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Summary 
There are various research designs and approaches to investigate how health-promoting activities are implemented in complex, 
real-world systems, and to identify potential health effects that might occur following implementation. Although literature describes 
guidelines to perform and report about implementation research and effect evaluations, no specific guidelines exist on analysing and 
reporting about the combination of effectiveness data and implementation data collected as part of intervention evaluation in complex 
and diverse settings. This paper describes the evaluation of primary school-based health-promoting activities in complex systems. 
Furthermore, an approach for data categorization inspired by Rogers’ Diffusion of Innovations theory is presented that can facilitate 
structuring the study’s results and relating the degree of implementation to any impact on effectiveness outcomes that might be 
observed. Researchers interested in using this approach for data categorization have to ensure that the following three conditions are 
met: (i) data on an intervention’s efficacy in a controlled setting with optimal implementation is available; (ii) key points that define an 
intervention’s optimal implementation are available and (iii) an evaluation study is performed, collecting both effectiveness data and 
implementation data in a real-world context. This data categorization approach can be useful to generate more insight into an interven-
tion’s effectiveness under varying circumstances, and optimal support and advice can be provided to stakeholders to achieve maximum 
impact of population-based health-promoting interventions in complex, real-world systems. However, the proposed approach is a first 
suggestion and further testing and adaptation is necessary to increase its usefulness. Knowledge and experience sharing among 
researchers performing comparable research can increase the knowledge base regarding this subject.
Keywords: implementation, dissemination, complexity, research methodology

BACKGROUND
For many decades, explanatory trials have generated an 
evidence base on the efficacy of numerous health-promot-
ing interventions under controlled circumstances (Chau 
et al., 2010; Sobol-Goldberg et al., 2013; Wolfenden 
et al., 2014). However, interventions’ effectiveness in 
less controlled, complex, real-world systems often dif-
fers from their efficacy demonstrated in explanatory 
trials due to context- and implementation-related dif-
ferences. Generating more knowledge on interventions’ 

effectiveness in complex systems is therefore essential for 
successful dissemination. Health-promoting interventions 
are often implemented in complex systems consisting of 
multiple interacting components and characterized by 
adaptivity, non-linearity, feedback loops and the difficulty 
to control or predict outcomes (Patton, 2011; Moore et 
al., 2015, 2019; Rutter et al., 2017). The complex-systems 
approach, which takes into account these characteristics, 
has been receiving increasing attention in the field of pub-
lic health, with various researchers describing approaches 
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2 M. T. H. Hahnraths et al.

and frameworks for the evaluation of interventions 
in complex systems (Jolley, 2014; Rutter et al., 2017; 
Moore et al., 2019; Luna Pinzon et al., 2022). Although 
taking a complex-systems approach (Rutter et al., 2017) 
is one of the best ways to evaluate an intervention in a 
complex, real-world system, some of its characteristics 
(e.g. non-linearity) are not compatible with effective-
ness and/or implementation evaluation. Furthermore, a 
complex-systems approach is a difficult and demanding 
approach, which is not always feasible to adopt. There 
is not always sufficient time, money and/or resources to 
investigate a specific system in the amount of detail that a 
complex-systems approach calls for. Various researchers 
have proposed different research designs and approaches 
to shed more light on the evaluation of an intervention 
in a real-world context. Schwartz and Lellouch described 
pragmatic trials, of which the primary aim is to deter-
mine an intervention’s effect under usual conditions 
rather than under ideal circumstances (Schwartz and 
Lellouch, 1967; Thorpe et al., 2009; Loudon et al., 2015). 
There are several pragmatic trials evaluating the effects of 
health-promoting interventions in real-world settings, but 
the description of results is often limited to their impact 
on health outcomes and little implementation-related 
information is presented (Challen et al., 2014; Long et 
al., 2020). Effectiveness–implementation hybrid research 
designs combine elements from effectiveness and imple-
mentation research and therefore allow for the linking 
of outcomes from effectiveness studies to general imple-
mentation strategies and/or factors (Curran et al., 2012). 
Curran et al. previously proposed three types of hybrid 
approaches: (i) testing intervention effects while gather-
ing implementation-related information; (ii) dual testing 
of an intervention’s effects and implementation strategies 
and (iii) testing an implementation strategy while gath-
ering information regarding an intervention’s effects on 
relevant outcomes (Curran et al., 2012). Realist investi-
gation is another often-described approach to evaluate an 
intervention’s implementation and impact in complex set-
tings. Using this approach, researchers aim to investigate 
what works for whom in which circumstances, instead of 
‘simply’ investigating if a certain approach works (Tilley, 
2000). Case studies are often mentioned as a suitable 
research design to answer realist investigations’ research 
questions and to investigate an intervention’s implemen-
tation and impact in complex and diverse settings, as they 
provide the opportunity to explore variance between 
different cases and to explain the circumstances under 
which certain outcomes are achieved (Woolcock, 2013; 
Pawson, 2019).

