to SPSS for the analysis of the struc-
tural validity [14]. Conventional methods of exploratory
factor analysis (EFA) rely on Pearson correlations and/or
maximum likelihood techniques. However, the assump-
tions for using these methods (item distributions that
approach an equal intervals scale and a multivariate nor-
mal distribution) were not met in this study. Therefore,
the polychoric correlation matrix was analysed to obtain
a more accurate reproduction of the correlation struc-
ture [15]. Furthermore, EFA using minimum residual
method (MINRES) of the polychoric correlation matrix
was conducted to explore the structure of the items of
the SCIROCCO tool. MINRES is a robust factor extrac-
tion method, as it does not require any distributional as-
sumptions, and it can be used with small samples [16].
Multiple methods to determine the numbers of factors

to extract for ordinal skewed data exist and the use of a
combination of several methods is suggested [14]. In this
study, two accurate techniques, Parallel Analysis (PA)
[17] and Comparative Data (CD) [18], were chosen as
methods to determine the number of factors to retain.
Although the accuracy rates of both extraction methods
decrease with smaller samples [18, 19], they are the most
accurate methods known [20–22]. PA was applied using
random column permutations of real data matrix, factor
estimation, polychoric correlation matrix and mean eigen-
value criterion [19], a 1000 datasets were simulated. For
CD, Spearman rank order correlation matrix was used to
fit the ordinal scale [14]. The items of the tool relating to
‘maturity for integrated care’ were expected to be corre-
lated, therefore oblique rotation was selected as the rota-
tion technique. A factor loading of > 0.35 was applied.
Descriptive statistics were used to characterize the

study sample. To check whether the dataset was suitable
for factor analyses, Bartlett’s test for sphericity and the
Kaiser–Meyer–Olkin (KMO) measure of sampling ad-
equacy were assessed [23] Furthermore, the data were
screened for any invalid data patterns (e.g., selection of
“0”s for all questions), skewness and missing values. We
decided to exclude items with an extreme skewed distri-
bution (> 90% of all the responses in one category) for
the analyses. Items with a high non-response (> 5% miss-
ing values) were also excluded.

Internal consistency
After the factor analysis was completed, the internal
consistency of the tool was assessed using Cronbach
alpha and ordinal alpha coefficients. Theoretically, the
Cronbach alpha is only appropriate when variables are

continuous, and it has been shown that Cronbach-α is
negatively biased when it is used to measure the reliabil-
ity of ordinal variables [20]. However, this measure is
often used in practice and leads to valid results despite
data that are highly skewed. In the event that the as-
sumption of normality is violated, the ordinal alpha coef-
ficient has been recommended as a more appropriate
estimate of reliability than Cronbach’s alpha [24]. How-
ever, Chalmers indicates that coefficient α has never re-
quired continuous item-level data and that ordinal alpha
should not be reported as a measure of a tests reliability,
but instead should be understood as hypothetical tool
[25]. Therefore, the internal consistency of each factor
was examined by calculating both the Cronbach’s alpha
and the ordinal reliability alpha.

Convergent validity
After the SCIROCCO tool and DMIC Quickscan were ad-
ministered, quantitative data analysis was used to compare
the items of the instruments. The convergent validity of the
items of the SCIROCCO tool was evaluated by testing
whether scores on the items of the SCIROCCO tool were
positively associated with scores on the corresponding
items of the DMIC Quickscan. Hypotheses were formu-
lated where we expected moderate correlations between
items of the two instruments. This expectation was based
on the correspondence between descriptions of items of
the SCIROCCO tool and the descriptions of items of the
DMIC Quickscan. This resulted in the testing of 23 prede-
fined hypotheses (see Additional file 2). Not all 22 items of
the Quickscan were included in the formulated hypotheses,
since some item descriptions did not correspond to any of
the 12 items of the SCIROCCO tool. Correlations were
calculated to test the hypothesized relationships. Strong
correlations were not expected a priori because the two in-
struments do not measure identical constructs. Correla-
tions falling within the range 0.30–0.50 were considered
low, within the range 0.50–0.70 were considered moderate
and within the range 0.70–0.90 were considered high [26].
Since the distribution of the data was skewed, the agree-
ment between the items of the SCIROCCO tool and the
DMIC Quickscan instrument were assessed using Spear-
man’s ρ correlation coefficients. To provide an indication of
the significance and size of a statistical effect, it is recom-
mended to use confidence limit estimation [27]. Therefore,
bias-corrected accelerated (BCa) confidence intervals (CI,
95%) were computed using bootstrapping (1000 samples)
for all intervals. This technique has been advised in situa-
tions where parametric assumptions are not met [28, 29].

