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LIST OF ABBREVIATIONS

ABBREVIATION DEFINITION

ABC Activity-based costing

ABC Achievable Benchmark of Care

ACSQHC Australian Commission on Safety and Quality in Health Care

ADH - HJA Anonymous Day-care Stays (Anonieme DagHospitalisaties /
Hospitalisations de jour anonymes)

ADL Activities of daily living

AGREE Appraisal of Guidelines Research and Evaluation in Europe

AHRQ Agency for Healthcare Research and Quality

AIRE Appraisal of Indicators through Research and Evaluation

APR-DRG All Patient Refined Diagnosis Related Group

AT As-treated

ATC Anatomical Therapeutic Chemical

ATE Average treatment effect

ATT Average treatment effect among the treated

AZV — SHA Anonymous Hospital Stays (Anonieme Ziekenhuisverblijven / Séjours
hospitaliers anonymes)

BANANA Basel Approach for coNtextual ANAlysis

BC Breast cancer

BCR Belgian Cancer Registry

BCS Breast conservative surgery

BelRAl Belgian Resident Assessment Instrument

BFM Budget of Financial Means

BIA Budget impact analysis

BMI Body Mass Index

CAC Cluster autocorrelation

CAS Complex adaptive system

CATWOE Customer, Actor, Transformation, Worldview, Owner, and
Environment

CBA Cost-benefit analysis

CCA Cost-consequence analysis

CEA Cost-effectiveness analysis

CFIR Consolidated Framework for Implementation Research

CFIR-ERIC Consolidated Framework for Implementation Research — Expert
Recommendations for Implementing Change

CICI Context and Implementation of Complex Interventions
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ABBREVIATION DEFINITION

CIMO Context-Intervention-Mechanism-Outcome

CMA Cost-minimisation analysis

CMO Context-Mechanism-Outcome

CMOC Context-Mechanism-Outcome Configuration

CNK National Code (Nationaal Kodenummer / Code National)
COICOP Classification of Individual Consumption According to Purpose
CRT Cluster randomised trial

CUA Cost-utility analysis

DAG Directed Acyclic Graph

DEGURBA Degree of Urbanisation

DiD Difference-in-differences

DPA Data processing agreement

DRG Diagnosis-related group

DTA Data transfer agreement

DTR Dynamic treatment regimen

EBP Evidence-based practice

EHIS European Health Interview Survey

EPOC Effective Practice and Organisation of Care Group

EPIS Exploration, Preparation, Implementation, Sustainment
EPS Permanent Sample (Permanente Steekproef / Echantillon permanent)
ER Oestrogen receptor

ERIC Expert Recommendations for Implementing Change
ESHRE European Society of Human Reproduction and Embryology
EU-SILC European Union Statistics on Income and Living Conditions

FDG-PET(/CT)

FRAME

FOD - SPF

FTE
GDC
GIN
GP
GPC

Fluorodeoxyglucose positron emission tomography (/computed
tomography)

Framework for Reporting Adaptations and Modifications to Evidence-
based Implementation Strategies

Federal Public Service (Federale Overheidsdienst / Service Public
Fédéral)

Full-time equivalent
Guideline development checklist
Guidelines International Network
General practitioner

Generalized Pairwise Comparison
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ABBREVIATION

GRADE

HBS
HDA
HER?2
HICP
HIS
HNSCC
HSR
IAC

IBC
ICAMO
ICC
ICD

ICE
ICHOM
ICPC
ICT
IDMC
IMA — AIM

IOM
i-PARIHS

IQTIG

IPCW
IPTW
ISQua EEA

ITS

ITT

\Y

IVC - CSlI

JRC
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DEFINITION

Grading of Recommendations Assessment, Development and
Evaluation

Household Budget Survey

Health Data Agency

Human epidermal growth factor receptor 2
Harmonised Index of Consumer Prices

Health Interview Survey

Head and neck squamous cell cancer

Health Services Research

Individual autocorrelation

Invasive breast cancer
Intervention-Context-Actor-Mechanism-Outcome
Intraclass correlation coefficient

International Classification of Diseases
Intercurrent event

International Consortium for Health Outcomes Measurement
International Classification of Primary Care
Information and communication technology
Independent Data Monitoring Committee

InterMutualistic Agency (InterMutualistisch Agentschap / I'’Agence
InterMutualiste)

Institute of Medicine

Integrated-Promoting Action on Research Implementation in Health
Services

Institute for Quality Assurance and Transparency in Healthcare
(Institut fiir Qualitatssicherung und Transparenz im
Gesundheitswesen)

Inverse probability of censoring weighting
Inverse probability of treatment weighting

International Society for Quality in Health Care External Evaluation
Association

Interrupted time series
Intention-to-treat
Instrumental variables

Information Security Committee (Informatieveiligheidscomité / Comité
de sécurité de l'information)

Joint Research Centre
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ABBREVIATION DEFINITION

JSOP Joint system operating procedure

LATE Local average treatment effect

LYG Life-years gained

MBD Multiple baseline design

M(C)ID Minimum (clinically) important difference

MDT Multidisciplinary team

MPG — RPM Minimal Psychiatric Data (Minimale Psychiatrische Gegevens /
Résumé Psychiatrique Minimum)

MRC Medical Research Council

MRT Middle Range Theory

MZG — RHM Minimal Hospital Data (Minimale Ziekenhuis Gegevens / Résumé
Hospitalier Minimum)

NAM National Academy of Medicine

NASS Non-adoption, Abandonment, Scale-up, Spread and Sustainability

NICE National Institute for Health and Care Excellence

NPT Normalization Process Theory

NQF National Quality Forum

NSW New South Wales

OECD Organisation for Economic Co-operation and Development

PFM Process flow mapping

PP Per-protocol

PPP Purchasing power parity

PREM Patient-reported experience measure

PRISM Practical, Robust Implementation and Sustainability Model

PROM Patient-reported outcome measure

PSA Probabilistic sensitivity analysis

QA Quality assurance

QALY Quality-adjusted life years

QCA Qualitative comparative analysis

Ql Quality indicator

RCT Randomised controlled trial

RD Root definition

RDD Regression discontinuity design

RE-AIM Reach, Effectiveness, Adoption, Implementation, and Maintenance

RIZIV — INAMI National Institute for Health and Disability Insurance (Rijjksinstituut
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ABBREVIATION

ROM
RT
SAP
SD
SET
SETIG
SLNB
SMART
SME
SOl
SOP
SSM
STCS
S-W
TBCM
TCT
TDABC
TDF
TICD
TMF
ToC
TTE
TTT
TwiC
UCLA
VAS

VG-MZG — DI-RHM

VSM
WBI
WHO
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DEFINITION

voor Ziekte- en Invaliditeitsverzekering / Institut National d’Assurance
Maladie-Invalidité)

Risk of Mortality

Radiotherapy

Statistical analysis plan

System dynamics

System evaluation theory

Systems in Evaluation Topical Interest Group
Sentinel lymph node biopsy

Sequential Multiple Assignment Randomised Trial
Subject matter expert

Severity of lliness

System operating procedure

Soft systems methodology

Systems thinking and complexity science
Stepped-wedge

Taxonomy of Behavior Change Methods
Technical Cell (Technische Cel / Cellule Technique)
Time-driven activity-based costing

Theoretical Domains Framework

Tailored Implementation for Chronic Diseases
Theory, model and framework

Theory of Change

Target trial emulation

Theories and Techniques Tool

Trial within Cohorts

University of California, Los Angeles

Visual Analogue Scale

Nursing Minimal Data Set (Verpleegkundige Gegevens van de
Minimale Ziekenhuis Gegevens / Données Infirmieres du Résumé
Hospitalier Minimum)

Viable systems model
Whole-breast irradiation

World Health Organization
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B SCIENTIFIC REPORT
INTRODUCTION

KEY POINTS

e This process note is developed to support KCE researchers in the (predominantly)
prospective evaluation of health policy and health services interventions, complementing
existing methodological guidance and responding to the growing demand for evaluations of
policy interventions (e.g. new payment models, care trajectories, integrated care programmes).

e The structure follows the Medical Research Council (MRC) framework for complex
interventions, with a particular focus on the evaluation phase and its key components. This
includes effectiveness, process, economic and implementation evaluations. These
components may be studied separately or in combination.

e This is a living document: chapters will be revised and expanded as methodological
developments emerge. Additional chapters will be added to address current gaps and evolving
needs within the KCE evaluation programme.

Evaluation of Health Services Research and health policy interventions: complementing
retrospective with prospective research methods

Over the past two decades, KCE has played a key role in advancing evidence-informed policymaking
by assessing existing policies and supplying evidence from literature reviews and international
examples. Topics within the Health Services Research (HSR) domain were traditionally addressed
using methods such as systematic reviews, international comparisons, retrospective analyses of
administrative data, qualitative research, and cross-sectional surveys. However, these approaches
are no longer sufficient in all cases.

In recent years, the nature of topics submitted for the KCE annual programme has changed. Federal
bodies such as the National Institute for Health and Disability Insurance (RIZIV — INAMI), the Federal
Public Service Public Health (FOD — SPF), and the Minister of Health’s policy unit increasingly request
prospective evaluations of policy measures or pilot projects. Current examples include the New
Deal in general practice,! and the evaluation of an Article 562 project introducing a new financing
mechanism in home nursing.?

Although these studies still fall within the HSR domain and continue to draw on familiar methods, they
also require tailored methodological guidance. A dedicated process note is therefore needed to
complement existing process notes (e.g. on HSR, qualitative research, patient participation,
stakeholder involvement).? It also aims to address studies that do not fit within the traditional scope of
the KCE clinical trials programme.

A process note for the evaluation of mostly predominantly policy interventions

The aim of this process note is to guide KCE researchers in developing protocols for studies involving
(mainly) prospective evaluations of policy interventions. Topics will typically, but not always, concern
complex policy interventions (i.e. multicomponent interventions with impact on different target groups,
see description below). While much of the guidance has been developed with the evaluation of

a Article 56 of the Health Insurance Act enables innovative care models and therapies to receive temporary
and conditional funding from RIZIV — INAMI in Belgium.
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complex interventions in mind, care has been taken to ensure that methodological approaches
relevant to less complex interventions are also adequately reflected.

Such evaluations will not only consider effectiveness (does the intervention produce the intended
outcome(s)?) but also a process evaluation (e.g. distinguishing between intervention failure and
implementation failure in negative studies and understanding which components drive the effect in
case of positive trials). It may also require an economic assessment (e.g. economic evaluation, budget
impact, costing study) and an evaluation of acceptability or feasibility of the study methods and the
intervention itself.* Studies may combine several objectives (Is there an effect? What are the barriers
during implementation of the intervention?) and might require hybrid designs® (see Chapter 8). Yet, a
KCE study may also focus on a single objective. This decision should be made during the scoping
phase together with the commissioner, based on practical, methodological, and policy considerations.
The existing level of evidence is a useful guide for defining the study objectives. When a robust
evidence base exists, the primary focus can be on evaluating the implementation strategy. When the
evidence supporting the intervention is limited, it is preferable to focus the evaluation on the
effectiveness, combined with a process evaluation.

So, in some cases, for instance, when the intervention already has a robust evidence base on
effectiveness, the evaluation can focus on the implementation process. However, while not the
preferred scenario, even when effectiveness evidence is limited (e.g. a consensus-based care
pathway already introduced in practice) or not possible (e.g. not possible to set up a design with a
comparator), it may still be policy relevant to understand how the intervention was implemented and
produced change. Yet, process evaluations are not restricted to implementation processes. They may
also examine stakeholders’ experiences with an intervention and identify which intervention
components contribute most to observed outcomes.

This process note builds on existing handbooks (e.g. Kaehne and Feather (2025)8; Richards et al.
(2015; 2026))"-8 and methodological literature and provides in each chapter specific guidance on their
application within KCE research.

What do we mean with ‘a complex intervention’ in this process note?

This section outlines the concept of complex interventions. The complexity of an intervention may
arise from several features. These include the number and diversity of components (e.g. sub-
interventions that form the complex intervention), the range of behaviours targeted, the skills required
from those delivering and receiving the intervention, the number of groups or settings involved, the
flexibility allowed in delivery, the interaction with contextual factors, and the multidimensional nature
of the outcomes targeted.* 9 10

The overall effect often depends not only on individual components, but also on how these
components interact with each other and with the wider context in which the intervention operates.
2 As a result, the specific contribution of each component is not always clear.*

Although the core components of complex interventions are to be standardised, many interventions
allow flexibility and local tailoring (e.g. a RIZIV — INAMI convention in which the composition of a
multidisciplinary team, together with some additional requirements (e.g. multidisciplinary team
meetings) is specified but the mode of implementation is left open). Standardisation can therefore also
focus on underlying functions and processes rather than rigid prescriptions for each component.’® A
theoretical decomposition of the intervention (and its components), combined with agreed boundaries
on acceptable and prohibited variations, helps to structure its implementation. This approach enables
contextual adaptation while safeguarding core components.0

Viewing interventions as ‘events in systems’ underscores the need to consider mechanisms of change
and contextual factors that shape effectiveness.' 14 15 |t points to the importance of (the often
evolving) context and of the conditions required for successful real-world implementation.*
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EVALUATION FRAMEWORK USED TO DRAFT THIS PROCESS NOTE

The Medical Research Council (MRC), United Kingdom published a framework in 2000 to evaluate
complex interventions. A checklist is provided to guide research based on the MRC framework.

The MRC framework was adapted and updated on several occasions.® 17 In this document, we start
from the recent publications of Skivington et al. (2021; 2024), see Figure 1.9 10

Figure 1 — Evaluation Framework Complex Interventions

Feasibility
Assessing feasibility & acceptability of
intervention/ evaluation design prior to
move to next stage of evaluation

|

Identify intervention Core elements

Explore the evaluation potential of Context

planned or existing policy intervention Programme theory
Stakeholder engagement
Key uncertainties
Economic considerations

Evaluation
+ Appropriate methods allowing to answer
research questions

I

Develop intervention

Adapted or newly developed intervention
based on evidence or programme theory

I

Implementation
Efforts to increase impact & uptake of
successfully tested innovations

Source: Adapted from Skivington et al. (2021; 2024) ° 1°; Blue: included in the current process note;

The framework includes four phases: development or identification of the intervention, feasibility,
evaluation, and implementation.

A common set of core elements for each phase (Figure 1) includes:
e the context (physical, spatial, organisational, social, cultural, political, economic, etc.);!!

e aprogramme theory (a theory on how an intervention is expected to produce its effects, and under
which conditions; see Chapter 1)'8;

e stakeholder engagement'0 at all stages of an evaluation (cf. standard KCE procedure);

e identification of key uncertainties (in the process of formulating the research questions); and

e economic considerations like a comparative analysis of alternative courses of action in terms of
both costs (resource use) and consequences (outcomes, effects).

All these elements are relevant for KCE evaluations. Yet, the MRC framework also includes
‘intervention refinement’ as a core element. This implies that across the phases of complex
intervention research, and particularly during transitions, interventions may require refinement based
on data or further programme theory development.'® KCE evaluations will mainly be focused on one
phase at a time and mostly the ‘evaluation phase’. Therefore, intervention refinement is less relevant
since adaptions will most likely be proposed in the recommendations of the KCE evaluation study and
will have to be implemented in follow-up studies or via policy measures. What’s more, in case of
effectiveness studies, changes to the intervention will generally be rare as interventions are ideally
kept stable throughout the study.
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It is also possible that a KCE study focuses on a context analysis only. This can be relevant for
policymakers to learn about the anticipated added value of the intervention, the willingness to try (e.g.
survey about acceptability of the proposed policy intervention among healthcare professionals), etc.
The KCE teams that have to perform such a context analysis are recommended to consult Chapter 10
(systems thinking and complexity science) and Chapter 5 (frameworks to analyse context). In addition,
they can rely on the current KCE procedures like for instance conducting surveys, performing
qualitative research, etc.

We briefly explain the four phases below:

e The development phase is a critical first step in complex intervention research.' It includes
identifying existing evidence (e.g. through systematic reviews of individual components, or the
complex intervention itself in case the focus is on implementation: local adaptation and scaling
up), careful modelling of how the intervention is expected to work, and the articulation of a
programme theory.* This programme theory outlines the key components of the intervention, their
interactions, the mechanisms of change, and the contextual factors that may shape outcomes.*
20 As KCE aims to maintain an independent role as evaluator, it does not develop interventions;
this is the responsibility of the commissioner (e.g. RIZIV — INAMI or FOD — SPF). Policy-led
interventions represent another common entry point into evaluation research, often being
designed externally and implemented before researchers are involved. In such cases, the first
task is to uncover the implicit theoretical assumptions underpinning the intervention and to
construct an explicit programme theory (see Chapter 1).'® 2! Even when rollout is already
underway, this step remains essential to identify mechanisms of change, contextual influences,
and meaningful outcomes.0

e Feasibility and pilot studies are designed to resolve key uncertainties before a full evaluation.
Feasibility studies focus on implementation and acceptability. Pilot studies are testing key trial
procedures on a small scale. They assess predefined progression criteria related to the evaluation
design (e.g. recruitment, retention, data collection) and the intervention itself (e.g. content,
delivery, acceptability, adherence, cost-effectiveness).'® Skipping feasibility risks undermining
both the design and implementation of subsequent evaluations, whereas incorporating feasibility
findings can improve acceptability and strengthen the basis for piloting and full-scale evaluation.*
10 While feasibility studies can be part of the KCE evaluation programme, they are not discussed
further in this process note.

e The evaluation phase represents the core of complex intervention research and extends beyond
the question of whether an intervention ‘works’. It is also the primary focus of this process note.
Evaluation must consider multiple dimensions, including how an intervention interacts with its
context, what wider impacts it produces, how it contributes to system change, and how the
resulting evidence can inform decision-making in real-world settings.* '© Evaluation of complex
interventions often include multiple outcomes across different domains, aligned with programme
theory and stakeholder priorities. These may encompass both individual- and system-level
changes, such as shifts in organisational practices or policies.®

e Chapter 2 introduces experimental study designs for evaluating the effectiveness of interventions.
However, in the field of health services and policy interventions, practical, ethical, and contextual
considerations may limit the feasibility of these designs. Chapter 3 therefore discusses quasi-
experimental designs as an important alternative. Particular attention is given to the
methodological requirements needed to draw valid conclusions and to address potential sources
of bias. Specific consideration is given to designs using routinely collected data.??2 Chapter 11
describes the use of (mainly) administrative data in the context of the KCE evaluation programme.

¢ Quantitative evidence on impact and effectiveness alone is rarely sufficient to evaluate complex
interventions, where context and mechanisms of change are as important as effect estimates.* 10
Process evaluation (see Chapter 5) therefore plays a vital role, providing insights into fidelity,
implementation quality, mechanisms of impact, and contextual influences. By explaining why
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interventions succeed or fail, and how they are adapted across settings, process evaluation
strengthens programme theory and supports the transferability of findings.23-25

A separate chapter is dedicated to the ‘realist evaluation approach’ as this is an emerging
approach which is often used in the context of the evaluation of complex interventions (see
Chapter 6). Its primary aim is to identify the mechanisms underlying observed outcomes following
an intervention and the contextual conditions that enable them. The focus is on explaining why,
for whom, and under which circumstances an intervention works. It is a theory-driven approach
and explicitly method-neutral, meaning that both quantitative and qualitative methods can be used
to uncover the mechanisms that generate intervention outcomes. In the literature, a realist
evaluation approach is often framed in terms of context (C) - mechanism (M) - outcome (O)
configurations.26 27

The evaluation of economic impact (see Chapter 7) is also within the scope of the KCE
evaluation programme. While full cost-effectiveness analysis may be performed (cf. standard HTA
procedures KCE), this process note will focus on aspects such as budget impact analysis and
costing methods.

Since policy interventions are embedded in larger systems, the use of ‘Systems Thinking and
Complexity Science’ in the context of the KCE evaluation programme is discussed in
Chapter 10.

While implementation issues should be anticipated during development, feasibility, and
evaluation, phase 4 of complex intervention research addresses the long-term transferability,
sustainability, and impact of interventions. The key concern is no longer whether an intervention
works under study conditions, but whether it can be scaled, adapted, and maintained in diverse
real-world settings.# 8 1% In the current process note, we describe the different steps to be taken
during implementation research (see Chapter 8) and have a dedicated chapter to the
development and monitoring of quality indicators (see Chapter 9).

The outline of the process note is as follows:

Chapter 1: Programme theory

Chapter 2: Experimental designs

Chapter 3: Quasi-experimental designs

Chapter 4: Analytical considerations

Chapter 5: Process evaluation

Chapter 6: Realist evaluation

Chapter 7: Economic evaluation

Chapter 8: Implementation research

Chapter 9: Quality indicators

Chapter 10: Systems thinking and complexity science

Chapter 11: Use of administrative data.

This process note is inherently evolutionary in nature. This document represents a first version and
starting point and will be updated as methodological insights continue to develop. This will include
both updates of the current chapters as well as the introduction of additional chapters on topics that
are currently not yet developed.
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1 PROGRAMME THEORY AND LOGIC MODEL

KEY POINTS

Programme theory and logic model

e A programme theory is used to guide the evaluation of complex interventions as it helps to
open the ‘black box’ of the intervention at study.

e A programme theory articulates how an intervention is expected to bring about change,
the mechanisms through which this occurs, and the contextual conditions influencing these
mechanisms.

e Making assumptions explicit enhances transparency and critical scrutiny, enabling
assessment of whether causal pathways are evidence-informed, while also helping to
anticipate on unintended consequences.

e A well-developed programme theory supports a common understanding among programme
developers, implementers, policymakers, and evaluators, and helps surface gaps or
inconsistencies in the underlying logic.

e Logic models provide a simplified visual representation of the programme theory, illustrating
the sequence from inputs and activities to outputs and outcomes.

e These models guide data collection, inform indicator development, and support
communication with commissioners and stakeholders.

e Within KCE evaluations, programme theories and logic models are important for designing
rigorous, context-sensitive assessments of complex interventions. They should not be seen as
end-product but used to support evaluation. Their application in specific projects might require
some pragmatism: while systematic guidance offers structure, the level of detail and iteration
required should be balanced against project timelines to ensure timely development of a
robust programme theory.

1.1 Introduction

The development and evaluation of complex (policy) interventions (e.g. care pathways, integrated care
programmes, or innovative funding models) require a clear understanding of the assumptions that
underpin how these interventions are expected to bring about change. Such interventions can only be
meaningfully assessed when the mechanisms through which they operate and the contextual
conditions that influence them, are made explicit.

Programme theory enables such a common understanding and language among programme
designers, implementers, policymakers, evaluators, and service users (e.g. healthcare professionals,
patients, families).2®8 Moreover, collaborative development of a programme theory surfaces implicit
assumptions, identifies conceptual gaps, and enhances the acceptability and credibility of subsequent
monitoring and evaluation decisions.

Programme theory also aims to support researchers to specify the study protocol, to decide about
which data to collect (e.g. select validated instruments, use administrative data, develop interview
guides), to decide on statistical testing, etc.

This chapter outlines how a programme theory can be used to articulate this underlying logic, and how
a logic model offers a structured way to represent it visually. The aim of this chapter is to support KCE
researchers who are setting up an evaluation of a complex intervention to use a programme theory
and logic models.
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1.2 General concepts explained
Programme theory: a way to open the ‘black box’ of an intervention

Every (complex) intervention will be based on explicit or implicit assumptions about the underlying
problem and how an intervention works and creates positive changes in relation to this problem.2°

A theory about the programme (programme theory) provides the rationale behind the intervention. It
offers a conceptual framework needed to understand how an intervention is expected to generate
change, under which conditions, and through which mechanisms.30-33

Programme theory is, in this chapter, described as follows: ‘it explains how an intervention is
anticipated to generate its intended effects and the conditions under which these effects are likely to
occur’. It sets out:

e the outcomes;
o the essential components of the intervention and the ways in which they relate to one another;
o the mechanisms through which the intervention is expected to operate;

o the contextual features that may shape or modify those mechanisms; and the ways in which the
activation of these mechanisms may, in turn, influence the surrounding context.® 2°

A solid programme theory is structured, consistent, well-founded, realistic in its assumptions, and
feasible to implement.34 35

This can be illustrated by an example.

In KCE report 4052 a study protocol was developed to evaluate the impact of the introduction of a
new payment system in home nursing. In this case, the outcomes were patient-related (e.g.
improved self-management) and nurse-related (e.g. job satisfaction). The intervention included
several components (e.g. hourly payment instead of the mixed payment system based on fee-for-
service with lump sum per day payment; the introduction of BelRAI to assess the cognitive, physical,
social and behavioural situation of the patient). One of the assumed mechanisms of the payment
per hour is that nurses will experience ‘more autonomy’ as care will be less activity-driven. This is
assumed to have a positive impact on job satisfaction. In addition, the payment per hour is
expected, together with a better understanding of the functional status of the patient via BelRAl, to
introduce a ‘new way of working’ focusing on the needs of the patient rather than on the activities
that are financed. This is assumed to increase patient education resulting in more self-management
behaviour. The context of a shortage of nurses was assumed to potentially interact with the new
way of working (e.g. insufficient time to invest in self-management behaviour due to a shortage of
staff).

INTERCHANGEABLY USED CONCEPTS

Many different concepts (e.g. programme theory, theory of change, theory of action, logic model) are
used interchangeably and in a non-consistent way, although they differ in emphasis.'® 37-3° This might
create confusion. The common principle prevails that all programmes embody a theory, i.e. an implicit
or explicit proposition that if specific actions occur, then certain mechanisms will be activated, leading
to specified outcomes.*?

A programme theory has two components:?°

o theory of change (ToC) provides an explicit, hypothesis-driven explanation of how and why a
programme or (set of) intervention(s) is expected to produce change within a given context.3!- 41
42 This can be based on a formal theory, or it can be developed by combining practical experience,
theoretical insights, and findings from the scientific literature, and expressed as hypotheses or
assumptions about the mechanisms and causal reasoning. For instance, an eating disorder
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prevention programme might theorise that improving body image and challenging unhealthy
social norms around weight reduce disordered eating behaviours among adolescents.

e theory of action sets out the activities that need to be carried out to bring about the intended
changes.?® Concrete activities that are assumed to lead to change for the eating disorder
prevention programme are training school counsellors, delivering classroom-based sessions on
media literacy and body image, and providing referral pathways to specialist support.

A programme theory can take various narrative or visual forms, but its main characteristic is that it
provides a detailed causal explanation of how and why an intervention is expected to produce its
intended outcomes. Logic models are frequently used to make a concise visual summary of this
programme theory, depicting the key components and causal sequence from inputs to outcomes (see
Figure 2).

e A logic model is a simplified, structured, visual representation of a programme theory that
illustrates the sequential flow of a programme from inputs and activities through to outputs and
outcomes.*%- 43 |t provides a typically linear view of how resources are used to deliver specific
activities and how these activities are expected to deliver short-, medium- and long-term
outcomes.

If we apply this to the example of ‘home nursing’ (KCE report 405):36 one of the inputs (resources)
was the ‘creation of a dedicated project team’. One of the activities (an intervention component)
was the ‘development of a payment system per hour for home nurses’ which is expected to result
in an output: ‘hourly pay of home nurses working in pilot practices’. This is expected to result in,
among others, improvements in outcomes, ‘an increased job satisfaction’. The long-term impact
(not included in the logic model of KCE report 405) could, for instance, be an increased retention
of home nurses and decreased nursing shortage.

Figure 2 — Example of a simple logic model from left to right
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Source: Adapted from Kellogg Foundation (2004)4°

While a programme theory focuses on mechanisms and explanatory reasoning, a logic model
emphasises structure, sequencing and operational logic. It answers the basic proposition: ‘We plan to
do X, which is expected to result in Y’ 44 lts visual clarity makes them particularly useful for
programme planning, communication, and synthesis, providing a shared reference point that supports
collaboration and alignment across the project team and stakeholders. Of note, the distinction between
intervention components and implementation strategies in logic models should be clear. Intervention
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components are the active ingredients of the programme, i.e. the resources, tools, or services offered
to participants. Implementation strategies are the actions taken to deliver those components to the
target population. Conflating the two risks treating delivery activities as mechanisms in the subsequent
programme theory (frequent error in realist evaluation). It is therefore recommended to conduct this
thinking exercise explicitly during logic model development: for each element, ask whether it is part of
what is being offered (intervention component) or how it is being implemented (e.g. strategies to
ensure its uptake). Visually distinguishing these, e.g. by numbering or colour-coding resources and
activities separately in the logic model, makes implementation strategies explicitly visible and prevents
them from being carried forward into the programme theory as mechanisms.

For KCE’s purposes, the overarching programme theory (e.g. narrative form, vignettes, ...) can be
visualised via a logic model. In the following sections, we outline the core elements that may make up
both a programme theory and a logic model, and how the development process can unfold.

1.3 Elements of programme theory and logic models

This section outlines the common elements that make up a programme theory and a logic model
(these elements are larger than the basic elements of a logic model presented in Figure 2) which are
also used to describe the development process described in section 1.4.30.40.43.4547 A gspecific example
and figure of a logic model can be found in KCE Report 405.36

A programme theory starts with the articulation of the specific problem the programme aims to
address. In most cases, this problem will already have been identified by the party submitting the topic
to KCE, but it will need to be further explored and situated within the broader context. Next, the goal
of the programme is formulated: what are the ultimate outcomes one is aiming for with the programme?
Consequently, the target population can be specified. The following questions need to be clarified:
who is/are the target group(s) of the programme (e.g. patients, healthcare professionals, volunteers),
what are the demographics of these target groups (e.g. age, cultural background), who else is involved
or affected by the programme/complex intervention (e.g. educators) and what is their role?

From there, ‘a backwards mapping process’® can be performed starting with identifying the outcomes.

e The long-term outcomes (also called distal outcomes) that the intervention can reasonably
achieve basically resolve the issue identified in the problem statement.

e Note that the timepoint beyond which the programme cannot reasonably be held responsible for
change is called the ‘ceiling of accountability’. It is usually situated between the (long-term)
outcomes and the impact of the programme. It indicates the point where other elements, not
related to the intervention, will interact with the outcomes of the intervention and influence
(reinforce or inhibit) the ultimate result of the programme.

e After identification of the long-term outcomes, the intermediate outcomes (also called medium-
term outcomes) that represent the necessary preconditions or sequential steps required to reach
those long-term outcomes, are specified.

e Short-term outcomes (also called proximal outcomes) are those expected to arise immediately
from the intervention. They are often changes in skills or knowledge and are the easiest to
measure.

While this differentiation between short-, medium- and long-term outcomes should be made in theory,
challenges might occur towards data collection to measure these, especially medium- and long-term
outcomes, often due to limited resources or time. In the case of the home nursing example, no

b Backwards mapping process refers to the fact that in developing a logic model, you do not start with step 1
‘inputs’, rather you start with defining (long-term) outcomes and impact and ‘work backwards’ towards the
inputs. For detailed information see section 1.4.
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distinction was made. Except that the outcomes (e.g. job satisfaction) were assumed to result from
improvements in process outcomes such as ‘increased job autonomy’ and ‘short-term’ outcomes such
as ‘decreased workload’. As such, a timing (sequential) dimension was also included in that logic
model. Yet, long-term outcomes, such as retention of nursing staff, were beyond the scope of the
study timeline.

The next step is to specify the activities or strategies, which outline the various key components of
the complex intervention, i.e. what will be done (e.g. developing an hourly pay for home nursing
activities, providing telemonitoring to monitor symptoms of COVID-19 at home). What will be delivered
by the intervention(s) are the expected outputs, i.e. the direct measurable results of the intervention(s)
or activities done (e.g. number of educational trainings provided, number of drugs given). Many people
struggle to distinguish between outputs and outcomes in programme theory. In simple terms: outputs
are what you do; outcomes are the changes that occur because of what you do. The outputs are
quantifiable by e.g. number, development (yes/no), amount and are often measured by a process
indicator while the outcomes are measured by an outcome indicator.

To determine which resources are needed to carry out the activities, the required inputs have to be
clearly defined: resources such as funding, facilities, equipment, staffing, expertise (note that if
expertise is not available people need to be trained (activity)) and time have to be provided.

Further, the assumptions, the beliefs about how the programme will work are made explicit. This
requires the formulation of testable hypotheses.?? It is worth spending sufficient time on this section.
It is good practice to involve stakeholders and to ask them to challenge and to complement the draft
of identified assumptions to arrive to a full list of assumptions to be addressed. This also includes the
formulation of the rationale (e.g. evidence, theory and/or consensus base) for selecting particular
components and outcomes. These elements are then linked together in a pathway of change that
visually maps the hypothesized mechanisms through which the intervention is expected to work (the
‘how’ and ‘why’ an activity is expected to result in desired outcomes). In this step, also indirect effects
and feedback loops can be considered. Next to the desired consequences, it is also important to think
in advance of unintended consequences of the intervention (e.g. will the payment per hour of home
nurses, for instance, result in less patients treated per nurse as home visits take more time and
consequently cause waiting lists?).2°

Also the external factors or context have/s to be taken into account. This element requires to
consider the environment in which the programme is being delivered. Economic, political, cultural,
historical and social contexts all impact the way the programme is delivered, and the outcomes that
can be achieved. Likewise, the programme itself has potential to impact some of these factors too.
There are specific frameworks to guide context analysis (see Chapter 5).

The result of this process is, in general, a visual model (logic model) and an accompanying
narrative that explains the logic of the intervention. Based on the programme theory or logic model,
metrics and indicators have to be developed to operationalise outcomes and enable an evaluation
including an assessment of progress and effect.

Specific software programmes such as DoView, Microsoft Visio, and Atlast Ti can help to format the
programme theory.*® 49 However, for the work at KCE we suggest to use a simple premade template
document.*®

1.4 Development process

There are various ways to develop a programme theory or a logic model.!? 33 49-58 \What matters is that
the ‘black box’ of the intervention is systematically unpacked and that whichever approach is chosen
is applied consistently.

The development process includes a preparatory phase and a modelling phase (see Figure 2). The
development of a programme theory or logic model should be aligned with the needs of the programme
developers (e.g. RIZIV — INAMI, FOD — SPF).
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Best practice is to formulate a programme theory based on insights from theories and existing
evidence, at the start of a project, with active involvement of key stakeholders, and to refine it in
subsequent phases. In case the programme is designed without the involvement of the evaluation
team, it is good practice that the evaluation team first constructs a theoretical understanding of the
intervention before to start with the evaluation.'® In these situations, programme theory is primarily

used to unpack the ‘black box’ of a programme and particularly supporting the evaluation process.®
10, 20, 21, 59, 60

1.4.1  Preparation

The preparatory phase establishes the analytical foundation for developing a robust programme theory
and logic model. Before starting the modelling, it is important to prepare it by synthesizing the empirical
evidence related to the research question.”- 8 8" Throughout this phase a mixed-methods approach
can be applied. The KCE research team may select those methods that are most feasible (related to
the topic) and expected to yield the most informative insights given the available resources for
programme theory and logic model development.

SOURCES OF INFORMATION TO CONSULT

In this phase, a structured synthesis of all available information on why and how the proposed
programme, with its intervention(s), is expected to work. Throughout this stage, early engagement
with the developers of the programme is essential. Dialogue focuses on clarifying how the proposed
interventions are expected to generate intended outcomes, if these assumptions are based on theory,
empirical evidence or expert opinions, how these align with policy priorities, and what implementation
constraints or enablers must be accommodated. This ensures that the emerging model reflects both
scientific reasoning and real-world feasibility.

An important source to consult in this phase is the submitter of the topic. A template was developed
to gather information (see Appendix 1). The template aims to collect information about the problem
statement and the context of the intervention (e.g. where will the intervention be installed? what are
barriers and facilitators?) as well as identification of best practices (supported by scientific evidence:
a previous KCE report? A systematic review or RCT?). Consequently, information is gained on the
different interventions (activities) of the programme (e.g. what is the primary/secondary objective of
the intervention? which data should be collected to measure these outcomes?). Next the processes
and mechanisms that are thought to be responsible to thrive change and the underlying assumptions
have to be made explicit. Detailed information on the intervention delivery is also mentioned (e.g.
content, sequence, dose, etc.) as well as the resources/inputs needed to deliver. Also specific
information on planning and evaluation of the intervention is provided through this template.

At the same time, technical reports and other grey literature can be consulted by the KCE team,
including implementation experience and previous evaluations (e.g. earlier evaluations conducted by
university teams). This includes also consulting (previous) policy documents on the matter.

Doing a systematic literature study on complex interventions (or its components) is the standard when
developing a programme. Yet, it is also possible to perform a (pragmatic) search for peer-reviewed
literature to gain more information on the interventions’ effectiveness and/or context. In that case, an
option is to start with the identification of systematic reviews evaluating the effectiveness of the
concerned intervention(s).

It is also possible to focus on specific international practices and case studies (e.g. via literature
review and/or the consultation of experts), particularly to understand how similar complex interventions
perform in other health systems. If an evaluation of a complex intervention in another health system
exits, it can be used as a source of inspiration for the programme theory and logic model. The elements
included (such as activities, outputs, outcomes, etc.) implemented can be checked and verified against
the Belgian health system.
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Field visits can be a very valuable source of information, not only to grasp the current way of work
but also to estimate where contextual factors (e.g. funding system, educational level) of the foreseen
interventions might occur. For the same reasons, (semi-)structured interviews, focus groups as well
as surveys can be used to gather stakeholder information. These are not only important data sources
to unravel the implicit assumptions made by the programme developers, it will also increase support
from stakeholders for the evaluation of the intervention.

A structured context analysis can be performed, examining institutional, regulatory, financial, and
sociocultural conditions.

WHAT SHOULD BE CLEAR AT THE END OF THE PREPARATORY PHASE?

