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Abstract 

Background Although local initiatives commonly express a wish to improve population health and wellbeing 
using a population health management (PHM) approach, implementation is challenging and existing tools have 
either a narrow focus or lack transparency. This has created demand for practice-oriented guidance concern-
ing the introduction and requirements of PHM.

Methods Existing knowledge from scientific literature was combined with expert opinion obtained using 
an adjusted RAND UCLA appropriateness method, which consisted of six Dutch panels in three Delphi rounds, fol-
lowed by two rounds of validation by an international panel.

Results The Dutch panels identified 36 items relevant to PHM, in addition to the 97 items across six elements of PHM 
derived from scientific literature. Of these 133 items, 101 were considered important and 32 ambiguous. The inter-
national panel awarded similar scores for 128 of 133 items, with only 5 items remaining unvalidated. Combining 
literature and expert opinion gave extra weight and validity to the items.

Discussion In developing a maturity index to help assess the use and progress of PHM in health regions, input 
from experts counterbalanced a previous skewedness of item distribution across the PHM elements and the Rainbow 
Model of Integrated Care (RMIC). Participant expertise also improved our understanding of successful PHM imple-
mentation, as well as how the six PHM elements are best constituted in a first iteration of a maturity index. Limitations 
included the number of participants in some panels and ambiguity of language. Further development should focus 
on item clarity, adoption in practice and item interconnectedness.

Conclusion By employing scientific literature enriched with expert opinion, this study provides new insight 
for both science and practice concerning the composition of PHM elements that influence PHM implementation. This 
will help guide practices in their quest to implement PHM.

Keywords Population Health Management, Implementation, Maturity, Expert opinion

Background
Current developments in the Dutch political landscape 
increasingly point toward regionalization of healthcare 
[1]. However, regions and organizations that are willing 
to change are currently struggling to manage the transi-
tion [2]. Population Health Management (PHM) theory 
provides guidance on how to improve health and wellbe-
ing using a regional approach to sustainable change [3]. 
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The goal of this approach is to accomplish the Quad-
ruple Aim (QA) – improving the experience of care, 
population health, per capita costs, and the work life of 
healthcare professionals [4, 5]. In this study, the concept 
of PHM is used to describe a data-driven approach to 
improve population health. Using data analytical tools, 
health and social care data are explored to gain informa-
tion about the population needs. With the help of health 
and care professionals and community representatives 
specific insights are acquired to understand the health 
needs of different groups of people. Then, context- and 
population-specific interventions can be developed, 
implemented, and evaluated to answer to the needs of 
these people. However, if regions and organizations wish 
to take action, a purely theoretical knowledge of PHM is 
insufficient, giving rise to a demand for practice-oriented 
guidance on how to successfully introduce and manage 
the process of change to adopt a PHM approach [6, 7].

Based on the small number of successful initiatives 
and the available literature, it is evident that existing 
research and tools are insufficient to guide practice in 
this process of change [8]. There seems to be a divide 
between practical approaches on the one hand, and pure 
research, which often overlooks practical implemen-
tation, on the other. One example is a review by Steen-
kamer et al., which represented a step forward in terms 
of knowledge, but ultimately could only provide a list of 
theory-based components focussed on unproven strat-
egies [9]. Other research tools used in practice today 
often have an even narrower focus. This problem is also 
reflected in the ongoing debate in literature about the 
relationship between integrated care and PHM. From the 
author’s perspective, PHM better respects system reform 
due to its incorporation of a data-driven approach. Cur-
rent frameworks and tools that support the implementa-
tion of integrated care in practice often do not use this 
data-driven approach and instead focus on a specific 
subpopulation. The SELFIE framework, for example, sup-
ports integrated care programmes for multi-morbidity 
by ‘describing, developing, implementing and evaluat-
ing’ the program [10]. While commendable, this narrow 
focus on an existing group of patients risks overlooking 
a population that harbours potential future members 
of the group. Another example is the SCIROCCO tool, 
which focuses on the maturity of health systems regard-
ing integrated care and mainly considers improvement 
of care services [11], resulting in less attention for struc-
tural changes to the system. Furthermore, many practice-
focused tools are developed within organizations and are 
therefore neither accessible nor transparent. Examples 
include the ‘Population Health Maturity Framework’ by 
Deloitte in the UK, which focuses on care and provid-
ers, the ‘Population Health Program Accreditation’ by the 