Results
Factor analysis
A total of 69 respondents filled in the SCIROCCO tool.
Of these, one questionnaire (1.3%) was excluded since it
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was incomplete. The respondents came from 13 different
European countries. A large proportion of the respon-
dents is active in the health sector (70.6%) and work
mainly in management (33.8%) or as a health professional
(23.5%). The characteristics of all the respondents are
shown in Table 1.
In Table 2, the item distributions are presented per

item of the SCIROCCO tool. The distribution of the
data over the items was non-normal and one item re-
sponse was missing to the item, Evaluation Methods
(1.4%). The proportion of responses per items in one an-
swer category did not exceed the > 90% threshold.
The respondent with one item response missing was

excluded in the item analysis, thus the final sample size
used for the analysis was n = 67. In terms of the suitabil-
ity of factor analysis for this dataset, Bartlett’s test for
sphericity was significant (χ2 = 558.549, < .000), while
the KMO statistic of .873 demonstrated a good sampling
adequacy.
EFA was carried out on the matrix of polychoric corre-

lations (two-step) to examine the dimensional structure
underlying the SCIROCCO tool. The PA and CD tech-
niques identified a one-factor structure of the instru-
ment, explaining 55.57% of the variance. All the 12
items showed high factor loadings (> 0.60) to the identi-
fied factor (Table 3).

Reliability
The factor showed a Cronbach’s alpha of 0.92, and the
ordinal alpha coefficient score was 0.94, presenting a
high internal consistency level for the 12 items.

Convergent validity
A total of 36 responses were collected using the DMIC
Quickscan. Four respondents did not complete the full
Quickscan and an additional four respondents were ex-
cluded as their matching replies to the SCIROCCO tool
were not traceable due to an incorrect name. Therefore,
a total of eight responses were excluded from the ana-
lyses. The characteristics of the 28 respondents are pre-
sented in Table 4.
Table 5 shows that 7 out of the 23 hypothesized rela-

tionships between the SCIROCCO tool and items of the
DMIC tool were confirmed by showing moderate corre-
lations. All the three positive hypothesized relationships
between the Structure and Governance item of the SCI-
ROCCO tool and three items of the Quickscan showed
a moderate relationship. Furthermore, moderate correla-
tions were found between Information & eHealth ser-
vices, Citizen Empowerment, Evaluation Methods and
Breadth of Ambition and their hypothesized relation-
ships with items of the Quickscan. Low correlations
(0.3–0.5) were found between the items of both tools in

Table 1 Characteristics of participants who completed the
SCIROCCO tool (n = 68)

n (%)

Residential country

Belgium 1 (1.5)

Czech Republic 9 (13.2)

Denmark 1 (1.5)

Estonia 1 (1.5)

France 1 (1.5)

Greece 2 (2.9)

Hungary 2 (2.9)

Italy 11 (16.2)

The Netherlands 3 (4.4)

Poland 4 (5.9)

Spain 13 (19.1)

Sweden 8 (11.8)

United Kingdom 12 (17.6)

Healthcare system

Asturias, Spain 3 (4.4)

Basque Country, Spain 10 (14.7)

Czech Republic 9 (13.2)

Greece 2 (2.9)

Lombardy, Italy 1 (1.5)

Netherlands 3 (4.4)

Norrbotten, Sweden 8 (11.8)

Puglia, Italy 10 (14.7)

Scotland 10 (14.7)

Other 11 (16.2)

Sector

Health 48 (70.6)

Health, Social Care 11(16.2)

Social Care 2 (2.9)

Social Care, Voluntary 1 (1.5)

Voluntary 2 (29)

Others 4 (5.9)

Role

Care Professional 6 (8.8)

Health Administrator 3 (4.4)

Health Economist 1 (1.5)

Care Administrator 1 (1.5)

Health ICT 5 (7.4)

Health Professional 16 (23.5)

Management 23 (33.8)

Regulator 1 (1.5)

Other 12 (17.6)
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13 of the16 remaining hypotheses. Only three of those
low correlations were found to be significant.