Before any causal pathways are mapped, the KCE multidisciplinary research team may develop a
precise and shared understanding of the problem the intervention seeks to address. The following
questions can be helpful to understand the problem statement (78 6! and adapted from Shakman &
Rodriguez, 201562):

e What is the core problem the intervention seeks to address?

e What are the immediate and underlying causes of the problem?

e Who is directly impacted by this problem?

e  Who contributes to, shapes, or is otherwise involved in the problem?

e Who else (individuals, organisations, stakeholders) is already working on the issue, and who has
an interest in seeing it solved?

e What evidence exists from research, evaluations, and field experience about the nature of the
problem and the mechanisms that perpetuate it?

e What do we know about how the target group experiences this issue and what matters most from
their perspective?

This ensures that the modelling process starts from a grounded understanding of the problem.
Together with the problem statement, the goal (aim) of the programme and the target population
should also be clarified. Also the context that will be in scope of the study has to be described. For
example, will the evaluation solely focus on the health system, or is the welfare system also evaluated
(e.g. in the home nursing example a shift of care might take place to the welfare system: family aid,
etc.).

Once the problem statement, goal, target population and context/scope are sufficiently articulated, the
multidisciplinary KCE team undertakes a structured synthesis of all available information on why and
how the proposed programme, with its intervention(s), is expected to work. The purpose of this
synthesis is to articulate an initial conceptualisation of the intervention’s pathways of influence,
expected outcomes, and critical assumptions. This becomes the ‘first draft’ of programme theory,
an early working model that captures preliminary causal reasoning without yet aiming for full precision.
The preparation phase yields a well-informed starting point for formal modelling. It functions as due
diligence: validating that the intervention concept is grounded in evidence, context-aware, and aligned
with the needs and expectations of the commissioner (e.g. RIZIV — INAMI). The scope and depth of
this phase will, however, depend on the project’s timelines and available resources; for each study,
the KCE team will assess how extensively this preparation can be undertaken and whether certain
steps need to be approached in a more streamlined manner.



1.4.2 Modelling phase

The modelling phase translates the preparatory analysis into a structured programme theory. Drawing
on the New South Wales (NSW) guide,*3 83 the modelling process consists of three interlinked steps:

e constructing the outcomes hierarchy,
e identifying deliverables, and
e articulating assumptions while reviewing programme logic.

This process is also called the back casting process or backwards mapping: i.e. starting from the
outcomes and then listing the activities/outputs and resources required to achieve these outcomes.
Take into account that the stepwise approach presented serves as a guiding framework and can be
applied with flexibility by the KCE research team depending on the context and needs.

Figure 3 — Preparing for modelling and modelling process

Define impact [when different from long-term
outcomes) and ceiling of accountability
List of measures and indicators

Source: Adapted from NSW*3 63

STEP 1: DEVELOP AN OUTCOMES HIERARCHY (OUTCOMES)

The first step in modelling the programme theory and logic model is to develop an outcomes
hierarchy. The outcomes hierarchy is seen as the backbone of the programme theory and logic
model. It represents what the intervention is expected to generate. Based on the information retrieved
from the preparatory modelling phase, a comprehensive list of all candidate outcomes can be
compiled. Outcomes can be clustered into logical or thematic groups, distinguishing, for example,
behavioural, organisational, clinical, or system-level change. The outcomes should be sequenced in
an if-then logic, showing how short-term changes (short-term outcomes) enable intermediate shifts
(intermediate outcomes), ultimately contributing to long-term outcomes. For each causal link in the
outcomes chain, the underlying rationale should be articulated, supported by evidence or theory that
explains why the expected change is plausible.

For example, the long-term outcome of the programme may be fo reduce rates of overweight and
obesity. As the medium-term outcome has to be achieved before the long-term outcome, it may be
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reduced consumption of energy-dense food. The short-term outcome can be increased healthier
choices in food outlet. Verifying this by using the if-then logic provides the following sequential
outcomes chain can be formulated:

e If there is an increase in healthier choices in food outlet, then there will be reduced consumption
of energy-dense food, which will then lead to reduced rates of overweight and obesity.

It is important to translate the outcomes in metrics and indicators (see also Chapter 9 on Quality
indicators). Indicators and measures are developed as a follow-up step after the construction of the
logic model. It is advisable to include, within the study protocol, a table for each of the logic model’s
sub-domains, outlining how these are operationalised into metrics and indicators. In the above
example on ‘obesity’, indicators could include those listed in Table 1. The selected measures are
preferably, as much as possible, based on validated scales.

Table 1 — Examples of indicators

Short-term: increased healthier % food outlets offering a defined minimum proportion of healthier options
choices in food outlets (e.g. 30% of menu items meeting nutritional criteria)

Change in sales volume of healthy vs. energy-dense items in participating
outlets

% food outlets implementing nutritional nudges (e.g. placement, signage)

Intermediate: to reduce Average daily intake of energy-dense foods per target population
consumption of energy-dense (measured via food diary/survey)

food Change in household purchases of energy-dense products
Self-reported reduction in consumption of high calorie snack foods

Long-term: to reduce rates of Prevalence of overweight and obesity in target population (BMI-based;
overweight and obesity mean BMI, waist circumference, body fat percentage)

Incidence of obesity-related metabolic risk factors (e.g. impaired glucose
tolerance, dyslipidemia)

Trends in obesity-associated healthcare utilization or costs

Within this outcome exercise, also the ceiling of accountability can be identified by distinguishing
outcomes directly attributable to the intervention from broader changes influenced by external factors,
and which are considered beyond the ceiling of accountability.

Verification of the selection of outcomes and the outcomes hierarchy with the commissioners (and
other stakeholders), may be necessary to ensure accuracy, feasibility, and shared understanding of
anticipated change pathways.

STEP 2: IDENTIFY THE DELIVERABLES

Once the outcome structure is established, the modelling process specifies the concrete operational
components that drive change. Therefore, the second step is identifying the deliverables, i.e. the
activities that need to be undertaken to deliver the outputs and the outputs to be delivered.

Start with listing the activities (interventions) described in the programme and formulate at least one
output (i.e. immediate deliverables, products, or services produced through these activities) for each
activity. Certain activities for the specific example, described above (i.e. obesity), may be:

e developing fact sheets, developing and promoting training for food outlet managers, and listing
dietitian support.
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The outputs, for this example, can be:

e (number of) sheets distributed, (number of) outlet managers attending the training, and dietitians
providing pro- and reactive support.

Clarifying deliverables ensures that the model does not remain purely conceptual but explicitly
connects what the programme ‘does’ to what it ‘hopes to achieve’. This step enhances evaluability by
creating a clear line of sight between intervention design and observed outputs.

In this step, it is also important to estimate what inputs (resources) are needed to conduct the
activities as well as the implementation strategies, i.e. the link between inputs and activities, also in
case the programme is already developed. Inputs in the example described above can be:

e  staff, funding and partnerships.

Ultimately, the pathway of change can be mapped, linking activities and outputs to specific outcomes
and illustrating how actors, mechanisms, and contextual determinants interact along the pathway. Also
potential feedback loops or bi-directional influences can be identified, acknowledging that health
system interventions often operate in dynamic, non-linear environments.

STEP 3: FORMULATE ASSUMPTIONS AND REVIEW THE PROGRAMME THEORY

In a third step, the model requires a systematic articulation of assumptions which are the contextual
conditions and behavioural expectations that must hold for activities and outputs to plausibly generate
outcomes. Assumptions on each link (e.g. between inputs and activities, between activities and
outputs) are to be made clear and whether or not they are supported by evidence. With assumptions
made explicit, the full programme logic is then critically reviewed for internal coherence, causal
plausibility, and completeness. This review is iterative and often requires structured feedback loops
with stakeholders to refine the model, challenge implicit assumptions, and ensure feasibility. Within
the context of each project, the team must also consider which iterations are genuinely necessary, as
the ‘schoolbook approach’ needs to be balanced with pragmatic considerations in order to determine
what is required to arrive at a robust programme theory in a timely manner.

WHAT SHOULD BE CLEAR AT THE END OF THE MODELLING PHASE?

The result is a structured and logical map of expected changes that anchors the remainder of the
modelling exercise. The modelling phase concludes when the programme theory presents a logically
robust and contextually grounded explanation of how the intervention is expected to work, why it
should work under specified conditions, and what assumptions underpin this reasoning.

1.5 Limitations of programme theory and logic models

While programme theory or logic models offer valuable structure for conceptualising how interventions
are expected to work, they also have important limitations that may be taken into account. Graphical
logic models often simplify complex, non-linear systems and may inadequately capture dynamic
interactions, feedback loops, or emergent behaviours.®4 Even a well-constructed programme theory
cannot fully anticipate unintended effects or the influence of shifting contextual factors.3? 3965 |t does
not demonstrate causality; it proposes hypothesised relationships that require empirical validation
through appropriate study designs. Developing and maintaining a programme theory and logic model
are also resource-intensive, requiring iterative refinement and stakeholder engagement. Finally,
because programmes operate within evolving systems, programme theories must be periodically
updated to reflect implementation realities, new evidence, or policy changes.
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2 EXPERIMENTAL STUDY DESIGNS

KEY POINTS

o Experimental study designs are the most rigorous approach for causal inference, as they
rely on randomisation to compare an experimental with a control group and minimise bias.

e A clearly pre-specified study design is essential and must balance scientific rigor with
constraints such as ethics, feasibility, budget, timelines, and (where applicable) regulatory
requirements.

e Study design choices are driven by a limited set of predefined objectives and endpoints,
typically centred on a single primary endpoint used for sample size calculation, power, and the
main statistical comparison.

e Validity of experimental studies depends on statistical precision, internal validity, and
external validity, where bias mainly threatens internal validity and lack of representativeness
limits external validity (generalisability).

e Explanatory and pragmatic trials represent a continuum: explanatory trials maximise internal
validity under ideal conditions, whereas pragmatic trials prioritise real-world relevance and
external validity.

¢ Bias is a major threat to experimental studies and can arise in many ways, including selection,
allocation, performance, detection, follow-up frequency, attrition, operational, and reporting bias.

e Randomisation is the cornerstone of unbiased experimental research, ensuring baseline
comparability, eliminating selection bias, and forming the basis for valid statistical inference; it
must always be paired with adequate allocation concealment.

e Randomisation methods involve a trade-off between unpredictability, balance, and practical
complexity. The choice depends on study size, the number of prognostic factors to control and
practical considerations.

e Multiple experimental designs are available, each with strengths and limitations, including
parallel RCTs, factorial designs, crossover studies, cluster randomised trials (CRTs), and
stepped-wedge designs.

e Cluster randomised designs are particularly relevant for public health and health service
interventions, where individual randomisation is infeasible, control group contamination is likely,
or ethical, political, and logistical considerations require group-level allocation.

¢ In stepped-wedge designs clusters cross over from control to experimental intervention in a
staggered and randomised sequence. They are often seen as a pragmatic study design that
balances rigorous scientific evaluation with logistical and ethical constraints. The major drawback
is probably that they tend to take longer than parallel CRTs, involving a lot of repeated
measurements, increasing the burden on participants and researchers. Some of the advantages
of these designs may also be accommodated within parallel cluster randomised designs.
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2.1 Quantitative considerations for study design

Research topics in health service and health policy interventions are often complex and often require
mixed methods, which are characterised by the integration of a qualitative and quantitative approach.®
This chapter aims to describe methodological considerations, important in the design stage of a study,
when considering one or more key quantitative endpoints.

In this chapter, we will describe methodological considerations in experimental study designs. In
Chapter 3, quasi-experimental study designs are described.

2.2 Role of experimental study design

Experimental study designs are generally considered to be the most rigorous methodological
approach for establishing causal relationships between an intervention and its outcomes or
‘dependent’ variables. Key to experimental study designs is the presence of an intervention, which
can be described as the manipulation of a predictor — or ‘independent’ — variable imposed on the
population of interest.

In the context of healthcare, the concept of an ‘intervention’ can be interpreted very broadly. The WHO
states that ‘Interventions include but are not restricted to drugs, cells and other biological products,
surgical procedures, radiologic procedures, devices, behavioural treatments, process-of-care
changes, preventive care, etc.’86¢ More generally, this document pertains to all interventions related to
the health system as defined by the WHO their 2000 World Health Report as ‘comprising all the
organisations, institutions and resources that are devoted to producing health actions. A health action
is defined as any effort, whether in personal health care, public health services or through intersectoral
initiatives, whose primary purpose is to improve health’.6”

Unlike quasi-experimental studies, these studies involve randomisation of at least two interventional
arms (or episodes), of which an experimental and a control arm.

Another key feature is the presence of a clear pre-specified design. Indeed, a well-planned, pre-
specified design, is one of the most important steps before rolling out an intervention of which the
impact needs to be evaluated. This entails a compromise between different, sometimes competing
considerations: the study objectives, statistical rigour, budget, timelines, ethics, political context and
operational feasibility. Finally, if drugs or devices are involved, there might also be regulatory
requirements to be taken into account.

Study design choices are driven by a limited number of pre-specified objectives and endpoints. In
particular, usually a single primary endpoint is identified to guide sample size determination, study
power, and the primary analytical comparison between study arms. This primary comparison typically
evaluates the difference in a quantitative measurement such as the mean in each arm and is intended
to inform a concrete decision such as a policy implementation.

Textbox 1 — Outcome vs endpoint

The term outcome typically refers to the measured variable itself, often at the level of the individual
participant (for example, a score on a depression screening tool). In contrast, an endpoint refers to
the specific way that outcome is defined for analysis, often incorporating an analysis metric, time
point and comparison (for example, the mean change in depression score from baseline to 6
months in the experimental arm compared with usual care). However, the distinction is often not
strictly maintained. For instance, ‘overall survival’ is measured by the time to death from any cause.
This is often referred to both as ‘outcome’ or as ‘endpoint’.68
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2.3 Validity and statistical precision in experimental studies

Results of one specific experimental study should be interpreted while taking into account the internal
and external validity of the study, and the statistical precision of the results.

Internal validity refers to the extent to which the estimated effect accurately reflects the true effect of
the intervention within the study population. Threats to internal validity arise from systematic errors,
commonly referred to as bias.

External validity addresses the generalisability of study findings to the target population, beyond the
study sample.5?

Statistical precision reflects the degree of uncertainty associated with an estimated effect. This
uncertainty arises from random sampling variability and is commonly quantified through confidence
intervals. Narrow confidence intervals indicate high precision and strengthen the conclusiveness of
study findings.

In general, it is insufficient to conclude that an effect is simply ‘statistically significant’. Reporting exact
p-values and, more importantly, confidence intervals, provides a clearer understanding of both the
precision of the effect estimates and the practical relevance of the findings. This is particularly
important for complex interventions, where evidence across multiple outcomes and interventions must
be considered jointly.”®

2.4 Explanatory vs pragmatic studies

Explanatory trials are conducted under highly controlled conditions and often maximise internal
validity but may limit applicability to routine clinical practice. They are designed to test the scientific
research hypothesis whether an intervention can work under ideal, highly controlled conditions. They
typically employ strict eligibility criteria, standardised interventions, intensive monitoring, placebo
controls, and surrogate or intermediate outcomes. Bias is considered highly detrimental in this context.

Conversely, pragmatic trials intentionally embrace the less controlled, messy context of routine
clinical practice and are potentially better and quicker applicable to routine clinical practice. They are
designed to inform real-world decision-making. They tend to include broader patient populations,
integrate interventions into usual care, collect fewer data elements, and prioritise patient-centred
outcomes. In pragmatic settings, certain sources of variability and bias may be tolerated as part of
reflecting real-world conditions.

Table 2 displays some typical properties of these two study types. In reality, the distinction between
these study types is often less binary.71-74

Table 2 — Properties of pragmatic vs explanatory studies

Studied effect Effectiveness: Does it work, i.e. under Efficacy: Can it work, i.e. under ideal
usual conditions? conditions?
Conditions Real-life, routine practice Well-defined, strictly controlled ideal
conditions
Hypothesis Choice between existing care options Cause-effect relationship
(Decision) (Understanding)
- Answer of immediate practical - Answer might be of less practical
importance importance
Participants Broad eligibility criteria, Strict eligibility criteria,
Heterogenous As homogenous as possible
Experimental arm Integrated into usual care, tailored to v/ Standardised, requiring
patient needs additional resources (extra

nurses, special visits, tight
monitoring, ...)
v' Highly controlled adherence
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Control arm Current standard/usual care (Blinding not Placebo
always possible)
Outcomes Patient-centred Often surrogate, intermediate
Data collected Relatively few Many
Follow-up Usual care More extensive
Validity Emphasis on external Emphasis on internal
Bias not necessarily detrimental, rather Bias is very detrimental
‘real-life’
Ethical Equipoise?

Turner et al. (2024)75 highlight the complexity of carefully defining the ‘usual care’ control intervention.
One of the main challenges is that heterogeneity among study sites may raise methodological and
ethical issues.

In the context of this process note, a pragmatic study type will make sense in most cases. One major
concern is that its design features may conflict with ethical standards for clinical trials, more specifically
with the principle of ‘equipoise’.’® This means that there must be genuine uncertainty within the
scientific community about the preferred treatment or intervention, so that participants are not unduly
harmed when their care is assigned randomly rather than directed by, for instance, their personal
physician.”” This equipoise is compromised when comparing to usual care, if prior evidence, such as
findings from explanatory trials, already suggests it to be less efficacious.

The PRECIS-2 tool (Figure 4) is a validated framework that supports trial designers in aligning key
design decisions with the overall objectives of a study. It encompasses nine domains that cover core
elements of trial design, each rated on a scale from 1 (very explanatory) to 5 (very pragmatic).”®

Figure 4 — PRECIS-2 tool
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Source: Louden et al., 201578
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2.5 Sources of bias

Bias is a methodological and statistical concept, meaning that the result one estimates from the data
(such as a difference in means or a hazard ratio) is systematically, i.e. not explained by chance,
different (too high or too low) from the real underlying value. In order to guarantee internal validity of
the study results, bias should be avoided as much as possible. In clinical studies, different types of
bias may arise.”® 8 We list the most important sources of bias, relevant in the design stage of a study
(see Table 3), and techniques for controlling them. Note that bias definitions are not always consistent
across various literature sources.

2.5.1  Selection and allocation bias

In the context of randomised trials, selection bias is typically understood as bias arising when
knowledge of upcoming assignment influences the selection of particular subjects to receive a
particular intervention. Either participant or healthcare provider could influence which intervention is
received, for obvious reasons. Allocation bias is close to this definition of selection bias but refers
primarily to imbalances in prognostic factors across study arms, and not in particular to ‘preferential’
allocation.

Mitigation strategies include robust randomisation procedures, allocation concealment, and
adherence to intention-to-treat (ITT) principles. The former two will be discussed in the next section.
The latter (ITT) means that each randomised patient is included in the analysis, and in the study arm
as randomised. That means that if the ‘actually received’ intervention of the participant is different from
the randomised, the patient is still included in the randomisation intervention for analysis.

The ‘catalogue of bias’ definition of selection bias is different, i.e. the bias occurring when the study
population differs systematically from the population of interest, which is primarily a problem for
external validity.”® This might result in differences in participant characteristics (e.g. age, sex, severity
of illness) between the trial sample and the target population and might impact the representativeness
of the trial sample.

Both definitions, one relating to internal validity and the other to external validity, are important in the
trial design.

2.5.2 Performance and detection bias

Performance and detection bias can occur when there is knowledge of intervention assignment among
participants, researchers or care providers. Performance bias concerns different behaviour or
performance of participants, researchers and care providers. There are differences in the care
provided (other than the intervention itself; e.g. less intensive usual care given in the control arm; more
advice given to patients in the experimental arm). Detection bias concerns differences in the outcome
assessment between the experimental and control arm (e.g. researchers assess improvement more
favourably in patients in the experimental arm; the physician actively looks for side effects more
thoroughly in one study arm). Blinding participants, researchers, care providers and outcome
assessors for the received intervention is an important measure against bias in clinical trials.

As noted earlier, blinding is often not feasible in pragmatic studies. This is particularly true for complex
interventions where participants may play an active role, for example, by attending training sessions.
However, it may still be possible to blind other parties involved, such as researchers, outcome
collectors/assessors and data analysts.

When blinding cannot be achieved, it is especially important to select outcomes that can be assessed
objectively. This helps reduce the risk of detection bias.

Finally, it should be noted that blinding is not always desirable, particularly in pragmatic trials, as it
may reduce the extent to which study conditions reflect real-world practice.
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2.5.3  Follow-up frequency bias

Differential follow-up frequency between arms constitutes a source of bias. For instance, one arm
might have an outcome measurement each month and the other arm every two months. If time to
event is measured (e.g. time to a certain drop in headache score) there will clearly be bias if the follow-
up time is different. An evident solution is to use the same follow-up procedures for each study arm,
as much as possible.

2.5.4  Attrition bias

Differential drop-out rates among study arms can disrupt randomisation. If participants with a certain
risk profile in one study arm are more likely to withdraw, this might distort study results. For instance,
in an oncological trial if patients drop out of the experimental arm because a drug is too toxic, the
remaining cohort may look artificially successful. This kind of attrition might be foreseeable at the
design stage. Careful planning and motivating participants to stay in the study is important. Also, it
should be encouraged to continue collecting data, even when participants discontinue the intervention.

Sensitivity analyses, such as a ‘tipping point analysis’ can be necessary to plan in case differential
dropout-out is observed at the analysis phase, together with a careful analysis of demographic and
disease-related characteristics. A tipping point analysis evaluates the robustness of study findings by
imputing missing data: i.e. estimating and filling in missing values under a range of stepwise scenarios
of assumptions. For each scenario of assumptions, the imputed data are combined with the observed
data and the analysis is repeated. The goal is to identify the ‘tipping point’, defined as the point at
which the study conclusions about the intervention effect change, typically from statistically significant
to non-significant. The plausibility of this tipping point helps determine whether the original study
conclusions remain credible.?'

2.5.5 QOperational bias

Operational bias is introduced through deviations in trial conduct while the trial is running, often based
on unblinded interim study results. When interim results may influence important study decisions,
access to such information should preferably be restricted to an independent multidisciplinary group.
This is further discussed in Chapter 4.

2.5.6  Reporting bias

This means that in the final study report measured outcomes are reported selectively. This is
addressed through a clear, pre-defined prospectively registered transparent protocol and statistical
analysis plan (SAP), and adherence to reporting standards.82 A first step in the process of KCE
evaluation studies is therefore the publication of a detailed study protocol.

Table 3 — Sources of bias

Type of bias Short description Mitigation

Selection bias Preferential intervention allocation e Randomisation
e Allocation concealment
e [ntention-to-treat analysis

Allocation bias Prognostic factor imbalance Randomisation techniques
Performance and Knowledge of intervention influences Blinding
detection bias participants/investigators/outcome

assessment
Follow-up frequency Differential follow-up frequency among Same follow-up procedures
bias arms
Attrition bias Differential drop-out rates among study e Careful planning

arms o Motivating participants

e Sensitivity analysis
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Operational bias Deviations in trial conduct due to e Access to unblinded interim
unblinding study results results restricted to an
independent multidisciplinary
group
Reporting bias Selective outcome reporting e Study protocol

e Statistical analysis plan
e Adherence to reporting standards

2.6 Randomisation techniques

Randomisation is the most important methodological element to claim that a study is unbiased
(see Table 4). In randomised controlled trials, allocation to either the control or the experimental arm(s)
occurs randomly, ensuring that neither participants nor healthcare providers can influence which
participant is allocated to which study arm. As a result, assignment is not driven by participants’
characteristics, prognosis, preferences, or other underlying factors. Instead, randomisation aims to
create groups that are comparable on both observed and unobserved characteristics. This reduces
the risk that differences in outcomes are attributable to pre-existing differences between groups rather
than to the intervention itself. This eliminates the possibility of conscious or unconscious selection
bias.

This comparability is often demonstrated in the published results through a table of baseline
characteristics. Also, randomisation makes sure overall balance is achieved according to the pre-
specified target allocation ratio. Lastly, randomisation provides the basis for assumption-free statistical
tests (randomisation and permutation tests), which can be very useful in some cases.

Ethically, randomisation is only warranted when equipoise holds (see above). There may also be
other ethical or practical challenges associated with using randomised study designs. In such cases,
quasi-experimental designs (see Chapter 3) provide an alternative when randomisation is not feasible
or appropriate.

The most basic allocation ratio is 1:1, meaning that the number of participants is the same in both
the experimental and control arm, in case of two arms. For three arms this would be 1:1:1, and so on.
Sometimes there are good reasons to use an unequal allocation ratio, such as 1:2 with two times
as many participants in the experimental arm. One might anticipate difficulties with recruitment or
higher drop-out for one of the study arms. It might be useful to motivate people to participate if there
is a higher probability of recruitment into the experimental arm. Lastly, some interventions may be
cheaper than others. The downside of an unequal allocation ratio is an increase in required sample
size. This is because different sample sizes in study arms increase the variance of the estimated
effect, rendering the analysis less efficient. Finally, allocating more participants to one arm may raise
concerns about equipoise and, consequently, about the ethical acceptability of the trial.

Randomisation alone is insufficient. Allocation must also be adequately concealed. Selection bias
can still occur if randomisation is poorly implemented. For example, pre-printed lists of random
numbers can be consulted, envelopes may be opened, and some ‘static’ allocation methods, such as
permuted block randomisation with fixed block size (see further), can lead to predictable allocations.

The timing of the randomisation should be as late as possible, to avoid dropout. For instance, in an
oncology study context, for randomisation between adjuvant and no adjuvant treatment post-surgery,
it might be a good choice to randomise only after surgery and not before surgery.

We will discuss three types of randomisation: simple randomisation, permuted block randomisation
with stratification and minimisation.?7- 83-85
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Table 4 — Randomisation techniques: key points

Key statistical element to study design

Objectives e Eliminate selection bias
e Achieve target allocation ratio
e Achieve prognostic balance
o Basis for assumption-free statistical test
Ethically Only when equipoise holds
Allocation ratio e Equal (e.g. 1:1) vs unequal (e.g. 1:2)
ratio e Unequal: needs good motivation (equipoise?), increases sample size
Allocation concealment Next intervention should be unpredictable
Timing As late as possible, to avoid dropout
Types e Simple randomisation

e Permuted block randomisation with stratification
e Minimisation

2.6.1  Simple randomisation

This method allocates the intervention purely at random, regardless of any participant baseline
characteristics, basically corresponding with tossing a coin for every new candidate for the study.

This method is very easy and also completely unpredictable. However, there will inevitably be a
deviation from the planned allocation ratio, i.e. an imbalance for the intervention variable. For instance,
if 10 people toss a coin, the ratio of heads to tails will rarely be exactly 5:5. Also, accidental bias will
occur due to imbalance in prognostic factors. For instance for sex, in a perfectly balanced trial, exactly
half of the female participants would be allocated to each study arm and half to the other arm, and
likewise for the male participants. The likelihood of important chance imbalances is low when the
sample size is very high, like several thousand participants, but this likelihood is greater in studies of
smaller size. If such an imbalance occurred for a variable with prognostic importance, this would
confound the intervention effect and thus create an accidental bias, also decreasing the power of an
unadjusted statistical test. Adjusted statistical testing, i.e. including unbalanced variables in the
statistical model, can increase the power. However, in an experimental study design, one needs to
pre-specify the adjustment for important baseline covariates, in order not to jeopardise the credibility
of the study results.

It is usually desirable to avoid imbalances for important prognostic variables, rather than try to adjust
for them by using more sophisticated analysis methods.8+ 8

2.6.2 Permuted block randomisation with stratification

Permuted block randomisation with stratification is a widely used method to reduce imbalances
between study arms with respect to important prognostic variables.

Permuted blocks are random sequences of intervention allocations that respect a pre-specified
allocation ratio, e.g. 1:1 for experimental (E) vs control (C) intervention. Within each block, the
required balance between arms is guaranteed, while the order of allocations within the block is
randomised.

In addition to these permuted blocks, intervention allocation is stratified, meaning that separate
randomisation lists are created for different strata, which are defined by the cross-classification of the
different pre-specified stratification factors. These are pre-specified categorical baseline variables that
are expected to have a substantial impact on the outcome, such as type of practice, treatment centre,
country, region, etc.

If there are k prognostic factors and factor i has L; levels, the number of strata is given by [T, L.
If all factors are binary (L; = 2), the number of strata simplifies to 2*. Using too many strata leads to
over-stratification, in which blocks will not be completely filled, resulting in imbalances and a loss of
statistical efficiency, manifested as reduced power.8” Careful selection of a small number of prognostic
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factors is therefore essential. In practice, usually only 2 or 3 factors are advisable, although in theory
this is of course dependent on the sample size.® Stratification factors should be accounted for in the
statistical analysis in order to preserve power.2 In general, a stratified analysis results in a higher
power .89

The block size is the number of intervention allocations within each block, per stratum. The block size
represents a trade-off between balance and predictability. Smaller block sizes achieve tighter balance
but increase the risk that upcoming allocations can be guessed, potentially compromising allocation
concealment. To mitigate predictability, several strategies may be used including larger block sizes,
blinded block sizes and variable block sizes.

Suppose a trial with allocation ratio 1:1, stratification factors ‘general practitioner’ (GP) (e.g. GP1 and
GP2) and ‘sex’ (male/female) and using a block size of 4. In this case 6 permutations are possible for
each block: ‘CEEC’, ‘CCEFE’, ‘ECEC’, ‘CECE’, ‘ECCE’ and ‘EECC’. An example of randomisation lists
by stratum is shown in Table 5. In GP1, the first male would then get intervention C, the second male
intervention E (example highlighted in bold), and so on.

Table 5 — Permuted block randomisation with stratification
List of permuted blocks
block 1 block 2 block 3 block 4
1 Male CEEC CCEE CEEC ECEC
1 Female ECEC CCEE CEEC CECE
2 Male ECCE CCEE CCEE EECC
2 Female ECEC CEEC CECE CEEC

A key advantage of permuted block randomisation with stratification is that it ensures excellent
balance, both with respect to the intervention allocation ratio as to the selected prognostic baseline
variables.

This approach has also limitations. Because randomisation lists are pre-generated, the last
intervention allocation in a block can be predictable, particularly in open-label trials, i.e. where
treatment allocation is not blinded. This can introduce selection bias if investigators are able to
anticipate upcoming intervention allocations and selectively enrol participants. In double-blind trials,
this risk is substantially reduced.

A second limitation is the practical constraint on the number of stratification factors that can be
accommodated. Selecting the most relevant prognostic factors may be challenging and requires
reliable prior scientific knowledge. Over-stratification should be avoided, as it compromises balance
and statistical power.84

2.6.3  Minimisation (dynamic allocation)

In contrast to permuted block randomisation, minimisation does not aim to achieve balance within
strata, i.e. the cross-classification of prognostic factors. Instead, balance is achieved across the
(overlapping) marginal groups defined by each prognostic factor individually. This distinction
becomes clear from the example, shown in Table 6.

Suppose the next participant to be randomised is a female in GP1. The data of the participants enrolled
so far are displayed in the table. Under minimisation, the next intervention allocation is chosen to
minimise the overall imbalance across all prognostic factors considered. In this example, so far 9
participants have been randomised in GP1, and 16 women have been randomised. The totals in the
fourth row of the table do not represent unique patients, because some participants are counted twice.
The total imbalance is calculated by summing the imbalances within each factor. Here, the total
imbalance equals +1, in favour of the experimental arm, indicating that allocation of this next female
participant in GP1 to the control arm would minimise the overall imbalance.
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Table 6 — Example of minimisation
GP1 5 4 -1

Female 7 9 +2
Total 12 13 +1

In its pure form, this minimisation algorithm is deterministic, which is not desirable from a statistical
standpoint, as it violates the randomness assumption for statistical testing. To avoid this, a random
component is usually incorporated. Rather than deterministically selecting the intervention that
minimises imbalance, allocation is made with a higher probability for that intervention.

The key advantage of this approach is that accidental bias can be mitigated for a large number of
categorical prognostic factors, which is especially useful in smaller studies. Also, intervention
allocation is largely unpredictable, even when the trial is open-label, because intervention allocation
depends dynamically on the accumulated data.

However, minimisation is more complex to implement than permuted block randomisation and
generally requires centralised randomisation. Furthermore, despite the addition of a random element,
some statisticians remain concerned about the partially deterministic nature of the method. To
increase the credibility of the results, a re-randomisation test may be performed, although adding some
complexity to the statistical analysis.

2.7 Experimental study designs

If an experimental design is feasible, it is often the best option to evaluate the effectiveness of an
intervention. They include parallel arm RCTs, factorial RCTs, crossover studies, cluster RCTs and
stepped-wedge study designs.

2.7.1 Parallel randomised controlled trials

In RCTs, randomisation of participants to at least two parallel arms is performed at the individual level
before the intervention begins. As discussed earlier, randomisation is a key methodological feature for
minimising bias in experimental studies, which is why RCTs are generally considered to provide the
highest quality of evidence and to have high internal validity (see Table 7). However, in the context of
this process note, individual-level randomisation will not always be possible.

Figure 5 — Randomised controlled trial
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An important issue with individual randomisation is the risk of control group contamination. This occurs
when control participants are aware of the experimental intervention and subsequently alter their
behaviour, which can reduce the observable difference between study arms and dilute the estimated
effect of the experimental intervention.®3

RCTs can be very costly and typically only feasible for well-funded projects. In addition, strict
adherence to an RCT protocol may be impractical in real-world settings. For these reasons, a
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pragmatic RCT (see section 2.4) rather than an explanatory one may be more desirable in many cases
in this research field.

Table 7 — Strengths and challenges of RCTs

o Highest quality evidence e Costly > only well-funded projects
o High Internal validity e Only ethical when equipoise holds
e Adherence to strict RCT-protocol, typical for
explanatory RCTs, not practical
e Control group contamination= information on
experimental intervention leaks, influencing
behaviour

2.7.2 Factorial design

A factorial design can be used to investigate not just one, but two or more comparisons within a single
trial, without the need for a higher sample size, thus optimising resource use efficiency. For example,
instead of only intervention A versus control, a factorial design can simultaneously assess a second
comparison, such as intervention B versus control.

When two interventions (A and B) are studied in a 2x2 factorial design, participants are randomised
into four study arms:

1. Intervention A

2.
3.
4.

Figure 6 — Factorial design
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As in a conventional RCT, each intervention —i.e. A and B —is allocated to half of the participants,
with one quarter receiving the combination of both interventions. This design allows estimation of the
main effect of each intervention by pooling arms as follows:

=i)e =He =i)e
=)e

. Effect of intervention A: arms A and A+B versus arms B and control
e  Effect of intervention B: arms B and A+B versus arms A and control

In this more typical application of factorial designs, the primary objective is to answer two independent
research questions simultaneously: the effect of intervention A compared with control and the effect
of intervention B compared with control. A key limitation here is the possibility of interaction (also called
effect modification) between interventions A and B, resulting in power loss. Testing for interaction is
statistically challenging as interaction tests generally have low power. Importantly, because the two
main effects represent distinct primary comparisons, factorial designs do not create a multiple-



41 KCE Evaluation Programme: Process and methodology KCE Report 426

comparison problem, and adjustment for type | error inflation is not required (see further). In practice,
such factorial designs are only suitable in specific circumstances and are often not feasible.% 91

Factorial designs can also be used when the primary objective is to investigate interaction effects
between interventions. In this setting, an important advantage is that both the individual effects of each
intervention and their combined effect can be estimated.®? However, since interaction tests generally
have lower power, a larger sample size must be planned. The smaller the interaction effect, the larger
the required sample size. For example, if the sample size is not increased, the interaction effect would
need to be at least twice as large as the main effect to be detectable — an assumption that is often
unrealistic in practice.®® Because complex interventions often include multiple components (sub-
interventions), factorial designs can be particularly useful and their use in studying complex
interventions has been reported.9 95

Table 8 — Strengths and challenges of factorial designs

o Efficient use of resources In case of two independent research questions

e Requires strong hypothesis of no interaction
e Power loss in case of interaction
e Often not feasible

In case objective is testing interaction: larger sample size
needed

2.7.3 Crossover design

Another study design which is potentially more efficient than a classic RCT is the crossover design. In
a crossover study, each participant acts as his own control (see Figure 7 & Table 9). As a result,
between-patient variability is eliminated, resulting in a considerably lower sample size compared to a
parallel-arm RCT. As each participant acts as his own control, confounding due to time-invariant
baseline characteristics is eliminated. However, they remain vulnerable to time-related sources of bias.
To address this, the sequence of interventions is randomised. The simplest design is the AB/BA
sequence, in which participants are allocated to one of two randomised sequences (A followed by B,
or B followed by A). This feature also points to a key limitation of this design: crossover studies are
only suitable in specific situations where the condition or context is chronic and stable, outcomes are
short-term and interventions can be withdrawn. Examples of this are short-acting analgesics in
headache, bronchodilators in asthma, ....

Figure 7 — Crossover design
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A major drawback is the risk of a ‘carry-over’ effect, whereby the effect of the period A intervention
has a continued effect in period B. This concern extends to potential toxic or adverse effects, so
participant safety requires particular attention in such designs. To minimise this risk of carry-over, a
washout period is usually foreseen between two periods. This period must be long enough to allow
any residual effects to wear off. When interventions involve behavioural changes in healthcare
providers or patients, a crossover design is often not feasible, as such changes cannot realistically be
reversed or ‘unlearned’ between study periods.
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In the past, crossover trials were often analysed using a two-stage approach, in which a statistical test
for carry-over effects was performed first. However, this strategy has been shown to produce incorrect
p-values and is now considered misleading.®®

In addition to requiring a smaller sample size, crossover studies have the advantage that all
participants receive the experimental intervention, which may be advantageous from an ethical,
political or cultural perspective in certain contexts.

Nevertheless, crossover designs also have important challenges. As participants are exposed to
multiple interventions, they may need to stay longer in the study, compared to a comparable parallel
RCT, which may result in higher dropout rates. Also, withdrawing an intervention halfway, i.e. at the
end of the first period, through the study may be impractical or inacceptable. Lastly, the statistical
analysis can be somewhat more complex than that of parallel-group designs.®”

Table 9 — Strengths and challenges of crossover designs

« Elimination of between-patient variability Potential risk of carry-over effects
eliminated allowing lower sample size Longer study duration and potentially higher dropout
o All participants receive the experimental Intervention withdrawn halfway through study
intervention More complex statistical analysis
Only feasible in specific context (e.g. short-term
outcomes)

2.7.4 Cluster randomised trials

In cluster randomised designs randomisation occurs at the group level rather than at the individual
level. Examples of clusters are schools, general practitioner (GP) practices, hospitals, families or entire
geographical regions. Interventions can be implemented at the cluster level, such as the introduction
of an electronic clinical decision system in randomised hospitals, or at the individual level, such as a
vaccination programme® (see Figure 8 and Table 10).