NCQA (National Committee for Quality Assurance) in 
the US, which emphasizes accreditation of health plans, 
and the ‘Framework for Aligning Sectors’ by the Georgia 
Health Policy Center in the US, which focuses on align-
ing sectors to build resilient and equitable communities 
[12–14]. These tools are not open access and therefore 
cannot be freely used by new initiatives. Creating a real 
opportunity for hands-on guidance of regions willing to 
implement PHM and work towards the QA will require 
blending of a theoretical understanding of PHM with 
practical experience of implementation.

To support regions and organizations in PHM imple-
mentation and, ultimately, define how the structural 
changes in the system contribute to improving the QA, 
we aim to develop a maturity index that unites the the-
oretical underpinnings of PHM and change manage-
ment with practical insights from action research. The 
research described here is an important step in this pro-
cess. In earlier studies, we combed literature for items 
that influence the implementation of PHM [15, 16]. In 
a scoping literature review we divided these items over 
six PHM elements (accountable regional organization, 
cross domain business model, integrated data infrastruc-
ture, co-designing workforce and community, population 
health data analysis, and an emergent implementation 
strategy) and the levels of integration from the RMIC [2, 
17], finding a skewed distribution of items across these 
elements. Building on this earlier work, we now harness 
expert opinion to expand and validate items that may 
influence PHM implementation, while addressing three 
main research questions: What is the composition of the 
aforementioned six PHM elements? Which items can be 
added using practice-based experience? Can expert opin-
ion reduce skewedness in knowledge?

Methods
Study design
To answer these research questions, existing literature 
formed the basis for expert discussion of items that may 
influence the implementation of PHM in practice. Due 
to the discovery in literature of a skewed distribution 
towards the PHM element ‘accountable regional organi-
sation’, we explicitly focused on the possibility that some 
items could be missing and the importance of others 
might have been overstated.

To allow experts to comment on items that reportedly 
influence the implementation of PHM and discuss the 
relative importance of these items, we adopted a modified 
Rand UCLA Delphi panel method [18]. The opinions of 
Dutch experts was obtained via an online questionnaire 
(rounds 1 and 2) and an online discussion round (round 
3), while the opinions of international experts were solic-
ited via an online questionnaire (round 4) and a physical 
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discussion round (round 5). Although an offline meeting 
is often preferred, research has shown that online discus-
sions using this method are of equal quality [19].

Items
Items that reportedly influence the implementation of 
PHM were previously identified in a scoping review [15, 
20] and initially discussed within the research team, lead-
ing to a reduction of a 190-item list to a maximum of 20 
items per PHM element, numbering 120 in total. This 
approach was taken to reduce the degree of similarity 
between items.

Experts
The RAND UCLA appropriateness method recommends 
including 7–15 participants in a discussion to ensure suf-
ficient differentiation while preserving opportunities to 
speak [18]. As it was deemed unlikely that all of those 
invited would be able to participate, approximately 20 
experts per PHM element were initially invited to form 
six panels (+- 120 experts in total) for the Dutch rounds. 
Per panel, experts on a range of topics were invited, 
including those with scientific expertise on a specific 
element of PHM, with national PHM implementation 
experience and with local PHM implementation experi-
ence, together with experts representing strategic stake-
holders. For the international validation rounds, a single 
panel was formed that discussed all elements of PHM. 
Approximately 50 international experts with implemen-
tation experience in the field of research and policy (vari-
ously from Singapore, Canada, Australia, UK, Austria 

and Ireland) were invited to participate. As we expected 
more people to respond to an online questionnaire 
(rounds 1, 2, and 4) than to join a discussion at a specific 
time (rounds 3 and 5), the study design took into account 
a decreasing number of participants per round. To ensure 
participants had seen the complete list of items before-
hand, they were only allowed to take part in the discus-
sion round if they had participated in the previous round.