In this paper, we describe a multiple-case study eval-
uating various primary school-based health-promoting 
activities in complex, real-world systems and we reflect 
on various choices that have been made so far in this 
project. To inform and support other researchers and 

stakeholders in this field, we illustrate an approach 
for evaluating the implementation and effectiveness of 
interventions in complex, real-world systems and relat-
ing these findings to the results of previously executed 
explanatory trials on the efficacy of these interventions. 
Although we recognize the importance and value of the 
various principles of the complex-systems approach, 
we propose a simplified approach that can be of use in 
practice, when taking a complex-systems approach is 
not always feasible.

RESEARCH EXAMPLE: THE HEALTHY 
PRIMARY SCHOOL OF THE FUTURE
The research that we will discuss as an example through-
out this paper comprises the Healthy Primary School 
of the Future (HPSF), a school-based health-promoting 
intervention that was evaluated using a quasi-experi-
mental design involving eight Dutch primary schools 
(four intervention schools and four control schools) 
(Willeboordse et al., 2016). For 4 years, HPSF’s efficacy 
on various outcomes was investigated, revealing signifi-
cant positive intervention effects on outcomes such as 
children’s body mass index z-score and dietary and phys-
ical activity (PA) behaviours (Bartelink et al., 2019a,b; 
Willeboordse et al., 2022). Following HPSF’s efficacy, the 
ambition rose to spread its principles to other schools. 
However, this ‘scaling-up’ of the activity comes with 
several challenges. Schools can be defined as complex 
and unique systems that consist of various interacting 
components (e.g. teachers, children, parents, the school 
environment and the wider community) and have the 
ability to self-organize and adapt over time (Keshavarz et 
al., 2010; Turunen et al., 2017; Darlington et al., 2018). 
Applying the complex-systems approach to school-based 
health promotion means acknowledging that what works 
in certain schools might not work in other schools. This 
underpins the importance of taking a school’s context, 
population, wishes and needs into account when develop-
ing, implementing and evaluating health-promoting activ-
ities, as evidence suggests a strong interaction between an 
intervention and the context in which it is being imple-
mented (Keshavarz et al., 2010; Wang and Stewart, 2013; 
Turunen et al., 2017; Darlington et al., 2018; Kremers et 
al., 2018). To generate knowledge on how HPSF-related 
activities are implemented in various real-world school 
contexts, to identify influential factors and to investigate 
the effectiveness on children’s health and well-being, a 
follow-up research project of HPSF was initiated. In this 
project, 11 Dutch primary schools are followed between 
2019 and 2023. The ambition at the start of the pro-
ject was that all participating schools would eventually 
become full HPSFs. However, schools are free to decide if, 
when and to what degree they implement health-promot-
ing activities in their setting, making the implementation 
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Challenges in evaluating implementation and effectiveness in real-world settings 3

process less controlled than in the HPSF efficacy trial, in 
which intervention schools implemented a pre-defined 
intervention. Schools are responsible for their own devel-
opment and implementation process, but they are aided 
by a process coordinator who works independently of 
the research team and supports each school during the 
project. Researchers play an observing role and have 
limited influence on the implementation processes in the 
various schools. This approach stimulates bottom-up 
development and implementation of pragmatic and 
school-specific activities, which is hypothesized to facil-
itate sustainable integration of health within the schools.