Figure 8 — Cluster randomised trials
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Although clusters are the units of randomisation, outcomes are usually measured at the individual
level, with participants nested within clusters. In some studies, each participant contributes only once
at one single follow-up time point, i.e. the final time point, but often participants’ outcomes are
assessed at multiple time points throughout the trial conduct. In such cases, a longitudinal or repeated

measures design is used. Based on the structure of outcome measurement, three main types of
designs can be distinguished:

?
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e In a closed cohort study, the same individuals are followed and—if a longitudinal
study — measured repeatedly over time, producing longitudinal data. For example, in a GP
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practice, a fixed group of patients with hypertension was followed within each practice and their
blood pressure measured at regular intervals.®®

e In contrast, a repeated cross-sectional study assesses different individuals at each time point.
For instance, the EPOCH trial evaluated the effectiveness of a national quality improvement
program, including an integrated care pathway to reduce mortality among patients undergoing
emergency laparotomy. Because patients are recruited as they present for surgery, the population
of operated patients differs across time points.100. 101

e Finally, some trials adopt an open cohort design, in which individuals may enter and leave the
study over time. An example is the Depression management trial, where nursing homes were
randomised to implement an intervention aimed at improving the diagnosis and management of
depression. Residents were recruited at the start and additional residents were allowed to enter
the study while the intervention was ongoing. 0. 102

Recruitment procedures may also differ between cluster trials. Clusters can be fixed at the start, which
is for example typically the case for families. Alternatively, recruitment may be ongoing, with individuals
enrolled continuously within clusters — for example, when regions are randomised to different
vaccination programs and newborn infants enter the program over time.%

There are many variations of cluster randomised trials (CRTs). The designs discussed earlier (parallel,
factorial, crossover) can all be implemented at the cluster level. In addition, stepped-wedge designs
are a specific and increasingly common form of cluster design, in which clusters crossover from control
to experimental intervention in a staggered and randomised sequence.

Cluster designs are particularly well suited to addressing research questions targeting public health or
health service improvement. CRTs are often used when there is a high risk of control group
contamination and when interventions are delivered at the organisational or community level.
In such cases, careful selection of the cluster unit is critical; for example, randomising nursing wards
within the same hospital may still allow information spillover between groups, for instance in the
cafeteria, during common training session, etc. In many contexts, individual randomisation is neither
feasible nor desirable, making CRT a more appropriate choice. Practical and financial reasons may
play a role, such as reduced costs when interventions are delivered by health professionals to entire
hospitals or communities. Some interventions, including mass media campaigns or environmental
modifications can only by implemented at the population level. Ethical, political or cultural
considerations may also necessitate cluster allocation; for example, selectively providing vitamins to
only some children within a village may be unacceptable.

Despite their strengths, CRTs are more complex than individually randomised trials. A key challenge
is statistical. When outcomes are measured at the individual level, responses within the same cluster
tend to be correlated, reducing the amount of independent information contributed by each participant.
This loss of efficiency leads to reduced statistical power, necessitating a larger sample size. The
degree of within-cluster correlation is quantified by the intraclass correlation coefficient (ICC) and will
be discussed further. Complexity increases further as correlations arise both within clusters and within
individuals across time in longitudinal designs. Another statistical concern is baseline imbalance at the
individual level: because randomisation occurs at the cluster level, stratification cannot address
imbalances at the individual level. Because of the loss of efficiency, an individually randomised RCT

is preferable if the intervention can be delivered at the individual level and if the risk of contamination
is low .63, 90, 103, 104

Finally, CRTs pose ethical challenges. Because the units of randomisation and outcome
measurement usually differ, this complicates the identification of research participants. Clusters are
typically randomised prior to the identification and recruitment of individual participants. In such cases
it is unclear who should provide consent. Recruiting participants after randomisation may also
introduce selection bias, undermining the trial’s validity. Additionally, when interventions are applied
to clusters rather than individuals, cluster members may have little opportunity to avoid exposure,
thereby weakening respect for individual autonomy and the right to refuse participation. Researchers
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and ethicists have established guidelines for the ethical conduct of CRTs: the Ottawa Statement on
the Ethical Design and Conduct of Cluster Randomised Trials.'° A recent publication addresses some
gaps in these guidelines and argues it is time for an update.'®

Table 10 — Strengths and challenges of cluster randomised trials

e Addresses research questions public health e Within-cluster correlation - decrease statistical
and health service interventions power

e Avoids control group contamination e Baseline imbalance at the individual level

e Particular reasons e Ethical challenges
o Financial
o Practical

o Ethical, political and cultural acceptability

2.7.5 Stepped-wedge designs

A stepped-wedge (S-W) trial is a variation of a longitudinal cluster randomised trial (CRT). After
an initial baseline period during which no cluster receives the experimental intervention, the
intervention is sequentially rolled out to clusters. Clusters — or groups of clusters — are randomised to
the timing of their switch from control to experimental. Once a cluster begins the experimental
intervention, it continues to receive it until the end of the trial. Consequently, by the end of the study
all clusters are exposed to the experimental intervention. Just as in a crossover study, there may be
a washout or ‘transition’ period between the control and experimental interventions'' (see Figure 9
and Table 11).

Figure 9 — Stepped-wedge design
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By design, S-W trials are longitudinal, with data collection throughout the study. Each cluster therefore
contributes under both control and experimental interventions. Similar to a crossover design, each
cluster acts as his own control. In addition, because at one given time point some clusters are exposed
to the experimental intervention while others are still under the control intervention, the statistical
analysis can combine within-cluster with between-cluster comparisons.

As a form of cluster design, S-W trials share many of the strengths and challenges of CRTs. They are
particularly useful when it is more feasible and efficient to implement an intervention gradually,
for example because of limited resources and logistical constraints. A S-W design may also be
preferable when a crossover design is not feasible, more specifically when intervention effects are
irreversible after switching interventions. In contrast to a parallel CRT, all clusters are guaranteed
to receive the experimental intervention during the study period, just as in a crossover trial. This may
be an incentive for participation. When there is strong belief in the experimental intervention’s
effectiveness — often based on earlier evidence — it may be ethically, politically or culturally desirable
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that all clusters ultimately receive this intervention. S-W trials are therefore often seen as a pragmatic
study design that balances rigorous scientific evaluation with logistical and ethical constraints.

From a statistical perspective, S-W designs are complex, both in terms of sample size calculation
and analysis. Although the timing of switching is randomised, the intervention is still partially
confounded with time, because all clusters follow the same directional sequence from control to
experimental intervention, unlike in a true crossover design. Implementation can also be challenging,
as clusters may not always be operationally ready to switch at their allocated time point. One of the
key characteristics of S-W trials is that they tend to take longer than parallel CRTs, involving a lot of
repeated measurements, increasing the burden on participants and researchers. These features may
increase the risk of control group contamination, dropout, intercurrent events (see further) and
compromised data quality.

As in a crossover study design, within-cluster pre-post comparisons are part of the statistical analysis.
This results potentially in a lower sample size. Therefore, S-W designs can be an appropriate choice
when there is only a limited number of clusters available.%*

It should be noted that some of the advantages commonly attributed to S-W designs, can also be
accommodated within parallel CRTs. For example, clusters in a parallel CRT may be offered the
experimental intervention after study completion, and sequential implementation of the experimental
intervention is also possible without using a S-W design. Consequently, the choice between a S-W
and parallel CRT requires careful consideration.63. 90, 101, 107-110

Table 11 — Strengths and challenges of stepped-wedge trials

e Same as CRTs e Same as CRTs
o More feasible and resource-efficient than CRT © Statistically complex
e Potentially lower sample size than parallel o Sample size calculation
CRT, feasible when limited number of clusters o Analysis
available e Partial confounding of intervention effects with time
e All clusters receive the experimental  Operationally challenging to implement
intervention e Typically longer duration than parallel CRT
o May incentivise recruitment o A lot of repeated measurements
o Ethical, political and cultural acceptability o Long wait for experimental intervention
e Alternative when crossover design not feasible o Increased risk of dropout, intercurrent events

and contamination

2.7.6  Other study designs

In addition to the study designs discussed above, many other designs exist. We briefly highlight some
of these.

2.7.6.1  SMART

The Sequential Multiple Assignment Randomised Trial (SMART)'"'" designs allow participants to be
re-randomised, based on their response to an initial intervention, thereby enabling the evaluation of
dynamic treatment regimens (DTRs). In such designs, treatment decisions at later stages are
guided by a prespecified set of decision rules that depend on intermediate outcomes. As a result,
participants may undergo more than one randomisation. An example of such a SMART design is
illustrated in Figure 10 where ‘R’ denotes randomisation.
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Figure 10 — SMART design
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In the example described by Piantadosi et al (2022),'"" a SMART design was used in the context of
an intervention for alcoholism. In the first stage, patients were given the same treatment and
randomised to one of two definitions of non-response: a more stringent definition (A) and a more
lenient one (B). Depending on whether patients were classified as responders or non-responders to
the treatment (in the example this was naltrexone + medical management) under these two different
definitions, they were subsequently re-randomised to different treatment options in the second stage.
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A common primary objective in SMART ftrials is to compare the effects of the initial intervention options
(A vs B in Figure 10), averaged over the subsequent interventions. This is very similar to the main
effect estimation in factorial study designs, with the difference that randomisation is sequential, as well
as the possible restriction of intervention options according to response. This means that standard
statistical methods can be used. A second objective is often the comparison of the second stage
intervention options among responders (C vs D in Figure 10) or non-responders (E vs F in Figure 10),
averaged over the initial intervention assignment. Again, standard statistical methods can be used.
Other schemes are possible and other comparisons can be of interest.

2.7.6.2  Trial within Cohorts (TwiCs)

The TwiCs designs''? aim to address limitations of standard RCTs, such as slow recruitment, limited
generalisability, and dropout, by embedding trials within an existing cohort. Because eligible patients
are identified and followed through this cohort, recruitment can be faster and patients are potentially
more representative — i.e. if the cohort is representative for the target population — increasing external
validity. Only those selected for the intervention are informed and asked to consent. However, this
design also introduces challenges, including the timing of randomisation and treatment refusal in the
intervention group, which affects interpretation of results. In particular, the treatment effect reflects the
impact of offering the intervention rather than receiving it. Also, not all interventions are suitable for
this design, especially if they involve high burden or safety concerns, as the non-compliance then may
be too large.
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3 QUASI-EXPERIMENTAL DESIGNS

KEY POINTS

e Quasi-experimental studies evaluate the effects of interventions without random
assignment. They may use observational data or prospectively collected data following a non-
randomised intervention.

e Without randomisation, quasi-experimental studies are vulnerable to confounding and
selection bias, making causal interpretation challenging. Specific design and analytical
strategies are therefore required to strengthen internal validity.

o Different quasi-experimental designs rely on different assumptions, and their validity
depends on how plausible these are. The choice of design should be guided by the research
question and the structure of the available data.

e Time series-based approaches and regression discontinuity designs typically have the
highest internal validity (provided that their assumptions are met and they are appropriately
applied), whereas single-group pre-post and controlled post-test only designs provide the
weakest evidence.

e The causal interpretation of quasi-experimental findings relies on counterfactual
reasoning about what would have happened in the absence of the intervention.

e Under strict assumptions, including the absence of unmeasured confounding, causal
conclusions may be drawn from quasi-experimental studies. Developing a directed acyclic
graph (DAG) is a key preparatory step to make these assumptions explicit and guide the
analysis.

3.1 Introduction to quasi-experimental designs

3.1.1  From experimental to quasi-experimental designs

In experimental studies, researchers control both the intervention and the assignment of study units
to intervention and control conditions. As discussed in the previous chapter, random assignment
provides a clear basis for comparing outcomes across groups and for attributing observed differences
to the intervention rather than to pre-existing group characteristics. This feature is key to the high
internal validity of experimental designs.''3

In practice, however, random assignment is not always feasible. In studies where researchers initiate
an intervention, ethical constraints and practical or logistical barriers may limit their ability to randomise
who receives it or when it is implemented.''3-115 |n the KCE evaluation programme, it will often not be
possible to randomise subjects for one of the aforementioned reasons (which should be justified). Yet,
causal evaluation may still be pursued using quasi-experimental designs (definition in Textbox 2), in
which researchers evaluate interventions or exposure contrasts arising from routine practice or policy
decisions.

Textbox 2 — Definition of quasi-experimental designs

A quasi-experimental design is defined as a research method used to evaluate interventions or
establish causal relationships by manipulating an independent variable, while lacking random
assignment of participants to groups.''®
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Without randomisation, intervention and comparison groups cannot automatically be assumed to be
comparable. Patients receiving a certain treatment may differ from those who do not and policy
interventions may be implemented preferentially in settings with particular needs or characteristics.
These non-random allocation processes may introduce selection bias, whereby the intervention and
comparison groups differ systematically because assignment is related to patient or setting
characteristics. When these differences are also associated with the outcome of interest, they act
as confounders, causing observed outcome differences to reflect both the intervention effect and
underlying differences between groups. As a result, the internal validity of the study (i.e. the extent to
which observed effects can be attributed to the intervention) may be threatened. Quasi-experimental
methods are specifically designed to address these challenges by using design and analytical
strategies to reduce bias and strengthen causal inference in the absence of randomisation.

Quasi-experimental methods also differ from randomised experiments in the causal estimands (i.e.
the specific causal effect that a study aims to estimate) they estimate. In randomised experiments, the
average treatment effect (ATE) and the average treatment effect among the treated (ATT) can
be expected to coincide because randomisation ensures exchangeability between intervention and
comparison groups. In quasi-experimental studies, however, the choice of estimand becomes more
consequential, as different study designs may identify different causal effects. While some designs
target population-wide effects such as the ATE or ATT, others estimate effects for specific subgroups
of the population, in which case we talk about a local average treatment effect (LATE). These
concepts will be revisited later in the chapter in the context of causal inference (see section 3.4.2.3).
While LATE estimates can have strong internal validity, their interpretation requires careful
consideration, as they may not generalise beyond these design-specific subpopulations.'!”

Just like experimental studies, quasi-experimental studies can evaluate researcher-initiated quasi-
experiments, while lacking random allocation. In the KCE evaluation programme, interventions are
typically designed and implemented by the commissioning body before the evaluation, making
randomisation often infeasible. Nevertheless, the KCE research team can influence the evaluation
design and must carefully consider how the absence of randomisation affects internal validity. Non-
random assignment to intervention and comparison groups may be driven by recruitment and
implementation considerations, such as administrator selection based on professional judgement, or
voluntary participation. For example, highly motivated individuals may be more likely to participate in
a new programme, or administrators may preferentially select those considered most likely to benefit,
potentially leading to an overestimation of the intervention effect. Conversely, interventions may be
targeted towards individuals with the most severe needs, potentially resulting in an underestimation of
the intervention effect.116. 117

In contrast to experimental studies, the scope of quasi-experimental research extends beyond planned
interventions and also includes naturally occurring quasi-experiments. These may involve natural
experiments, referring to situations where an intervention occurs independently of the researchers,
such as policy changes or the introduction of new programmes."® In other cases, a concrete
intervention may be absent, but contrasts in exposure levels can be interpreted as reflecting an implicit
or hypothetical intervention, such as differences in policy intensity, eligibility thresholds, or
implementation timing across settings. These designs are often practical and cost-efficient, particularly
when based on routinely collected administrative or population-level data, and may provide pre-
intervention measurements that enable baseline comparisons (see also Chapter 11 on the use of
administrative data).!'® By evaluating interventions as they occur in routine settings, they can generate
evidence that reflects real-world public health and health system practice.'?® However, because
researchers have limited control over implementation and assignment, these designs may be
particularly vulnerable to selection bias and confounding.''® 120 Target trial emulation (elaborated upon
in Textbox 3) provides one framework to strengthen causal inference for quasi-experiments using
observational data.
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Textbox 3 — Target trial emulation

Target trial emulation (TTE) is a framework for strengthening causal inference in situations where
randomisation is not feasible.'?" At its core, TTE uses the protocol of a hypothetical randomised
trial as a blueprint for the design and analysis of an observational study.

Conceptually, TTE consists of two steps: (1) specifying the target trial that would ideally answer the
research question, and (2) emulating this trial as closely as possible using observational data. In
practice, an intermediate step is often required in which researchers define a feasible target trial
that reflects the constraints of the available data and study setting before proceeding to the
emulation stage.'?? The target trial protocol typically specifies the study population and eligibility
criteria, intervention and comparison conditions, assignment procedure, follow-up period, outcome,
causal contrasts of interest (or estimand), and analysis plan.'?3

The rationale for TTE is that observational studies are often designed around available data rather
than around the causal question of interest. As a result, key design features such as eligibility
criteria, intervention and comparison conditions, follow-up, outcomes and the causal effect of
interest may remain implicit or be defined inconsistently. TTE addresses this by requiring
researchers to systematically consider, define and align these design elements before the
analysis is conducted. The structured approach imposes transparency and consistency on
observational study design, preventing common design flaws resulting in avoidable biases (e.qg.
immortal time bias®) and supporting clearer interpretation of causal effects.'?

Although initially developed for clinical and epidemiological research,'?5 TTE is increasingly being
applied in health policy evaluation, with recent methodological work providing guidance on its use
in this context.’?8 An example of such an application is the work of Andrew et al.'?” Importantly, TTE
is intended to complement rather than replace randomised controlled trials (RCTs), which
remain the gold standard for causal inference when feasible. TTE can be particularly valuable when
RCTs are impractical, unethical, or expensive; when longer follow-up is required than is feasible
within a trial; or when comparing interventions that have only been studied separately. In settings
where RCT evidence exists, TTE findings can be benchmarked against trial results over the period
of overlap, thereby increasing confidence in estimates derived from longer-term follow-up or real-
world populations.

Several principles derived from TTE are incorporated into the practical guide for designing quasi-
experimental studies presented in section 3.6.5.

3.1.2  Outline of this chapter

First, the upcoming two sections will discuss quasi-experimental designs, which can be divided into
two main design families:

Designs for comparison-based effect identification (section 3.2): Designs that estimate
intervention effects by comparing outcomes between a group receiving the intervention and a
group not receiving it. The counterfactual is approximated through differences between groups,
using design or analytical strategies to address baseline differences.

Designs for before-and-after effect identification (section 3.2): Designs using temporal
aspects for effect identification, can be divided into two subgroups:

Immortal time bias arises when exposure status is assigned in a way that requires participants to survive
long enough to receive the exposure, leading to an artificially inflated estimate of intervention benefit.”
For example, defining exposure as receiving a care plan within 12 months after stroke guarantees that
treated patients must survive long enough to receive the plan, creating an artificial survival advantage.
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o Simple before-and-after effect identification: Designs that estimate intervention effects by
comparing outcomes within the same population before and after the intervention. The
counterfactual is approximated by assuming that pre-intervention outcomes reflect what
would have happened without the intervention.

o Time-structure-based effect identification: Designs that estimate intervention effects by
exploiting the timing of intervention implementation in relation to repeated outcome
measurements. The counterfactual is approximated either by extending observed
pre-intervention trends or by comparing changes across units that receive the intervention at
different points in time.

For both design families, common sources of bias are discussed first to clarify the main threats to
causal interpretation in that setting. Next, the general design types within each family are described,
outlining how counterfactual comparisons are approximated in practice. Finally, strategies to
strengthen internal validity are introduced, focusing on design features and analytical approaches that
improve the plausibility of causal assumptions.

When all designs have been covered, section 3.4 addresses the transition from association to
causation, the principles that support causal reasoning, the assumptions required for causal
interpretation, and how to assess causal relationships and identifying sources of bias. This is followed
by section 3.5 on analytical techniques within the causal inference framework.

Finally, section 3.6 presents a practical guide for developing quasi-experiments from research
question to study protocol.

3.2 Designs for comparison-based effect identification

3.2.1  Common types of bias

Comparison group designs are widely used to estimate the effect of an intervention by contrasting an
intervention group with a comparison group. Although this approach is stronger than single-group
before-and-after designs, it is still vulnerable to several threats to internal validity. Differences between
groups can arise for reasons unrelated to the intervention, and these can distort the estimated effect.
Five common sources of bias are described below.

e Selection bias'?8. 129

Groups may differ systematically at baseline in ways that influence the outcome. These
differences can lead to biased conclusions about the intervention.

Example: Women who participate in breast cancer population screening are often healthier and
more engaged with preventive healthcare than non-participants, making screening appear more
effective than it truly is.

e  Attrition bias'?8 12°

Unequal dropout rates between groups can undermine comparability because differences emerge
over time. Even when groups were equivalent at baseline, this can create an imbalance of
characteristics between the intervention group and the control group.

Example: Participants may leave the control group because they feel neglected, creating an
imbalance that did not exist at baseline.

e Spillover or contamination bias '3

Individuals in the control group may be unintentionally exposed to the intervention or its derived
effects. This reduces the contrast between groups and weakens the ability to detect the true effect.

Example: Control group members adopt new behaviours after participants from the intervention
group share tips or insights from a training programme that was part of the intervention.
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e Detection bias'28

Outcome assessment may differ across groups due to researcher expectations or variations in
how measurements are administered.

Example: Researchers might measure outcomes more thoroughly or with greater attention in the
intervention group than in the control group.

e Performance bias’%®

Groups may receive different levels of attention, support, or resources that are not part of the
intervention but that still influence the outcome.

Example: Staff members may encourage or support participants in the intervention group more
actively than those in the control group, which was not part of the intervention.

3.2.2 Basic designs

3.2.2.1  Controlled post-test-only design

Controlled post-test-only designs (illustrated in Figure 11) compare an intervention group with a control
group without measuring the outcome prior to the intervention.'3 Participants are assigned to the two
groups through a non-random process, which means that important baseline differences may exist
but remain unobserved. The effect of the intervention is estimated by comparing post-intervention
outcomes, but this comparison relies heavily on the untested assumption that the groups were similar
before the intervention.'® This assumption cannot be verified for unmeasured variables and can only
be assessed using characteristics measured after the intervention, which means it can only be
checked for characteristics that are not influenced by the intervention. Thus, prior knowledge about
the likelihood of comparability of the groups with respect to the outcome is required.'3' This may
require both insight into the participant selection procedure as well as domain knowledge. Given their
fundamental limitations in establishing causal relationships, '3 controlled post-test-only designs should
be reserved for situations where pre-intervention measurements cannot be obtained. Table 12
summarises indications and contra-indications related to the use of this design.

Figure 11 — lllustration of the controlled post-test-only design
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Table 12 - Indications and contra-indications to the use of the controlled post-test-only design

e When pre-intervention measures are e When baseline differences are expected or likely.
unavailable, such as in sudden or externally

imposed interventions. e When pre-intervention measurements are

available or can be reconstructed.
o When there are good reasons to believe the

groups to be comparable. e When outcomes are expected to fluctuate

considerably over time.
e When group assignment is unlikely to be
influenced by factors related to the outcome, and
stable pre-exposure characteristics can be used

to support group comparability (e.g. matching).

o When assignment to exposure depends on
unmeasured factors that also influence the
outcome.

e When the composition of the intervention and ® When concurrent events or policies may
control groups remains stable over time, and the differentially affect the groups.
intervention is unlikely to influence outcomes in
the control group through biases such as
spillover.

3.2.2.2  Controlled pre-post design

A controlled pre-post design (depicted in Figure 12) is often described as the quasi-experimental
approach that most closely resembles a randomised controlled trial, although it does not involve true
random assignment. It estimates the impact of an intervention by comparing how outcomes change
over time in an intervention group relative to a comparison group. This way, confounding due to
temporal trends that would have occurred in the absence of the intervention is minimized.'32 Therefore,
the controlled pre-post design is superior to the post-test-only design. The measurement setup before
and after the intervention in both the intervention and control groups (as illustrated in Figure 13) allows
for a difference-in-differences (DiD) analysis.

Figure 12 — lllustration of the controlled pre-post design
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DiD is one of the most commonly used methods for evaluating the effects of policies.3® The core
identifying assumption of DiD analysis is that, in the absence of the intervention, both groups would
have followed similar trends before the policy or programme was introduced, implying that common
temporal trends and unexpected events would have affected the intervention and control groups
equally.’3* When this parallel trends assumption is plausible, the difference in change between groups
can be interpreted as the effect of the intervention. In its simplest form, the DiD impact can be
calculated as a simple subtraction:''®

DiD = (Outcome T1 - Outcome TO)intervention — (Outcome T1 - Outcome TO)control

Rather than relying on direct subtraction, the effect is more commonly estimated using a regression-
based approach that includes an interaction term between time and intervention allocation.'34 135 This

s
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method ensures a more flexible estimation of the intervention’s impact, enabling adjustment for
covariates, informing on the uncertainty of the estimation, and accommodating the complexity of the
study design.

Figure 13 — lllustration of a difference-in-difference analysis
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The key strength of DiD is that it controls for unobserved confounding arising from time-invariant
differences between groups and from time-varying unobserved factors as long as the parallel trends
assumption holds."® Thus, DIiD improves internal validity by accounting for baseline differences
between groups and common temporal shocks.

Intervention group

Control group

v

Measured characteristics can be addressed using adjustment techniques discussed in section 3.2.3,
but as the parallel trends assumption cannot be directly verified for unmeasured characteristics,
internal validity ultimately rests on its plausibility rather than empirical proof.83 115 When outcome data
are available for multiple pre-implementation time points, outcome trends in the intervention and
comparison groups can be examined directly to evaluate whether they evolve similarly prior to the
intervention.'® 135 Alternatively, a placebo test using a group or outcome that should not be affected
by the intervention should yield a zero effect, suggesting bias due to underlying differences in trends
otherwise.'” Another approach is estimating the treatment effect using different control groups and
verify that the results remain broadly consistent, which supports the equal trends assumption.''”

The potential sources of bias discussed earlier in section 3.2.1, such as spillover, may undermine the
validity of the DiD estimate.’3* 136 |t is important to note that the sources of bias due to repeated
measurements over time (as will be discussed in section 3.3.1) are also relevant in difference-in-
differences designs. However, to the extent that they affect the treated and control groups similarly
over time in the absence of the intervention, their impact is accounted for under the parallel trends
assumption. Finally, consideration should be given to the possibility of anticipation effects, which
could undermine the design's core logic.!35 136 This refers to the situation where the pre-measurement
is contaminated by the intervention itself, for example because participants adjust their behaviour
because of information on an upcoming intervention.'3® Conducting pre-measurements before the time
window of anticipation (e.g. before the public announcement date) is a potential way to handle this
issue. An overview of indications and contra-indications for the use of the controlled pre-post design
arising from these potential threats is presented in Table 13.

Finally, Dahabreh et al. (2026)'3" provide a useful overview of DiD, including several key elements to
be reported for DiD studies.
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Table 13 - Indications and contra-indications to the use of the controlled pre-post design

o  When parallel trends between intervention group
and control group are implausible, for example
because external events or co-interventions

e When pre- and post-measurements are
available/possible in both groups.

e When an intervention occurs at a clearly defined differentially affect the groups.
point in time, rather than being phased in e When anticipation effects are likely to influence
gradually outcomes during the pre-intervention period in

ways that cannot be clearly identified and

e When the composition of the intervention and
accounted for.

control groups remains stable over time, and the
intervention is unlikely to influence outcomes in
the control group through biases such as
spillover.

3.2.2.3  Difference-in-differences analysis using repeated cross-sectional data

When repeated cross-sectional data are available for both an intervention group and a suitable
comparison group across time, they can be analysed using a DiD framework.'38 In this setting, DiD
exploits differences in outcome changes over time between exposed and unexposed populations to
separate intervention effects from time-invariant differences between groups and from time trends
affecting both groups similarly.'33

Although the same individuals are not followed over time, repeated cross-sectional DiD can support
effect estimations at the population level, provided that the parallel trends assumption is plausible and
that sampling and measurement are comparable across groups and time points.'38 This assumption
is central, as differences in population composition across waves may otherwise confound estimated
effects. To further address such compositional changes, methods that combine outcome modelling
with weighting based on observed covariates may be used (see section 3.5.3).1%°

When repeated cross-sectional data are used in a DiD framework, several of the limitations outlined
in section 3.3.2.2 still apply, particularly those related to sampling variability, changes in population
composition across waves, and measurement consistency. However, DiD accounts for time-invariant
group differences and common time trends, reducing bias from baseline differences and shared
external shocks. The key remaining concern is whether the intervention and control group would
have followed parallel trends in the absence of the intervention, as violations of this assumption
can bias results.

3.2.2.4  Regression discontinuity design

Regression discontinuity designs (RDD) (presented in Figure 14) are used when access to an
intervention is determined by a clearly defined threshold, such as an income threshold for extra
reimbursement, or a risk score that determines eligibility for intensive follow-up or case management.
Individuals just above the threshold receive the intervention, while those just below do not. This creates
two groups expected to be very similar in all respects except for the intervention assignment. Because
intervention status changes sharply at the cut-off, while other characteristics are assumed to evolve
smoothly, individuals just above and just below the threshold are considered comparable
except for the intervention status. Thus, the effect of the intervention can be estimated as the
difference in average outcomes between individuals just above and just below the cut-off."18
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Figure 14 — lllustration of the regression discontinuity design

Bandwidth

>
v

N
Outcome

[
} Inter-

]
]
]
]
[}
]
]
effect |
1
1
1
1
(]
1
1

Y
-7

Assignment variable

Intervention
threshold

RDD is often applied in case of natural experiments and is particularly useful in health policy settings
because many eligibility rules and clinical decision processes rely on formal thresholds.’32 An
important requirement is that this cut-off is exclusive to the programme of interest, so that crossing
the threshold does not simultaneously affect eligibility for other interventions.!”

While RDD is most often used in contexts where eligibility is determined by a threshold based on an
individual characteristic, this is not its only possible application. In some settings, calendar time itself
can serve as the assignment variable, with the intervention date acting as the cut-off.14? In these cases,
the effect is identified by comparing outcomes within a narrow time window immediately before and
after implementation, under the assumption that individuals observed close to the cut-off are
comparable and that no other factors change discontinuously at the same point in time. Because this
comparability is only guaranteed locally, confidence that the estimated effect reflects the intervention
decreases as the time window is extended further from the cut-off. In contrast to the time series
methods discussed later in section 3.3.4, inference is therefore focused on the effect at the moment
of implementation rather than on changes that evolve gradually over longer periods.

On a more practical level, the margin around the threshold is chosen by gradually widening a narrow
window and checking the balance on observed characteristics at each step, stopping when meaningful
differences appear.''® This balance check serves as an empirical diagnostic, with the key identifying
assumption that individuals just above and below the threshold are comparable in both observed and
unobserved characteristics, because their positions relative to the threshold are essentially determined
by quasi-random variation. The choice of margin width involves a trade-off between statistical power
(a large margin around the threshold for large samples) and avoiding confounding (a narrow margin
around the threshold to ensure comparability).''® After determining the margin, the intervention effect
is obtained by regressing the outcome on the assignment variable (the smooth relationship between
the assignment variable and the outcome) and an indicator of intervention exposure (the discontinuous
jump associated with receiving the intervention), with the coefficient on the indicator representing the
intervention effect."® This estimation is restricted to observations within the selected margin around
the threshold, so that comparisons are made only among individuals who are locally comparable.

The key strengths and limitations of RDD arise directly from their reliance on a clearly defined
threshold for group assignment. The main advantage of RDD is that comparisons close to the
threshold are often described as mimicking randomisation, especially when there is some degree of
random error involved.''® Thus, RDD addresses unobserved characteristics more convincingly than
most other quasi-experimental approaches, because equivalence is assumed locally around the
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threshold rather than constructed through adjustment.''® Therefore, RDD is widely regarded as one
of the strongest quasi-experimental approaches in an observational context, as it can closely
approximate randomised controlled trials under well-defined assumptions.'4!

The main limitation of RDD follows directly from the fact that it identifies a local average treatment
effect (LATE) that is valid only for individuals located very close to the threshold. The effect for
individuals farther from the cut-off may differ, which limits the generalisability of RDD findings to the
broader population and can reduce their relevance for assessing overall programme effectiveness.!'®
118,140 |n practice, comparisons between LATEs and ATEs have not shown large differences,!'® but
this remains an important conceptual limitation nonetheless.

RDD comes with considerable data challenges. The need for a large number of observations near
the threshold on both sides to support reliable effect estimation can be an issue.''® Moreover, data on
individuals who were not enrolled in the programme are often not systematically recorded.''® Because
of these requirements, RDD is often used on large routinely collected (administrative) datasets.!'®
Finally, RDD requires a sharp cut-off (illustrated in Figure 15), while real-world decision-making
sometimes entails exceptions or discretion. However, a fuzzy cut-off occurs when eligibility rules are
not applied perfectly, so some individuals just below the threshold still receive the intervention (e.g.
because the eligibility criteria are tampered with to provide additional support for patients) and some
just above it do not (e.g. people who qualify for certain services may not be aware). This fuzziness
can be handled analytically by using threshold-based assignment, meaning the intervention group a
participant would belong to under perfect compliance, as an instrumental variable (instrumental
variables will be covered in section 3.5.4).1"8 While limited noncompliance can be addressed in this
way, the validity of the design still depends on the threshold's strength as a determinant of the
intervention. If crossing the threshold barely affects receiving the intervention, the design effectively
becomes weak and internal validity is compromised.'#? These limitations are, amongst others,
considered in Table 14).

Figure 15 — lllustration of a sharp (left panel) and a fuzzy (right panel) cut-off
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Table 14 - Indications and contra-indications to the use of the regression discontinuity design

e When eligibility around the cut-off cannot be
reliably determined (e.g. due to manipulation or
imprecise measurement), particularly when
crossing the threshold barely affects treatment.

e When time can serve as a cut-off, provided that e In time-based applications, when analysing

e When intervention assignment depends strictly
on a cut-off through a policy eligibility rule and
sufficient data exist close to the threshold.

the policy change occurs at a clearly defined date gradual, delayed, or long-term effects following a
and interest is limited to the immediate period policy change, rather than the immediate
around implementation. discontinuity at implementation.

e The cut-off is also used by other programmes
than the one of interest.

e When individuals close to the cut-off can be
considered comparable at either side.

3.2.3  Strengthening internal validity

3.2.3.1  Regression adjustment

In quasi-experimental studies, regression-based covariate adjustment can be used to control for
confounding when key sources of bias, resulting from either selection bias or confounding, are
captured by observed covariates and residual confounding from unmeasured factors is expected to
be limited."® Other fundamental design flaws (e.g. spillover) cannot be corrected with regression
adjustment.

Regression adjustment is particularly appealing when the causal estimand is defined within a
regression framework and when effect estimation already relies on modelling the outcome as a
function of the intervention and covariates. It is important to note that correct model specification is
essential for the validity of regression-based adjustment.’43

In practice, model misspecification can arise from common analytic choices, such as assuming linear
effects when relationships are nonlinear, omitting important interaction effects, or adjusting for
variables influenced by the intervention itself. Misspecification can lead to biased effect estimates even
when all relevant confounders are measured.? To reduce sensitivity to model misspecification,
doubly robust estimators can be considered (which will be covered in section 3.5.3).

3.2.3.2  Matching

Matching methods aim to create an artificial comparison group that resembles the intervention
group as closely as possible based on observed baseline characteristics.!"” Matching can be applied
at different stages of a study. During the recruitment stage, researchers may actively select control
participants who closely resemble individuals in the intervention group. During the analysis stage,
matching can be used to select appropriate controls from a larger pool of observations. In either case,
it is important to determine in advance which variables will be used for matching, as they must be
measured consistently across all participants.

Matching is typically performed using baseline data collected prior to the intervention, ensuring that
matched characteristics are not affected by the intervention itself. In some situations, matching
can also be carried out using post-intervention data, provided that the variables used for matching are
not plausibly influenced by the intervention and can reasonably be considered time-invariant.'1s

Matching approaches can be implemented at the group level or the individual level. Frequency or
group matching aims to ensure that the overall distribution of key characteristics, such as age or sex,
is similar between the intervention and comparison groups.'* Individual matching constructs a
comparison group by pairing each participant in the intervention group with one or more non-
participants who have similar observed characteristics. Individual matching involves some key design
choices, which are listed in Table 15.145
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Table 15 — Overview of key design choices for individual matching

Design aspect Explanation

Matching ratio Individual matching may be conducted one-to-one or one-to-many. The latter, where
each individual from one group is matched to multiple individuals of the other group,
is more common because the number of cases is usually smaller than the number of
controls and because it increases statistical efficiency.'®

With or without Matching with replacement is often used to reduce bias through closer matches, while
replacement matching without replacement offers greater precision by using more unique
subjects. 46, 147

Matching algorithm  \Without replacement, matching can be implemented either via an optimal algorithm,
often computationally demanding for large datasets, or via a sequential (greedy)
approache. 147, 148
With replacement, matching is typically implemented using a simple nearest
neighbour procedure, as each treated unit can be matched independently.

Distance metric Matching is based on a measure of similarity between individuals, with matches
formed between individuals whose scores lie within a predefined distance (caliper) to
ensure comparability.'® 14® More complex alternatives include Mahalanobis Distance
Matching and Coarsened Exact Matching, but these are not used as often.

Matching can substantially strengthen internal validity by reducing bias due to observed baseline
differences between intervention and comparison groups. By constructing more comparable groups
prior to outcome analysis, matching supports more credible comparisons by making it more plausible
that observed outcome differences are attributable to the intervention rather than to pre-existing
differences.”

In addition, improved comparability may lead to more precise effect estimates, thereby increasing
statistical power.'4”. 148 Matching is also transparent and intuitive, allowing researchers to directly
assess whether comparable individuals have been identified and to evaluate the balance achieved in
observed characteristics.