Rounds
Figure 1 shows the complete Delphi process and the vari-
ous panels. All six panels of Dutch experts completed the 
same three-round process. In the first round, the experts 
were asked to fill in an online questionnaire via Survey-
Monkey in which they were asked 1) to score items in 
their PHM element on relevance using a 9-point Likert 
scale (1 not relevant to 9 very relevant), 2) to place the 
item on the RMIC, scoring for the level at which the item 
occurs (system/organizational/professional/clinical) and 
indicate whether the item qualified as normative or func-
tional. In addition, experts were invited to add any items 
they felt their PHM element was lacking. In round 2, the 
experts were again asked to complete an online Survey-
Monkey questionnaire in which they answered the same 
questions as in round 1 but now for the additional items. 
They were then asked to score all the items on impor-
tance and occurrence using a 9-point Likert scale.

Round 3 consisted of an online meeting with a moder-
ated discussion between panel experts that participated 
in round 2. Prior to the discussion, the experts received 
a scoring chart detailing their own scoring on round 2, 

Round 2: New items 
& importance

Round 3: Discussion 
on importance

Research process

Round 1: Relevance 
& additional items

Dutch 
panel 

1

Dutch 
panel 

2

Dutch 
panel 

3

Dutch 
panel 

4

Dutch 
panel 

5

Dutch 
panel 

6

International panel

Round 4: Validation

Round 5: Discussion 
on validation

Fig. 1 The research process consisted of five rounds and a total of seven panels
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together with agreement scores and median panel scores. 
The discussion moderators followed a strict protocol, 
with time limits per item, to ensure that all items with an 
ambiguous score (agreement < 70% or median score 4–6) 
could be discussed. The discussion of each item com-
menced with explanations by the experts who awarded 
the highest and the lowest scores. After discussion of 
each item the experts were invited to rescore that item on 
importance.

The international panel participated in rounds 4 and 5. 
In round 4 they were asked to fill in an online question-
naire to potentially validate the Dutch panel scores. For 
each of the PHM elements, they scored agreement as yes 
or no for all included items and scored all ambiguously 
scoring items (agreement < 70% or median score 4–6) 
from round 3 on a 9-point Likert scale of importance. 
Round 5 took place during an international conference 
[21], at which a moderated in-person discussion was held 
to discuss all items that the international panel scored 
differently with respect to the Dutch panel.

Data analysis
The criteria of the RAND ULCA appropriateness method 
were used to analyse the data from each round [18]. In all 
rounds, for each item the median panel score was defined 
and divided into three categories: 1–3 low, 4–6 ambigu-
ous, and 7–9 high. When > 70% of experts scored in the 
same category as the median, agreement was reached. 
This was also the case for agreement of the RMIC lev-
els in round 1 and 2. If no agreement was reached, the 
RMIC levels were assigned by one researcher based on 
the scores and then checked by a second researcher.

In the first round, items were excluded if they reached 
agreement but had low relevance scores. All other items 
were advanced to the second round. The comments and 
items suggested by the experts in round 1 were ana-
lysed by two researchers. For each newly suggested item, 
the researchers first considered whether the item was 
already present in other PHM elements or if an exist-
ing item should be modified. In the second round, items 
were included if agreement was reached and they scored 
highly on importance. Low scoring items were excluded. 

All other items were discussed in round 3. Scores on 
occurrence of an item supported the discussion of impor-
tance in round 3. For items that were neither included or 
excluded in previous rounds, the round 3 scores were 
used as the final scores for the Dutch panel.

Round 4 validated all items that received the same 
scores from the International and Dutch panels. All other 
items were discussed in round 5 and then re-scored, with 
these last scores considered the final score from the inter-
national panel. When these scores were similar to those 
of the Dutch panel, the score was considered validated.

Results
Experts
Of the 129 Dutch experts that were invited to partici-
pate in the first three rounds, 69 completed round 1, 64 
completed round 2, and 37 completed round 3. Of the 51 
international experts invited to participate in rounds 4 
and 5, 23 completed round 4 and 12 completed round 5. 
Table 1 presents the number of panellists for each round. 
The participant’s backgrounds were evenly divided 
between scientific expertise on a PHM element, national 
implementation experience with a PHM element, local 
implementation experience with a PHM element and 
experts representing strategic stakeholders.

Data analysis
Figure  2 shows the number of items that were scored 
and discussed by the panels per round. All items and 
panel scores per round can be found in the supplemen-
tary material (Additional file  1). Reducing the number 
of items originally identified by the scoping review gave 
a total of 97 items in round 1. The experts added a total 
of 36 items across the various PHM elements. No item 
received a low score during the entire process and there-
fore no item was excluded. Of 133 items, 32 were scored 
as ambiguous by the Dutch panels.