Discussion
In this study, measurement properties of the SCIROCCO
tool were evaluated by examining structural validity, in-
ternal consistency and convergent validity. The findings
regarding the internal structure and internal consistency
provide initial support for the SCIROCCO tool. EFA sup-
ported a one-factor structure of the tool with high load-
ings of the items to the factor. The one-factor structure
explained 55.57% of the variance in all the items. The re-
vealed single factor is in line with the initial structure of
the SCIROCCO tool, where the 12 items together were
conceived to assess the one ‘underlying’ concept of matur-
ity for integrated care. Moreover, the internal consistency,
as measured with Cronbach alpha and ordinal alpha were
high, thus suggesting that the different items of the SCI-
ROCCO tool are related.

With regard to the convergent validity, slightly over
one-third of the hypothesized relationships were found
to be moderately correlated, thereby supporting the con-
vergent validity of the SCIROCCO tool. The high num-
ber of low correlations between items of the two tools,
however, suggests that the two instruments measure
different aspects of integrated care and they should
therefore not be used interchangeably. The SCIROCCO
tool concentrates on the healthcare system while meas-
uring the maturity for integrated care, while the DMIC

Table 2 Item distributions per item of the SCIROCCO tool (The abbreviations of the items are fully described in Table 3)

Item distributions RtC S&G ICT&eHealth S&S Funding RoI PA CE EM BoA IM CB

Answer category

0 1 10 14 7 6 2 7 7 13 7 3 7

1 17 5 14 20 23 39 29 13 13 12 14 17

2 17 18 22 17 14 9 12 24 12 6 28 16

3 22 19 12 15 14 15 9 20 20 16 17 21

4 8 7 5 8 8 3 8 4 8 18 5 2

5 3 9 1 1 3 0 3 0 1 9 1 5

Median 2 3 2 2 2 1 1 2 2 3 2 2

Total 68 68 68 68 68 68 68 68 67 68 68 68

% missing values 0 0 0 0 0 0 0 0 1,4 0 0 0

Kurtosis −0,543 −0,680 −0,536 −0,727 -0,657 -0,559 -0,411 -0,541 − 1093 − 1057 0.134 −0,251

Skweness 0.250 −0,068 0,261 0,239 0,430 0,790 0,724 −0,255 − 0,036 − 0,347 0,209 0,343

Table 3 Factor loadings (unrotated) of the SCIROCCO tool on
one factor

F1

Capacity Building (CB) ,866

Structure and Governance (S&G) ,823

Evaluation Methods (EM) ,785

Standardisation and Simplification (S&S) ,785

Removal of Inhibitors (RoI) ,771

Citizen Empowerment (CE) ,757

Funding ,726

Innovation Management (IM) ,721

Readiness to Change (RtC) ,702

Population Approach (PA) ,698

Breadth of Ambition (BoA) ,651

ICT and eHealth services (ICT and eHealth) ,626

Table 4 Characteristics of participants (n = 28) who completed
the SCIROCCO tool and DMIC Quickscan

n (%)

Residential country

Czech Republic 5 (17.9)

Italy 10 (35.7)

Spain 6 (21.4)

Sweden 3 (10.7)

United Kingdom 4 (14.3)

Sector

Health 18 (64.3)

Health; Social Care 4 (14.3)

Other(s) 2 (7.1)

Social Care 2 (7.1)

Voluntary 2 (7.1)

Role

Care Professional 4 (14.3)

Health Administrator 1 (3.6)

Health ICT 2 (7.1)

Health Professional 4 (14.3)

Management 11 (39.3)

Other 6 (21.4)
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Quickscan focuses on the presence of elements in inte-
grated care in a practice (network). Since, to our know-
ledge, there is no gold standard instrument available with
respect to measuring maturity for integrated care, the
DMIC Quickscan included in this study was the most ap-
propriate choice of comparative instrument that is
available.
The SCIROCCO tool can be considered as a start of in-

strument development in assessing maturity for integrated
care in the healthcare system context. However, we need to
be careful in interpreting the findings since the sample size
was modest, and this challenges the interpretation of the re-
sults. Furthermore, the period between the respondents fill-
ing in the SCIROCCO tool and the DMIC Quickscan
varied from 6 to 24 weeks which could have also af-
fected the outcomes. This variation was the result of
the fact that the respondents were participating in the
self-assessment process of the SCIROCCO project; due
to workload, some regions decided to wait a bit longer
to invite the respondents to complete the DMIC Quicks-
can to ensure a high response rate. It is therefore important
to perform the analysis on a larger sample size. This to