The project’s real-world nature provides several chal-
lenges when it comes to choosing a suitable research 
design that can account for the complexity of the setting. 
All schools are working on integrating health within 
their organization, meaning that no control group is 
included in the project. Furthermore, instead of a pre-de-
fined, standardized intervention, there is great variety in 
activities implemented in the schools, making often-uti-
lized implementation outcomes such as fidelity (the 
degree to which an intervention is delivered as intended) 
less relevant in the present study. Rather, there is more 
emphasis on the actual implementation (what is imple-
mented in the various schools?) and the reasons behind 
this implementation (why is implementation (not) suc-
cessful?). Compared with the HPSF efficacy trial, which 
was mainly explanatory, the follow-up research project is 
therefore more pragmatic in nature and resembles a real-
ist evaluation (Schwartz and Lellouch, 1967; Pawson and 
Tilley, 1997; Thorpe et al., 2009; Loudon et al., 2015). 
The aim of this research is to investigate the implementa-
tion of HPSF-related activities under complex, real-world 
circumstances and to explore the potential influence of 
differences in implementation on HPSF’s effectiveness on 
various health outcomes. The lessons learned from this 
research can then be used to disseminate HPSF’s princi-
ples to other schools. The schools’ pre-existing contexts 
and the ‘natural’ implementation process of HPSF-related 
activities in a real-world context are investigated by 
observing relevant meetings with stakeholders (e.g. direc-
tors, managers and teachers), gathering data via question-
naires and performing semi-structured interviews with 
various stakeholders (directors, managers and teachers). 
Besides data on actual implementation (what is imple-
mented in the various schools?), information on reasons 
behind this implementation and potential implementa-
tion differences between schools (why is implementation 
in school A successful and why is implementation not 
successful in school B?) is gathered through these sources. 
All implementation data are structured using the charac-
teristics from the framework by Fleuren, Wiefferink and 
Paulussen (characteristics of the socio-political context, 
organization, person, innovation and innovation strat-
egy) (Fleuren et al., 2004). For example, if one school 
is successful in implementing an extensive activity (e.g. 

the provision of a daily healthy school lunch) and inter-
view participants from this school mention the positive 
influence of working on this implementation with the 
complete team while another school is not successful in 
implementing a daily school lunch as the activity is only 
carried by the school director, these differences in imple-
mentation can (partly) be explained by differences in 
characteristics of the innovation strategy. Besides data on 
the implementation process, the same data on children’s 
anthropometrics, dietary and PA behaviours and well-be-
ing are gathered as in the HPSF efficacy trial to compare 
the impact on these outcomes in both settings. This will 
provide an estimate of the effectiveness of HPSF-related 
activities under real-world conditions compared with 
their efficacy following maximum implementation under 
controlled circumstances.

Challenges in data categorization, analysis 
and reporting
Although literature describes various guidelines to 
perform and report about implementation research 
and effect evaluations, no specific guidelines or 
practical approaches exist on how to analyse and 
report about the combination of effectiveness data 
and implementation data collected in real-world 
and complex settings (Moore et al., 2015; Neta et 
al., 2015). To deal with this and to explore if dif-
ferences in implementation lead to differences in 
HPSF’s impact on children’s health and well-being, 
a novel approach for data categorization, analysis 
and reporting is proposed. This approach is inspired 
by Rogers’ Diffusion of Innovations theory, which 
states that a population can be divided into five 
adopter categories (innovators, early adopters, early 
majority, late majority and laggards) based on their 
degree of innovativeness regarding an introduced 
innovation. Subjects with a high degree of inno-
vativeness (e.g. innovators or early adopters) will 
adopt an introduced innovation faster than those 
with a lower degree of innovativeness (e.g. late 
majority or laggards) (Rogers, 2010). In the present 
project, schools are not introduced to a standard-
ized innovation. Rather, they have a shared ambition 
(integrating health within their organization and—if 
realistic—becoming full HPSFs) and consequently 
shape activities fitting their context throughout the 
project. These activities can be composed of differ-
ent components with varying intensity (e.g. changes 
in a school’s policy, practices and/or communication 
strategies) that evolve over time. To be able to com-
pare participating schools with each other and with 
the efficacy trial’s full HPSFs, they will be divided 
over Rogers’ adopter categories based on their 
degree of innovativeness. This degree of innovative-
ness is operationalized through the number of HPSF 
key points that schools adhere to 3 years after the 