A practical limitation of individual matching is that participants for whom no suitable match can be
found must be excluded from the matched sample. This loss of observations can reduce statistical
power and external validity, as the resulting estimates apply only to the subset of participants for whom
adequate matches are available. The problem becomes particularly pronounced when matching is
based on many characteristics, as each additional variable makes the criteria for a suitable match
more restrictive, quickly making it difficult or impossible to find comparable counterparts.’#” This issue
is further exacerbated when intervention and comparison groups differ substantially at baseline, a
phenomenon commonly referred to as the curse of dimensionality.''5 117 In practice, exact matching
is therefore typically feasible only for a small number of characteristics, often no more than two or
three, as suitable matches quickly become scarce. In section 3.5.1 of this chapter, propensity score
matching is discussed, which proposes an alternative approach when matching on a larger number of
variables is desired.

d With replacement allows an individual to be matched multiple times, while without replacement restricts
each individual to be used only once.

e Optimal matching selects matches jointly to minimise overall distance across all pairs, whereas sequential
(greedy) matching assigns matches one at a time based on the closest available match.
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3.3 Designs for before-and-after effect identification

3.3.1  Common types of bias

Before-and-after designs rely on comparing the same individuals or population before and after an
intervention. While straightforward and often feasible, these designs are vulnerable to several well-
known threats to validity. Because there is no control group, any change over time may reflect
influences other than the intervention itself. Five common sources of bias are described below.
Throughout section 3.3, a distinction will be made between simple before-and-after designs and
longitudinal time-structure-based designs. The latter build on simple before-after contrasts but
strengthen internal validity by exploiting the alignment between outcome change and the timing of
intervention introduction, making some of these biases less applicable.

¢ Regression to the mean'2% 150
When outcomes are observed at an unusually extreme point and subsequent change is interpreted
as an intervention effect, later measurements tend to be closer to the average due to random
variability rather than true change, a phenomenon often labelled a bias despite not arising from
measurement error. In longitudinal time-structure-based designs, multiple pre-intervention
observations reduce the risk of this type of bias.>

Example: An intervention introduced after an unusually high monthly hospital mortality rate may
appear effective because mortality returns to typical levels in subsequent months, even in the
absence of any real effect of the intervention.

e Maturation bias'?®
Individuals naturally change over time, independent of any intervention. These changes can lead
to improvements or deteriorations that may be mistaken for intervention effects. Multiple
pre-intervention observations reduce the risk of this type of bias in longitudinal time-structure-based
designs. 5"

Example: Children develop cognitively with age, patients recovering from an illness improve
gradually, and behaviours fluctuate with seasonal cycles. In a pre-post design, such natural
changes can easily be misattributed to the intervention.

e History bias'?®

Events external to the intervention may occur between the pre-test and the post-test and influence
the outcome. These events are unrelated to the programme being evaluated but can produce
changes that appear, incorrectly, as if they were caused by the intervention. History bias may
persist in longitudinal time-structure-based designs as external events coinciding with the
intervention can still produce changes that are indistinguishable from the intervention effects. The
extent to which this threat is mitigated depends on the specific timing-based design and how
intervention timing is structured.’?

Example: A new policy, media campaign, or public health initiative is introduced during the study
period, making it impossible to disentangle the intervention's effect from the broader context.

e Testing effects bias'°
The process of taking a pre-test can alter participants’ behaviour, awareness, or responses at the
post-test. This means the act of measurement itself influences the outcome. Testing effects are
attenuated in longitudinal time-structure-based designs, because repeated baseline
measurements make it less likely that one-off measurement reactivity is mistaken for an
intervention effect.!%?

Example: Completing a baseline questionnaire may draw attention to certain behaviours or
symptoms, making participants more mindful or more practiced when completing the post-test.
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¢ Instrumentation bias'®
Changes in the way measurements are taken between pre-test and post-test can introduce bias.
Differences may arise from altered measurement tools, updated procedures, or variability among
observers. Because of the longitudinal nature of time-structure-based design, instrumentation bias
can threaten internal validity in such designs.

Example: Switching from paper surveys at baseline to digital surveys at follow-up or having different
staff conducting observations with (slightly) different interpretations of the measurement protocol.
Another example, specifically relevant for longitudinal time-structure-based designs, is changes to
administrative procedures altering record-keeping practices. %

o Differential loss to follow-up bias'55

Results can become biased when some participants drop out between the pre-test and post-test,
especially when dropout is related to their characteristics or, more importantly, their outcomes
(experimental mortality bias). If the people who remain differ systematically from those who leave,
the post-test data no longer represent the original group. Longitudinal time-structure-based designs
do not inherently protect against this threat. In designs that repeatedly follow the same individuals,
longer follow-up periods may increase the opportunity for attrition and thereby increase the risk of
bias.

Example: Participants experiencing poorer outcomes or less favourable views of the intervention
may be more likely to discontinue participation, inflating the apparent effectiveness of the
programme.

3.3.2  General designs for simple before-and-after effect identification

3.3.2.1  Single-group pre-post design

In single-group pre-post designs, illustrated in Figure 16, all participants receive the intervention.
Because there is no separate control group, the intervention’s effect is inferred solely from changes
within the same group by comparing pre-test measurements taken before the intervention with post-
test measurements taken afterwards. Any improvement or deterioration in the outcome is attributed to
the intervention.

Figure 16 — lllustration of the single group pre-post design
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Single-group pre-post designs offer a practical alternative when the use of a control group is
impractical or in case it raises ethical concerns, as all participants receive the intervention and no one
is withheld from potentially beneficial treatment. They are also less costly, require fewer people and
are easier to implement than designs requiring multiple groups.''® Because the same individuals are
measured over time, these designs capture within-group change and avoid the selection bias that
arises when comparing different groups. On the other hand, they are highly vulnerable to other
sources of bias, since any observed change may stem from factors other than the intervention
operating simultaneously.!'® Without a control group, there is a risk of the biases outlined in the
previous section, all of which can distort the apparent effect. As a result, conclusions about the
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effects of the intervention drawn from single-group pre-post studies are inherently limited and
must be interpreted with caution.®® Nevertheless, a single-group pre-post design can still yield
preliminary estimates of change and is often applied in pilot work to assess the likely effects of an
innovation. %6

Table 16 — Indications and contra-indications to the use of the single group pre-post design

[ ]

When more data are available (either with
controls or time series) allowing more adequate
design choices.

e When time series data are not available. e When influence of time, external events or other
trends on the outcome variable is likely.

e When the use of a control group is not feasible or
ethical.

* Whenthe study is an exploratory or pilot study. ¢ When the outcome measure is volatile over time

3.3.2.2  Simple before-and-after comparison using repeated cross-sectional data

With repeated cross-sectional data, outcome data are collected at multiple time points from
representative samples drawn from the same target population.®® Each measurement relies on a newly
selected cross-section, meaning the samples do not comprise the same individuals over time (e.g. a
survey of nurses in hospitals at different time points without linking individual nurse responses across
measurement periods). Consequently, changes are estimated at the aggregate or population level
rather than at the individual level, enabling researchers to examine trends over time despite variations
in sample composition.3

Repeated cross-sectional data can be used to describe changes in population outcomes over time by
comparing aggregate measures across pre- and post-intervention periods. These before-and-after
comparisons operate at the population level and do not track individual change (see Figure 17). As a
result, observed differences over time may reflect not only intervention effects but also broader
temporal changes, including shifts in population composition, contextual factors, or other concurrent
developments.

Figure 17 — lllustration of before-after comparisons using repeated cross-sectional data

Post-intervention
measurement

Y " ——~

Time

Intervention

Repeated cross-sectional studies are relatively simple to implement because each data collection
wave samples new individuals rather than following the same participants over time. This avoids some
logistical challenges of longitudinal studies, such as attrition, respondent fatigue, and the need for
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longitudinal linkage. It also allows repeated assessment of population-level outcomes in settings
where the underlying population may change over time.

Due to several important challenges, repeated cross-sectional data offer limited ability to attribute
observed changes to the intervention, and trend interpretations must be made cautiously.®® This
design is susceptible to bias and confounding, as observed changes over time may reflect factors
other than the intervention itself, given the potential biases outlined earlier. In addition, repeated
cross-sectional designs carry a risk of selection bias if samples are not consistently representative of
the population across waves,®® as well as if the underlying population changes over time with regard
to potential confounders of the outcome.'3® Ensuring representative and comparable samples across
waves can help mitigate these risks.63

Table 17 — Indications and contra-indications to the use of repeated cross-sectional data

e When individual-level effects are of primary

e When interventions are implemented at the :
interest.

population or system level.
e When the composition of samples or the

e \When population-level trends before and after an underlying population is likely to change over
intervention are needed. time for potential confounders.

e When time series data (see below) are not ° When strong causal conclusions are desired.

available.

3.3.3  Strengthening internal validity for simple before-and-after effect identification

The methodological rigour of these designs can be strengthened by increasing the number of data
collection points.®® Adding a second pre-test before the intervention (AAB-designf) strengthens
evidence that helps rule out regression to the mean (in the single-group pre-post design) and other
confounding factors as alternative explanations for any association observed between the intervention
and the post-test results.'4 157

The AAB-design can be extended by removing the intervention after the third measurement (AABA-
design) and measuring a fourth time to assess whether this removed the outcome as well.'®” This
withdrawal answers additional questions about what happens in the absence of the intervention.'
For the AABA design, it is important to determine in advance whether an effect is expected to persist
and for how long, so that the final measurement is scheduled after any potential fade-out period.'"*
The final design adaptation (i.e. the AABAB-design) builds on the previous one by reintroducing the
intervention again after the fourth measurement and conducting a fifth measurement where the effect
is expected to reappear.'14

Furthermore, a potential modification of the base design involves measuring a second dependent
variable. Apart from the intervention, the second dependent variable should be closely related to the
main outcome, influenced by similar factors and possible confounders, but not by the intervention.'
If the main outcome changes after the intervention, while this similar measure stays the same, it
provides a strong indication that the observed effect is not simply the result of confounding. For
example, a hospital introduces a hand hygiene programme to reduce healthcare-associated
infections. Patient fall rates are measured as a second dependent variable because they are
influenced by similar contextual factors (e.g. staffing levels, bed occupancy rate, patient case mix,...)

f In the notation used here for educational purposes, each letter represents a measurement occasion, with
A denoting measurement in the absence of the intervention and B denoting measurement in the presence
of the intervention. This differs from the more common phase-based notation, where each letter represents
a study phase rather than a single observation (e.g. AABA here corresponds broadly to an ABA design in
phase-based notation).
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but are not expected to be affected by the intervention. If infection rates decrease while fall rates
remain stable, this supports the effectiveness of the intervention.

3.3.4  General designs for longitudinal time-structure-based effect identification

3.3.4.1  Interrupted time series

Interrupted time series (ITS) designs compare a group or population to itself over time using a
large number of repeated measurements, with the pre-intervention period serving as the
control comparison.” They are most commonly used in natural experiment settings,” particularly in
retrospective cohort studies based on administrative or routinely collected data, where long and
frequent time series are readily available. The effect of the intervention is assessed by examining
whether there is a change in the trend/slope (see left panel of Figure 18) or level/intercept (see right
panel of Figure 18) of the outcome following the intervention compared with the pattern observed
beforehand.83 114.157 |TS is best suited to short-term outcomes that are expected to respond shortly
after implementation or following a well-defined lag.®

Figure 18 — lllustration of slope changes (left panel) and intercept changes (right panel)
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The use of ITS designs has several important strengths and some limitations. ITS designs are
relatively straightforward and cost-effective to implement, as they require data from only one group
and do not involve treatment assignment.63 158 |TS allows researchers to assess not only whether an
outcome shifted following an intervention but also how the pattern of change evolves over time (level
changes vs. slope changes). Nonetheless, it is important to consider in advance whether the expected
effects are likely to be detectable within an ITS framework, as effects often do not follow a fixed or
immediate timeline in real-world settings and may emerge at different times across populations
and periods.154

Because ITS explicitly models time trends, it provides stronger internal validity than simpler pre-post
comparisons and can effectively control for time-based confounders, such as seasonal patterns or
gradual background trends.'” Nevertheless, this design remains vulnerable to the bias introduced by
such trends.®? Internal validity strengthens when many pre-intervention data points are available,
enabling a stable, credible baseline before the intervention. At the same time, the need for a
substantial number of repeated measurements over a longer period can also be a drawback
because it limits the practical applicability of this design.” Recommendations suggest collecting at
least eight observations before the intervention and at least eight after it to support reliable estimation
of trends and changes.'%* 159 This minimum supports basic ITS modelling and interpretation. However,
a much larger number of observations may be required for more advanced statistical analyses,
especially when modelling complex autocorrelation structures, with some authors recommending
substantially more data points (about 100)."5* In general, data analysis in the context of ITS is complex
due to autocorrelation and requires advanced statistics.'2°
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Table 18 — Indications and contra-indications to the use of the interrupted time series design

(]

When other concurrent events are expected to

be implemented around the time of the

intervention of interest.

e When the intervention timing is sharp and well e When pre-intervention data are highly volatile,
defined. limiting ability to detect changes in level or trend.

e When long time series exist, including sufficient
baseline data.

3.3.4.2  Multiple baseline designs

Multiple baseline designs (MBDs) are longitudinal designs in which an intervention is introduced
at different time points (calendar time) across several individuals or clusters of individuals,
with repeated outcome measurements throughout, as shown in Figure 19.52 Evidence for an
intervention effect is provided when outcome changes occur only after the intervention is introduced
and at different times across the various baselines, thereby reducing the plausibility that observed
changes are attributable to other events occurring at a single point in time.'6% 161 By staggering
intervention onsets, MBDs protect internal validity by guarding against history bias from a single
external event, such as a concurrent policy change or media campaign, that might otherwise explain
observed changes in outcomes. %"

Figure 19 — lllustration of the multiple baselines design
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MBDs are closely related to interrupted time series designs, as both rely on within-series
comparisons over time, and to stepped-wedge designs, as both involve staggered implementation of
an intervention across units.8® Unlike stepped-wedge designs, however, MBDs do not require that all
individuals or clusters ultimately receive the intervention, nor do they require randomisation of
intervention timing, although randomisation of intervention order can be incorporated to strengthen
the findings.'%2 161 |In applied and public health research, MBDs are often analysed as self-controlled
time-series studies rather than as cluster randomised trials."%?

(@)
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Two main subtypes of MBD can be distinguished. In concurrent MBDs, data collection across
individuals or clusters occurs simultaneously, whereas in non-concurrent MBDs, the timing of
measurements and the introduction of interventions differ across series.'® Concurrent designs are
generally considered stronger, as they more effectively control for shared historical influences. While
non-concurrent designs may be more feasible when logistical constraints prevent simultaneous
recruitment or data collection, they remain vulnerable to confounding by time-varying external
factors. 61

MBDs offer a flexible and ethically attractive alternative when withholding the intervention is unethical.
In addition, this approach is especially useful when simultaneous rollout of interventions is impractical.
At the same time, MBDs typically require a relatively large number of repeated measurements to
establish stable baselines and to detect intervention effects, which may increase data collection
burden and cost when routine data systems are not available.'®' MBDs are best suited to interventions
expected to produce relatively rapid effects, as interventions with long latency periods (e.g. in case
behaviour change of healthcare professionals is part of the intervention) make it difficult to separate
baseline and intervention phases clearly. Finally, the timing of intervention starts affects internal
validity. If intervention onsets are too closely spaced, it becomes difficult to distinguish intervention
effects from contemporaneous external influences.

Table 19 - Indications and contra-indications to the use of the multiple baselines design

e When intervention start times cannot be
meaningfully staggered or must be implemented
simultaneously across all individuals or clusters.

e When sufficient baseline data can be collectedto e«  When intervention effects are expected to
establish stable or interpretable pre-intervention emerge only after a long delay or with substantial
patterns. variability in timing.

e When intervention implementation can be
staggered across individuals, groups, or settings.

e When history bias from external events
happening at the same time as the intervention is
a real concern.

3.3.5  Strengthening internal validity for longitudinal time-structure-based effect
identification

In general, the withdrawal and re-introduction of the intervention and the use of a non-equivalent
second dependent variable, both discussed in section 3.3.3 are valid in this context as well.’®* In
addition, the upcoming sections elaborate on two methods related to comparison with control trends.

3.3.5.1  Controlled Interrupted Time Series

Although ITS already offers stronger internal validity than simple pre-post comparisons, its robustness
can be further enhanced by adding an unexposed comparison group as a reference for what would
have occurred in the absence of the intervention.®3 132 151 |n g controlled ITS (shown in Figure 20),
outcomes are measured repeatedly in both the intervention series and a comparison series that is
assumed to have followed a similar trajectory in the absence of the intervention. By modelling
differences in level and slope between these series before and after the intervention, researchers can
better account for concurrent events and gradual changes unrelated to the intervention itself. This
approach helps reduce several common internal validity issues, including history bias, maturation
bias, and testing effects.'? Its validity nevertheless depends on careful selection of the comparison
group. When these conditions are reasonably met, ITS with a comparison series is often considered
to be among the strongest quasi-experimental design short of randomisation.12% 154
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Figure 20 — lllustration of the Controlled Interrupted Time Series design
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3.3.5.2  Synthetic controls

While controlled ITS designs improve internal validity by introducing a comparison group, further
refinement is possible when no single comparator adequately reflects the pre-intervention
trajectory. Synthetic control methods extend this idea by using a weighted combination of comparison
entities to construct a more credible counterfactual,’'® as illustrated in Figure 21.

Synthetic control methods are designed for situations where an intervention is received by only one
or a small number of cases (such as individuals, hospitals or countries), with many comparable
entities remaining unexposed to the intervention.'®? This method is often used for situations with a
single treated unit, but it can also be applied to multiple treated units.'62 163 The approach constructs
an explicit counterfactual by combining information from these comparison entities into a single
synthetic comparison. This synthetic control is a weighted average chosen by a mathematical
optimisation procedure to closely mirror the case of interest in observed characteristics and
outcome trends before the intervention.'5284 The process of assigning these weights is completely
data-driven, with comparison cases that are more similar to the case of interest receiving higher
weights.'83 Differences that emerge afterwards are interpreted as the effect of the policy relative to
this counterfactual scenario.'®2 As a result, the approach is well-suited to macro- or meso-level
analyses that do not rely on individual-level data or one-to-one matching between individuals.'%3

Figure 21 — lllustration of synthetic controls
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The synthetic control method may be viewed as an extension of DiD analysis, while being intuitively
close to matching approaches aiming to similar construct a control group by balancing relevant
characteristics.'"® Synthetic control methods are particularly useful when the parallel trends
assumption required for DiD analyses is likely to be violated or difficult to verify.'6® Rather than
relying on this assumption or on explicit matching of observed covariates, the method reconstructs the

w
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full pre-intervention outcome trajectory of the case of interest using a weighted combination of
comparison cases. As a result, the approach can account for both observed and unobserved
time-varying confounding, provided these dynamics are reflected before the intervention.®? This is
illustrated in studies comparing synthetic control approaches to DiD analysis, which found different
conclusions about programme effectiveness in contexts where the parallel trends assumption may not
ho|d_162, 165

Some challenges to the use of synthetic controls must be considered. Synthetic control methods are
data-intensive, requiring a reasonably long pre-intervention time series to construct a credible
counterfactual and a large, carefully selected donor pool. The validity of the method depends critically
on the quality of the donor pool. Comparison entities must be similar to the case of interest, must not
be affected by the intervention, and must not be subject to other shocks during the study period."63
However, there is substantial subjectivity in establishing this similarity, with regards to the choice of
the donor pool (e.g. all countries vs. high-income countries vs. EU countries), predictor variables
considered and related inclusion/exclusion criteria.’®® Furthermore, there is no clear consensus on
how to define a ‘good’ pre-intervention fit or how to formally verify the absence of shocks in comparison
entities.'®® Despite this, the credibility of the results relies heavily on these concepts. Finally, applying
synthetic control methods to settings with many intervention cases can be computationally demanding
as well as being conceptually awkward, as the interpretation is most straightforward when focusing on
a small number of cases.'®2 A potential approach to handle this can be to aggregate multiple units
who received the intervention. 66

Textbox 4 — An illustrative example on synthetic controls

Imagine an evaluation of a quality improvement programme introduced in Hospital A in 2019 to
reduce average length of stay. While this programme is unique to hospital A, several similar
hospitals are available to serve as potential control groups.

A simple comparison with one hospital (e.g. Hospital B) may be misleading if no single hospital
closely matches Hospital A’s pre-intervention trend. Instead, a synthetic control is constructed by
combining several hospitals into a weighted average that best reproduces Hospital A before 2019.

In this example, the donor pool consists of four hospitals:

Hospital Similarity in pre-2019 trends Weight in synthetic
control

Hospital B Moderate 0.25
Hospital C High 0.40
Hospital D Low 0.10
Hospital E High 0.25
Total 1.00

The weights are chosen so that the weighted combination of Hospitals B-E closely matches
Hospital A’s length of stay before the intervention:




KCE Report 426 KCE Evaluation Programme: Process and methodology 68

7.0
Y —— Hospital with intervention
~——— Synthetic control

--- Average of control hospitals

6.8

6.6

6.4

6.2

Average length of stay (days)

6.0

Intervention

5.8

T T T T T
2017 2018 2019 2020 2021 2022
Time (monthly)

3.4 Causality in quasi-experiments

3.4.1 From association to causation

Health services and policy researchers are often interested in questions that are inherently causal,
seeking to determine whether an intervention produced a particular effect. Although the concept of
causality is intuitive, establishing a causal relationship is often challenging because causal effects
cannot be observed directly. Importantly, observing an association between an intervention and an
outcome does not necessarily imply that the intervention caused the outcome.''”

Over the years, several frameworks have been developed to guide causal reasoning. One of the most
influential is Bradford Hill's set of considerations for causal inference'®” (Textbox 5), which emphasises
that causal claims should not be based solely on statistical associations but should also be evaluated
in light of factors such as temporality, consistency, plausibility and experimental evidence. While these
considerations do not provide definitive proof of causality, they offer a useful framework for assessing
whether a causal interpretation of an observed relationship is credible.

Textbox 5 — Bradford Hill's considerations for causal inference

e Strength: Strong associations are generally more suggestive of causality than weak
associations.

e Consistency: Similar findings are observed across different studies, populations and settings.
e Specificity: The exposure is linked to a particular outcome (i.e. one cause has one effect).

e Temporality: The cause must precede the effect. This is the only criterion that is universally
necessary for causal inference.

e Biological gradient: Greater exposure is associated with greater effect (a dose-response
relationship).

e Plausibility: A credible mechanism exists through which the exposure could affect the
outcome.

e Coherence: The proposed causal relationship is compatible with existing knowledge and
evidence.

e Experiment: Experimental or quasi-experimental evidence supports the relationship.
e Analogy: Similar causal mechanisms have been observed in related contexts.

Source: Bradford Hill (1965)'57
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A useful framework for conceptualising the progression from describing relationships to answering
causal questions is provided by Pearl's ladder of causation,'®® which describes three levels of
reasoning:

e Association (‘seeing’): The lowest level of the ladder concerns what can be learned from
observed data and addresses questions such as whether two variables are related. Research at
this level focuses on identifying and quantifying associations observationally, without necessarily
making causal claims.

e Intervention (‘doing’): The middle level considers the consequences of actions and asks what
would happen if a particular intervention were implemented. Questions at this level are inherently
causal because they concern the effects of policies, programmes or treatments. Experimental
studies and most quasi-experimental designs are intended to answer questions at this rung.

e Counterfactuals (‘imagining’): The highest level of the ladder of causation considers what would
have happened under alternative circumstances. For example, what would the outcome have
been if an intervention had not been implemented? This level underpins modern causal inference
and requires reasoning about outcomes that cannot be directly observed.

Quasi-experimental designs can primarily be situated at the intervention level. Yet, an intervention can
only be considered causal if any alternative explanations for the observed effect are not plausible.
This requires the approximation of the relevant counterfactual outcomes, which cannot be directly
observed. Consequently, modern approaches to causal inference increasingly view intervention and
counterfactual reasoning as closely intertwined, with the latter providing the theoretical foundation for
estimating causal effects.

3.4.2 The causal inference framework

3.4.2.1  Counterfactuals

A central idea in establishing causality is the counterfactual, as introduced in Pearl’s highest level
of the ladder, which captures what the outcome variable would have been in the absence of the
intervention and is essential for determining whether the intervention changed an outcome.''”. 168
Because a counterfactual cannot be directly observed for the same individuals, the counterfactual
must be approximated.'”- 189 Thus, constructing a credible counterfactual is a core task in any impact
evaluation. In classic experimental designs, random assignment creates a control group that credibly
estimates the counterfactual by balancing both observed and unobserved characteristics across
groups. This makes alternative explanations for observed differences less plausible and strengthens
causal inference. 89 170

Quasi-experimental designs, on the other hand, construct an approximation of the counterfactual by
either comparing an intervention group to another group or by using repeated observations of
the same population over time.'"* However, without random assignment, greater attention must be
paid to whether the chosen comparison adequately reflects what would have happened in the absence
of the intervention. Constructing a credible counterfactual using both design and analytical techniques
is therefore particularly important in quasi-experimental evaluation.20

3.4.2.2 Potential outcomes

The causal inference framework formalises counterfactual reasoning through the concept of
potential outcomes, which represent the outcomes that would be observed under different intervention
conditions.'”" For every unit under study, whether an individual, organisation or population, one can
conceptualise multiple potential outcomes corresponding to different intervention scenarios. However,
only one of these potential outcomes can be observed in practice. The remaining potential outcomes
are counterfactual.
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As an example (adapted from Cunningham, 2021'72), suppose we have three patients with cancer
and two treatments that we would like to compare in terms of post-treatment lifespan. The potential
outcomes are shown in Table 20. In this example, each patient has two potential outcomes: one under
treatment 1 and one under treatment 2. However, only the outcome corresponding to the treatment
actually received can be observed. The causal effect is defined as the contrast between these potential
outcomes. Because one potential outcome is always unobserved, individual causal effects cannot be
measured directly and must instead be estimated.

Table 20 — An example of potential outcomes

O1: life span after treatment Oz2: life span after treatment Difference
1 2
A 7 (1) 6

B (5) 6 -1
c 5 (1) 4

This table displays potential outcomes after two treatments and the difference between these potential outcomes.
numbers in bold = actual observed outcomes;
numbers between brackets = unobserved counterfactual outcome if patients would have had the other treatment

3.4.2.3 Causal estimands

The potential outcomes framework also clarifies how causal effects are defined. In practice,
researchers are rarely interested in the causal effect for a single individual. Instead, causal effects are
typically averaged over a specified population, yielding explicit causal estimands.

A causal estimand specifies the effect of interest, including the population to which it applies, the
intervention being compared, and the outcome on which the effect is measured.’”® In quasi-
experimental studies, group assignment is not random and intervention uptake is typically selective,
meaning that the ATE and ATT may differ substantially. Researchers should therefore be explicit about
which causal effect is most relevant to their evaluation question.3?

These concepts can be illustrated by revisiting Table 20. The ATE for treatment 1, defined as the
average effect of an intervention if it were applied to the entire target population regardless of receiving
the treatment, is the average of the individual causal effects: (6 — 1 + 4) / 3 = 3 years. In contrast, the
ATT for treatment 1, reflecting the average effect among the subset of individuals that actually received
this treatment, is the average of the individual causal effects among patients A and C, yielding an
effect of: (6 + 4) / 2 = 5 years.

It is up to the researchers to decide which of the two is most valuable prior to data analysis. For
instance, evaluations of resource intensive programmes targeted at high need patients often focus on
the ATT, reflecting interest in effects among those who receive the intervention. In contrast,
evaluations of low cost system wide changes, such as standardized care pathways or information
tools, may prioritize the ATE to inform population level implementation decisions.'® Importantly,
different quasi experimental designs implicitly target different causal estimands, as methods that
construct comparators to resemble the intervention group typically estimate effects among the treated
(ATT), whereas population level effects (ATE) require approaches that reweight or model the full
eligible population.48

The concepts of counterfactuals, potential outcomes and causal estimands form the foundation of
modern causal inference. However, causal effects can only be identified under a number of
assumptions, which are discussed in the next section.
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3.4.2.4  Assumptions of causal inference

Because counterfactual outcomes are not observed, causal effects cannot be identified from
observational data without additional assumptions about the underlying data-generating process. The
causal inference framework makes these assumptions explicit. The most important assumptions
are:'74

e Consistency: The outcome observed for an individual is the result of the specific intervention
they actually received. This assumption requires that the intervention is sufficiently well-defined
for all individuals classified as exposed to be considered as receiving the same intervention.

e Exchangeability: Also known as ‘no unobserved confounding’ (more information on confounding
can be found in the next section). After accounting for an appropriate set of variables, treated and
untreated individuals are comparable in terms of their potential outcomes.

e Positivity: Within any specific subgroup of the population (e.g. defined by characteristics such as
age, sex, socioeconomic background), there is a non-zero probability that an individual could
receive any of the interventions under study.

Importantly, the assumptions required for causal inference cannot be tested directly and are often
difficult to justify in applied research. The exchangeability assumption is particularly demanding,
requiring that those who did and those who did not receive the intervention are comparable after
adjustment for observed variables. In observational settings, this condition is fragile, as unmeasured
confounding can seldom be ruled out with confidence. Causal inference based on observational data,
therefore, remains contested. Rather than resolving this uncertainty, the causal inference framework
makes explicit which biases may persist and which assumptions, especially exchangeability, must be
judged on substantive grounds.

3.4.3 Directed acyclic graphs

Directed acyclic graphs (DAGs) are graphical representations of assumed causal relationships
between variables. In a DAG, variables are represented by nodes and causal relationships by arrows.
The term directed refers to the fact that arrows have a direction, indicating the presumed direction of
causality, while acyclic means that causal relationships cannot loop back on themselves. Importantly,
a DAG does not represent statistical associations but rather the researcher's assumptions about the
causal processes underlying the data. By making these assumptions explicit, DAGs help identify
potential sources of bias and guide decisions about which variables should and should not be adjusted
for during analysis.

The primary purpose of a DAG is to help researchers identify which variables should be adjusted for
when estimating a causal effect. This decision is guided by the backdoor criterion, a principle stating
that alternative pathways that could create a misleading association between the exposure and
outcome should be eliminated, while the causal pathway of interest should be preserved. In practice,
this typically means adjusting for confounders while avoiding adjustment for mediators and colliders.43

A key feature of DAGs is that the role of a variable is determined by its position within the causal
structure. Variables that are associated with both the exposure and outcome do not necessarily require
the same analytical treatment. Table 21 summarises the most common relation types encountered in
causal inference, while Textbox 6 illustrates them with an example.
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s

Table 21 — Most common relations and their adjustments

Graphical structure Adjustment required?

Confounder A variable that influences Yes. Adjustment helps
both the exposure and eliminate alternative
outcome, creating a non- explanations for the
causal pathway between observed association
( Exposure ——{ outcome ) them. between the exposure
and outcome.
Mediator A variable that lies on the No. Adjustment removes
causal pathway between part of the causal effect
exposure and outcome being estimated.

( Exposure ——{ outcome ) and transmits part of the
intervention effect.

Collider : A variable influenced by No. Adjustment may
both the exposure and introduce bias by opening
/ \ outcome, or by their a previously blocked non-
( Exposure | ( outcome ) causes. causal pathway.
Moderator A variable for which the Address through stratified
Moderator magnitude or direction of analyses or interaction
the causal effect differs terms for estimating and
across subgroups. reporting causal effects.

{ Exposure }——“[ Outcome )

Textbox 6 — lllustrative example of a DAG and its components

Imagine a study assessing the effect of telemonitoring on mortality risk among patients with heart
failure. The DAG below represents the assumed causal structure underlying this relationship.

Medication
Adherence

Multimorbidity

Telemonitoring ra Mortality risk

Socioeconomic
status

Specialist
referral

This DAG contains the following components:

e Socioeconomic status (confounder): Socioeconomic status may influence both participation in
telemonitoring programmes and mortality risk. For example, patients with higher socioeconomic
status may have better access to technology and healthcare resources while also experiencing
better health outcomes independent of the intervention.
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e Medication adherence (mediator): Telemonitoring may improve patients' adherence to
prescribed treatment through reminders, monitoring, and increased contact with healthcare
professionals. Improved adherence can subsequently reduce mortality risk, placing medication
adherence on the causal pathway between telemonitoring and mortality.

e Specialist referral (collider): Specialist referral may be influenced both by telemonitoring, which
can identify patients requiring specialist input, and by worsening health status associated with
increased mortality risk. Adjusting for specialist referral may therefore introduce bias by creating
a spurious association between telemonitoring and mortality.

e Multimorbidity (moderator): The effect of telemonitoring on mortality may differ according to the
number and complexity of chronic conditions a patient has. For instance, patients with multiple
chronic conditions may benefit more from continuous monitoring than patients with a single
condition.

While DAGs help make causal assumptions explicit and identify potential sources of bias, they do not
by themselves estimate causal effects. A range of analytical methods has therefore been developed
to translate these assumptions into effect estimates, each relying on specific assumptions and
addressing confounding in different ways. A few of them will be discussed in the next section.

3.5 Analytical methods for causal inference

3.56.1  Propensity score methods

Propensity scores summarise multiple baseline characteristics into a single quantity
representing the probability that a participant receives the intervention, conditional on observed
pre-intervention covariates.'® Thus, whereas the other techniques discussed in this section model the
outcome, propensity score methods model the assignment to the intervention. In practice,
propensity scores are most commonly estimated using logistic regression, yielding an estimated
probability between zero and one.49 175

Propensity scores are not of substantive interest in themselves, but function as a design tool to
improve covariate balance between exposure groups and thereby support causal effect
estimation. Accordingly, the adequacy of a propensity score model is judged solely by its ability to
balance observed confounders after application, rather than by how accurately it represents the true
treatment assignment mechanism or how interpretable the model parameters are.'”®

In this context, balance refers to intervention and control groups being similar with respect to their
observed baseline covariates. Individuals with similar propensity scores may still differ on specific
characteristics, so the aim is not exact one-to-one equivalence, but comparability at group level. A
valid propensity score should achieve balance on all relevant confounders, including variables
associated with both exposure and outcome. Because the full set of confounders can never be verified
empirically, propensity score models must be justified by showing that the selected covariates
plausibly capture the relevant confounders and that an acceptable balance is achieved after
implementation.'7®

There is no consensus in the literature on which variables should be included in a propensity score
model. While it is theoretically motivated to include predictors of intervention assignment,#° others
argue that variables associated with the outcome should also be included, even if they are unrelated
to assignment.’”® Because the full set of relevant (observed and unobserved) confounders can never
be empirically verified, covariate selection must be justified substantively, by demonstrating (based on
existing theory and empirical evidence) that the chosen variables plausibly approximate the true
confounder set.'”® In practice, this often leads to the inclusion of all measured baseline characteristics,
as many are likely to affect treatment assignment and/or the outcome. 49
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Compared with conventional regression approaches, propensity scores reduce reliance on the correct
specification of the exposure-outcome model and enable the simultaneous adjustment for a large
number of confounders when constructing comparable groups.'”® However, this does not eliminate
the need for modelling, but rather shifts it to the specification of the intervention assignment model,
which must be correctly specified to obtain valid estimates. Furthermore, propensity score methods
make it easier to assess whether baseline differences between groups are adequately controlled, as
one can directly verify covariate balance between groups, whereas regression adjustment does not.'49
Finally, while both approaches rely on sufficient overlap in covariate distributions between groups, this
requirement is particularly central for propensity score methods, as they explicitly depend on the ability
to construct comparable groups within regions of common support.

Propensity scores have several applications, including matching, trimming, weighting, stratification,
and covariate adjustment.47. 149, 171,177 Stratification compares outcomes within groups of individuals
with similar propensity scores, while covariate adjustment incorporates the score as a predictor in
regression models.'”' However, these methods tend to perform weaker.#® Therefore, this chapter
focuses on matching, trimming, and weighting, as these most directly target covariate balance at the
design stage.

3.5.1.1  Propensity score matching

Propensity score matching addresses the practical limitations of matching on many characteristics
(i.e. the aforementioned curse of dimensionality) by summarising multiple baseline variables into a
single score. This makes matching more manageable and allows individuals in the intervention group
to be paired with one or more control individuals who have similar propensity score values.’ In
practice, propensity score matching involves estimating the score for each individual and then forming
pairs or sets of individuals with similar values. This is typically done using nearest neighbour
algorithms, optionally combined with restrictions such as calipers to avoid poor matches.!15 149
Importantly, this approach does not aim to make individuals identical, but to ensure comparability
between intervention and comparison groups on a group level.