Items not validated
Scores for 123 (101 important/22 ambiguous) of the 
abovementioned 133 items were validated by the inter-
national panel in round 4. Of the ten remaining items, 

Table 1 Numbers of participants that participated in the various rounds

Invited Round 1 Round 2 Round 3 Invited Round 4 Round 5

Accountable regional organization 22 12 13 7 51 23 12

Cross-domain business model 25 14 14 7

Integrated data infrastructure 25 19 13 8

Co-designing workforce and community 14 7 7 4

Population health data analytics 23 10 10 6

Emergent implementation strategy 20 7 11 5
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discussed in round 5, five were also deemed ambiguous 
and thus validated, whereas five items (‘making con-
nections with adjacent domains/sectors’, ‘ability to pool 
resources at the regional level’, ‘shared standards around 
data collection’, ‘follow the patient with “real-time” data 
across the health continuum’, ‘sharing of patient data 
with professionals’) were considered important by the 
international panellists but ambiguous by the Dutch 
panellists and therefore were not validated.

Items added by the experts
Table 2 shows the number of items added and validated 
per PHM element. Of the items added by the experts, 
12 were scored as ambiguous and 24 scored highly on 
importance. No specific pattern was found for these 
additional items, which ranged from functional on the 
system level (‘adapt laws and regulations if necessary’) to 
normative on the clinical level (‘trust of the patient in the 
correct use of the data’). Most items were added within 

Inclusion of items per round in Dutch and international panels 

Items included:
         Importance (n = 81)
Items excluded:
         Importance (n=0)
         Relevance (n=0)

Items scored: n = 133

Items included:
         Importance (n = 20)
Items excluded:
         Importance (n=0)

Items discussed: n = 52

Items excluded:
        Relevance (n=0)

Round 1: Relevance 
& additional items 

(69 panellists)

Items identified from:
Scoping review (n = 97)
Expert panels (n = 36)

Round 2: New items 
& importance
(68 panellists)

Round 3: Discussion 
on importance
(37 panellists)

Items validated:
        Included: n=101
        Ambiguous: n=22

Round 4: Validation
(23 panellists)

Items validated: 
        Ambiguous (n=5)
Items not validated: 
        Included/ambiguous (n=5)

Items discussed: n = 10

Items included: n=101
Items excluded: n=0
Items ambiguous: n=32

Round 5: Discussion 
validation

(12 panellists)

Fig. 2 The number of items scored and discussed per round



Page 6 of 12van Ede et al. BMC Health Services Research          (2024) 24:110 

the PHM element ‘integrated data infrastructure’. For 
the PHM element ‘codesigning workforce and commu-
nity’ the added items focussed mainly on the relationship 
between different levels of the RMIC. This was reflected 
by the items ‘control by local parties (citizens and profes-
sionals)’, ‘equity of decision-making between citizens and 
professionals’, and ‘trust in the co-creation of citizens and 
professionals’.

Distribution of items
Analysis of the remaining gaps in literature and expert 
opinion consisted of displaying the item distribution 
across PHM elements and RMIC levels. The research 
team’s consolidation of items retrieved from the scoping 
review reduced the total to 97 items. Around half of these 
items were placed on multiple RMIC levels, resulting in a 
total of 156 items in the distribution table (Table 3).

By round 5, 101 items deemed important had been 
included and validated. Table  4 shows the distribution 
of these items across PHM elements and RMIC levels. 
Again, around half of these items were positioned on 
multiple RMIC levels, resulting in a distribution table 
with 163 items. Comparing Tables  3 and 4, no signifi-
cant change was seen in distribution across RMIC lev-
els, but with the addition of expert opinion a more even 
balance was achieved between the number of normative 
and functional items. When comparing Table 3 to the ini-
tial literature-based distribution table, items also appear 
more evenly distributed across PHM elements [16]. This 
shows that the initial process of removing repeated items 
had the greatest impact on item distribution, and sug-
gests that an excessive focus on ‘accountable regional 
organization’, as reflected in literature, may lead to crucial 
aspects of other PHM elements (as identified by experts) 
being overlooked.