D
ow

nloaded from
 https://academ

ic.oup.com
/heapro/article/38/1/daac185/6974786 by M

aastricht U
niversity Library user on 13 M

arch 2024



4 M. T. H. Hahnraths et al.

start of the project. A period of 3 years was chosen 
as during the HPSF efficacy trial, it was observed 
that it took several years before project-specific 
plans and ambitions were formulated and imple-
mentation started. Additionally, the COVID-19 pan-
demic greatly restricted schools’ ability to work on 
the present project, thereby delaying project devel-
opment and implementation. Four HPSF key points 
defining optimal implementation of HPSF were for-
mulated by stakeholders involved in the efficacy 
trial to facilitate further dissemination of HPSF. For 
optimal implementation, various stakeholders (e.g. 
school staff, children and parents) should be actively 
involved (key point 1) and a school-wide approach 
should be taken, meaning that implemented activ-
ities should reach all children within a school (key 
point 2). In the HPSF efficacy trial, these two key 
points were perceived as vital to achieve success-
ful implementation of HPSF. Furthermore, optimal 
implementation of HPSF means that children engage 
in at least one hour of PA every day (key point 3) 
and consume a daily healthy lunch at school (key 
point 4). For a detailed description of the HPSF key 
points, see Additional File 1. If a school participating 
in the present research project adheres to all four 
HPSF key points at the end of data collection (i.e. the 
school can be considered a full HPSF), this is defined 
as having the highest degree of innovativeness and 
the school will be categorized in the innovators/
early adopters category (these two adopter catego-
ries are combined for clarity reasons). Alternatively, 
schools who do not adhere to any key points at the 
end of data collection will have the lowest degree 

of innovativeness and consequently fall in the lag-
gards category. A further specification of the cate-
gorization of schools based on HPSF key points 
can be found in Table 1. Although the term degree 
of innovativeness might imply that we assume that 
differences in actual implementation between the 
various schools are simply the result of differences 
in degree of innovativeness, we acknowledge these 
differences can be caused by various factors that 
are much more diverse than differences in degree 
of innovativeness only. The term degree of innova-
tiveness is solely used for clarity reasons and should 
not be used to explain implementation differences 
as it disregards the diversity and complexity of var-
ious real-world settings. Instead, the implementa-
tion processes of HPSF in the various schools are 
continuously investigated through various methods 
(e.g. observing relevant meetings with stakeholders, 
gathering data via questionnaires and performing 
semi-structured interviews with various stakehold-
ers) to obtain a more extensive impression of (rea-
sons behind) implementation differences between 
the various schools, although this goes beyond the 
scope of the present paper and will therefore not 
be further discussed here. The described approach 
for categorization will ease comparison between the 
various schools participating in the present study as 
it provides a potential framework to structure the 
study’s results. When analysing and reporting about 
the study’s implementation and/or impact on health 
outcomes, the data and an article’s results section 
can be structured using the different adopter cate-
gories instead of the more traditional intervention 

Table 1: Specification of school categorization based on HPSF key points

 HPSF key points

Actively involved stakeholders (e.g. 
parents, children, school staff) 

School-wide 
approach 

Children engage in at 
least 1 h of PA per day 

Children consume a 
daily healthy lunch 

Original efficacy trial (optimal implementation of HPSF)

 � Full HPSFs X X X X

Follow-up research project (scaled-up, real-world context)

 � Adopter categories

  �  Innovators/early adopters X X X X

  �  Early majority X X Xa Xa

  �  Late majority X

  �  Laggards

Note. A more elaborate description of the four HPSF key points can be found in Additional File 1. Key points 1 and 2 are assumed to be 
necessary for schools to achieve key points 3 and 4, which is why there is no categorization for a combination of key point 1 or 2 with key 
point 3 and/or 4. In the follow-up research project, the categorization of schools will be done at one moment in time, i.e. 3 years after the 
start of the project (at the end of data collection). This means that the categorization will be based on a snapshot of a longitudinal, ongoing 
implementation process. Categorization at a different moment in time could therefore lead to different results.
aSchools have to adhere to one of these two indicated key points to fall in the early majority category.
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and control group i.e. often used to describe an 
explanatory trial’s results. The approach however 
is solely a first suggestion and further refinements 
and improvements are strongly advised to increase 
its usefulness and validity. For example, the catego-
rization of the schools in the different adopter cate-
gories is rather robust when using dichotomized key 
points as proposed in this paper (i.e. categorizing 
schools based on whether or not they adhere to the 
various key points). This limits the sensitivity with 
which the implementation degree of the activities 
can be related to any impact on children’s health 
and well-being that might be observed, as not all 
differences in schools’ implementation degrees will 
be captured and acknowledged using this approach. 
Rather than simply observing if schools do or do not 
adhere to the key points at the end of data collec-
tion, the key points could be addressed in a more 
continuous matter to obtain a more sensitive degree 
of implementation. For example, a school provid-
ing a healthy school lunch on a daily basis could 
be assigned a higher implementation degree than a 
school providing a healthy school lunch three times 
a week. By acknowledging these more subtle differ-
ences, the refined approach would provide a more 
nuanced and sensitive degree of implementation 
for the various schools, which can subsequently be 
linked to any impact on health outcomes that might 
be observed. Following this approach could make it 
possible to provide more general recommendations 
regarding HPSF implementation in complex systems. 
The intervention effects observed in the previously 
executed HPSF efficacy trial are assumed maximal 
due to the controlled conditions under which the 
complete intervention was implemented. By using 
the refined categorization approach and comparing 
the results from the efficacy trial with the obser-
vations in various real-world settings, it would be 
possible to identify certain elements of HPSF that 
lead to more health-related impact than others, and 
to recognize general implementation factors and/or 
strategies that would facilitate the implementation 
of these elements in various settings.