Checking the balance in baseline covariates between groups after propensity score matching is
essential but often poorly done and reported. Relying on p-values is misleading because they reflect
sample size rather than the magnitude of the imbalance. A more informative approach is to report
standardised bias, which expresses group differences on a comparable scale and indicates how large
any remaining imbalance is. Balance checking can be an iterative process, involving refinement of the
propensity score model or matching parameters such as the caliper width. When imbalance persists
for key covariates, adding interaction and higher-order terms should be considered to improve
balance, or the use of automated propensity score model building methods. 75

It is important to note that, when propensity scores are near the extremes, comparable counterparts
may not exist. This occurs when those who received the intervention have scores close to one, while
others have scores close to zero, indicating a lack of common support. Matching is therefore typically
restricted to the region where scores overlap, as depicted in Figure 22. As a result, causal estimates
apply only to this matched subset rather than the full population. When overlap is very limited,
comparisons must either be restricted to a small similar group or considered infeasible.™® This also
highlights a trade-off: more accurate propensity score models may reduce overlap between groups,
leading to fewer matches and a smaller analysis sample, which can limit precision and
generalisability.'”®
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Figure 22 — Propensity score matching and propensity score trimming
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3.5.1.2  Propensity score trimming

As discussed in the context of propensity score matching, individuals located at the extremes of the
propensity score distribution may lack comparable counterparts, indicating limited or no common
support between intervention groups. In such cases, credible comparisons cannot be made for these
observations. Rather than relying on matching procedures to implicitly exclude such individuals,
propensity score trimming makes this restriction explicit by defining a region of overlap in advance
and discarding observations outside this range.'#”

Propensity score trimming restricts the analysis to individuals for whom both intervention and
comparison groups are sufficiently represented, thereby improving comparability and reducing
reliance on extrapolation into regions where no comparable observations exist. This typically involves
excluding individuals with very high or very low propensity scores. By focusing on this region of
overlap, trimming can improve internal validity, as estimates are based on more credible comparisons,
but at the expense of external validity, since results no longer generalise to the full sample. The choice
of trimming threshold reflects this trade-off, balancing the retention of a larger sample against
improved comparability, and can be guided by formal procedures to identify an appropriate region of
overlap.'47

Propensity score matching and trimming address complementary issues. Matching is suitable
when sufficient overlap exists to identify comparable individuals across groups.'® Trimming is
particularly useful when this overlap is limited, as it restricts the analysis to observations for which
credible comparisons can be made. In practice, timming may be used to define a region of common
support, after which matching is applied within that subset.4°

3.5.1.3  Propensity score weighting

Instead of creating matched subsets, propensity score weighting uses the propensity score to
reweight individuals based on the inverse of their probability of receiving the observed
exposure. In doing so, it reduces the association between confounders and exposure by giving
greater weight to individuals who received an exposure level that was unlikely given their covariate
profile.’42 179 The resulting weighted sample can be interpreted as a pseudo-population in which the
distribution of measured confounders is similar across exposure groups, enabling a more credible
comparison of outcomes.179-181

In its most common form, inverse probability of treatment weighting (IPTW) weights are calculated as
1/PS for exposed individuals and 1/(1-PS) for unexposed individuals (with PS denoting the propensity
score), after which the treatment effect is estimated in the weighted sample. In practice, this involves
three steps:'""

e estimating the propensity score,
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e calculating the weights, and
e incorporating them into the outcome analysis.
A practical example of how these steps are carried out will be provided later in Textbox 8.

More generally, propensity scores can be used to construct weights that address other sources of
bias. For example, inverse probability of censoring weighting (IPCW) can adjust for selective dropout,
and inverse probability of sampling weighting (IPSW) can account for non-representative sampling. In
each case, the aim is to create a pseudo-population in which the relevant selection mechanism is
independent of observed characteristics.”?. 181

Compared with matching, propensity score weighting retains most observations in the analysis,
which can increase effective sample size and improve statistical power.'® It is also flexible and can
be applied to a wider range of exposure types, including categorical and continuous treatments.'7®
More generally, by summarising multiple confounders into a single score, weighting can be particularly
useful in settings with many covariates or limited numbers of outcome events.'”® However, weighting
methods are sensitive to extreme propensity scores, which can lead to unstable weights and reduced
precision.82 183 |n addition, their validity depends on the correct specification of the propensity score
model, as misspecification may result in residual imbalance and biased estimates.7?

3.5.2 G-computation

Rather than trying to balance exposure groups directly, g-computation adjusts for confounding by
modelling the outcome as a function of both the intervention and relevant covariates, thereby
accounting for the confounder-outcome relationship.’”' The method builds on the potential outcomes
framework mentioned in section 3.4.2.2, in which each individual has an outcome under exposure and
an outcome under non-exposure, of which only one is observed.'® The aim is to recover the ATE,
defined as the mean difference between these two potential outcomes in the target population.'7". 184

In practice, g-computation proceeds in four steps. First, an outcome model is fitted on all observed
data. Second, this model is used to predict counterfactual outcomes for each individual, both with and
without the intervention. Third, individual treatment effects are calculated as the difference between
these predictions and averaged to obtain the ATE. Finally, uncertainty is typically quantified using
bootstrapping or Monte Carlo simulation.'?". 180. 184 This process is illustrated in Textbox 7.
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Textbox 7 — lllustrative example of g-computation

Imagine a study evaluating whether a structured medication review improves a medication
appropriateness score. The DAG (directed acyclic graph, see section 3.4.3) created for this study
showed age and number of chronic conditions to be important confounders. G-computation
estimates the intervention effect as follows:

Step 1: Use available data to fit an outcome model and predict the counterfactual data:

Predicted outcome;
= fo + B1.medication review; + f3,.age; + B3.chronic conditions; + e;

Step 2: Predict outcome with and without the intervention and calculate individual treatment effect:

Intervention: Observed Predicted Predicted
Chronic o appropriate- appropriate- appropriate- | Individual
conditions Medlc?atlon ness score ness score ness score effect
review without review | with review

1 68 1 0 12 9 12 3
2 75 3 1 22 21 30 9
3 70 2 1 18 18 25 7
4 82 4 0 35 25 34 9
5 66 1 1 10 10 10 0
6 78 3 0 28 20 28 8

Average: 6

Step 3: Average over the individual treatment effects to calculate the average treatment effect. Use
Monte Carlo simulation and/or bootstrapping to account for uncertainty:

Interpretation: The medication review increases the appropriateness score by 6 (95% CI: [9; 3])
points on average.

G-computation can strengthen internal validity, provided that the key assumptions for causal inference
are plausible, notably the absence of unmeasured confounding.'8

In addition to these standard assumptions, a fourth criterion is required for valid inference when
applying g-computation: correct specification of the outcome model.'® Because adjustment for
confounding is achieved through the outcome prediction model, this model must adequately capture
the true relationships between the outcome, exposure and confounders, including their interactions
and functional form.'”! If the model is misspecified, confounding may not be fully controlled, leading
to biased estimates, even when the assumptions of exchangeability, positivity and consistency hold
in principle.'® Ensuring adequate model specification typically relies on substantive expert
knowledge to correctly specify functional forms and interactions, although data-driven approaches
such as machine learning may offer useful support in this step.8% 18 Another reason why the use of
machine learning models is worth considering, is that the samples it requires to train the outcome
prediction model may be less large than classical approaches. '8¢
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3.6.3 Doubly robust estimators

For each of the methods mentioned above (regression adjustment, propensity-based methods, and
g-computation), it is essential that the underlying models adequately reflect the true data-generating
processd. These approaches rely on correct model specification to yield valid conclusions about
intervention effectiveness. In practice, however, these processes are often complex, and perfect
specification is unlikely. As a result, even small model misspecifications can introduce bias into the
estimated effects.”"

Doubly robust estimators offer a way to mitigate this issue by combining two modelling approaches,
typically one for treatment assignment (such as propensity score methods) and one for the outcome
(such as regression adjustment or g-computation). For instance, one of the most common doubly
robust estimators combines a multivariable outcome regression model with inverse probability
weighting. This provides two opportunities to capture the true data-generating process, so that the
estimator remains unbiased as long as at least one of the two models is correctly specified.8”

A helpful way to understand this property is to view the doubly robust estimator as the sum of the
intervention effect and an additional correction term. This term can be interpreted as the product of
two bias components: one from the treatment model and one from the outcome model. If either model
is correctly specified, its corresponding bias component is zero. Because the two components are
multiplied, the correction term is eliminated, so the estimator remains unbiased even if the other model
is misspecified. In practice, this also means that when both models are only slightly misspecified, the
resulting bias may still be small, since it reflects the combination of two small errors. However, when
both models are substantially misspecified, the bias can become large and the estimator may perform
worse than either method used on its own. 7", 181

This increased robustness comes with a trade-off. While doubly robust estimators reduce bias when
at least one of the two models is well specified, they are typically less precise than a correctly specified
single-model approach, such as g-computation. In practice, this means that the estimated effects may
fluctuate more from one sample to another, even if they are, on average, closer to the true effect.
Thus, doubly robust methods prioritise protection against bias over precision, which can be
advantageous in settings where model misspecification is a concern but may result in wider
uncertainty around the estimated effects.88. 189

9 Real-world process that produces both the treatment assignment and the outcomes, along with all
observed data, according to underlying causal and stochastic mechanisms.
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Textbox 8 — Practical example propensity score matching

Imagine a programme concerning a new staffing policy introducing flexible shift scheduling that
improves nurse job satisfaction. To evaluate this programme, we compare nurses working in
hospitals implementing this intervention to nurses working in hospitals without this policy. For both
groups, data will be collected before and after the start of the intervention. In this example, the effect
will be estimated with a DiD analysis using a doubly robust estimator combining inverse probability
weighting. The doubly robust estimator calculates the intervention effect as follows:

Step 1: Calculate the propensity score for each individual in the dataset

logit(PS;) = yo +v1.-Age; +v,.Years of experience; + y3;. Department; + e;

Step 2: Calculate the IP weights for each individual as:

w; = w; = W for control group
e R R
satisfaction experience weight

0 Before Internal medicine | 0.30 1.43

1 0 After 6.1 34 8 Internal medicine | 0.30 1.43
2 1 Before 5.8 42 15 Surgical 0.60 1.67
2 1 After 6.8 42 15 Surgical 0.60 1.67
3 0 Before 6.5 37 10 Internal medicine | 0.40 1.67
3 0 After 6.4 37 10 Internal medicine | 0.40 1.67
4 1 Before 5.5 50 20 ICU 0.75 1.33
4 1 After 6.6 50 20 ICU 0.75 1.33

Step 3: Adjust for the confounders in the weighted (IP weights) outcome regression model

Outcome; = By + B1.Intervention; + ,.Time + B;.Intervention;. Time + ,.Age
+ Bs.Years of experience + 4. Department; + e;

Interpretation: The staffing policy increases nurse job satisfaction by approximately B3 points.

3.5.4 Instrumental variables

A key challenge in estimating causal effects is that the observed relationship between an exposure or
treatment and an outcome typically combines two sources of variation:

e Confounded variation, which reflects biases due to omitted variables
e Unconfounded variation, also called ‘as-if-random’, which carries the true causal signal.

Instrumental variables (IV) methods aim to isolate this latter component by leveraging an external
factor, called an instrument, that influences the exposure but is independent of the confounders
affecting the outcome. By using only the variation in the exposure that is induced by this instrument,
IV mimics a randomised experiment by isolating variation in exposure that is as-if random.

This variation arises from individuals whose exposure changes in response to the instrument, and the
resulting estimate therefore captures a causal effect for this subgroup that is not biased by
confounding. Importantly, this effect pertains to individuals whose exposure is influenced by the
instrument. This is known as a local average treatment effect (LATE). In other words, IV does not
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remove selection bias, it isolates variation in treatment that is not driven by selection and estimates
the effect in that part of the population.''”. 143 Textbox 9 this with an example.

A valid instrument must satisfy four conditions to ensure that it identifies a causal effect rather than
introducing new biases. These criteria formalise the idea that the instrument should mimic random
variation in the exposure while remaining otherwise unrelated to the outcome. The criteria (of which
the first three are illustrated in Figure 23) are the following:118. 143, 190

e Relevance: The instrument must be strongly associated with the exposure

e Exclusion restriction: The instrument should affect the outcome only through its effect on the
exposure, and not through any alternative pathways

e Independence: The instrument must be independent of any unmeasured confounders that
influence both the exposure and the outcome

e Monotonicity: An instrument must affect the treatment uptake in the same direction for all
individuals, it cannot have the opposite effect on some.

Figure 23 — The criteria for an instrumental variable

QOutcome

Confounder

In the analysis stage, IV is usually carried out in two steps. First, the exposure is predicted using the
instrument, capturing only the part of the exposure that is driven by the instrument. Note that it is
possible to use multiple IVs to estimate the effect of a single intervention.®’

Predicted exposure; =y, + y;.instrument; + y,.covariates; + e;

Then, the outcome is analysed using this predicted exposure, which allows estimation of the causal
effect based on variation that is not influenced by confounding.

Outcome; = [, + f;. Predicted exposure; + [3,. covariates; + e;

Textbox 9 — An illustrative example on instrumental variables

Imagine an evaluation of a training programme for health practitioners when participation is
voluntary. Practitioners who choose to attend are likely to differ from non-participants in ways that
also affect outcomes. For example, they may be more motivated, more open to changing their
practice, or more convinced that the training will benefit them.

In this setting, the distance from a practitioner’s workplace to the training location can serve as an
instrument: it influences the likelihood of attending but is unlikely to affect outcomes except through
participation. This helps isolate variation in training uptake that approximates random assignment.
The resulting estimate can be interpreted as the effect of the training among practitioners whose
participation is influenced by distance to the training location (i.e. the LATE). The figure below
illustrates the DAG of this example.
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Distance to Training Outcome of
training participation training

Willingness
to participate

Instrumental variable methods offer an attractive solution to unobserved confounding in observational
data.’®® By exploiting variation in exposure that is driven by an external instrument rather than by
individual choice or programme implementation, IV focuses on changes in treatment uptake induced
by that instrument, allowing for evaluation even in the presence of imperfect compliance or voluntary
participation that would otherwise introduce selection bias.""” This makes IV particularly valuable in
settings where randomisation is not feasible.

However, these advantages come with important limitations. Credible instruments are often difficult
to find, and the validity of the approach relies on strong assumptions that cannot be directly tested.®’
In particular, the main concern about unmeasured confounding between the exposure and the
outcome is effectively replaced by assumptions about the instrument, such as its independence from
unmeasured factors that affect the outcome and the absence of alternative pathways.'®® Moreover, as
IV estimates a LATE, the findings may not be generalisable to the entire population but instead apply
to the subgroup whose treatment is influenced by the instrument. It is therefore important to consider
whether this subgroup is relevant to the research question of interest. Finally, IV estimates are typically
less precise and therefore often require large sample sizes.'9°

3.6 A practical guide to developing a quasi-experimental design and analysis
protocol

The process of designing a quasi-experiment can be summarised in five components (see Figure 24),
culminating in the design and analysis protocol as the final end product. Although the process is
presented as broadly linear, this is an oversimplification because feedback between stages is often
required. In particular, the stages of data availability and structure and design choice are considered
together: the available data may constrain which designs are feasible, while the chosen design may
determine which data need to be requested or collected. Each of the components is discussed in the
sections below.

Figure 24 — Outline of the five components of quasi-experimental study design
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3.6.1 Component 1: Research question and estimand

The first step in designing a quasi-experimental study is to establish a first conceptual definition of the
research question. The research team must develop a clear understanding of the problem the study
is intended to address and the practical and policy context. This requires some exploratory work, in
close interaction with the programme organisers to establish the estimand of the project, which is
defined by the following elements:

e Population: Who is affected by the intervention? (e.g. care providers, patients, informal
caregivers, support/administrative staff, management)

e Intervention: What exactly does the intervention entail? It is particularly important to explicitly
consider this for complex interventions consisting of a multitude of sub-interventions.

e  Comparator: This is most commonly current practice.

e Outcome: It is important to gain an understanding of what the programme organisers aim to
achieve with the programme. Potential adverse outcomes should also be considered. A primary
outcome will later need to be selected for power considerations.

e Time horizon: How long will the project run? How likely is it that the supposed outcomes of the
intervention could be observed within that timeframe?

e Effect: Are we interested in the average treatment effect in general, the average treatment effect
on the treated or a local average treatment effect for a particular subgroup?

At this stage, these definitions can still be preliminary. They can be idealised and not yet constrained
by feasibility or data, as the purpose is to clarify what should be estimated before selecting a design.

3.6.2 Component 2: Make causal assumptions explicit

Once the research question and estimand have been defined, the next step is to make the underlying
causal assumptions explicit. In the context of evaluating a pilot programme, this step is critical to
understand how the intervention may generate observed outcomes and where bias may arise.

The starting point is to identify all variables that are causally related to the exposure, the
outcome, or selection into the study. This requires gathering information from multiple sources,
such as expert input (including those familiar with the organisation and implementation of the pilot)
and existing literature on similar interventions and outcomes. This information can be structured and
interpreted using conceptual frameworks, such as the theory of change underlying the programme
(see Chapter 1) or broader systems thinking perspectives (see Chapter 10), to capture interactions
across organisational and care delivery levels.

Importantly, variables should not be restricted to those that are readily available in the data. Variables
that are unmeasured, difficult to measure, or only partially observed should still be considered, as
omitting them implicitly assumes that they play no causal role. The identified variables and their
assumed relationships should then be formalised in a directed acyclic graph (DAG, see
section 3.4.3), to provide a transparent representation of the assumed causal structure underlying the
intervention and its outcomes. A detailed, step-by-step guide to constructing and interpreting DAGs is
provided in the work of Feeney et al.,"%2 which is recommended for further guidance in this stage of
the study development.

Once specified, the DAG serves as the foundation for subsequent design and analytical
decisions. It helps identify potential sources of bias, including confounding and selection
mechanisms, and determines which variables should be adjusted for to obtain an unbiased estimate
of the target effect. Equally importantly, it highlights variables that should not be adjusted for, such as
mediators or colliders, as conditioning on these can introduce bias rather than remove it.

Developing the DAG is typically an iterative process. Initial versions should be refined through
discussion with a broader group of experts until a reasonable level of consensus is reached.
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Disagreements between experts are informative and should not be ignored. Instead, they can be
formalised as alternative candidate DAGs, which can be used to guide sensitivity analyses.

Depending on the research question, analyses may focus on only a subset of the relationships
represented in a broader DAG. Nevertheless, the broader causal structure remains important, as it
provides the context for identifying potential sources of bias and assessing the plausibility of the
assumptions underlying the analysis.

Finally, it is recommended to pre-register the DAG or at least document it before analysis begins.
This ensures that the causal assumptions are specified independently of the data and results, and
provides a transparent basis for design and analytical decisions.

3.6.3 Component 3: Data availability and structure

After defining the estimand and causal assumptions, the next step is to evaluate existing data and
identify what additional information is needed, guided by the DAG and estimand. This requires
mapping the variables in the DAG to available data sources (see also Chapter 11 — routinely collected
data) and assessing whether they are observed, imperfectly measured, or missing.

Missing variables may signal residual confounding and should be addressed through design changes,
sensitivity analyses, or refinement of the estimand. As measurement error and data gaps are common,
these limitations should be acknowledged at the design stage and reflected in planned analyses,
including sensitivity analyses to assess robustness. It is also important to consider how individuals
entered the dataset, as selection mechanisms may introduce systematic differences that affect validity.

The data structure in which individuals, groups, and outcomes are observed over time has important
implications for which evaluation designs can be implemented and how causal effects can be
estimated. While data structures do not define causal designs themselves, they strongly influence
which quasi-experimental approaches are most naturally applied. Different data structures and design
combinations exist. Table 22 provides an overview of data structures with their implications towards
design choice.

Table 22 — Overview of data structures and their potential applications

Data type Description Most common Other possible but less
applications common applications

Panel data The same individuals (or clusters) e Single-group pre- e Interrupted time series
are measured repeatedly over post designs e Multiple baseline designs
time, allowing direct observation e Difference-in- (NOTE: this requires sufficient
of within-person change and differences analysis repeated measurements)
control for time-invariant individual
characteristics.

Repeated Different samples are drawn from e Simple before-and-  © Interrupted time series

cross- the same population at each time after comparisons (NOTE: this requires sufficient

sectional point, allowing assessment of e Difference-in- repeated population

data population-level change but not differences analysis aggregates)
change within individuals.

Aggregated Repeated measurements are « (Controlled) * Before-and-after

time series collected over time for an Interrupted time comparisons

data aggregate unit (e.g. hospital, series designs o Difference-in-differences
school, region), capturing ¢ Multiple baseline analyses in case of multiple
temporal variation without designs time series
individual-level information. (NOTE: Although these are

feasible, methods that
explicitly model temporal
patterns are preferred)
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3.6.4 Component 4: Evaluation design choice

Selecting an appropriate evaluation design requires balancing methodological rigor with the practical
constraints imposed by the intervention and available data. Table 23 presents an indicative ranking of
quasi-experimental designs according to their internal validity, assuming reasonable implementation
and that key assumptions are met. Designs within the same category are broadly comparable, and
the credibility of evidence depends on implementation quality, data quality, and the plausibility of
assumptions.

Table 23 - An indicative ranking of quasi-experimental designs

Internal Comment
validity

High (Controlled) Interrupted Time series Strong protection against several sources of bias,

) ) . provided key design assumptions are met.
Multiple Baselines Design

Regression Discontinuity Design

Medium Controlled Pre-post Design More pragmatic and widely applicable, but more
dependent on assumptions regarding group
comparability.

Low Single Group Pre-post Design High susceptibility to bias. Researchers should
carefully consider whether the design is capable
of providing evidence that is sufficient to answer
the research question and justify the resources
required for the study.

Controlled Post-test Only Design

The presented ranking should be interpreted as indicative rather than absolute. It reflects the typical internal
validity of each design when considered in isolation. The validity of quasi-experimental evaluations also depends
on the plausibility of the underlying causal assumptions and on the analytical methods used. Appropriate design
adaptations and causal inference techniques may substantially strengthen a study (see sections 3.2.3, 3.3.3,
3.3.5, and 3.5), whereas violations of key assumptions may undermine even theoretically strong designs.

While some designs may generally provide stronger protection against bias than others, not all designs
are feasible in every evaluation setting. The decision flowchart in Figure 25 is intended to help
researchers identify designs that may be appropriate given the characteristics of the intervention and
the available data. The flowchart should be viewed as a guide rather than a prescriptive algorithm.
Identifying a design through the flowchart does not necessarily mean it is the most appropriate option.
Researchers’ own judgment is key in assessing whether the design’s assumptions are plausible,
whether it matches the available data structure, whether it can adequately answer the research
question, and whether it captures the timing and nature of intervention effects.
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Figure 25 — Decision flow chart to assist design choice

Yes

!

Choose the right
design from the
previous chapter on
Experimental
Designs

Is the intervention
assigned using a

known cut-off or
threshold?

Yes No
|

Consider a
Regression
Discontinuity Design

/

Yes No

Is there a
comparable group
without the
intervention?

Are repeated
observations
available before
and after
intervention?

Are pre- and post-
intervention
observations
available for both
groups?

No Yes Yes
l Are repeated l Is at least one pre:
Consider a observations Consider a P

. intervention
available before

Controlled Post- Interrupted Time

observation

Test Only Design* and after Series )
i i available?
intervention?
No Yes Yes No
i i l
Consider a How was Consider a Single- R
) : Consider a Post-
Controlled Pre-Post implementation Group Pre-Post .
. . ) Test Only Design
Design introduced? Design*

Staggered across

Single time point ] i
sites or settings

Consider a
Controlled Consider a Multiple-
Interrupted Time Baseline Design
Series

*» Recommendation: Consider whether the design is capable of providing the evidence needed to adequately
answer the research question and justify conducting the study.

3.6.5 Component 5: Study protocol specification

This section builds on the target trial emulation framework introduced earlier and translates it into
practical design considerations. For retrospective observational studies, the use of target trial
emulation is worth considering such as the work of Seewald et al.’?6 on TTE applied in health policy
research.'?® However, the same TTE structure covered below can also guide the specification and
operationalisation of prospective quasi-experiments, from eligibility criteria to power calculation.
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UNITS AND ELIGIBILITY CRITERIA

This component specifies the policy-level units that could implement the policy (such as organisations)
and the population or sub-units affected by the policy (such as individual care providers or patients),
along with eligibility criteria for both, defined using information available at baseline. Relevant
questions include:

e What are relevant inclusion and exclusion criteria?
e If prospective: Which subgroup of the target population is likely to be underrepresented?
e Ifretrospective: Are sufficient historical data available to establish eligibility at baseline?

e Isitrequired that all individuals in an organisation participate in the intervention? (e.g. all GPs in
a participating GP practice? What about interns and temporary workers?)

EXPOSURE AND COMPARISON CONDITIONS

A thorough understanding of what policies exist around the topic of interest is critical, including
mapping which (combination of) policies are considered the exposure and which policies could be
potential confounders. Relevant questions include:

e What counts as treated? (e.g. Is there a minimum required exposure duration? Is there a minimum
implementation fidelity? Should all aspects of the intervention be implemented as a whole or is
partial adoption possible?)

e Is the recruitment of controls independent of that of the intervention group or not? (e.g. due to
matching or the same stratification)

e Are there any contextual changes during the study period affecting intervention and exposure
group unequally that may (have) impact(ed) the outcome? (e.g. changes to nomenclature or
introduction of new policies) How can they be accounted for?

ASSIGNMENT MECHANISM

When random assignment is impossible, it is important to identify the factors that can cause
differences in policy adoption and the outcome of the intervention. To strengthen internal validity, these
should be accounted for using an appropriate analytical method, of which several are discussed
throughout this chapter. Relevant questions include:

e In case of voluntary participation: Which factors can contribute to the decision to participate, and
can they be measured (e.g. can motivation and belief in the positive impact of the intervention be
quantified in surveys?) Or is there a variable that could potentially serve as an instrument?

o If necessary: How likely are parallel trends between the intervention and control groups?

e If necessary: Which analytical technique will be used to account for confounding and/or selection
bias?

TEMPORAL STRUCTURE (TIME ZERO)

A clear time zero is defined as the point at which the policy could begin to affect outcomes. Incorrectly
defining the baseline can introduce bias: defining it too late may capture anticipation effects, while
defining it too early can dilute the observed treatment effect by including time before the treatment has
any impact. Bias introduced by time zero misspecification is common in observational studies and,
therefore, a key element in target trial emulation. For evaluation studies using observational data, the
work of Kutcher et al.'®® is recommended for more information on the problem and potential solutions.
Relevant questions include:

e What should be the exact rule for time zero? (e.g. first eligibility for intervention, actual initiation
of intervention, policy implementation date, recruitment/enrolment date, ...)
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o Are there likely anticipation effects?

e Is the intervention start on the same day for all participants or is implementation staggered?

OUTCOMES

Outcome variables should be operationalised, and the appropriate variable(s) should be selected for
power calculation (usually the primary outcome). Relevant questions include:

e What is the primary outcome?
e  Which type is each outcome variable? (e.g. binary, count, continuous, time-to-event)

e When and how often will the outcome be measured? (e.g. single post-baseline assessment;
repeated measures over time; cumulative outcome over follow-up)

ESTIMAND

The initial estimand from component 1 (see section 3.6.1) should be revisited if necessary.

STATISTICAL ANALYSIS AND POWER ANALYSIS

The statistical considerations presented in Chapter 4 are applicable in quasi-experiments. In
prospective studies, a sample size calculation should be made to establish recruitment targets. In
retrospective studies, it can be useful in some contexts to calculate power from the available sample
size. Relevant questions include:

e How will clustering or repeated measures be handled?
e What assumptions are required and how will they be assessed?

e  Which sensitivity analyses would be useful?
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4 STATISTICAL CONSIDERATIONS FOR EVALUATION
STUDIES

KEY POINTS

e Outcomes should be selected, operationalised and prioritised early, as they influence
data collection, sample size requirements, and the interpretation of study results. Different
ways of measuring the same underlying concept may lead to different interpretations and
different statistical properties.

o The research hypothesis should be specified before data collection begins, including
whether the objective is to demonstrate a difference in any direction, superiority, non-
inferiority, equivalence, or another predefined effect.

o Statistical power quantifies the probability of detecting a true effect. Sample size
calculations provide an estimate of the number of participants required to address the research
question with an acceptable probability of detecting a meaningful effect.

e Power calculations depend on assumptions that require subject-matter expertise.
Estimates of effect sizes, variability and other key parameters should be informed by the best
available evidence and (expert) knowledge of the study context.

e Multiplicity increases the risk of false-positive findings. Sources of multiplicity include
multiple outcomes, multiple treatment comparisons, multiple subgroup analyses or adaptive
interim analyses, and appropriate strategies should be considered during study planning.

o Different analytical approaches answer different questions. In general, intention-to-treat
analysis is preferred over per-protocol analysis as it preserves the benefits of randomisation.

¢ Intercurrent events should be anticipated and handled explicitly. Important events that
occur after implementation of the intervention can introduce bias in the study results.

e Correlation between clustered observations is common in healthcare data and should
be accounted for, as they affect data collection, sample size requirements and analytical
methods

o Sensitivity analyses help assess robustness of the findings. Conclusions that remain
consistent across reasonable alternative analyses are generally more credible than
conclusions that depend strongly on specific assumptions.

4.1 Defining the research questions

4.1.1 Outcomes

The choice of outcomes is a fundamental part of defining the research question, as outcomes
determine how the success of an intervention will be assessed. Outcomes should be selected early
during study planning because they influence data collection procedures, the planned statistical
analyses, sample size requirements and ultimately the interpretation of the study results.

4.1.1.1  Primary and secondary outcomes

Studies evaluating complex interventions often assess multiple outcomes to capture their effects from
different perspectives, including those of patients, healthcare providers, healthcare organisations and
the healthcare system. Primary outcomes quantify the main measure of the effectiveness of the
intervention and often drive design decisions such as sample size determination. Secondary
outcomes provide additional information on other effects of the intervention. Secondary outcomes
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may also include process outcomes, which assess whether the intervention changed the targeted
processes of care. Because health policy interventions often affect multiple domains simultaneously,
it is important to clearly prioritise outcomes and research questions to support both the statistical
analysis and the interpretation of the findings. Programme Theory, as discussed in Chapter 1, can
support such decisions.”®

When selecting key outcomes, the following aspects should be considered:

e Relevance: the outcome should reflect effects that are meaningful to stakeholders, including
patients, healthcare providers, policymakers and insurance organisations.

e Scientific acceptability: the outcome should be consistent with current scientific knowledge and
accepted practice within the field.

o Feasibility of measurement: the outcome should be measurable in a reliable and practical
manner.

e Follow-up duration: the outcome should occur within a timeframe compatible with the study
design.

o Statistical considerations: the outcome should allow appropriate and robust analytical methods

o Ethically acceptability: the endpoint and its measurement should not impose undue burden or
risk on participants

o Statistical power: the endpoint should allow for a study with sufficient power given realistic
sample size and budget constraints

In some studies, selecting a single primary outcome may be difficult because several outcomes are
considered equally important. While it is possible to use multiple primary outcomes (also called ‘co-
primary endpoints’), this increases complexity. Multiple primary outcomes require additional decisions
about how to define and interpret intervention success and also affect the required sample size (see
section 4.2.3.1). A possible alternative approach is to combine multiple outcomes into a composite
outcome. Another approach is to explicitly prioritise outcomes according to their importance and
incorporate this prioritisation into the statistical analysis. Generalized Pairwise Comparisons (GPC),
described in section 4.2.2.3, is an example of a statistical method that follows this principle. Both
approaches require careful consideration and should be specified during study planning.”0 194

4.1.1.2  Outcome operationalisation

Different types of outcomes require different statistical methods and may have implications for study

design and sample size calculations. Table 24 presents some commonly encountered outcome types.
90 195

Table 24 — Types of outcomes

. Can take any value within a Cost of care; Visual Analogue Scale (VAS) for
Continuous

range satisfaction with care
Binary . . Hospital readmission within 30 days (yes/no);
(dichotomous) Two possible categories Received recommended preventive screening (yes/no)
Count Number of events occurring Number of outpatient visits during follow-up;

during a defined period Number of emergency department visits in one year
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Likert scales of self-rated health;

Qs QiR RIS Cancer stage at diagnosis (stage I-1V)

Numerical score with a finite ADL score;

Discrete score . . .
number of possible values Hospital quality of care score

Primary mode of transport to access care;
Type of healthcare provider first consulted (GP,
specialist, emergency department, pharmacist, ...)

Categories without natural

Nominal .
ordering

In general, variables that contain more information provide greater statistical power (for more on
power, see section 4.2) and thus allow for smaller sample sizes. All else being equal, the following
hierarchy can be considered: continuous variables > discrete numeric variables (including
counts) > ordinal variables > nominal and binary variables. In clinical research, continuous
outcomes are frequently dichotomised to facilitate interpretation or to align with clinical decision
thresholds (e.g. using a binary indicator of length of stay being longer than five days or not instead of
expressing length of stay in days). However, such dichotomisation comes at a cost, as it discards
information, reduces statistical power, and may require substantially larger sample sizes to detect the
same effect.%

Outcomes represent concepts of interest (e.g. healthcare utilisation or health status) that must be
operationalised into measurable variables. For example, healthcare utilisation can be measured as
the number of hospital admissions, the admission rate, or time to first admission. Because different
operationalisations may lead to different interpretations of intervention success, outcome definitions
should be explicitly discussed and agreed upon early with both the research team and relevant
stakeholders.

4.1.1.3  Surrogate outcomes

Sometimes the most relevant outcome is impractical to measure because it requires long follow-up or
because its measurement is difficult, resource-intensive or burdensome for participants. In such cases,
researchers may consider a surrogate outcome: an earlier or more easily measured outcome that is
intended to substitute for the outcome of primary interest. For example, researchers may be interested
in longer-term health outcomes, but only short-term indicators are available within the duration of the
pilot programme. Process indicators or intermediate outcomes (see Chapter 1 on Programme Theory)
may then be considered as surrogate measures of the expected policy impact.1°7- 198

The use of surrogate outcomes requires caution because a positive effect on a surrogate outcome
does not guarantee a positive effect on the outcome of real interest. For example, an intervention
may improve guideline adherence or service uptake without improving patient outcomes. This is
because the relationship between an intervention and a meaningful outcome is often more complex
than can be captured by a single intermediate measure. Researchers should therefore critically
evaluate whether the surrogate outcome is a credible indicator of meaningful intervention effects.
Whenever feasible, direct measures of those effects should be used.

The suitability of a surrogate outcome should be evaluated using evidence from previous studies, by
assessing both its association with the outcome of interest and the extent to which intervention effects
on the surrogate reliably predict effects on that outcome. 97, 198
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4.1.2 Hypotheses

4.1.2.1  Fundamentals of hypothesis testing

Once the key outcomes have been defined, the study must specify what it aims to demonstrate
regarding those outcomes. This is done through one or more hypotheses, which underpin many
subsequent statistical decisions.

In hypothesis testing, a null hypothesis (H,) is assessed against an alternative hypothesis (Ha). The
null hypothesis typically represents the absence of a meaningful intervention effect, while the
alternative hypothesis represents the effect that the study aims to assess. In many studies, this
corresponds to no difference between groups versus a non-null difference. However, other
formulations may be more appropriate depending on the research question. The study evaluates the
compatibility of the observed data with these competing hypotheses, commonly through confidence
intervals and p-values. It is important to note that statistical significance should not be confused with
a meaningful effect size.!99. 200

Because study conclusions are based on incomplete information, they are always subject to
uncertainty. Two types of errors can occur:'%®

e A Type |l error (i.e. a false-positive result) occurs when a study concludes that an intervention
has an effect when in reality it does not.

e AType ll error (i.e. a false-negative result) occurs when a study fails to detect an effect that truly
exists.

Table 25 — Two types of error

STUDY RESULT

OK Type Il error

(true positive) (false negative)
Probability = 1 — B (power) Probability = g
Type | error OK

(false positive) (true negative)
Probability = a Probability =1 — a

4.1.2.2 Superiority, non-inferiority and equivalence studies

Different studies may aim to answer different research questions. The most common objective is to
demonstrate that an intervention performs better than the comparator (superiority). However, other
objectives may also be relevant.

Figure 26 illustrates several possible situations. The value 0 represents no difference between the
interventions. The values —C and +C represent predefined margins whose interpretation depends on
the research question.20

e In a superiority study, the objective is to demonstrate that the intervention performs better than
the comparator. In a super-superiority study, the objective is to demonstrate that the
intervention exceeds a predefined threshold for a meaningful effect. In this case, +C represents
the minimum clinically or policy-relevant difference.

e In a non-inferiority study, the objective is to demonstrate that the intervention is not
unacceptably worse than the comparator. Here, —C represents the non-inferiority margin, i.e. the
largest loss of effectiveness that would still be considered acceptable. Such studies may be
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appropriate when an intervention offers other advantages, such as lower costs, easier
implementation or improved accessibility.

In an equivalence study, the objective is to demonstrate that any difference between
interventions is sufficiently small to be considered unimportant. In this case, —C and +C define the
lower and upper equivalence margins.

The research hypothesis also determines whether a one-sided or two-sided test is appropriate. A two-
sided test considers both positive and negative differences between interventions and typically
allocates 2.5% of a 5% significance level to each direction of the effect.?9" A one-sided test considers
only one direction and allocates the full significance level to that direction, although a 2.5% one-sided
level is often recommended for consistency with two-sided inference.8 Within the KCE evaluation
programme, two-sided tests are generally preferred because interventions may have both beneficial
and unintended adverse effects. One-sided tests should only be used when justified by the research
question (e.g. non-inferiority studies) and should be specified a priori.

Figure 26 — Superiority, non-inferiority and equivalence studies
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Legend: S = Superior; NI = Non-inferior; E = Equivalent; -C = Non-inferiority margin;, SS = Super-superior; Inf =
Inferior; +C = Minimum important difference; nada = none of the above

Key considerations for the research team:

Prioritise outcomes and decide which outcome(s) will determine the success of the intervention
(see also Chapter 1).

Operationalise outcomes carefully, taking into account feasibility, interpretability and the
implications for statistical power.

Agree on the research hypotheses for each key outcome before data collection starts.

Consider whether surrogate outcomes are acceptable, and whether they are sufficiently
credible proxies for the outcomes of real interest.
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4.2 type Il error: power analysis

4.2.1  Statistical power

In intervention studies, the number of study participants must be sufficient to distinguish a true change
in the primary outcome measure from background noise. Statistical power reflects how likely a study
is to achieve this. More formally, it is the probability that a study will detect an effect if such an effect
exists. As introduced in section 4.1.2, power corresponds to 1 — 3, where B is the probability of a
Type |l error (false negative finding).19°

A study with insufficient power is referred to as underpowered. In such studies, an intervention may
appear ineffective simply because the study was unable to detect an existing effect. Conversely, a
study may be overpowered when substantially more participants are included than necessary.
Although this increases the likelihood of detecting an effect, it may lead to unnecessary use of
resources and to statistically significant findings that are too small to be of practical relevance.%°
Moreover, including more participants than required can lead to unnecessary costs, operational
challenges, and ethical concerns, as participants may be exposed to research procedures and
burdens without sufficient scientific justification.