Based on the results of the scoping review and the 
outcomes of this Delphi study, we could compose a first 
iteration of a maturity index. Figure 3 shows an example 
of how this tool might appear when applied in practice, 
first providing a short explanation of the PHM element 
and then listing items validated within that PHM element 
(five are included in the example). The regional presence 

of each item is scored using a 9-point Likert scale, pro-
viding an indicator of regional maturity regarding imple-
mentation of PHM.

Discussion
This study focused on using expert knowledge to iden-
tify factors important to the implementation of PHM, 
to provide better practical guidance for regions willing 
to adopt PHM. Our results demonstrate that participant 
expertise can improve understanding of practical issues 
important to the successful implementation of PHM, and 
provide insight into how the six PHM elements are best 
composed in a first iteration of a maturity index. Most 
index items can be found in current literature, but often 
appear singular and not connected to PHM. For example, 
many items from the PHM element ‘accountable regional 
organization’ occur in studies of cross-sector collabora-
tions, partnerships or governance models [22–25]. Other 
items, such as ‘evidence-based evaluations with data 
analysis’, have been specifically addressed in a systematic 
review [26]. Similarly, items in the PHM element ‘inte-
grated data infrastructure’ were described in a case anal-
ysis of a data-linkage project [27]. Our experience and 
results from literature both suggest that pulling together 
knowledge from different areas of expertise enhances 
understanding of the complexity of the implementation 
challenge [28]. This suggests a broader focus is needed, 
which was confirmed by our experts who considered all 
PHM elements important. This conclusion also suggests 
that earlier frameworks did not adequately encompass 
the full spectrum. Due to the comprehensive nature of 
the baseline frameworks, models and expertise applied, 
the tool developed here can support prioritisation and 
planning of each step of the transformation journey. It 
can also indicate regional maturity across the six ele-
ments of PHM and identify possible gaps in knowledge 
and expertise present in the region.

Another aim of the study was to identify possible item 
additions using practice-based experiences and how 
these influenced the skewedness of knowledge. Previ-
ous literature showed a skewed emphasis on the norma-
tive aspects of the PHM element ‘accountable regional 

Table 2 Number of items that were added by the panellists in round 1 and the final score after round 5, divided per PHM element