explore whether a greater correspondence among the items
of the instruments can be found so as to support the con-
vergent validity of the tool or to investigate whether the in-
struments do indeed measure different constructs. Since
the SCIROCCO project will be followed-up by a new pro-
ject focussing on maximising the value and impact of the
tool, we recommend paying attention to this matter in the
new project.
This study has three limitations. The first, and main,

limitation is the modest sample size, which may have in-
fluenced the robustness of the factor analysis. In conduct-
ing the EFA, several aspects guided us in choosing the
appropriate factor extraction method. When the sample
size and number of factors are expected to be small, the
use of an unweighted least squares (ULS) method to de-
termine the factor structure is recommended [30–32]. In
our study, we used MINRES, which is equivalent to ULS.
MINRES is very robust and it does not require any distri-
butional assumptions, therefore it can be used with small
samples and when a correlation matrix is not positive
definite [16]. In addition, calculation of the sample size
necessary to assess structural validity is recommended by

Table 5 Hypothesized relationships between the items of the SCIROCCO tool and DMIC Quickscan

Hypothesis SCIROCCO tool items Median (IQR) DMIC Quickscan statement
per dimension

Median (IQR) Spearman’s ρ and
95% BCa CI

P-value (2-tailed)

1 Readiness to Change 3 (1) Commitment: 19 4 (2) 0.492 [.147–.763] 0.008*

2 Structure & Governance 2.5 (2) Result-focused learning: 11 4 (1) 0.594 [.237–.802] 0.001*

3 Structure & Governance 2.5 (2) Roles and tasks: 15 4 (2) 0.698 [.407–.865] 0.000*

4 Structure & Governance 2.5 (2) Commitment: 20 4 (1) 0.535 [.138–.801] 0.003*

5 Information & eHealth Services 2 (2) Client-centeredness: 3 4 (2) 0.315 [−.137–.667] 0.103

6 Information & eHealth Services 2 (2) Delivery system: 5 3.5 (2) 0.502 [.196–.723] 0.007*

7 Standardisation & Simplification 2 (2) Delivery system: 5 3.5 (2) 0.284 [−.066–.543] 0.143

8 Finance & Funding 3 (3) Transparent entrepreneurship: 22 3 (2) 0.302 [−.119–.615] 0.119

9 Removal of Inhibitors 1 (1) Result-focused learning: 12 3.5 (2) 0.240 [−.107–.554] 0.219

10 Removal of Inhibitors 1 (1) Transparent entrepreneurship: 21 4 (1) 0.146 [−.154–.462] 0.460

11 Population Approach 1.5 (3) Interprofessional teamwork: 13 4 (0) 0.367 [−.091–.727] 0.055

12 Citizen Empowerment 2 (2) Client-centeredness: 3 4 (2) 0.571 [.260–.773] 0.002*

13 Citizen Empowerment 2 (2) Performance management: 8 3 (3) 0.474 [.092–.722] 0.011*

14 Citizen Empowerment 2 (2) Quality of care: 10 3 (2) 0.325 [−.083–.627] 0.091

15 Evaluation Methods 2 (3) Performance management: 6 4 (3) 0.400 [−.035–.735] 0.035

16 Evaluation Methods 2 (3) Performance management: 7 4 (2) 0.594 [.260–.814] 0.001*

17 Breadth of Ambition 3 (3) Delivery system: 4 4 (1) 0.274 [−.141–.665] 0.158

18 Breadth of Ambition 3 (3) Interprofessional teamwork: 14 4 (1) 0.320 [−.107–.702] 0.097

19 Breadth of Ambition 3 (3) Roles and tasks: 15 4 (2) 0.367 [−.069–.743] 0.055

20 Breadth of Ambition 3 (3) Roles and tasks: 16 4 (2) 0.334 [−.039–.658] 0.082

21 Innovation Management 2 (1) Result-focused learning: 12 3.5 (2) 0.369 [−.104–.678] 0.054

22 Capacity Building 2.5 (1) Performance management: 7 3.5 (2) 0.642 [.356–.843] 0.000*

23 Capacity Building 2.5 (1) Result-focused learning: 12 4 (2) 0.477 [.092–.744] 0.010*

Figures presented in bold show a moderate correlation (0.50-0.70)
* p < 0.025
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a subjects-to-variables ratio (“N to p” ratio, where “N” is
the sample size and “p” the number of items included in
analysis). The subjects-to-variables ratio of our sample
5.5:1, was considered sufficient as it falls within the range
of acceptability [20]. In the literature, an acceptable ratio
ranges from at least 5:1, while a 10:1 ratio is considered as
rule of thumb for determining a priori sample size. To
estimate the consistency of the results, we repeated the
analyses using the alternative method of principal axis fac-
toring. The analysis resulted in the same factor loadings
(the results of this analysis are available via the corre-
sponding author). Notwithstanding the acceptable
subject-to-variable ratio, the use of MINRES as the
extraction method, and the stable alternative analysis,
the modest sample size of our study does not allow for