Power analyses primarily address random error arising from chance variation in the data. Increasing
the sample size generally improves the precision of estimated effects and reduces the influence of
random error, thereby increasing the likelihood of detecting a true effect. However, larger sample sizes
do not protect against systematic error (bias), which arises when study results are consistently
distorted by aspects of the study design, implementation or data collection. Adequate power is
therefore necessary but not sufficient to ensure valid study conclusions. Potential sources of bias must
also be considered when designing and conducting a study, as discussed in Chapters 2 and 3.200. 202

Sample size calculations can be based on different objectives. In studies focused on hypothesis
testing, the required sample size is often determined through a power calculation. Power can be
estimated given a set of key assumptions, including the expected distribution of the primary outcome
and the magnitude of the anticipated effect size (this will be elaborated upon in section 4.2.2.2). The
sample size is then chosen such that the study has a sufficiently high probability of detecting a clinically
relevant effect if it exists.

However, not all studies aim primarily to test hypotheses. In some situations, the objective is to
estimate a parameter, such as a prevalence, mean, or treatment effect, with a desired level of
accuracy. In these cases, the sample size may be based on the desired precision of the estimate,
which is commonly expressed through the width of a confidence interval. Larger sample sizes
generally produce narrower confidence intervals and therefore more precise estimates. Precision-
based sample size calculations are frequently used in descriptive studies, pilot studies, and studies
that aim to provide reliable effect size estimates for future research.203

In prospective studies, either a power-based or precision-based calculation may be used to determine
the required sample size, depending on the study objective. Studies based on existing data sources
often have a fixed number of observations available. In such situations, the available sample size can
be used to calculate either the statistical power to detect a given effect size or the precision with which
key parameters can be estimated.

Sample size calculations are based on assumptions about quantities that are often unknown at the
design stage, such as the expected effect of the intervention or the variability of the outcome. As
discussed in the upcoming sections, several design choices and study characteristics may further
increase the complexity of these calculations. In practice, transparency and plausibility of assumptions
are often more important than methodological complexity when conducting sample size
calculations.2%4 Therefore, when key parameters are uncertain, a simple sample size calculation
based on a limited number of transparent and well-justified assumptions may be preferable to
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a highly complex calculation that relies on many uncertain inputs. Additional complexity may not
improve the reliability of the estimated sample size and can create a false sense of precision.

4.2.2 What do we need for power estimation?

4.2.2.1  Significant level (a) and power (1-)

Power and sample size calculations require the specification of a significance level (a) and a desired
statistical power (1-). Lower significance levels and higher levels of power require a larger
sample size.

In many studies, a significance level of 5% and a power of 80% or 90% are used. This corresponds to
accepting a 5% probability of falsely concluding that an intervention is effective and a 20% or 10%
probability of failing to detect a true effect. However, the consequences of false positive and false
negative conclusions may differ between studies and should be considered during study planning. For
example, stronger evidence (i.e. lower a) may be required before implementing a costly health policy
intervention, whereas a more exploratory evaluation may tolerate a larger probability of type | errors.205

4.2.2.2  Effect size (d)

The effect size represents the magnitude of the association or difference that the study aims to detect.
Its exact interpretation depends on the study design and statistical analysis. For example, when
comparing two groups, the effect size may be defined as the difference in average outcome values
between the groups. In studies evaluating a dose-response relationship, the effect size may
correspond to the slope describing the change in outcome associated with a one-unit increase in
exposure or intervention intensity. More generally, the effect size is the parameter for which evidence
is sought and on which the sample size calculation is based.

The larger the true effect, the easier it is to detect statistically, and therefore the smaller the
sample size required to achieve a given level of power. This reflects the signal-to-noise ratio in the
data: larger effects stand out more clearly against natural variability, whereas smaller effects are more
easily obscured by random variation and typically require larger sample sizes to detect. A central task
in sample size calculation is obtaining a plausible estimate of the effect size. Such estimates can be
informed by existing data, expert knowledge, published literature, or evidence from studies conducted
in similar settings or populations. For example, researchers may draw on effect estimates reported in
previous studies, routinely collected healthcare data, or consultations with clinical experts and other
stakeholders. Because these sources are often uncertain or imperfect, it is generally advisable to take
a conservative approach when specifying the effect size. In practice, this means assuming a
somewhat smaller effect, as larger assumed effects lead to smaller required sample sizes, whereas
smaller assumed effects increase the sample size and reduce the risk of an underpowered study.8

An alternative starting point is to consider the smallest effect that would be considered meaningful.
This is sometimes referred to as the minimum (clinically) important difference (M(C)ID). Sample
size calculations can then be based on the effect size that the study should be able to detect in order
to inform decision-making. This is often a relatively conservative approach, as meaningful effects may
be smaller than the effects reported in previous studies, resulting in larger required sample sizes.
Published M(C)IDs are available for a range of outcomes, particularly for patient-reported outcome
measures (PROMs). These are typically derived in dedicated methodological studies that aim to
identify the smallest change in an outcome that is perceived as meaningful by patients, for example
by relating changes in the outcome measure to patients' own assessment of improvement.206. 207

Both perspectives are useful and ideally should be considered together. An effect may be plausible
but too small to justify implementing an intervention, or conversely, meaningful but unrealistic to
achieve. Discussing both the expected effect and the minimum meaningful effect can help determine
whether a study is both feasible and worthwhile.
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4.2.2.3  Variability (o)

Higher variability reduces the precision of the estimate and therefore increases the sample size
required to achieve a given level of statistical power.

Estimates of the standard deviation are sometimes available from previous studies, pilot data, or the
published literature. However, relevant data or literature may not always exist. In such cases, expert
opinion can be used to inform plausible values, or estimates may be sought from data obtained in
similar settings or populations. In general, it is advisable to adopt a conservative approach. This
involves assuming a slightly larger standard deviation, which increases the required sample size but
reduces the risk of an underpowered study.8®

When uncertainty about the standard deviation remains high, researchers may consider incorporating
a planned reassessment of this assumption after the first participants have been enrolled (also called
a sample size assumptions reassessment interim analysis). In many settings, this can be done without
examining differences between study groups, for example by estimating the pooled standard deviation
across all participants, thus maintaining blinding.2%8

4.2.2.4  Allocation ratio

Studies do not always assign equal numbers of participants to each intervention arm. Unequal
allocation may be chosen for ethical, practical, recruitment, or cost reasons (see Chapter 4). However,
allocating more participants to one arm than the other reduces the statistical efficiency of the
comparison, meaning that a larger total sample size is required to achieve the same level of
confidence in the results. The extent of this increase depends on the allocation ratio, and the
assumed variance in both arms. In many examples these are assumed to be equal, but this is not
necessarily the case. The reason for this increase is that unequal allocation inflates the variance of
the estimated difference between intervention arms, thereby reducing statistical efficiency.203 209

As a practical rule of thumb, to achieve the same statistical power as a study with equal allocation
(1:1), a study with 1:2 allocation ratio requires 12% more participants in total, while a 1:3 allocation
ratio requires 33% more participants.h

4.2.2.5 Outcome-specific parameters required for sample size calculation

In addition to the aforementioned commonly needed parameters (a, 1-B, O, T), sample size
calculations require outcome-specific parameters. The exact information needed depends on the type
of outcome and the corresponding statistical analysis. Table 26 provides an overview of the
parameters that typically need to be specified for commonly encountered outcome types. As with the
target effect size, these parameters are often obtained from previous studies, pilot data, routine data
sources, or expert judgement.203, 209

h Under otherwise equal circumstances, the required total sample size is proportional to (1+r)%/(4r), where r
denotes the allocation ratio. The percentages reported above are derived directly from this relationship.
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Table 26 — Additional required parameters for sample size calculation by outcome type

Outcome type Main parameters needed

Continuous outcome data: e § = expected effect size under H,

Difference between two e ¢ = standard deviation in all experimental arms

normally distributed means

Binary outcome data: e 1, = proportion in control arm

Difference between two e 1, = proportion in experimental arm (based on the expected effect size)
proportions

Time to event data e HR + (median time to event or landmark proportion in one arm), or

Median time to event or landmark proportions in both arms
Operational assumptions in order to calculate number of participants
Accrual rate and pattern

Follow-up time after accrual

Dropout rate

Preferred timing of analysis

Count data e . and Ag: expected number of events per time period
e Dg, D : study duration in each arm
Ordinal, discrete score-type Expected proportions for each category, in each arm, e.g.

data and nominal data Category Control Experimenta
I
Poor 12% 8%
Fair 25% 20%
Good 30% 32%

Sources: Based on Cytel et al. (2018)?°° and Chow et al. (2017)?%3

4.2.3 Factors affecting sample size calculation
4.2.3.1  Multiple primary outcomes

In studies of complex interventions, it is common to focus on multiple key endpoints rather than a
single primary endpoint. Multiple primary outcomes have implications for sample size calculations for
two reasons. First, different outcomes may require different sample sizes because they differ in their
type, frequency, variability, or expected intervention effect. The overall sample size is therefore
typically determined by the outcome with the most demanding power requirement. Second, the
required sample size depends on how intervention success is defined. For example, if all primary
outcomes must demonstrate a positive effect for the intervention to be considered successful (‘co-
primary endpoints’), a larger sample size may be required to ensure sufficient overall power. As a
result, studies with multiple primary outcomes often require more participants than studies with a single
primary outcome'.”®

4.2.3.2  Clustered designs

In reality, not all data are independent of each other as is often assumed in standard sample size
calculations. This may occur when participants are grouped within the same hospital, general practice,
or family (clustered data), or when the same individuals are measured repeatedly over time

i When multiple co-primary endpoints must all show a significant effect, the overall power equals the
probability that all endpoints achieve significance simultaneously. Assuming independence, this can be
approximated as the product of the individual powers. For example, two endpoints each powered at 80%
yield an overall power of 64% (0.8 x 0.8), whereas two endpoints each powered at 90% yield an overall
power of 81% (0.9 x 0.9). Because co-primary endpoints are often positively correlated, this approximation
is generally conservative.
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(longitudinal data). Correlation between data affects the amount of information available and therefore
has implications for both sample size calculations and data analysis (more on this in section 4.4).210

Observations within the same cluster tend to be more similar to one another than observations from
different clusters. As a result, the effective sample size is smaller than the actual number of
participants. For between-group comparisons, the stronger the within-cluster correlation, the
larger the sample size required to achieve a given level of statistical power. These
considerations are discussed further in section 4.4 and Appendix 2.3. In contrast, for within-group
comparisons based on longitudinal data, observations from the same individual are often positively
correlated. Thus, for within-group comparisons, stronger correlations reduce the variability of
changes over time, which increases statistical power and may reduce the sample size required
to detect a given effect.?'0

Ignoring these correlations can lead to an overly optimistic sample size calculation and an
underpowered study. Correlation also has important implications for the statistical analysis of the data.
The main considerations for the analysis of clustered data are discussed in section 4.4, while Appendix
2.2 and Appendix 2.3 provide additional technical details on the sample size calculations in case of
clustered data.07. 108

4.2.3.3  Drop-out and missing data

Standard sample size calculations often assume that outcome data will be available for all participants.
In reality, some participants may withdraw, be lost to follow-up, or have incomplete outcome
measurements. Because these participants may contribute less information to the primary analysis,
the effective sample size is often smaller than the number of participants initially recruited. Ignoring
this issue can result in a study with insufficient power.203. 211

Studies therefore commonly increase the planned sample size to account for anticipated drop-
out or missing data. \When the primary analysis is based only on participants with observed outcome
data, the required inflation is often determined directly by the expected loss of participants. For
example, if 100 evaluable participants are required and a 20% drop-out rate is anticipated,
approximately 125 participants would need to be recruited.

When the primary analysis aims to estimate the treatment effect for all enrolled participants despite
missing outcome data (i.e. an intention-to-treat analysis as will be explained in section 4.5), the impact
of drop-out on sample size is more complex. The required adjustment depends not only on the
proportion of missing data but also on how missing outcomes and other post-enrolment events are
handled in the analysis (i.e. on the strategy chosen to handle intercurrent events, as will be explained
in section 4.5). Consequently, there is no single inflation factor that can be recommended for all
studies. Further details are provided in Appendix 2.4.

4.2.3.4  Change from baseline

Many intervention studies collect measurements before and after the intervention. Incorporating
baseline measurements into the analysis can reduce variability, thereby improving the efficiency of
the study and reduce the required sample size.?'?

The magnitude of this gain depends on how strongly baseline and follow-up measurements are
related. Because this relationship is often uncertain during study planning, sample size calculations
that make use of baseline measurements require additional assumptions. Further details on methods
such as change-from-baseline analyses and baseline-adjusted analyses are provided in Appendix
2.5.212
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Key considerations for the research team:

Perform a sample size calculation to estimate how many participants are required to answer
the research question with sufficient power.

Recognise the main factors that may increase the required sample size:
o Using a more stringent significance threshold

o Requiring a higher probability of detecting a true effect

o Trying to detect smaller effects

o  Greater variability (noise) in the data

o Unequal allocation of participants between groups

o For between-group comparisons: Stronger clustering of participants

o For within-group comparisons: Weaker clustering among observations of the same
participant

o Higher expected levels of drop-out or missing data

Collect the best available evidence to inform assumptions regarding effect size, variability and
other required parameters (e.g. from the literature, routine data, pilot studies or expert input).

Discuss both the expected effect and the smallest effect that would be considered meaningful
for decision-making.

Keep assumptions transparent and proportionate. A simple calculation based on a limited
number of well-justified assumptions is often preferable to a highly complex calculation that
relies on many uncertain inputs.

Treat a sample size calculation as an estimate rather than a hard cut-off, as it depends on
assumptions that may ultimately prove incorrect.

4.3 Managing type | error: multiplicity

The type | error may be compromised when a study includes multiple statistical comparisons or
analyses, a phenomenon referred to as multiplicity. As a consequence, the overall probability of
making at least one type | error may exceed the intended significance level (e.g. 5%) unless
appropriate adjustments are made. Figure 27 illustrates how this probability increases rapidly as the
number of statistical tests growsi. Consequently, any planned analyses or interim evaluations should
be justified by a clear scientific objective.?2!3

More specifically, the probability of at least one type | error increases according to the formula 7-(1-a)™,
with m being the number of tests.
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Figure 27 — Probability of at least one type | error increasing with the number of conducted

tests
- tests one Type | error
- 1 0.05 = 5%
_ 2 0.098 = 10%
g - 3 0.143 = 14%
= 4 0.185 ~ 19%
g = 5 0.226 = 22%
5 10 0.401 = 40%
i o 15 0.537 = 54%
20 0.642 = 64%

T T T T T T
0 20 40 60 20 100

Mumber of hypotheses

4.3.1  Multiple testing

Multiple testing occurs whenever a study includes more than one formal hypothesis test. Common
examples include studies with multiple outcomes, multiple treatment comparisons, multiple subgroup
analyses or adaptive interim analyses. Because each additional test creates another opportunity to
demonstrate an effect, the probability of obtaining at least one false-positive finding increases unless
appropriate adjustments are made.2'3

Numerous methods have been developed to control the overall risk of a Type | error when multiple
hypotheses are evaluated. From a study design perspective, the most important distinction is whether
hypotheses are treated as equally important or whether some are prioritised over others.

If all hypotheses are considered equally important, the available significance level can be distributed
across them. The well-known Bonferroni correction (illustrated in panel A of Figure 28) is one
example, although less conservative alternatives are often used in practice (e.g. Tukey, Hochberg,
Holm, ...).214

A common approach in studies where hypotheses are not considered equally important is
hierarchical testing (panel B of Figure 28), in which hypotheses are tested in a predefined order.
Testing proceeds to the next hypothesis only if the previous test is statistically significant. Another
approach is the split alpha strategy (panel C of Figure 28), in which the overall significance level is
distributed across hypotheses according to their relative importance. Greater priority can be given to
key outcomes by assigning them a larger share of the available Type | error budget.?'4

Hierarchical testing and split alpha can also be combined in what is called a fallback procedure. In
this approach, hypotheses are prioritised, while part of the Type | error budget is initially reserved for
lower-priority hypotheses. If a higher-priority hypothesis is statistically significant, its allocated
significance level can be passed on, allowing subsequent hypotheses to be tested at a more lenient
threshold. For example, in panel D of Figure 3, the primary outcome (H1) is tested at a = 0.03 and the
secondary outcome (H2) at a = 0.02. If H1 is significant, its a-allocation is transferred to H2, which can
then be tested at the full significance level of a = 0.05. If H1 is not significant, H2 remains tested at a
= 0.02 only.2'
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Regardless of the specific method, multiplicity adjustment often requires explicit decisions about which
outcomes or hypotheses are most important. These prioritisation decisions should be made by the
research team when creating the protocol, before the start of the study.

Finally, it is important to note that there are also contexts in which formal adjustment for multiple testing
is not required. Whether adjustment is needed depends on whether a statistically significant result
could contribute to concluding the intervention is effective. Examples where formal adjustment may
not be required include:

e Analyses performed for descriptive purposes, where the objective is to describe observations
rather than to support a formal claim. Descriptive results should, by definition, not be subjected to
formal hypothesis testing.

o Sensitivity analyses, which are intended to assess the robustness of the main findings rather
than to establish the effectiveness of the intervention. Multiple outcomes combined into a
composite outcome, resulting in a single formal hypothesis test. (Note: more information on
sensitivity analyses can be found in section 4.6.)

e Co-primary outcomes for which all outcomes must be statistically significant for the study to be
considered successful. In this case, the overall Type | error rate is already controlled, although
statistical power is reduced because all outcomes must be significant (see Section 2.2.4.2).215

e When success is defined by a coherent pattern of effects across these outcomes rather
than by statistical significance of any single outcome. Consequently, the interpretation of the
study is unlikely to change because one additional outcome happens to reach statistical
significance. Instead, the pattern of findings across outcomes is used to assess whether the
intervention operated as expected. This is typically the case in studies of complex interventions,
where a theory of change often specifies a limited set of key outcomes through which the
intervention is expected to operate. Conventional multiplicity adjustments may therefore be less
relevant.”°

Figure 28 — lllustration of four different adjustment methods for multiple testing (a = 0.05)

A. Equal allocation (Bonferroni) B. Hierarchical testing

Primary Outcome (H1)
o = 0.05

M\ ¢ If significant

Secondary Outcome (H2)

a = 0.05 if H1 significant

a = 0.05
¢ If significant
o = 0.05/3 a = 0.05/3
= 0.0167 = 0.0167 Secondary Outcome (H3)
a = 0.05
C. Split-alpha strategy D. Fallback procedure
Primary Outcome (H1)
a = 0.03
If H1 significant:
transfer a = 0.03
v
Primary Outcome (H1) Secondary Outcome (H2) Secondary Outcome (H2)
o= 0.04 o =001 o = 0.02 initially
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4.3.2  Interim analysis

Interim analysis refers to an evaluation conducted while a study is ongoing, before completion of data
collection. Common applications of interim analyses include:

¢ Interim monitoring, which supports study oversight by assessing aspects such as participant
recruitment, data quality, adherence to study procedures, or participant safety. More information
on how this is ideally conducted can be found in Textbox 10.

Example: Monitoring participant recruitment may reveal that enrolment is substantially slower than
anticipated, prompting modification to the recruitment strategy (such as extending the recruitment
period or enrolling additional study sites) or reconsideration of the study timeline.

e Reassessment of assumptions underlying the study design, which allows researchers to
verify whether assumptions used during study planning remain reasonable.2%8

Example: Estimates of the variability of the primary outcome may be used to reassess the sample
size required to achieve the desired statistical power.

o Adaptive study designs, in which pre-specified modifications to the study are made based on
accumulating data. Examples include stopping a study early because the intervention appears
clearly beneficial, harmful or unlikely to achieve its objectives (futility), reassessing the sample
size, discontinuing ineffective intervention arms, or modifying eligibility criteria. Such approaches
may improve study efficiency and help avoid unnecessary use of resources, but they require
careful planning and specialised statistical methods to preserve the validity of study conclusions.
Adaptive designs are most useful when important uncertainties remain at the design stage and
when information accumulated during the study may meaningfully inform subsequent study
decisions. Further details are provided in Appendix 2.6.21

Example: A study protocol may specify that an intervention arm will be discontinued if interim
results suggest that it is highly unlikely to achieve the desired effect.

From the perspective of multiplicity, the key distinction is whether interim analyses involve
evaluating study outcomes. Interim monitoring activities and reassessment of design assumptions
generally do not raise concerns regarding multiplicity because they do not involve repeated evaluation
of treatment effects. In contrast, adaptive designs often rely on interim assessment of study outcomes
and therefore create additional opportunities to demonstrate an effect. Unless appropriate adjustments
are made, such repeated evaluations may increase the probability of a Type | error.21?

Textbox 10 — Data monitoring committees

Monitoring of study conduct is generally considered part of good study oversight and should be
considered in most intervention studies. Interim findings may occasionally lead to recommendations
to modify or terminate a study, for example because of clear evidence of benefit, futility, poor data
quality, slow participant enrolment, or because the research question has already been answered
elsewhere.

When interim results may influence important study decisions, access to such information
should preferably be restricted to an independent multidisciplinary group with sufficient
knowledge of the intervention and study context. This helps to reduce the risk that knowledge of
interim results influences study conduct, data collection, or interpretation of the findings. The need
for formal oversight structures and procedures for blinding interim results should be assessed on a
case-by-case basis, taking into account the study design, potential risks to participants, and the
broader study context.2'®

This approach originates from clinical drug trials, where interim results are typically reviewed by an
Independent Data Monitoring Committee (IDMC), but may also be relevant in other intervention
studies.?' 220 An IDMC typically is composed of voting members (a number of expert physicians
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and a biostatistician) and a nonvoting independent statistician, involved in creating the interim
statistical report and who presents these results to the voting members.22" For the KCE evaluation
programme, the need for a data monitoring committee, might be discussed at the protocol meeting.
As these formal structures do not exist, they can be set up on an ad-hoc basis, following the same
principles.

Key considerations for the research team:

e Identify potential sources of multiplicity, such as multiple outcomes, multiple treatment
comparisons, subgroup analyses or interim analyses.

e Consider whether all planned analyses are necessary and scientifically justified.

e Decide whether some hypotheses or outcomes are more important than others, as this may
influence the choice of multiplicity adjustment strategy.

e Consider whether interim analyses will be performed and whether they create additional
opportunities to conclude that the intervention is effective.

e Assess whether independent oversight of interim results is warranted, for example through an
independent multidisciplinary monitoring group.

4.4 Clustered and longitudinal data

Many statistical methods assume that observations are independent of one another. In practice,
however, observations often occur in groups and may therefore be related. Such data are referred to
as clustered data.

A common source of correlation is clustering, where individuals share a common context. Examples
include patients treated in the same medical practice. Because these individuals are exposed to similar
care processes, healthcare professionals, and organisational environments, their outcomes are often
more alike than those of individuals from different settings.2'°

However, the mere existence of clusters does not necessarily imply substantial correlation. The
degree of similarity between observations within the same cluster may vary considerably depending
on the context and the outcome being studied. The strength of the correlation between observations
within the same cluster is often quantified using the intraclass correlation coefficient (ICC). An ICC
close to zero indicates little or no within-cluster similarity, whereas larger ICC values indicate stronger
correlation between observations from the same cluster (illustrated in Figure 29). More information on
how to estimate the ICC is presented in Textbox 11, while further details on the ICC are provided in
Appendix 2.2.
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Figure 29 — Intraclass correlation coefficient (ICC)
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Textbox 11 — Estimating the intraclass correlation coefficient

The intraclass correlation coefficient (ICC) is typically unknown at the planning stage. It must
therefore be estimated based on:

e previous studies,

e published literature,

e expert opinion,

e or data from similar settings.

Typical ranges (for continuous outcomes) depend on the setting. Literature is available in varying
contexts. For example, the following ICC values were reported according to Crespi 2025:108

e Countries or cities: very small (<0.01-0.001)
e Schools or worksites: 0.01-0.05

e Primary care studies: up to 0.1

e Families: >0.2

Because of this uncertainty, it is good practice to use conservative values (larger) and to perform
sensitivity analyses over a plausible range of ICC values. If feasible interim re-estimation of the ICC
and sample size during the trial can be considered, ideally blinded to treatment allocation, in order
to prevent operational bias.%4

Correlation also arises in longitudinal data, where data are collected from the same individual
repeatedly over time. For example, a participant may complete a questionnaire before an intervention
and again during follow-up. Responses from the same individual are typically more similar than
responses from different individuals. In this sense, longitudinal data can be viewed as a special form
of clustered data, where repeated measurements are grouped within individuals.?'0

For longitudinal data, it is important, during the planning phase of a study, to carefully consider the
measurement schedule. Designing the study with common, predefined timepoints with respect to
every individual's baseline, for all participants facilitates the use of simpler statistical models, allowing
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pre-specification in the protocol. It also allows easier effect estimation at earlier timepoints. In practice,
measurement schedules are often defined using time windows to allow for some flexibility. For
example, a follow-up visit may be scheduled monthly, with an allowable window of + 7 days.

In many intervention evaluations, several forms of clustering occur simultaneously. Patients treated
by the same physician may have more similar satisfaction with care because they are exposed to
similar care processes. Additional correlation may arise when physicians work within the same hospital
and share a common organisational environment. Repeated measurements from the same patient are
also correlated. For example, previous negative experiences with healthcare may lead to consistently
lower satisfaction scores over time, regardless of the intervention.

Correlated observations are not completely independent from one another. As a result, an additional
observation from the same cluster generally contributes less new information than an additional
observation from a different cluster. The amount of information in a dataset therefore depends not only
on the number of observations, but also on how strongly those observations are related to one another.
This is important because most standard statistical inference techniques assume that observations
are independent. When correlation is present, this assumption is violated. If the correlation is
ignored, the effective amount of independent information in the data may be overestimated,
uncertainty may be underestimated, and confidence intervals may become too narrow.2'0

For this reason, it is important to identify potential sources of clustering and, in longitudinal studies, to
ensure that measurements from the same individual can be linked across waves. These design
decisions determine which analyses are possible and how reliably intervention effects can be
estimated.

The statistical methods used to account for correlation in the data (e.g. including mixed-effects models
and generalized estimating equations models) are beyond the scope of this process note.
Nevertheless, the structure of the data is not merely a statistical consideration. Subject-matter
expertise is often needed to identify potential sources of correlation and to anticipate how groups or
individuals may differ in their response to the intervention (see Figure 30).

Figure 30 — lllustration of cluster response to intervention

Similar response to the intervention Different responses to the intervention

Outcome measure
Outcome measure

Time Time

In the left panel, groups differ primarily in their baseline level but show a similar evolution over time. In the right
panel, groups differ both in their baseline level and in their response to the intervention. The dashed line indicates
the overall mean, while the full line indicates different clusters.
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Key considerations for the research team:

e Identify potential sources of correlation in the data, such as clustering within providers,
organisations, families or repeated measurements within individuals.

e In case of longitudinal data, carefully consider the measurement schedule.

e Consider whether individuals within the identified clusters are likely to be more similar to one
another than to individuals outside the cluster with respect to characteristics or experiences
that may influence the outcome.

e Ensure that the necessary identifiers are collected/requested to allow clustered and
longitudinal analyses.

e Consider how clusters may differ, both at baseline and in their response to the intervention.

e Recognise that clustering and repeated measurements affect both sample size requirements
and analytical methods.

e Consult statistical expertise early when clustered or longitudinal designs are anticipated.

4.5 Defining the treatment effect of interest

4.5.1 Intention-to-treat and per-protocol analyses

Intervention studies do not always proceed exactly as planned. Participants may discontinue the
intervention or otherwise deviate from the intended protocol. As a result, different analytical
approaches may answer different questions about the effect of an intervention. Two commonly used
approaches (both illustrated in with an example in Textbox 12 in the next section) are:222 223

e Per-protocol (PP): This approach restricts the analysis to participants who adhered sufficiently
to the intervention as originally planned. The PP approach therefore aims to estimate the effect
of the intervention under ideal or near-ideal implementation conditions.

e Intention-to-treat (ITT): Participants are analysed according to the intervention group to which
they were originally assigned, regardless of whether they fully adhered to the intervention. The
ITT approach therefore estimates the effect of offering or implementing the intervention in
practice, taking into account that some participants may not fully comply.

A third approach is the as-treated (AT) analysis, in which participants are analysed according to the
intervention actually received rather than the intervention originally assigned. AT analyses may be
informative when actual exposure differs substantially from intended exposure, for example when
uptake of an intervention is variable, implementation fidelity differs across organisations, or
participants cross over between study groups. However, because participants or organisations
receiving different levels of exposure may differ systematically from one another, AT analyses are
generally more susceptible to bias and are therefore usually considered supplementary or sensitivity
analyses rather than primary analyses.224 225

In most intervention studies, the ITT approach is preferred as the primary analysis because it
preserves the comparability of the study groups established at the start of the study, guaranteed by
randomisation in case of an RCT. Participants who adhere to an intervention often differ systematically
from those who do not. For example, more motivated participants may be more likely to remain in a
programme and may also achieve better outcomes, irrespective of the intervention itself. Excluding
participants after such deviations can therefore introduce bias and lead to an overly optimistic estimate
of the intervention effect.?22

Nevertheless, PP analyses may still be informative in some situations, particularly when there is
interest in understanding the effect of an intervention under conditions of good adherence. For this
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reason, some studies report both ITT and PP analyses, while clearly identifying which analysis
addresses the primary research question.?22

The choice between ITT and PP should be driven by the research question and specified before the
start of the study. To make this decision, it is necessary to consider how events occurring after
implementation of the intervention will be handled. These events are discussed in the next section.

4.5.2 Intercurrent events

Intercurrent events* are events occurring after randomisation and implementation of an intervention
that may affect either exposure to the intervention or the interpretation of the outcome of interest. The
importance of an intercurrent event depends on the research question being addressed. Events that
are irrelevant for one treatment effect may be highly relevant for another.226

Examples of intercurrent events in health services and policy evaluations include:

e A participant, healthcare provider or organisation withdraws from the intervention before the end
of the study.

e A participant receives an additional intervention that may affect the outcome of interest.

e A reimbursement or policy change alters exposure to the intervention for part of the study
population during the study period.

Textbox 12 — An illustrative example on per-protocol analysis, intention-to-treat analysis and
intercurrent events

Consider a pilot programme introducing a new financing model for home nursing. Some nurses may
withdraw because participation negatively affects their income. Such withdrawal is an example of
an intercurrent event (ICE).

Nurses who leave the programme are unlikely to be a random subset of participants. For example,
self-employed nurses may be more financially affected by the new financing model than salaried
nurses and may therefore be more likely to withdraw. As a result, the nurses who remain in the
programme may systematically differ from the original study population.

Excluding nurses who discontinue participation in a per-protocol analysis may therefore lead to
biased estimates of the intervention effect. Similar concerns apply to an as-treated analysis, where
nurses who discontinue participation may be reclassified according to their actual exposure status,
potentially increasing differences between the comparison groups. An intention-to-treat analysis
would retain these nurses in the comparison, thereby preserving the original study groups and
reducing the risk of such bias.

Nevertheless, per-protocol and as-treated analyses may provide useful complementary information
alongside an intention-to-treat analysis. For example, if an intervention appears ineffective inan ITT
analysis, these analyses may help distinguish between a lack of effectiveness of the intervention
itself and challenges related to uptake, adherence, or implementation. Their results should be
interpreted with caution because both approaches may be susceptible to selection bias.

k This terminology was introduced in the context of the estimand framework.226
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Intercurrent events should not be confused with missing data. An intercurrent event may occur
even when outcome data continue to be collected. For example, a nurse may withdraw from a pilot
financing programme but continue to provide follow-up data. Conversely, missing data may occur
without a clear intercurrent event, for example when a participant cannot be contacted for follow-up.
Whenever feasible, outcome data should therefore continue to be collected even after an intercurrent
event has occurred.

The way intercurrent events are handled determines the treatment effect being estimated. Several
strategies are possible.?23

e Under a composite strategy, the intercurrent event is incorporated into the outcome definition.
For example, withdrawal from a programme may itself be considered an unfavourable outcome.

e Under a while-on-treatment strategy, only outcomes observed before the intercurrent event are
considered. This strategy may be relevant when the effect of the intervention is only of interest
while participants remain exposed to it.

e Under atreatment policy strategy, outcomes are analysed regardless of whether an intercurrent
event occurs. This approach is conceptually closest to an intention-to-treat analysis and is often
appropriate when the objective is to estimate the effect of implementing an intervention in routine
practice.

e Under a hypothetical strategy, the objective is to estimate what would have happened if the
intercurrent event had not occurred. In this case, post-ICE data are ignored, and the unobserved
hypothetical outcome must be estimated or imputed using model-based or causal inference
methods.

e The principal stratum strategy focuses on the subgroup of patients who would not experience
the intercurrent event under either treatment. Since this subgroup cannot be directly observed,
causal inference methods are again required.

The most appropriate strategy depends on the research question rather than on statistical
considerations alone. For this reason, important intercurrent events and the planned approach for
handling them should be identified during study design and specified in the study protocol before the
analysis is conducted. These choices in turn guide data collection, data labelling and planning of the
statistical analysis.

4.6 Evaluating the robustness of conclusions

All statistical analyses rely on assumptions and analytical choices. Examples include how missing
data are handled, which statistical model is used, how outliers are treated, or which covariates are
included in the analysis. Because these choices may influence the results, it is often useful to perform
sensitivity analyses.

Sensitivity analyses assess whether the main study conclusions remain unchanged under alternative,
but still reasonable, assumptions or analytical approaches. Consistent findings across sensitivity
analyses increase confidence that the conclusions are not driven by a particular analytical choice.

Common examples of sensitivity analyses include:

e  Comparing different assumptions used in the analysis

e Using alternative definitions or operationalisations of an outcome

e Using an alternative definition of the effect (i.e. intention-to-treat vs. per-protocol)

e Comparing alternative statistical models (e.g. parametric versus non-parametric methods)

e Including or excluding specific covariates in the statistical model
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e Using different approaches to handle missing data
e Evaluating the influence of outliers

The choice of sensitivity and supplementary analyses should be specified whenever possible before
data analysis begins. It is most relevant to prioritise sensitivity analyses that challenge conclusions
likely to influence decision-making.

Key considerations for the research team:

e Identify the most important assumptions underlying the primary analysis, such as assumptions
regarding missing data, model choice, or outcome definitions.

e Plan a limited number of relevant sensitivity analyses that assess whether the main
conclusions remain robust under alternative reasonable assumptions.

e Pre-specify sensitivity analyses whenever possible, rather than designing them after seeing
the results.

4.7 Guidance with respect to protocol, statistical analysis plan and reporting

It is advisable to consider relevant guidance from the start of the study planning. The CONSORT-
SPIRIT website (https://www.consort-spirit.org/) provides recommendations for reporting both RCT
protocols (SPIRIT) and results (CONSORT). In addition, the website https://www.consort-
spirit.org/extensions offers a range of extensions tailored to specific study designs, including crossover
trials, factorial trials, non-inferiority/equivalence trials, pragmatic trials, cluster randomised ftrials,
cluster crossover trials and stepped-wedge trials.

Although the estimand framework (see above) is recognised as an important concept in trial design
and analysis by CONSORT and SPIRIT authors, it has not yet been formally incorporated in the central
SPIRIT and CONSORT checklists. Yet, they have been included in the SPIRIT and CONSORT
extensions for factorial RCTs.2%"

Incomplete and inconsistent reporting of study interventions limits their implementation and
reproducibility. The TIDieR checklist (https://tidierguide.org/) was developed to address this issue by
providing guidance to ensure interventions are described in sufficient detail for authors, reviewers, and
readers to understand and replicate them.

The EQUATOR Network (https://www.equator-network.org/) is an international initiative that promotes
transparent and high-quality reporting of health research. It provides a comprehensive collection of
tools and guidelines to support the design, conduct and dissemination of research studies.

Finally, the KCE web page (https://kce.fgov.be/en/kce-trials/resources/useful-links-resources-for-
investigators) includes a lot of references useful in the planning stage of a study.
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5 PROCESS EVALUATION

KEY POINTS

e Process evaluations complement and deepen evidence from effectiveness evaluations. They
help to understand how, why, for whom, and under what circumstances the intervention
works or does not work.

e Process evaluations help to open the ‘black box’ between activities related to the intervention
and outcomes. It seeks to provide information on implementation, mechanisms, and context in
complex interventions, supporting accurate interpretation of outcomes and their transferability.

e Process evaluations are conceptualised around three core dimensions and their interrelations:
implementation assesses whether the intervention was implemented as planned and how this
was achieved; mechanisms of impact seek to clarify the underlying causal pathways; and
context involves identifying the factors that may have influenced what happened with the
intervention.

e Theory, model and framework (TMF)

o The use of a TMF is essential in a process evaluation, as it provides an analytical structure.
It helps to guide data collection and analysis, and strengthens methodological rigour.

o The selection of a TMF should be aligned with the research question(s) and the specific
aspect(s) of the intervention under investigation, such as implementation, mechanisms of
impact and/or context.

o The TMFs may be applied in full or in part, but the reasons behind each decision must always
be thoroughly discussed and documented.