Added Included Ambiguous Validated

Accountable regional organization 6 1 5 5

Cross domain business model 4 3 1 4

Integrated data-infrastructure 11 8 3 11

Co-designing workforce and community 5 5 0 5

Population health data analytics 3 2 1 3

Emergent implementation strategy 7 5 2 7



Page 7 of 12van Ede et al. BMC Health Services Research          (2024) 24:110  

Ta
bl

e 
3 

Th
e 

di
st

rib
ut

io
n 

of
 it

em
s 

th
at

 w
er

e 
de

riv
ed

 fr
om

 li
te

ra
tu

re
 a

nd
 p

re
se

nt
ed

 to
 th

e 
pa

ne
lli

st
s 

in
 ro

un
d 

1

A
cc

ou
nt

ab
le

 re
gi

on
al

 
or

ga
ni

sa
tio

n
Cr

os
s 

do
m

ai
n 

bu
si

ne
ss

 
m

od
el

In
te

gr
at

ed
 d

at
a 

in
fr

as
tr

uc
tu

re
Co

-d
es

ig
ni

ng
 w

or
kf

or
ce

 
an

d 
co

m
m

un
it

y
Po

pu
la

tio
n 

he
al

th
 d

at
a 

an
al

yt
ic

s
Em

er
ge

nt
 

im
pl

em
en

ta
tio

n 
st

ra
te

gy

G
ra

nd
 T

ot
al

Fu
nc

tio
na

l
N

or
m

at
iv

e
Fu

nc
tio

na
l

N
or

m
at

iv
e

Fu
nc

tio
na

l
N

or
m

at
iv

e
Fu

nc
tio

na
l

N
or

m
at

iv
e

Fu
nc

tio
na

l
N

or
m

at
iv

e
Fu

nc
tio

na
l

N
or

m
at

iv
e

Sy
st

em
3

0
5

5
4

0
3

1
2

0
3

10
36

O
rg

an
iz

at
io

na
l

5
10

9
3

4
3

6
2

11
2

5
10

70

Pr
of

es
si

on
al

0
5

3
2

3
1

6
4

7
2

3
4

40

C
lin

ic
al

0
0

2
1

3
0

1
3

0
0

0
0

10

G
ra

nd
 T

ot
al

8
15

19
11

14
4

16
10

20
4

11
24

15
6



Page 8 of 12van Ede et al. BMC Health Services Research          (2024) 24:110 

Ta
bl

e 
4 

Th
e 

di
st

rib
ut

io
n 

of
 it

em
s 

th
at

 w
er

e 
in

cl
ud

ed
 a

nd
 v

al
id

at
ed

 b
y 

ro
un

d 
5

A
cc

ou
nt

ab
le

 re
gi

on
al

 
or

ga
ni

sa
tio

n
Cr

os
s 

do
m

ai
n 

bu
si

ne
ss

 
m

od
el

In
te

gr
at

ed
 d

at
a 

in
fr

as
tr

uc
tu

re
Co

-d
es

ig
ni

ng
 w

or
kf

or
ce

 
an

d 
co

m
m

un
it

y
Po

pu
la

tio
n 

he
al

th
 d

at
a 

an
al

yt
ic

s
Em

er
ge

nt
 

im
pl

em
en

ta
tio

n 
st

ra
te

gy

G
ra

nd
 T

ot
al

Fu
nc

tio
na

l
N

or
m

at
iv

e
Fu

nc
tio

na
l

N
or

m
at

iv
e

Fu
nc

tio
na

l
N

or
m

at
iv

e
Fu

nc
tio

na
l

N
or

m
at

iv
e

Fu
nc

tio
na

l
N

or
m

at
iv

e
Fu

nc
tio

na
l

N
or

m
at

iv
e

Sy
st

em
1

0
6

5
7

2
2

2
2

0
5

11
43

O
rg

an
iz

at
io

na
l

3
10

8
3

7
5

4
2

9
4

5
11

71

Pr
of

es
si

on
al

0
5

3
1

0
1

3
7

6
2

3
5

36

C
lin

ic
al

0
1

1
1

1
1

1
6

0
0

0
1

13

G
ra

nd
 T

ot
al

4
16

18
10

15
9

10
17

17
6

13
28

16
3



Page 9 of 12van Ede et al. BMC Health Services Research          (2024) 24:110  

organization’ on the regional level and a lack of knowl-
edge on the clinical level, as well as the normative inte-
gration of the PHM elements ‘cross domain business 
model’, ‘integrated data infrastructure’, and ‘population 
health data analysis’ [16]. By complementing scientific lit-
erature with expert knowledge, some of these gaps could 
be closed and skewedness improved. Another notion is 
the overlap between the different PHM elements that was 
confirmed by the experts addition of the items ‘a shared 
vision for the importance of a data infrastructure’ (in 
‘integrated data infrastructure) and ‘cross-disciplinary 

collaboration around quality of data and analysis’ (in 
‘population health data analytics’). Both normative items 
could have been placed in the PHM element ‘accountable 
regional organization’ as they specify part of the ‘shared 
vision’ and ‘cross-disciplinary collaboration. This sup-
ports the view that construction of a data infrastructure 
and data analyses needs to be supported by the organiza-
tions involved if the initiative is to be successful [27].

A somewhat unexpected finding was the high degree of 
validation by the international panel, with only five of 133 
items receiving a dissimilar score compared to the Dutch 

Fig. 3 Example of how the first iteration of the PHM-MI might appear when applied in practice
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panels. This strongly suggests that the included items are 
not only important in a Dutch context but are generaliz-
able to many other countries. We therefore hypothesize 
that the specific context may not be as relevant as gen-
erally assumed [29, 30]. This in turn supports the argu-
ment that the functionality of the various PHM elements 
in a PHM initiative are similar across diverse contexts. 
The context-dependent aspect consists of how this func-
tionality is realized and which form is chosen. This can 
be illustrated with an example from the PHM element 
‘cross domain business model’. The items ‘advance fund-
ing is required’ and ‘vision for funding acquisition is sup-
ported by everyone’ illustrate the need to actively obtain 
funds. However, they do not define how or from whom 
the funds should be obtained. Another contextual aspect 
that is not specifically displayed in the items is what spe-
cific health interventions should be implemented for the 
different subpopulations in the region. Since every popu-
lation is different with their own needs, it seems logical 
that the portfolio of interventions will differ per region. 
Instead, the items show what is needed to support choos-
ing, funding, implementing and evaluating these health 
interventions.