strong conclusions about the factor solution. However,
we consider the one factor solution relevant. We recom-
mend to perform additional analyses, using confirmatory
factor analyses on a similar but larger sample to test how
well the measured variables confirm the underlying factor
structure found in this study. To further investigate meas-
urement properties of the tool, the SCIROCCO project
planned to conduct a test-retest of the tool to test the
reliability and stability of the instrument.
A second limitation of this study is that we did not

conduct a nonresponse analysis and, therefore we have
no specific information about the non-responders. Sub-
jects were invited to fill in the SCIROCCO tool via three
rounds, including project members of SCIROCCO, dur-
ing several dissemination activities which were organized
by the project consortium. Therefore, we were unable to
track the response rate in the study. Several factors may
have contributed to non-responses. One of these is the
fact that the tool was distributed to respondents in sev-
eral countries in Europe and was available in only four
languages, which may have created an obstacle for some
respondents to fill in the tool. Other factors could be the
demands on some respondents of participating in the
SCIROCCO project itself (multiple requests were made
to them to respond), a lack of time, and either not feel-
ing a specific urge to fill in the tool or seeing the imme-
diate benefit from doing so.
A third limitation which needs to be considered is the

implication for this study of the availability of the SCI-
ROCCO tool, and the undertaking of the DMIC Quicks-
can, in these four languages. The tool was originally
developed in English and the content-validity of the tool
was assessed using this language version. Thereafter, the
tool was translated, and the adequacy and clarity of this
translation was checked by the consortium partners
based in the different European regions. Since the con-
text, languages and commonly used expressions of the
different regions in Europe may have an influence on
the description of various aspects and concepts related

to integrated care, the translations could have resulted
in slightly different wordings in the SCIROCCO tool
itself. Furthermore, the DMIC Quickscan was also trans-
lated to English by its developer and to Czech, Italian and
Spanish by mother-tongue speakers who are researchers
in the field of integrated care. The translations could also
have led to there being slightly different wordings used in
the DMIC Quickscan. We expect that these slight differ-
ences may have resulted in the provision of different
answers to the items of the SCIROCCO tool among the
different regions. It is therefore recommended, as a next
step, to explore the factor structure of the different lan-
guage versions of the SCIROCCO tool.

Conclusion
The SCIROCCO tool is a promising instrument which
offers regions a tailored approach facilitating progress in
integrated care. It provides insights into the strengths and
weaknesses in integrated care on which regions can be
matched and shared learning can be facilitated. Determin-
ation of the SCIROCCO tool’s measurement properties is
important to ensure a valid and reliable assessment of the
maturity level of the regional healthcare system. This is
the first study to have assessed the structural validity, in-
ternal consistency and convergent validity of the SCI-
ROCCO tool. The construct of the SCIROCCO tool
presented one relevant underlying factor: it seems that the
tool reflects the maturity of the health care system context
in providing integrated care with adequate validity. The
internal reliability of the one-factor structure was high.
For the convergent validity, only 7 out of the 23 hypothe-
sized relationships on the correlations between the SCI-
ROCCO tool and the DMIC Quickscan were met. This
outcome may possibly be due either to the modest sample
size or the partly different focus of both tools. Further
studies should therefore be conducted in larger samples of
individuals involved in integrated care to confirm the val-
idity and assess the reliability of the SCIROCCO tool.
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Additional file 2: 23 predefined hypotheses on expected moderate
correlations between items of the SCIROCCO tool and the DMIC
Quickscan. (DOCX 30 kb)
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