5.1 Introduction

In general, most topics that will be evaluated in the context of the KCE evaluation programme will
concern complex interventions for which traditional approaches to evidence production (largely
grounded in linear cause-effect models) are insufficient.'® Process evaluations expand the scope of
the evaluation as it goes beyond the question ‘Does this intervention work?’ Instead, it examines how
an intervention is implemented, how it generates its effects, and how these processes are shaped by
the context in which it is delivered and therefore answering why an intervention works or fails to work.
It complements and deepens effectiveness evaluation by addressing questions that move beyond
whether an intervention works. The process evaluations contribute to the understanding of ‘how, why,
for whom, and under what circumstances’ outcomes are achieved. Accordingly, process evaluations
shift the interpretation of findings from a conclusion such as ‘the intervention has no effect’ to a more
nuanced understanding: ‘under these conditions, and when implemented in this way, specific
mechanisms were (or were not) activated’.® 15 25, 228,229

5.2 What is process evaluation?

5.2.1  Process evaluation: beyond effectiveness evaluation

Process evaluations enable a more nuanced understanding of intervention outcomes. Effectiveness
evaluation indicates whether an intervention works, but does not necessarily explain why.230 In
particular, when an effectiveness evaluation shows no effect, process evaluations can help to
distinguish between theory failure (also called intervention failure) and implementation failure.23°
As such, it will avoid to incorrectly interpret a null result as evidence of ineffectiveness when it actually
might work under some conditions, for some target groups, etc.
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Theory failure implies that the theoretical basis of the intervention is flawed: even if the intervention is
delivered as intended, it cannot produce the desired effect. In contrast, implementation failure
indicates that the theory is sound, but the intervention has been poorly or inadequately delivered (e.g.
inadequate number of training sessions, low adherence, insufficient resources).?3'. 232 A hypothetical
example' can be drawn from a school-based programme aimed at reducing obesity. Theory failure
would occur if the programme assumes that providing nutritional information alone is sufficient to
change behaviour. In this case, pupils may understand the information but fail to modify their habits,
indicating that the underlying theory is inadequate. On the other hand, implementation failure would
occur if a programme were designed to include workshops, physical activities, and follow-up, but
schools delivered only the workshops, with no physical activities and limited follow-up. In this case,
the intervention would not have been implemented as intended.

In the case of implementation failure, process data may further identify issues such as poor delivery
or contextual mismatch.230. 233, 234 For example, poor delivery occurs when an intervention with
potential effectiveness is inadequately implemented (e.g. low intensity, reduced exposure, poor
participation, or incomplete delivery).23%-234 |n the school obesity example, poor delivery would occur
if teachers received insufficient training, activities were delivered irregularly, or only a small proportion
of pupils participated in the programme. Contextual mismatch arises when an intervention may be
effective in principle but is not suited to the context in which it is introduced (e.g. cultural norms,
available resources, healthcare systems, or environmental factors).2%2 For example, the obesity
programme may prove ineffective in schools located in some areas where pupils have limited access
to healthy food or safe spaces for physical activity outside school. In this case, the intervention’s limited
effects would not necessarily reflect a flawed theory or poor delivery, but rather a mismatch between
the intervention design and the broader social and environmental context.

Taken together, these findings highlight an important consideration: outcome evaluation alone may
lead to the conclusion that “the intervention does not work”. However, without process evaluations, it
remains unclear whether:

e the underlying theory is flawed,
e the implementation is inadequate,
o the intervention is poorly adapted to its context, or

e the intervention is genuinely ineffective.®

5.2.2  Other roles of process evaluations

Beyond providing a detailed understanding of intervention effects, process evaluations also enable
the assessment of the transferability of findings (e.g. which mechanisms are context-sensitive and
what adaptations may be required in other settings) and their scalability (e.g. which implementation
conditions are necessary and which organisational capacities are critical).?28 235

5.3 Three main dimensions: implementation, mechanisms of impact, context

Several frameworks have been developed to guide the design and conduct of process evaluations.
Among these, the framework proposed by the Medical Research Council (MRC) provides a widely
used and structured approach.’® 2% The framework emphasises the causal assumptions underlying
the intervention and the use of evaluation to understand how the intervention works in practice. These
causal assumptions may come from different sources, including the social sciences, common sense,
or prior experience.?5 Process evaluations are conceptualised around three core dimensions and their
interrelations: implementation, mechanisms of impact, and context. Together they offer a

This hypothetical example on a school-based programme to reduce obesity was generated by Al.
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comprehensive basis for examining how complex health interventions are delivered and how they
produce effects in real-world settings (Figure 31).

Figure 31 — Key functions of process evaluations and their interrelations

CONTEXT

Contextual factors that shape theories of how the intervention works

Contextual factors that affect (and may be affected by) implementation, intervention mechanisms and outcomes
Causal mechanisms present within the context which act to sustain the status quo, or potentiate effects.
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Source: Moore et al 236

5.3.1 Implementation

This point describes the process by which a planned intervention becomes a real one.?5 237 To do so,
process evaluations aim to provide a detailed understanding of implementation by examining ‘how’ it
was delivered and ‘what’ was actually delivered, covering four aspects:

o fidelity: was the intervention delivered as intended?

e dose of the intervention: ‘how much’ (quantity) was delivered?

e adaptations: what changes were made in the intervention?

e reach: was the intended audience reached? What is the participation rate?

Some authors have also suggested that examining user experiences can complement these
assessments by providing additional insight into intervention uptake.238

Alongside this, the ‘how’ refers to the process by which the intervention was delivered. It includes the
characteristics of the providers such as their professional profile, training and experience. It also
covers the mode of delivery, for example whether it is face-to-face, digital or group-based. In addition,
it considers the contextual and organisational conditions in which the delivery takes place. Finally, it
looks at the quality of implementation, including the level of structure and standardisation, as well as
how acceptable the delivery approach is.

This is essential for determining whether observed outcomes can be attributed to the intervention itself
or to variations in its implementation.

5.3.2 Mechanisms of impact

Exploring the mechanisms through which interventions bring about change is crucial to understanding
not only how the effects of the intervention occurred, but also how these effects might be replicated
by similar interventions in the future. Analyses of mechanisms of change can test, refine or construct
hypotheses with regard to both anticipated and unanticipated outcomes, using quantitative and/or
qualitative methods. Process evaluation may test hypothesised causal pathways using quantitative
data complemented with qualitative methods to better understand complex pathways or to identify
unexpected mechanisms. Mechanisms of change are also referred to as mediators, whereas
contextual factors are referred to as moderators, which influence the strength of impact but are no
integral part of the intervention-outcome relationship.25 237, 239
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5.3.3 Context

Process evaluations also analyse the contextual factors that shape theories of how the intervention
works and the factors that affect/may be affected by implementation, intervention mechanisms and
outcomes. As we can see in Figure 31, it goes beyond the context itself and also includes the
relationships between all the components of the model (the context is transversal to the
implementation and the mechanisms of impact).25 237

Contextual factors should be understood as ‘anything external to the intervention that may act as a
barrier or facilitator to its implementation, or its effects’.25> These include for example epidemiological,
ethical, geographical, legal, political, socio-cultural or socioeconomic context. From a system
perspective, this involves examining how the intervention interacts with, and is reshaped by, the
context in which it operates (see Chapter 10). Such analysis helps to explain why an intervention may
be effective in some settings but not in others.?®

The MRC framework emphasises that these three dimensions are not independent but are
dynamically interrelated.?5 Context may shape implementation, and implementation in turn influences
mechanisms of impact. These mechanisms may also vary according to contextual conditions,
underscoring the need for a systemic perspective.

In this regard, theories of change and logical models (see Chapter 1) help to improve transparency
and understanding of how interventions work, while also structuring the evaluation in line with the
context.

5.3.4 When to do a process evaluation?

A process evaluation can be undertaken at different points in the lifecycle of an intervention, including
during its development, evaluation, and implementation. Each stage serves a distinct purpose, and
the focus of the process evaluations vary accordingly. While currently KCE will not develop
interventions in the context of the evaluation programme, it can be asked to evaluate the feasibility of
an intervention that is under development. A process evaluation can, in that stage, support the
assessment of the practicality of the intervention and help to optimise both its design and its evaluation
methods. Nevertheless, a process evaluation within the context of the KCE evaluation programme will
be most relevant to complement an effectiveness evaluation. When assessing effectiveness, it helps
to understand what was actually implemented in terms of quantity and quality. It also involves
examining how contextual factors may influence outcomes and the generalisability of the findings.
This, in turn, strengthens confidence in effectiveness conclusions.?5 237 A process evaluation can also
be considered as the only component of a study conducted in the context of the KCE evaluation
programme. This should preferably be restricted to understand the implementation aspects of an
intervention that is evidence based.

5.4 Theories, models and frameworks (TMFs)

The development of theories, models and frameworks (TMFs) to support process evaluation is a
domain that is constantly evolving. In this section, we present only a selection of TMFs to provide
general direction for the KCE team responsible for conducting a process evaluation. However, the
team should explore the literature to identify relevant alternative TMFs, depending on the topic under
study and the research questions addressed in the process evaluation.

5.4.1  Why use TMFs?

The use of TMFs in process evaluations is essential to provide a structured analytical approach
through which interventions can be understood. TMFs function as conceptual tools that make the
underlying assumptions of an intervention explicit. They also help to clarify its expected causal
pathways, and to identify the mechanisms through which outcomes are anticipated to occur.
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TMFs may also help to guide the different stages of the evaluation process, by informing the data
collection, shaping analytical strategies, and support the interpretation of findings. This approach
strengthens methodological rigour and transparency by grounding analytical choices in a clearly
defined conceptual framework.25 240, 241

The selection of an appropriate TMF should be closely aligned with the research question and the
primary focus of the process evaluation. This will require careful preparation (e.g., review of literature,
talking to commissioner(s) as well as document analysis to understand the questions that should be
addressed) and discussions within the KCE research team.2®

The increasing number of available TMFs reflects the growing recognition that different evaluation
questions require different conceptual lenses. Rather than competing with one another, TMFs are
often complementary, each focusing on specific aspects of implementation, context, mechanisms of
impact or outcomes. Consequently, combining multiple TMFs within a single process evaluation is
increasingly common, particularly when evaluating complex interventions.242

Different TMFs emphasise the three distinct dimensions. For example, if the evaluation aims to better
understand intervention fidelity and delivery, implementation-focused TMFs may offer a particularly
relevant lens, while still allowing consideration of other dimensions such as context and mechanisms.
A study primarily aiming to understand the causal pathways through which an intervention generates
its effects will prioritise TMFs that focus on mechanisms of impact. When the evaluation aims to
understand the impact of external influences, the KCE team will choose a TMF that is focused on a
contextual analysis. Several TMFs may be used within a process evaluation, reflecting the diversity
of research questions, and to reflect the complexity of the intervention. Nonetheless, the researchers
should explain why the framework(s) was chosen and how it was used.? 25 240

5.4.2 Main characteristics of a selection of TMFs

In the next sections, we present a selection of TMFs commonly used or relevant in the process
evaluations of complex health interventions. These models are grouped according to their primary
analytical focus (mechanisms of impact, context and/or implementation). This pragmatic classification
is adapted from the taxonomy of Nilsen (2015) M 240

As this is a rapidly evolving field, the overview of TMFs is not intended to be exhaustive. Therefore,
representative TMFs are presented in the main text, with additional frequently cited models included
in Appendix 3. Nevertheless, KCE teams are encouraged to undertake a targeted search tailored to
their specific evaluation study.

Table 27 — Main characteristics of a selection of TMFs

TMFs Main characteristic See
details

RE-AIM Evaluation of the impact and reach of interventions through five dimensions Table 28
from which indicators are derived: reach, -effectiveness, adoption,
implementation, and maintenance

CiCi Multidimensional analysis of context and its influence on the implementation Table 29
and outcomes of complex interventions

m TMFs are grouped according to their primary analytical focus. This classification should not be interpreted
as suggesting that the other dimensions are ignored; rather, it reflects the lens through which the
framework primarily approaches process evaluation, while still considering implementation, mechanisms,
and context as interconnected components.
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Main characteristic

details

CFIR Comprehensive identification of multilevel determinants influencing Table 30

implementation (intervention, individuals, organisation, outer context,

process)
ENCOMPASS Evaluation of interventions within complex adaptive systems, with attention Table A. 1*
evaluation to interactions and evolving contexts
framework
NASSS Understanding factors influencing (non-)adoption, scale-up, spread, and Table A. 2*

sustainability of health and care innovations, particularly technology-enabled
interventions

BANANA Structured and in-depth contextual analysis before and during Table A. 3%
implementation

TDF Analysis of behavioural determinants influencing practices and behaviour Table A. 4*
change

i-PARIHS Analysis of implementation success through the interaction between Table A. 5*

innovation, recipients, context, and facilitation, with facilitation acting as the
active ingredient of implementation

EPIS Process-oriented approach to the different phases of implementation, from Table A. 6*
exploration to sustainment

Proctor’s Conceptualisation and measurement of implementation outcomes distinct Table A. 7*
Implementation from service and clinical outcomes (e.g., acceptability, adoption,

Outcomes appropriateness, feasibility, fidelity, penetration, sustainability,

Framework implementation cost)

FRAME Systematic documentation of adaptations and modifications made to Table A. 8

interventions

FRAME-IS Systematic documentation of adaptations specifically related to Table A. 9*
implementation strategies

*Table available in Appendix 3.

The research team may choose to use all or only selected components of the TMF (e.g. constructs or
domains, depending on the terminology adopted within the framework). Likewise, within each
component, either all subcategories or only a subset may be used. This flexibility is intended to ensure
the framework can be tailored appropriately to the research questions under investigation. Yet, the
choices should be clearly documented and justified.

5.4.3 Focus on the mechanisms of impact and outcome: the ‘outcome- and system-
oriented’ TMFs

Outcome- and systems-oriented TMFs focus on assessing the effects of interventions across multiple
levels, including intended and unintended outcomes and system-level changes. Within this group of
TMFs, the RE-AIM framework is frequently used (Table 28).243 In addition, the ENCOMPASS
framework may be considered and is presented in Appendix 3.1.%5
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Table 28 — RE-AIM: Reach, Effectiveness, Adoption, Implementation, and Maintenance

Origin of the
TMF

Objectives

Main
components

When to use?

Comments

Developed by Russell Glasgow and colleagues (1999; expanded over time)

= Evaluate the public health impact and external validity of interventions, including
scalability and transferability

= Assess outcomes at both individual- and organisational-levels

= Support translation of evidence into practice

= Guide intervention planning, implementation, evaluation, and reporting

5 dimensions:

- Reach: participation rate and representativeness of individuals

- Effectiveness: impact on outcomes, including unintended effects

- Adoption: uptake by settings and staff

- Implementation: fidelity, adaptations, cost

- Maintenance: sustainability over time at individual and organisational levels

All five dimensions should ideally be considered to provide a comprehensive assessment of
intervention impact and potential for dissemination and sustainability; however, specific
dimensions may be prioritised according to study objectives

Can be used to design, implement and evaluate interventions

To structure evaluation of intervention impact in real-world settings (including in public health
and health services research)

Applicable prospectively (planning) and retrospectively (evaluation)

Can be used to conceive the intervention, to adjust implementation or to evaluate its impact
Used for comparative and pragmatic evaluations

Sources: Glasgow et al.?*3, Jung et al.?** and the RE-AIM website®*®

Based on the RE-AIM framework but broader in scope, the PRISM" (Practical, Robust Implementation
and Sustainability Model) examines how an intervention interacts with its recipients and environment
through multiple contextual factors. It also considers how these contextual factors influence reach,
effectiveness, adoption, implementation, and maintenance. PRISM can be used during the planning,
implementation, and evaluation of health interventions.246. 247

PRISM encompasses four main domains:

e intervention: the characteristics of the programme (including its complexity, costs, and

adaptability);

e recipient characteristics: the perspectives and characteristics of the ‘implementers’ (e.g.
clinicians) and the users (e.g. patients or community members);

e implementation and sustainability infrastructure: the processes, training, and resources
available to support the initial implementation and the long-term sustainment of the intervention;

e external environment: policies, financial incentives, and regulatory frameworks that may
facilitate or hinder the implementation and sustainability.

PRISM also examines how these four domains interact with the RE-AIM dimensions.246. 247

n PRISM is presented within this subgroup as it builds on the RE-AIM framework by explicitly integrating
contextual and system-level factors that influence implementation and outcomes.
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5.4.4  Focus on the context: ‘context and system complexity’ TMFs

These TMFs address the complexity of systems and the contextual interactions, including how they
affect implementation and outcomes. The Context and Implementation of Complex Interventions
(CICI) model is presented in Table 29.248 The Non-adoption, Abandonment, Scale-up, Spread and
Sustainability (NASSS) framework and the Basel Approach for coNtextual ANAlysis (BANANA) are
presented in Appendix 3.2.249.250

Table 29 — CICI: Context and Implementation of Complex Interventions model

Origin of the
TMF

Objectives

Main
components

When to use?

Comments

Developed by Lisa Pfadenhauer and colleagues (2017)

= Provide a structured and comprehensive conceptualisation of context and
implementation in complex interventions

= Distinguish while linking context, implementation and setting

= Support systematic assessment of how contextual factors influence implementation
processes and intervention outcomes

= |mprove the evaluation, synthesis, applicability and transferability of complex
interventions

- By understanding why an intervention functions differently across contexts, it becomes
possible to enhance the transferability, applicability and transferability of interventions

Three dimensions interacting with each other and with the intervention dimension:
1. Context (7 domains):
- Epidemiological
- Ethical
- Geographical
- Legal
- Political
- Socio-cultural
- Socio-economic
2. Implementation (5 domains):
- Implementation theory
- Process
- Strategies
- Agents
- Outcomes
3. Setting: specific physical location in which the intervention is delivered and
implemented, where intervention, implementation and context interact.
Context, implementation and intervention-related phenomena may operate at micro-,
meso- and macro-levels and interact across these levels
- Multi-dimensional structure (components can be used selectively depending on study
focus)
To analyse the influence of context on intervention implementation and outcomes

To design, evaluate and synthesise complex interventions

To assess transferability and applicability across settings

To structure context reporting in implementation and process evaluations
Interacting constructs rather than hierarchical levels

Avoid rigid distinctions between context, setting, and implementation

Strong emphasis on contextual complexity and multi-level interactions
Checklist available to facilitate the pragmatic application of the CICI framework

Source: Pfadenhauer et al.?48

s
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5.4.5 Focus on implementation and context: ‘determinant’ TMFs

These TMFs address the following questions: Why does implementation succeed or fail? and Why is
an intervention (not) effectively implemented (including the role of the contextual factors)?

The Consolidated Framework for Implementation Research (CFIR) helps to identify barriers and
facilitators across multiple levels (e.g. micro, meso and macro), that may influence whether the
intervention is implemented as intended.?*!- 251 |ts main characteristics are summarised in Table 30.
The Theoretical Domains Framework (TDF) and the Integrated-Promoting Action on Research
Implementation in Health Services (i-PARIHS) are presented in Appendix 3.3.252.253

Table 30 — CFIR: Consolidated Framework for Implementation Research

CFIR

Origin of the Developed by Laura J. Damschroder and colleagues (2009; updated 2022)
TMF
Objectives = To identify, predict and explain determinants (barriers and facilitators) influencing

implementation outcomes and effectiveness - What contextual factors influenced the
implementation?

Adapt an intervention to a given context
Improve the effectiveness and sustainability of projects
Compare implementations between sites or contexts

Main CFIR 2.0 comprises five domains containing multiple constructs and subconstructs that

components capture determinants of implementation across multiple levels

1.

Innovation domain (characteristics of the innovation that may influence
implementation):

- Innovation source

- Evidence base

- Relative advantage

- Adaptability

- Trialability

- Complexity

- Design and packaging

2. Outer setting domain (external contextual influences):

- Critical incidents

- Local attitudes

- Local conditions

- Partnerships and connections

- Policies and laws

- Financing

- External pressure (societal, market, performance measure pressure)

3. Inner setting domain (organisational context influencing implementation):

- Structural characteristics (physical infrastructure, information technology
infrastructure, work infrastructure)

- Relational connections

- Communication

- Culture (human equality-, recipient-, deliverer-, learning-centeredness)

- Implementation climate

- Readiness for implementation

- Other innovation implementation and innovation delivery determinants

4. Individuals’ domain (actors involved in implementation and innovation delivery):

- High-level leaders

- Mid-level leaders

- Opinion leaders

- Implementation facilitators

- Implementation leads

- Implementation team members
- Other implementation support
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- Innovation deliverers

- Innovation recipients

- (+ subdomain on characteristics subdomain: need capability opportunity,

motivation)

5. Implementation process domain (implementation activities over time):

- Teaming

- Assessing needs (innovation deliverers, innovation recipients)

- Assessing context

- Planning

- Tailoring strategies

- Engaging (innovation deliverers, innovation recipients)

- Doing

- Reflecting and evaluating (implementation, innovation)

- Adapting
The 2022 update refined construct definitions and terminology, strengthened equity
considerations, clarified distinctions between innovation, recipients and context, and
improved the representation of multilevel interactions > Not all constructs are required in
a single study

When to use? CFIR can be used to inform choice of implementation strategies that may best address
contextual determinants, generate hypotheses to prospectively guide predictions of
implementation outcomes, or retrospectively explain implementation outcomes by
assessing differences in determinants across implementation settings

Comments The CFIR is designed to be modular and adaptable to the context of the study.

Selection of the constructs: based on their relevance to the research question, their
plausibility as determinants of implementation, and the feasibility of investigating them
within the available resources - Depending on the aims and scope of the evaluation, an
entire CFIR domain, a targeted selection of constructs, or the entire framework may be
used. The selection of constructs should be justified and their role in relation to the
development of the interview guide, the coding framework, the analytical process, and
the interpretation of findings explicitly described.

The CFIR is primarily designed to capture perspectives from stakeholders who influence,
experience or are affected by implementation processes and outcomes. The CFIR must
be fully operationalised prior to use in a project:

1) Define the subject of each domain for the project (see guidance for each domain
below)

2) Replace broad construct language with project-specific language if needed

3) Add constructs to capture salient themes not included in the updated CFIR

Sources: Damschroder?*! and the CFIR website?5?

5.4.6  Focus on implementation: ‘process’ TMFs

These TMFs address how implementation unfolds, is operationalised, and can be evaluated
throughout the implementation process. Some frameworks, such as the Exploration, Preparation,
Implementation, Sustainment (EPIS), adopt a structured phase-based approach to implementation,
emphasising clearly defined stages.?%* Others, such as Proctor's Implementation Outcomes
Framework, focus on evaluating key implementation outcomes including acceptability, adoption,
appropriateness, feasibility, fidelity, penetration, and sustainability.25® Appendix 3.4 presents their
main characteristics.
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5.4.6.1  Focus on adaptation and fidelity in implementation: ‘adaptation and fidelity’ TMFs

A subcategory focuses on adaptation and fidelity in implementation. The main idea is that adaptations
are inevitable and should therefore be documented, addressing this question: ‘How was the
intervention modified, by whom, why, and with what potential consequences for transferability?’,
covering modification or maintenance of the intervention over time. The Framework for Reporting
Adaptations and Modifications-Enhanced (FRAME) focuses on adaptation of the intervention, while
the Framework for Reporting Adaptations and Modifications to Evidence-based Implementation
Strategies (FRAME-IS) focuses on the adaptation of the implementation strategies.?56-25%¢ The main
characteristics of both frameworks are presented in Appendix 3.5.

5.4.7 Focus on mechanisms of impact: ‘mechanism-oriented’” TMFs

TMFs focusing on mechanisms of impact aim to explain how specific components of an intervention
produce change. Within this perspective, realist evaluation is commonly used to examine Context-
Mechanism-Outcome (CMO) configurations, providing a structured way to understand how outcomes
are generated in particular settings.?2% 259 The RAMESES Il reporting standards may be used for
reporting on realist evaluations.?60 Chapter 6 elaborates on Realist evaluation.

5.5 Data collection methods in process evaluations

Process evaluations are not method-specific and should align methods with the research questions,
ensuring an appropriate balance between breadth and depth. As illustrated in the MRC framework,
process evaluations typically focus on three interconnected domains: context, implementation, and
mechanisms of impact (see Figure 31), and data on intervention outcomes may also be collected to
facilitate interpretation of the process evaluation findings. Data collection should therefore be designed
to capture these different levels, using appropriate methods at each stage.?® The choice of data
collection methods should also be driven by the constructs defined by the selected TMF .242

Quantitative methods (e.g. surveys, routine monitoring data) are commonly used to assess
implementation and outcomes, including reach, fidelity, and dose. Qualitative methods (e.g.
stakeholder, implementer, and participant interviews, documentary analysis, and observation) are
used to explore context, implementation processes, and mechanisms of change. Mixed-methods
designs enable integration across these components, allowing findings from one source to inform and
contextualise another.8 25

Study designs may be cross-sectional or longitudinal, including repeated measures to capture change,
adaptation, and dynamics over time. Process evaluations should also be embedded within randomised
controlled trials or quasi-experimental studies, allowing process data to be collected alongside
effectiveness evaluation. Flexibility should be maintained throughout the evaluation, as preliminary
findings may highlight unanticipated issues that warrant further investigation.®

5.6 Conduct of a process evaluation
The following steps are recommended when a process evaluation is conducted.

Process evaluations may require careful planning and a transparent definition of the evaluators’ role,
ensuring an appropriate balance between collaboration with stakeholders and methodological
independence. From the outset, it may be important to clarify whether the evaluators will take an active
role (e.g. providing feedback during implementation) or a more passive role, and to report this position
clearly. It is recommended that the research team adopts a more active role during the intervention
development and feasibility (pilot) phases, and a less active role during the subsequent evaluation
and implementation phases.? 237 As KCE will primarily conduct process evaluations in these later
phases, an independent evaluator role should be adopted.
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Adequate resources and staffing should be foreseen. This may include expertise in quantitative,
qualitative, and mixed-methods approaches. Integration across these approaches should be planned,
as well as the relationships within the evaluation team (e.g. coordination between process and
outcome evaluators, strategies to support the integration of findings).2 237 Depending on the complexity
of the intervention and the evaluation objectives, involving expertise in implementation science may
strengthen the design, conduct, and interpretation of a process evaluation.26!

The evaluation design should begin with a detailed description of the intervention and its underlying
theory. This includes making explicit the assumptions about how the intervention is expected to be
implemented and to work within its context, as well as specifying key components such as resources,
activities, mechanisms, and expected outcomes. A logic model can be used to visually represent these
elements (see Chapter 1).8 237

Research questions should be derived from the theoretical assumptions but remain flexible to allow
for emerging questions during the evaluation. Methodologically, process evaluations typically
combine quantitative and qualitative approaches, taking into account their respective strengths and
limitations, and ensuring a balanced sampling strategy (neither too broad nor too narrow). The
methods should be chosen based on the research questions. The findings should not be generated in
parallel but inform one another throughout the evaluation process.8 237

Analysis should include, in most cases, both quantitative and qualitative data, as well as the
integration of both.8. 237

Finally, reporting should be comprehensive and transparent. There is no single model applicable to
all contexts. It is important that the KCE team clearly reports the choices that were made during the
process evaluation as well as the interconnection between the different evaluation components (e.g.
effectiveness, process evaluation, economic evaluation). Reporting should also include the
dissemination of the results to several audiences, including to policymakers and stakeholders.8 237
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6 REALIST EVALUATION

KEY POINTS

o

o

e Arealist evaluation assesses what works, for whom, in what circumstances and why rather
than only evaluating if a programme works. This theory-driven approach aims to understand
the causal processes that generate (or fail to generate) change in specific contexts.

e Arrealist approach can be applied at all stages of the evaluation of complex interventions, as
described in the MRC guidelines. Yet, the KCE evaluation programme is not equally involved
in each stage.

e The realist evaluation research cycle includes the following steps:

e Nevertheless, in the KCE evaluation programme the evaluation may also end with policy
relevant output, informing policymakers about what works, for whom under which conditions.

While realist evaluation is particularly suited for the development phase (i.e. building the
programme theory) the development stage of complex interventions is, currently, not
within the scope of the KCE evaluation programme.

In terms of feasibility, a small-scale realist evaluation study may be performed when there
is uncertainty about the programme theory underlying an intervention or about the
feasibility of its implementation and evaluation. Such studies can help strengthen the
programme theory and inform the design of a subsequent larger-scale evaluation.

In the evaluation phase, realist evaluation can be used to understand why and how an
intervention works (or does not work) in a certain context.

In the implementation phase, realist evaluation goes one step further than confirming
whether an intervention worked. It clarifies which mechanisms drove that effect, for
whom, and under which conditions — insights that directly inform how implementation
strategies should be adapted for scale-up or transfer to new settings.

Developing and/or understanding the programme theory (see Chapter 1), i.e. identifying
context, mechanisms, and outcomes, ultimately translated into Context-Mechanisms-
Outcomes configurations (CMOCs) and Context-Mechanism-Outcomes configuration
hypotheses (including rival theories).

Collecting and analysing data to test the CMOCs and look for additional Context-
Mechanism-Outcome patterns in the data.

Synthesising the results and formulating conclusions on what works, for whom, in what
circumstances.

Providing a feedback loop from the findings and conclusions into the existing theory.

6.1

Introduction

In this chapter, we describe the realist evaluation approach in the context of the KCE evaluation

programme. Throughout the text, the realist evaluation concepts will be made more tangible by means
of examples from a former KCE project about the remote monitoring of patients with COVID-19.263 In
December 2020, remote monitoring of COVID-19 patients was launched to save hospital beds and
relieve strain from hospital workforce and primary care providers, while still addressing patients’ care
needs. Twelve pilot projects were set up and KCE was commissioned to carry out a study to evaluate

this new way of providing care remotely within each of these pilot projects. While this single example
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is used for consistency throughout the chapter, the realist approach has been applied across different
research domains.?64

6.2 What is realist evaluation?

Realist evaluation is a theory-driven approach, originally developed by Pawson and Tilley.2%% Instead
of evaluating whether a programme works, it assesses what works, for whom, in what circumstances,
and why.260. 265, 266 Rgther than comparing outcomes between those who did and did not receive an
intervention (as in a randomised controlled trial where the standard cause-effect question asks ‘Does
this work?’), realist evaluation compares Context-Mechanism-Outcome Configurations (CMOCs)
within programmes, asking why the same intervention produces different outcomes in different settings
and for different populations (i.e. across implementation sites).267-269 As such, in a realist evaluation,
the basic premise in how reality works is that interventions do not produce outcomes mechanically or
uniformly, but by triggering underlying causal processes i.e. mechanisms in people who reason and
respond differently depending on their circumstances (context).

6.2.1 The core conceptual framework: Context-Mechanisms-Outcome Configurations

The realist evaluation approach identifies three fundamental components of an intervention, namely
context (C), mechanism (M) and outcome (O) (the so-called Context-Mechanism-Outcome
Configuration or CMOC, see section 6.3.2) and examines how they interact.

The basic causal logic is: Context + Mechanism = Outcome (for example: dry, confined space (C) +
spark (applied to gunpowder) (M) = explosion (O)).26% 268,270 A practical way to read this, for example,
is: ‘Interventions achieve a successful outcome when theory-driven mechanisms are activated (‘fired’)
under appropriate contextual conditions’.280- 265 |n other words, it is assumed that interventions ‘work’
in different ways for different people in different situations.260. 265, 266

Some researchers have extended the basic CMOC to make additional analytic elements explicit, such
as CIMO (Context — Intervention — Mechanism — Outcome) and ICAMO (Intervention — Context — Actor
— Mechanism — Outcome).?”" The ICAMO configuration is particularly valuable for health policy, where
a national policy instrument passes through multiple layers of actors, i.e. national, regional, local,
individual, before reaching the end beneficiary.

Adding explanatory factors is possible and can be insightful depending on the study’s scope and aims.
A minimum requirement is, however, that the causal link between context, mechanism, and
outcome (CMO) is explained.

6.2.1.1  Context (C)

Context refers to the pre-existing conditions, i.e. cultural, social, institutional, financial conditions,
existing policies or structural, that influence whether and how mechanisms are triggered (‘fired’).265 272
Context shapes the causal process as different mechanisms may be activated (and produce different
outcomes) depending on the setting.

Textbox 13 — Example of context (C) from the project on telemonitoring in COVID-19 patients

When telemonitoring teams are exempt from other hospital duties (Context), they will have higher
patient inclusion rates (Outcome), then when they must do the telemonitoring in combination with
their regular hospital duties.
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6.2.1.2  Mechanism (M)

Mechanisms are the deeper, often unobservable, causal processes through which an intervention
generates change.26% 266, 273, 274 pPawson and Tilley (1997)%%5 originally proposed three ways of
conceptualising mechanisms: as programme components (the active ingredients delivered), as
participant reactions to those components, and a generalisable explanatory accounts of causal
processes (so-called ‘demi regularities’).26%- 275 They state that mechanisms will only activate in the
right conditions, providing the guiding formula: C (context) + M (mechanism) = O (outcome). While
this typology clarifies what the concept of mechanism encompasses, it has been criticised for creating
confusion in implementation science, particularly between what is delivered and why it works (or
not).273.274 Dalkin et al. (2015)%?74 has addressed this concept by explicitly disaggregating mechanism
into two related but analytically separable components: resources and reasoning. It helps to
understand the difference between the resources offered by the intervention and the ways in which
this changes the reasoning of participants, which in turn helps to distinguish between a context (i.e.
pre-existing conditions) and a mechanism. This approach shows the mechanism is not the resource
itself (i.e. a device, a protocol, staffing) but the change in reasoning that the resource triggers in a
particular context: how participants make sense of, respond to, and act upon what is offered. For that,
Dalkin et al. stress to understand the formula: (M (Resource) + C (Context) -> M (Reasoning) = O
(Outcome). This explains that resources should be introduced into a pre-existing context, which
together induces an individual’s reasoning, leading to an outcome.

Textbox 14 — Example of mechanism (M) from the project on telemonitoring in COVID-19
patients

The pulse oximetry and daily monitoring are ‘the resources’; the ‘mechanism’ is the sense of safety
and clinical ownership these resources trigger in patients and clinicians respectively. Whether that
‘reasoning’ is activated depends on the ‘context’ (e.g. health literacy, workload, organisational
support).

6.2.1.3  Outcome (O)

Outcomes are the intended/expected or unintended/unexpected, short- or long-term
consequences/results of the intervention on the micro-, meso-, or macro-level.2%6. 276 |n realist
evaluation, outcomes are disaggregated by context and mechanism to test whether outcome patterns
match CMOC assumptions revealing for whom the intervention works, under what conditions, and
through which pathways. In the telemonitoring example, outcomes may be e.g. patient inclusion rates
and timely escalation when deterioration is detected.

Textbox 15 — Example of outcome (O) from the project on telemonitoring in COVID-19 patients

In the telemonitoring projects it was observed that some sites had higher patient inclusion rates and
deterioration was detected earlier (Outcomes). Consequently, the question is raised how and why
these sites achieved these outcomes while other sites did not, despite the same policy. For that we
need to understand the (un)observable mechanisms at work. It was seen through interviews, focus
groups, and document analysis on the organisational structure that, although the same policy was
in place, there were contextual differences between sites, such as whether:

e telemonitoring teams were freed from regular hospital duties,
e had decision-making authority,

e had clear escalation protocols available.
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The identified mechanism that ‘fired’ was the telemonitoring teams’ experience of clinical ownership
over the monitoring process.

6.2.2 Applying realist evaluation principles across the MRC framework

The UK Medical Research Council (MRC) framework for evaluating complex interventions
recommends development, feasibility testing and piloting, evaluation and implementation as the key
elements of the development and evaluation process (Figure 1).'7 We agree with Fletcher et al. (2016)
that a realist approach can be integrated across the different phases within the latest MRC guidance
on evaluating complex interventions, especially since the latest version places increased emphasis on
causal mechanisms and theory development compared to the initial MRC model.27”

A realist approach can be applied at all stages of the evaluation of complex interventions, but the KCE
evaluation programme is not equally involved in each stage.

6.2.2.1  Intervention development phase

While realist evaluation is particularly suited for the development phase (i.e. building the programme
theory) the development stage of complex interventions is, currently, not within the scope of the KCE
evaluation programme. However, KCE could be involved in intervention development outside the
evaluation programme. For example, a preparatory study (e.g. consisting of a realist review) could be
part of the classic annual KCE programme which could then be used by policymakers (e.g.
RIZIV — INAMI, FOD — SPF) to develop a policy intervention. In a next step, KCE could be asked to
evaluate this intervention within the context of the KCE evaluation programme.

In the intervention development phase realist reviews — also called realist syntheses©?’® — are
particularly useful. When systematic reviews provide input for intervention development, the focus is
typically on synthesising quantitative studies answering ‘what works’ at the expense of understanding
how, in what context and for whom.?”7 Realist reviews are a form of systematic literature review. They
have been suggested as an alternative or adjunct to address the lack of attention for CMOCs in
evidence syntheses. They synthesise evidence from existing research into elements of the programme
theory. This might include, for example, studies identifying outcome evaluations, research ftrials,
literature reviews, or comparative case studies.250 279 Reviews can also use qualitative comparative
analysis (QCA), a methodology that enables the analysis of multiple cases in complex situations and
aims to explain why change happens in some cases but not in others. Both can be applied to
secondary as well as primary data.28

6.2.2.2  Feasibility testing and piloting phase

Feasibility and pilot studies can also adopt a realist approach to assess what is feasible for whom
under what circumstances. It can also be used to refine hypotheses about potential mechanisms and
how these vary by context. This way, the programme theory and the intervention design can be
optimised prior to the evaluation phase (e.g. realist RCT).277

This is consistent with the KCE evaluation programme. Commissioners may request a small-scale
evaluation study when there is uncertainty about the programme theory underlying an intervention or
about the feasibility of its implementation and evaluation. Such studies can help strengthen the
programme theory and inform the design of a subsequent larger-scale evaluation.

° Note that realist reviews or realist syntheses are different from section 6.3.7 describing ‘synthesis’ as a
step within the realist evaluation research cycle.
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6.2.2.3  Evaluation phase

How to use realist evaluation in the evaluation phase of the MRC framework is explained in 6.3, which
describes this step by step.

Note that within the realist evaluation approach, a realist RCT is a particular design. A realist RCT
layers a CMOC based explanatory analysis on top of a standard RCT (comparing outcomes between
those who did and did not receive an intervention) to explain why and for whom to intervention worked.
It combines the advantages of bias minimisation in estimating intervention effects via randomisation
with the ability to theorise the mechanisms underlying these effects and how they differ by setting.®?
In addition, realist RCT methods can be combined with process evaluation to understand mechanisms
and context.?5

6.2.2.4 Implementation phase

Where interventions are scaled up after successful evaluation, realist approaches can examine long-
term variations by context. This kind of implementation studies can occur over a wide range of settings,
populations and time periods, to understand how context shapes outcomes. When an intervention
programme is already running, the central question shifts from ‘How might this work?’ (development
phase) to ‘Is it working as theorised, for whom, where, and why not everywhere?’ (implementation
phase).