Besides the limitations related to the current 
robustness of data categorization, it should be noted 
that categorization with this approach happens at 
one moment in time, and categorization at a differ-
ent moment could therefore lead to different results. 
This is in line with the continuously changing com-
plex and real-world conditions and settings in which 
the research is executed. Implementation is thought 
to be a continuous process i.e. never finished and 
to the best of our knowledge, there is currently no 
model or categorization approach available that 
accounts for the continuously shifting degree of 
implementation over time.

IMPLICATIONS
This novel approach for data categorization can be 
useful to other scientists performing comparable 
research on the implementation and impact of general 
activities in a complex, real-world system following 
an efficacy trial with an observed promising impact 
on relevant outcomes. This research does not have to 
be limited to health promotion in the school setting 
but can span a wide range of research areas. The addi-
tional benefit of this approach is that an intervention’s 
relative effectiveness on relevant outcomes following 
a certain degree of implementation can be established 
when compared with the effects observed in a previ-
ously performed efficacy trial. As a result, more insight 
into what works under which circumstances is gener-
ated and optimal support and advice can be provided 
to stakeholders to achieve maximum impact of popula-
tion-based health-promoting interventions in complex, 
real-world systems. It should however be taken into 
account that categorization with this approach is done 
at one specific moment in time, and categorization at 
a different moment could lead to different results due 
to the complexity and adaptivity of the context and the 
implementation process that will continue to develop. 
Furthermore, categorization as proposed in its cur-
rent, dichotomous form is rather robust and further 
refinement is strongly recommended to increase the 
approach’s usefulness and potential. The approach is 
not yet empirically tested and elaboration and adap-
tation are therefore necessary for further improvement 
and to increase its validity. As previously mentioned by 
Huiberts et al. (Huiberts et al., 2022), researchers shar-
ing their experiences, insights and approaches regard-
ing evaluating interventions in complex, real-world 
systems can greatly facilitate the development of ade-
quate and feasible evaluation approaches and should 
therefore be encouraged. Researchers interested in 
using the approach for data categorization proposed in 
this paper have to ensure that the following three con-
ditions are met: (i) data on an intervention’s efficacy in 
a controlled setting with optimal implementation are 
available; (ii) key points that define an intervention’s 
optimal implementation are available and (iii) an eval-
uation study is performed, collecting both effectiveness 
data and implementation data in a real-world setting.

CONCLUSION
To advance research and to stimulate intervention dis-
semination and sustainability, it is vital to investigate 
how (preventive) activities are implemented in complex 
and real-world systems, and to identify potential health 
effects that might occur following this implementation. 
By combining elements from efficacy, effectiveness and 
implementation research, outcomes can be related to 
general implementation strategies and/or factors. The 
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6 M. T. H. Hahnraths et al.

approach for data categorization described in this paper 
can be useful to relate an intervention’s impact to spe-
cific implementation strategies and/or factors and thereby 
generating more insight into what works under which 
circumstances. This can subsequently lead to improved 
support and advice provision to stakeholders aim-
ing to achieve maximum impact of population-based 
(health-promoting) interventions in complex, real-world 
systems. We acknowledge that the approach described 
in this paper describes a simplified version of reality and 
does not take into account all principles of a systems 
approach (e.g. non-linearity). Nonetheless, it could be 
of benefit in implementation science, where taking the 
complete complex-systems approach is not always feasi-
ble. However, further testing, adaptation and refinement 
of the approach are necessary to increase its usefulness 
and validity. Knowledge and experience sharing among 
researchers working on comparable issues can increase 
the knowledge base regarding evaluating interventions in 
complex, real-world systems.

Supplementary Material
Supplementary material is available at Health 
Promotion International online.
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