Notwithstanding the great potential of the index pro-
posed here, certain results should be interpreted with 
caution as regards the composition of PHM elements 
and the impact thereof in practice. One limitation was 
the number of participants in some panels, for example 
the small number of experts in the panel on the PHM ele-
ment ‘codesigning workforce and community’, which in 
this case was due to difficulty identifying suitable experts. 
Furthermore, experts on the PHM element ‘codesign-
ing workforce and community’ and experts on ‘emergent 
implementation strategies’ struggled when scoring items 
and formulating new items, which also influenced the 
participation rate of both panels. Another point of cau-
tion when interpreting the maturity index is the termi-
nology adopted. While we attempted to adhere as closely 
as possible to language as derived from literature and 
used by experts, we should note that maturity index ter-
minology can be ambiguous and items may be open to 
interpretation due to divergent underlying assumptions. 
Ambiguity in language is partly attributable to the vari-
ous disciplines involved, which tend to adopt their own 
particular language, making it challenging to formulate 
a framework that is uniformly accepted and understood 
across all disciplines. Further development of the tool, 
together with feedback from practice, will help build 
uniformity and clarity. A practical improvement in clar-
ity might be achieved by developing a glossary, with a 
brief explanatory text per item. To make the tool more 
accessible and suitable for implementation in practice, 
we propose to give end-users and stakeholders a voice 

in the next phase of tool development. Topics for discus-
sion include usability (for example, web-app develop-
ment) and practical applications, potentially leading to 
the inclusion of fewer items. However, this process will 
have to be closely monitored to avoid losing validity due 
to insufficient respondent input.

The research presented here can be considered a next 
step in providing hands-on, evidence-based guidance 
for regions willing to implement PHM. However, sev-
eral challenges remain unaddressed. One is the scope 
of the tool. A 101-item overview across six PHM ele-
ments may seem overwhelming for someone unfamiliar 
with the topic. However, any further shortening of the 
tool would risk doing an injustice to the broad range of 
expertise required or the complexity involved. One might 
even argue that the maturity index should be expanded 
to include as yet unvalidated or ambiguous items, which 
were perceived as less important but not unimportant. 
Although these items might conceivably help guide a 
region towards success, including all of these items in 
the maturity index is unlikely to be feasible. Neverthe-
less, future research should investigate this issue fur-
ther by adding these items to the framework. Another 
topic for future research is the question of ‘when to do 
what’. It can be argued that not all items in the maturity 
index are of equal importance during the overall imple-
mentation process, but that there might be a preferred 
or logical sequence. However, this sequence might dif-
fer between regions according to their maturity on the 
various PHM elements. Applying the tool in practice in 
multiple regions will likely help identify gaps and support 
planning and prioritization, as well as add to our knowl-
edge regarding the context dependency of ‘when to do 
what’. A third challenge is the connection of these items 
to an improved QA as outcome [23]. While the items 
are founded upon issues perceived as important, causal-
ity is as yet unproven. Multidisciplinary research that 
assesses QA improvement over time, alongside scoring 
of the maturity index, will help inform policy and prac-
tice concerning the success of this approach. These con-
siderations will also shape the discussion regarding how 
the tool could be used, for example as a ‘personality test’ 
for a region, to allow comparison of regions, or to bet-
ter inform decision makers concerning the next steps in 
PHM implementation.

Conclusion
To conclude, this research informs both science and 
practice with regard to the composition of PHM elements 
that influence PHM implementation. This first iteration 
of a maturity index adds to existing knowledge by pro-
viding a scientific foundation and then co-developing the 
tool with implementers and practitioners. This context, 
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together with its broad scope, sets it apart from other 
instruments. While most of the items are not new within 
their area of expertise, they are now innovatively inter-
connected in a way that will enhance interdisciplinary 
PHM in practice. This research managed to successfully 
fuse scientific and practical knowledge of PHM imple-
mentation and showed the importance thereof within 
the complex environment of a transformative change 
process. As a next step the tool will be applied in practice 
to determine the best approach to the implementation of 
PHM for both science and practice.
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