In the context of the KCE evaluation programme, realist evaluation can therefore play an important
role during the implementation phase. A strong evidence base for an intervention does not necessarily
imply that the promising results observed under study conditions will automatically be realised when
an intervention is scaled up and broadly implemented in routine practice. By identifying which
mechanisms are triggered, for whom, and under which contextual conditions, a realist approach can
provide actionable insights to adapt and improve implementation strategies.

6.3 How to use realist evaluation: the realist evaluation research cycle

The original realist research cycle as formulated by Pawson and Tilley (2004)28" presents the steps of
hypotheses generation, data collection and analysis, and theory testing as baseline model. However,
several authors added elements or specifications.262. 268, 278, 281, 282 Figure 32 is the result of an
integration of several representations of the realist research cycle into one.
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Figure 32 — The realist evaluation research cycle
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In the following paragraph, we will elaborate on each step in the realist evaluation research cycle.
In short, realist evaluation starts from developing and/or understanding the programme theory
(Chapter 1), i.e. identifying context, mechanisms, and outcomes, ultimately translated into CMOCs
and CMOC hypotheses (including rival hypotheses, see section 6.3.2).265

With the programme theory established, the realist evaluation proceeds through data collection and
data analysis to test the CMOCs and look for additional CMO patterns in the data. Finally, the data
are synthesised and conclusions are formulated on what works, for whom, in what circumstances, i.e.
the policy relevant theory.?7® Ultimately, the cycle feeds back to existing theory which represents the
cumulative, iterative nature of realist evaluation.26% 283 Each evaluation produces a refined programme
theory which, when synthesised across evaluation of similar programmes, contributes to the
refinement of Middle Range Theories (MRTs) and a broader generalisable evidence base.?8 283 This
is what distinguishes realist evaluation from a one-off evaluation. It is designed to build generalisable
knowledge, not just programme-specific findings. Instead of cycling back to more MRT refinement, the
evaluation may also end with a policy relevant output, informing policy makers about what works, for
whom under which conditions (see Figure 32).

Although the testing and refining of the programme theory is an explicit purpose of a realist evaluation,
as much as it is to determine whether and how the intervention worked in a particular context, KCE
targets only the latter. Refining the programme theory as the start of a new research cycle is rather
unlikely, unless several related studies are commissioned covering different phases of the realist
evaluation research cycle. In that case, the refined CMOCs from one evaluation become the starting
hypotheses for the next. In all other cases, for KCE purposes the realist evaluation research cycle is
not part of an iterative process but ends with providing policy relevant output (see Figure 32).
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6.3.1 Develop programme theory

Realist evaluation is theory-driven and the evaluation cycle therefore starts with theory
development.?85 284 The purpose of the cycle is to start with the identification of a MRT from which the
programme theory can be deduced. Middle Range Theories (MRTs) are specific enough to generate
hypotheses and general enough to apply across different situations. They are a result of previous
research endeavours and can be used as input for programme theory specification at the start of the
cycle. An MRT is not invented for a specific programme but brought to it as theoretical lens. The
evaluator’'s task is to assess whether and how these general patterns manifest in the specific
programme under evaluation. A realist programme theory specifies the mechanisms that are expected
to generate the outcomes in which context.27°

A well-established example of a MRT with particular relevance for implementation research is
Normalization Process Theory (NPT), which describes how new practices become embedded in
routine work (see Textbox 16). An example of a more substantive MRT on self-efficacy and
professional motivation is provided in Textbox 17.

Textbox 16 — Normalization process theory (NPT)

Normalization process theory (NPT) can be applied as a Middel Range Theory (MRT) for
implementation research. NPT is a sociological MRT that explains how new practices, technologies,
or complex interventions become or fail to become embedded in routine work.285-289 |t focuses on
the work that people need to do to ensure that interventions become normalised.?8® NPT can also
be used as a framework to support the optimisation of a trial intervention by supporting intervention
design, describing the context of a trial, and supporting the interpretation of a trial’s results.?8 It is
particularly well-suited as a theoretical lens for realist evaluation of complex health interventions,
because its four constructs map directly onto candidate mechanisms in a CMOC.289. 2%

These four constructs are:28°

e Coherence: the sense-making work people do to understand what a new practice is, why it
matters, and how it differs from existing practice.

e Cognitive participation: the relational work of building and sustaining commitment among
those who must enact the practice.

e Collective action: the operational work of enacting the practice in everyday settings, including
the division of labour and workability.

e Reflexive monitoring: the appraisal work of assessing whether the practice is working and
adjusting accordingly.

Each construct can serve as a candidate mechanism in a realist programme theory. For example:
in contexts where practitioners already share a clear understanding of why a new monitoring
programme is valuable (coherence as context/mechanism), collective action is more readily
sustained (outcome: successful embedding), particularly when roles and responsibilities are clearly
assigned (context). Conversely, where coherence is absent, for instance because telemonitoring is
perceived as an addition to existing workload rather than an improvement to care, collective action
is harder to sustain and the practice fails to normalise.

Taking the telemonitoring in COVID-19 example, NPT-derived candidate mechanisms include
clinicians developing shared understanding of the purpose of remote monitoring (coherence), a
clinical leader actively enrolling colleagues into the pathway (cognitive participation), a workable
and clearly distributed monitoring workflow (collective action), and teams reflecting on escalation
outcomes to refine their approach over time (reflexive monitoring). The four constructs broadly
follow a sequential logic over time —from sense-making and commitment-building, through
enactment, to appraisal — though they frequently overlap in practice.28°
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NPT has been validated as a useful theoretical lens across diverse healthcare implementation
studies and has been shown to be complementary with realist evaluation, with its constructs lending
themselves directly to CMO hypothesis formulation and realist interviewing design (see
Textbox 20).289-291 A structured coding manual linking NPT constructs to CMO elements is available
to support analysis.?®'

Theory development is not a main aim in the KCE evaluation programme, but MRTs can be part of
the programme theory.

Textbox 17 — Example of a MRT in the telemonitoring COVID-19 project

In the telemonitoring in COVID-19 project, the programme theories were deduced from MRTs about
self-efficacy and professional motivation. More specifically, when clinicians responsible for
monitoring are provided dedicated time, clear protocols, and decision-making authority, they
develop clinical ownership over the monitoring process. This ownership drives proactive patient
outreach, confident escalation when needed, and sustained programme engagement over time.

On the contrary, when monitoring is added on top of regular hospital duties without dedicated
resources, the mechanism of professional ownership fails to fire, resulting in reactive rather than
proactive monitoring.

6.3.2 Translating realist programme theory into CMOC hypotheses

Realist programme theories are general and should be translated into specific, testable propositions
for a specific intervention with specific measurable outcomes. These are called Context-Mechanism-
Outcome-Configurations (CMOC) hypotheses.

For a complex intervention several MRTs can be relevant from which a programme theory can be
generated.265 266, 274, 282 OQnce the programme theory is clearly defined, several CMOCs can be
deduced. The KCE research team's task is to identify the hypotheses (CMOCs) that have the highest
policy relevance and are most feasible to investigate.

The standard formula for formulating a realist hypothesis or CMOC is:
We hypothesise that in [X context], [Y mechanism] will cause [Z outcome].265 284

Not all CMOCs are equally suited to be tested within a single evaluation study. The KCE team will
prioritise the CMOC:s in collaboration with the commissioner of the evaluation study. Which CMOCs
will be part of the evaluation will depend on the policy questions as well as the feasibility given the
available resources.

The CMOC hypotheses are more specific than the programme theory in three ways: they are specific
to the intervention, they identify the contextual conditions, and they point to measurable outcomes.

For each CMOC hypothesis, the KCE research team should also explore alternative causal
explanations that could produce the same observed outcome pattern through a different mechanism
or pathway. These are called rival hypotheses or rival theoryP and testing them systematically is
what characterises rigorous realist evaluation.?%2 A rival theory asks: if we observe this outcome
pattern, is our proposed mechanism the most plausible explanation, or could something else account
for it equally well?

Rival theories take different forms:259. 260. 265

P The terminology is often used interchangeably.
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e The outcome may have been produced by a different contextual condition rather than the
hypothesised mechanism (see Textbox 18);

e The same outcome may have been produced by a different mechanism entirely (see Figure 33);

e The observed outcome pattern may reflect a measurement artefact rather than a genuine causal
effect (see Textbox 18).

These rival theories are built into the data collection design from the outset, instead of being introduced
retrospectively when findings are unexpected. In practice, this might mean, for instance, that realist
interviewing guides (see Textbox 20) explicitly probe the rival explanations, and that contextual data
are collected specifically to enable discrimination between the primary hypothesis and its rivals,
whether or not through interviews.

Confirming a CMOC goes beyond finding supporting evidence; it requires proving this evidence while
actively eliminating other plausible explanations (i.e. rival theories) as well. This dual requirement is
what gives realist evaluation its explanatory rigor and distinguishes it from evaluation approaches that
confirm their hypotheses simply by finding supporting quotes or correlations. Textbox 18 provides an
example of a CMOC and rival theories from the telemonitoring in COVID-19 project.

Textbox 18 — Example of CMOCs and rival theories from the telemonitoring COVID-19 project

General formulation CMOC: We hypothesise that in [X context], [Y mechanism] will cause [Z
outcome].

e CMOC: We hypothesise that in contexts where the telemonitoring teams are exempted from
their regular hospital duties and have decision-making authority (Context), their clinical
ownership of the monitoring process (Mechanism), will lead to higher patient inclusion rates
(Outcome).

e Rival theory (different contextual condition): Higher patient inclusion rates (Outcome) may
relate to differences in case-mix rather than team effectiveness.

e Rival theory (measurement artefact): Higher recorded inclusion rates may reflect more
complete administrative registration at some sites rather than a true difference in patient
inclusion.

6.3.3 Design the evaluation protocol

When the programme theory is established and the CMOC hypotheses and rival theories are defined,
the realist evaluation proceeds with the design of the evaluation protocol specifying the sampling (see
6.3.4), data collection (see 6.3.5), realist analysis (see 6.3.6) and synthesis (see 6.3.7), as is described
in the following subsections. The evaluation protocol should additionally meet criteria of iterativity
(remaining open to revision as programme theory is refined), theoretical purposiveness (ensuring that
sampling and methods are driven by the CMO hypotheses rather than convenience), and
methodological adequacy (selecting methods capable of generating data on both mechanisms and
context). The RAMESES |l project has developed quality criteria (e.g. transparency of programme
theory development, rigour in data collection and analysis, adequate engagement with stakeholders,
etc.) and reporting standards (e.g. report details of participants, report how programme theory was
(further) developed, etc.) for realist evaluation which can be used by the KCE research team when
drafting an evaluation report.260

Realist evaluation is method-neutral, which means it does not impose the use of particular methods.265
Therefore, the wording ‘realist approach’ is used in this process note. The choice of the method is
guided by the type of data needed to answer the evaluation question and test the initial programme
theory.?’® Both quantitative and qualitative data can be useful, often with quantitative data being
focused on context and outcomes and qualitative data on generative mechanisms.265
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6.3.4 Purposive sampling

In realist evaluation, it is important to include the variation that naturally occurs across implementation
sites, populations, and time periods in the study.?6% 282 The logic behind this is that the same policy
might produce different outcomes in different contexts because mechanisms can be triggered
differently depending on the contextual conditions across sites.2%% 277 Variation is therefore considered
as an important analytical resource, not a confound to be controlled for.

The sampling method used in realist evaluation must allow to test specific CMOC hypotheses. As
such, a site needs to be selected, for instance, because it enables the testing of a specific hypothesis.
It is the KCE research team’s task to explain why outcomes differ by identifying which mechanisms
fired (or did not fire) in which contexts. In this way, the size of a sample is less important than how
cases are utilised to interpret and explain research findings.2%?

In realist evaluation, sampling is therefore purposive, i.e. cases should enable testing of the initial
programme theory in all its dimensions.?”® So it should represent a range of different settings (for
example selecting high-performing versus low-performing implementations), varied contextual
conditions (e.g. rural vs urban, well-staffed vs. under-staffed, different population demographics,
difference in financing), different health service delivery models or degrees of local adaptation,
different stages of implementation maturity, etc. (see Textbox 19). The KCE research team could for
example select a purposeful sample based on secondary data (e.g. administrative or survey data)
about contextual conditions or settings.

Theoretical sampling is also commonly used in realist evaluation. It's a kind of purposive sampling
based on theoretical arguments.?6 For more information on theoretical and other sampling strategies,
we refer to Nick Emmel’s book (2013).2%3

Textbox 19 — Sampling in the telemonitoring COVID-19 project

To test the CMOC and rival theories, specific sites can be selected — for example sites with
dedicated telemonitoring FTE versus sites where telemonitoring is added to regular hospital duties.

6.3.5 Data collection

Realist evaluation data collection is often organised, using mixed-methods, around different data
topics to enable the testing of CMOC hypotheses. Data from different topics are collected
simultaneously, not sequentially.260. 265, 278, 282

For KCE purposes, these data topics are most relevant during the evaluation phase of the MRC model,
less in the development and pilot/feasibility phase. Implementation will not be common in the KCE
evaluation programme, but in general the topics also apply to that phase.

The most frequent and informing topics in realist evaluation are about:

e Data that provide information on implementation fidelity.26% 2°4 This concerns data to answer
questions such as ‘What service/intervention is actually being delivered, and how does it differ
from the intended design?’ It captures both the formal and informal components of service
delivery, including real-time adaptations. Sources to gather data on implementation fidelity include
fidelity assessments, structured observation, document analysis of local protocols and guidance,
and activity logs and service records.

e Data that provide information on actor reasoning.?% 266 This concerns data to understand how
people reason and respond to what the policy or intervention offers them and to detect the
mechanism at work. It is the reasoning of actors interpreting and responding to the components
of the intervention programme in a given context. Informants are selected for their capacity to
provide insights into specific operational contexts and causal mechanisms. This can be done
during realist interviews (see Textbox 20), focus groups, etc.
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e Data that provide information on the context.260. 265 282 Qutcomes may vary depending on
economic, geographic, historical, social and political circumstances and the cultural values of
participants. Variations within the intervention programme's target group can also influence which
mechanisms operate. These data are collected to understand how, and for whom, an intervention
programme works. Sources to gather data on the context may include routine administrative data
(e.g. staffing levels, population demographics), organisational data (e.g. governance structures),
policy data (e.g. funding streams, co-existing policies), and historical or cultural data (e.g. prior
attitudes, trust in services).

e Data that provide information on the outcomes (disaggregated).260. 265 282 |n g realist approach,
within the same programme, sites or groups are compared and set out against each other. For
this reason, no control group is required and data are collected disaggregated (i.e. not aggregated
into a single mean effect) by context and mechanism to test whether outcome patterns match the
CMOC hypotheses.

Textbox 20 — Realist interviewing

A data collection method that is specific to realist evaluation and differs from interviewing
techniques in other KCE projects is realist interviewing. It is a specific kind of in-depth and a theory-
driven approach to interviewing.?°®> As explained by Pawson and Tilley and further developed by
Manzano, the use of traditional interviewing techniques is not sufficient to explain what works, for
whom, and under what circumstances. Therefore, the purpose of realist interviewing is to test,
confirm, refute, or refine a specific CMOC hypothesis. The technique was proposed by Pawson
(1996) ‘to create a situation in which the theoretical postulates/conceptual structures under
investigation are open for inspection in a way that allows the respondent to make an informed and
critical account of them’.2% 297 Thus, the interviewer arrives with a theory and uses the interview to
interrogate it.

Consequently, a realist interview guide is not a topic list as in traditional interviewing techniques. It
is a structured theory-testing conversation, built around the CMOC hypotheses, with probes

designed to surface contextual conditions, reasoning processes, and unexpected pathways.270. 278,
297

e  Why something did (not) work? (not only whether it worked)

e Presenting tentative theories to interviewees and inviting confirmation, refutation, or refinement
e Probing for contextual condition that enabled or blocked engagement

e Exploring unintended consequences and unexpected causal pathways.

When implementation theories such as Normalization Process Theory (NPT) have been used to
develop the programme theory (see section 6.3.1)28% 2%, their constructs can serve as a concrete
and reusable source of testable hypotheses to present to interviewees, making the theory-testing
conversation more structured and specific. The interviewer may probe whether practitioners
developed a shared understanding of the intervention (coherence), whether they personally
committed to it (cognitive participation), what practical work it required (collective action), and how
problems were noticed and addressed (reflexive monitoring); each representing a specific, testable
mechanism hypothesis. These NPT constructs may also structure the analysis of the data. A coding
manual explicitly linking NPT constructs to CMOCs was developed by May et al. (2022).291

Key participants to realist interviews are typically frontline practitioners, commissioners,
beneficiaries, etc.

Apart from conducting these ‘realist interviews’ in the theory refining (i.e. evaluation) phase for data
collection, interviews can also be conducted to provide input for the initial programme theory (i.e.
initial exploratory interviews to map out basic ideas) and for theory consolidation (i.e. final interviews
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conducted during synthesis to understand the structural barriers and specific contextual
boundaries).29®

For more information on how to carry out a realist interview, we refer to Manzano (2016)%°% and
Mukumbang et al. (2020)2°7.

6.3.6 Realist data analysis — Retroduction

The main analytical approach in realist evaluation is retroduction, i.e. reasoning backwards from
observed outcome patterns to the underlying mechanisms that must have produced them.265 278
Retroduction uses both inductive and deductive reasoning. In addition, it is combined with researcher’s
theoretical knowledge and insight, to identify the hidden causal forces lying behind identified patterns.
The central question is: given this outcome pattern, what mechanisms must have been operating or
absent to produce it, and what contextual conditions explain why they fired here but not there?

A practical analytical tool is a CMOC matrix, i.e. a table with columns for Context, Mechanism,
Outcome, and Evidence (confirming / refuting / refining), with one row per hypothesis.2%6. 270 This keeps
the analysis anchored in the programme theory and prevents drifting off into generic thematic analysis.

Table 31 provides an example of a CMOC matrix applied to the telemonitoring COVID-19 project. It is
a translation of the hypotheses presented in Textbox 15 in the format of a CMOC matrix.

Table 31 - An example of a CMOC matrix

Hypothesis Evidence Evidence
status source

Dedicated Clinical Proactive Confirmed Team
FTE, GP  ownership outreach Higher where present; interviews
collaboration, inclusion suppressed
clear inclusion elsewhere
protocols
H(x) rival theory ~ Poor Alarm fatigue Reduced team Supported Alarm
(a different calibration, responsiveness reports, team
mechanism) manual entry interviews

errors

6.3.7 Synthesis

Following the analysis, the refined programme theories are synthesised across cases or sites to adapt
MRTs. Gilmore et al. (2019) describe this as a distinct analytical phase within realist evaluation, not to

be confused with realist synthesis (also called realist review) as a separate review methodology.?”®
298

The synthesis following the analysis identifies demi-regularities in which the programme theories and
CMOCs are brought together and common patterns are identified and grouped. During this synthesis
process the KCE research team will have to pay special attention to outcome patterns that occur
across most but not all cases (i.e. demi-regularities) which are the analytical core of the synthesis.
During the synthesis, the KCE research team may consult stakeholders who have a system-level view
of the intervention to explain discrepancies between cases. It is also an option to compare the
generated theory with relevant formal theories from the literature as a plausibility check. Situating
findings within the broader theoretical context can help to further refine the explanatory mechanism(s).

Ultimately, the KCE research team must identify how and under what conditions change occurs. This
should result in a transferable, policy-relevant theory that can inform implementation in new contexts.
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6.3.8 Output of the realist evaluation

Realist evaluation can be applied within the KCE evaluation programme in different ways. The
expected output will differ depending on the study type and the phase of the MRC framework in which
the realist approach is embedded. When the realist approach is:

e applied alongside an impact evaluation, e.g. embedded within a study that also assesses
clinical or cost-effectiveness, it helps to explain why the observed outcomes occurred. It does not
replace the effectiveness evaluation but complements it by opening the ‘black box’ by identifying
which mechanisms fired, under what contextual conditions, and for whom. The output in this
scenario is primarily explanatory and is directed at understanding the conditions under which the
intervention produced (or failed to produce) its effects. This output can subsequently inform how
the intervention should be rolled out or adapted when moving from the evaluation to the
implementation phase.

e the primarily methodology in an implementation study, e.g. evaluating the implementation of
an intervention programme, the output is directly actionable for implementation steering. In this
scenario, the realist evaluation will help to refine the programme theory. This will give insight in
which contextual conditions are necessary for the intervention to work, which elements of the
implementation are necessary, and where adaptations are required. The main question to answer
is: how do we make it work here, for these patients, in these organisational conditions?

Realist evaluation provides an evidence base for transferability, i.e. guidance on which causal
configurations are likely to hold in new contexts and which are context-specific. This is relevant to
inform the implementation phase but also to inform scale-up to new settings or populations.

Therefore, in the final section of the realist approach cycle the KCE research team could answer:

e What does this refined programme theory tell policymakers/commissioners about how to
implement this intervention in a new context?

e  Which contextual conditions are necessary for key mechanisms to fire?
e  Which aspects of implementation are non-negotiable, and which can be adapted?

Generally, the final conclusion does not provide a straightforward answer to whether an intervention
‘works’. Rather, it identifies the conditions under which the intervention is likely to be effective. In
response to the question of whether the intervention should be scaled up, the answer might be that
the intervention may reduce strain under the following conditions. This should be aligned with the
needs of the commissioners. For future research, a research framework can be built around the
CMOCs to enable prospective testing of the refined hypotheses, with standardised data collection
across sites. Of note, when seeking to primarily determine average effect size of a more simple
intervention (i.e. an intervention administered in a limited range of conditions) an RCT or systematic
review may be more appropriate.26® Consider that realist evaluation is resource-intensive in terms of
time, expertise, and iterative stakeholder engagement, and may therefore be disproportionate for
evaluations with a narrow scope or short timeframe. The decision to apply a realist approach should
therefore be deliberate and justified in relation to the evaluation question, the complexity of the
intervention, and the type of evidence needed by the commissioners.

Textbox 21 — Example of a plausible output from the telemonitoring COVID-19 project

Reporting by CMOC

e Professional ownership fires when teams have dedicated FTE, clear protocols, decision-
making authority, and GP collaboration. It is systematically suppressed when monitoring is
added to regular hospital duties without resource allocation. The convention's assumption of
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GP involvement was structurally undermined by lack of data integration, GP workload, and
unclear role definitions. Primary care partnership requires formal operational agreements.

CMOC refinement

e If the mechanism and contextual explanation hold and the rival is ruled out, the initial
hypothesis is refined: the professional ownership mechanism requires not just physician
leadership but dedicated coordination time and an established patient pathway, conditions
absent in Site A and present in Site B.

Output to the commissioner with regard to whether telemonitoring should be scaled up, may be:

e Telemonitoring may reduce the strain on the hospital workforce and primary care providers
under the following conditions: dedicated staffing, active two-way communications, GP and
home nurse involvement.
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7 EVALUATION OF ECONOMIC IMPACT

KEY POINTS

e It is important to integrate economic considerations into the assessment of healthcare
interventions because all interventions use resources and therefore have economic
consequences. This process note covers economic evaluation, budget impact analysis (BIA)
and costing.

e Economic evaluations can consider both health and non-health outcomes. Within this evaluation
programme, the focus will often be on non-health outcomes that may be relevant to the
decision problem, such as access, capacity, productivity, quality of care or organisational
performance.

e The choice of economic evaluation method should reflect the nature of the outcomes and the
evidence available. For guidance on conducting a cost-utility analysis (CUA) or a cost-
effectiveness analysis (CEA) we refer to KCE report 400. These require an effect evaluation on
health outcomes. In this process note, we give methodological guidance for the following types
of economic evaluation:

o cost-minimisation analysis (CMA) requiring demonstrated equivalence of relevant outcomes;

o cost-consequence analysis (CCA) presenting multiple costs and consequences separately;
and

o cost-benefit analysis (CBA) expressing both costs and consequences in monetary terms and
to be used when these can be valued credibly.

o A BIA estimates the financial consequences of introducing an intervention for a specified
budget holder. It compares expenditure under the current and future treatment mix, taking into
account the target population, expected uptake and diffusion, changes in resource use and costs,
and the timing of these changes.

e Costing identifies, measures and values the resources required to implement and/or
deliver an intervention. It can be part of an economic evaluation or BIA or undertaken as a
stand-alone study; the costing approach should be determined by the purpose of the analysis
and its perspective.

e Resources should be identified and measured in appropriate natural units and valued using
relevant unit costs. Implementation costs and routine delivery costs should be distinguished
where relevant.

e The costing method should provide sufficient precision for the decision problem. Top-down or
bottom-up and gross-costing or micro-costing approaches can be used alone or in combination,
with more detailed approaches applied where resource use or cost drivers are particularly
important.

7.1 Introduction

Economic considerations are relevant to the assessment of healthcare interventions because they
require resources and hence represent an economic cost. Economic evidence should inform decision-
makers about the value of an intervention relative to the resources required and about the financial
implications of its implementation. Taking these resource implications into account is particularly
important when healthcare resources are limited and decisions need to balance expected health
benefits against the resources required to achieve them.
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Healthcare interventions may consume a wide range of resources, including healthcare professionals’
and informal caregivers’ time, medicines, medical equipment, infrastructure and hospital capacity.
They may also affect costs borne directly by patients, such as out-of-pocket payments and time spent
receiving care.

A distinction should be made between economic evaluation and the assessment of economic impact.
An economic evaluation compares the costs and consequences of two or more alternatives and
requires an estimate of the incremental effect of the intervention relative to an appropriate
comparator.?® This effect may be estimated using a randomised controlled trial (RCT) or, when
randomisation is not feasible, using an appropriate quasi-experimental or observational design (see
Chapter 3).

Effectiveness, implementation and costs are closely related but represent distinct dimensions of an
intervention. Effectiveness concerns whether an intervention produces the intended outcomes,
whereas implementation concerns how the intervention is delivered in practice, including its uptake,
fidelity, reach, feasibility and the resources required for delivery (see Chapter 8). Costs represent the
value assigned to the resources consumed in implementing the intervention and delivering care.
Resource use can encompass healthcare professionals’ and patients’ time, medicines, medical
equipment, infrastructure and hospital capacity. It is important to note that an intervention may have
different resource requirements or effects in routine practice than under controlled study conditions.
For example, implementation may require more staff time, training or infrastructure than initially
anticipated. Understanding implementation can consequently provide important information for the
economic assessment by identifying resource requirements, cost drivers and differences in
implementation between settings.

This process note does not provide a comprehensive methodological framework for conducting full
economic evaluations in which costs are compared with clinical outcomes, such as cost-effectiveness
or cost-utility analysis. For methodological guidance on these analyses, we refer to KCE Report 400.2%9
Instead, the process note focuses on the economic assessment of interventions where the
outcomes of interest include non-health outcomes, as well as on budget impact analysis (BIA)
and the identification, measurement and valuation of resource use and costs (costing). This
reflects the nature of the evaluation programme, in which a focus on clinical effectiveness alone (such
is typically done in the evaluation of medicines and health technologies) will in most cases not be
available or feasible, making other approaches to assessing economic impact more relevant.

These approaches address different but complementary questions. Full economic evaluation
assesses whether the additional resources required for an intervention are justified by its additional
health benefits, typically expressed in terms of costs per QALY (quality-adjusted life year) or other
health outcomes. Economic analyses including non-health outcomes may instead assess outcomes
such as capacity, productivity, access or organisational effects. BIA estimates the financial
consequences of adopting an intervention for a specified budget holder over a defined time horizon,
while costing identifies, measures and values the resources consumed by an intervention, service or
patient group. Costing may form part of any of these analyses but is not, in itself, an economic
evaluation.

These distinctions are particularly relevant in Belgium, where healthcare financing is distributed across
different sectors and levels of government and where patients may bear part of healthcare costs
through co-payments and other out-of-pocket payments. An intervention may, for example, be cost-
effective from a societal or healthcare-system perspective while generating substantial additional
expenditure for a particular budget holder in the short term. Conversely, it may reduce expenditure for
one budget holder while increasing costs elsewhere in the healthcare system. The appropriate
analytical approach should therefore be determined by the decision question, the outcome of interest
and the perspective of the analysis.
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7.2 Economic evaluation when effectiveness can be assessed

An economic evaluation compares the costs and consequences of at least two alternative
interventions. It requires:

e arelevant intervention and comparator; and
e an estimate of the relative effect of the intervention compared with the relevant comparator.

The relative effect can be estimated using a randomised controlled trial (RCT) or, where randomisation
is not feasible or appropriate, using other study designs combined with appropriate methods for causal
inference (see Chapters 2 and 3). Depending on the research question, intervention and available
data, methods such as difference-in-differences, interrupted time-series analysis, regression
discontinuity, instrumental variables, matching or propensity-score methods may be appropriate. The
choice of method should be guided by the decision problem, how the intervention is introduced and
delivered in practice (e.g. timing, who receives it, whether there is a comparison group), the available
data and the assumptions required to identify a causal treatment effect.

Evidence on comparative effects can then be combined with information on resource use and costs
to estimate the incremental costs and consequences of the intervention compared with the relevant
alternative.

This section briefly introduces the two main types of economic evaluation that require a health
outcome: cost-utility analysis (CUA) and cost-effectiveness analysis (CEA). A CUA compares the
costs and health outcomes of interventions using quality-adjusted life years (QALYs), enabling
comparisons across different diseases and clinical areas. A CEA uses a more specific outcome
measure, such as life-years gained (LYG), and may be presented alongside CUA when important
survival benefits are not fully captured by QALY's. More detailed methodological guidance on these
approaches is provided in KCE Report 400, which defines the Belgian reference case for health
economic evaluations in the context of reimbursement decisions. The treatment of these methods is
deliberately brief in this process note because, within the evaluation programme, a measurable health
outcome will in most cases not be available or feasible to assess. Greater attention is therefore given
to other approaches to economic assessment that are more relevant to the types of evaluations
expected within the programme.

7.2.1  Economic evaluation with non-health outcomes

The outcomes considered in an economic evaluation may be health outcomes or non-health
outcomes, depending on the decision problem. While health outcomes may be relevant for some
evaluations, they will in most cases not be available or feasible to measure within the evaluation
programme. This section therefore focuses on economic evaluations that include non-health
outcomes, such as changes in capacity, access, productivity, resource use or organisational
performance, while health outcomes may also be considered where relevant.

7.2.1.1  Cost-minimisation analysis

Cost-minimisation analysis (CMA) compares the costs of two or more alternatives when their relevant
consequences can be considered equivalent. The analysis therefore focuses on identifying the least
costly alternative. CMA should only be used when there is sufficient evidence that the alternatives
have equivalent effects on the outcomes relevant to the decision. Importantly, CMA should not be
used simply because differences in outcomes have not been measured: absence of evidence of a
difference is not evidence of equivalent effects. Where equivalence has not been established, cost-
consequence analysis (CCA) (see section 7.2.1.2) or, where a single relevant outcome can be defined
and measured, CEA may be appropriate. Within the evaluation programme, CMA may therefore be
appropriate when the relevant outcomes of the alternatives can be shown to be equivalent. A CMA
should, however, not be used as a substitute for assessing differences in outcomes when these have
not been adequately established.
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For example, suppose an evaluation compares two organisational models for delivering home nursing
care. If there is strong evidence that both models provide equivalent access to care, quality of care
and other outcomes relevant to the decision, a CMA could be used to determine which model requires
fewer resources to implement and operate. If, however, one model is associated with differences in
access, quality, staff capacity or other relevant outcomes, these differences should be incorporated
into the economic analysis (e.g. a CCA) rather than assuming equivalence.

7.2.1.2  Cost-consequence analysis

Cost-consequence analysis (CCA) presents the costs and relevant consequences of an intervention
separately, without combining them into a single summary measure such as an incremental cost-
effectiveness ratio. It is particularly appropriate when an intervention has multiple relevant outcomes
that cannot or should not be combined into a single measure, including non-health outcomes such as
access, capacity, productivity, quality of care, organisational performance or patient experience. CCA
allows these different consequences to be presented alongside the associated costs, leaving their
relative importance to be considered as part of the decision-making process.

CCA is particularly relevant within the evaluation programme because interventions may affect several
dimensions of performance simultaneously, and these effects may not be adequately aggregated into
a single outcome measure. For example, an intervention may increase costs but improve access and
quality of care while reducing staff workload. Presenting these costs and consequences separately
makes such trade-offs explicit rather than requiring them to be reduced to a single metric.

CCA can be used whether the consequences are health or non-health outcomes. The outcomes
selected should reflect the decision problem and should be specified in advance where possible. When
consequences move in different directions, the analysis should make these trade-offs transparent and
provide sufficient information for decision-makers to assess their relative importance. When all
relevant consequences move in the same direction, the interpretation may be more straightforward,
but the same principle of presenting costs and consequences separately applies.

7.2.1.3  Cost-benefit analysis

In a cost-benefit analysis (CBA), both the costs and the consequences of an intervention are
expressed in monetary terms. This allows the benefits of an intervention to be compared directly with
its costs and, in principle, enables an assessment of whether the intervention generates a positive net
monetary benefit. CBA may be particularly relevant within the evaluation programme when an
intervention has consequences that extend beyond health outcomes or when the evaluation requires
a broad perspective. For example, an intervention may affect healthcare expenditure, patients’ out-of-
pocket costs, productivity, informal care and other consequences. Expressing these consequences in
monetary terms allows them to be considered within a common analytical framework.

However, assigning monetary values to health and other outcomes can be methodologically
challenging. The valuation of clinical, health and non-health outcomes in monetary terms has long
been debated, and approaches such as willingness-to-pay can produce estimates that depend
substantially on the methods used and on the populations considered. CBA should therefore be used
with caution, particularly where the monetary valuation of important outcomes is subject to substantial
uncertainty.

Within the evaluation programme, CBA may be used as a stand-alone approach when the decision
problem can be adequately addressed by expressing the relevant costs and consequences in
monetary terms. It may also be combined with other economic analyses where this provides additional
information, for example when some relevant consequences can be monetised while others are more
appropriately presented in their natural units. The choice of CBA, alone or in combination with another
approach, should therefore be guided by the decision problem, the relevant outcomes and the
feasibility and validity of their monetary valuation.
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Textbox 22 — An example comparing CMA, CCA and CBA

For example, suppose an evaluation compares two organisational models for delivering home
nursing care.

Cost-minimisation analysis (CMA)

If there is strong evidence that both models provide equivalent access to care, quality of care and
other outcomes relevant to the decision, a CMA could be used to determine which model requires
fewer resources to implement and operate. If, however, one model is associated with differences
in access, quality, staff capacity or other relevant outcomes, these differences should be
incorporated into the economic analysis (e.g. a CCA) rather than assuming equivalence.

Cost-consequence analysis (CCA)

If the models differ in their effects on access to care, quality of care, staff capacity or other outcomes
relevant to the decision, a CCA could be used to present these consequences alongside the costs
of each model. For example, one model may require more resources but improve access and
reduce staff workload, while the other may be less costly but provide lower access. Presenting the
costs and consequences separately allows decision-makers to assess these trade-offs without
requiring the different outcomes to be combined into a single measure.

Cost-benefit analysis (CBA)

If the relevant consequences of the two models can be credibly expressed in monetary terms, a
CBA could be used to compare their total costs with their monetised benefits. For example, one
model may require higher expenditure but generate monetary benefits through improved
productivity, reduced staff workload, fewer hospitalisations, lower patients’ out-of-pocket costs or
reduced informal care needs. These costs and benefits can be valued in monetary terms and
combined to estimate the net monetary benefit of each model. If some important consequences
cannot be credibly monetised, these could be presented separately alongside the CBA results.

7.2.2  Key principles of economic evaluation

The target population should be clearly defined and should reflect the population, organisations or
other units for which the intervention is intended to be used or implemented in routine practice. The
relevant unit of analysis and characteristics will depend on the type of intervention and the evaluation
question. These may include demographic characteristics, disease or risk profile, treatment setting,
previous treatment, organisational characteristics, staffing levels, level of service provision,
geographical characteristics, or other factors that may influence the outcomes, resource use, costs or
baseline conditions relevant to the evaluation. Belgian data should be provided where available.

The target population considered in the evaluation may be broader than the population directly
represented in the available evidence, provided that extrapolation to the broader population is
sufficiently justified. The assumptions underlying such extrapolation should be clearly stated, and any
associated uncertainty should be explored where relevant.

Relevant subgroups should be identified based on the decision problem and the outcomes considered
in the evaluation. Depending on the intervention, relevant subgroup characteristics may relate to
differences in health status, access to care, service needs, organisational context, baseline risk,
resource use, costs, implementation conditions or other factors that may affect the outcomes of
interest. Subgroups should, where possible, be specified in advance, particularly when there are
plausible reasons to expect differences between them.

Subgroup-specific analyses should be conducted where differences between subgroups are relevant
to the decision and are sufficiently supported by the available evidence. Where evidence is insufficient
to establish meaningful differences between subgroups, the analysis should avoid introducing
unsupported assumptions. Relevant differences in baseline conditions, resource use, costs or other
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parameters may nevertheless be incorporated where supported by the evidence. Post-hoc subgroup
analyses that were not prespecified should be clearly identified as exploratory and interpreted with
appropriate caution.

For example, an evaluation of a new hospital-based intervention should clearly define the population
or hospital services for which the intervention is intended in routine practice, taking into account
characteristics relevant to the evaluation question. These may include age, disease severity and
admission type, but may also include organisational characteristics such as hospital size, staffing
levels or the availability of specific services. If the evaluation concerns access to care rather than
clinical effectiveness, other characteristics may be more relevant, such as geographical location,
socioeconomic circumstances or distance to healthcare services. Subgroup-specific analyses should
then be undertaken where differences between these groups are relevant to the decision and
sufficiently supported by the available evidence.

Cost calculation is an essential component of an economic evaluation. It involves identifying,
measuring and valuing the resources consumed by the intervention and its comparator(s), with a focus
on the incremental resource use and costs. Future costs and outcomes are discounted. The methods
used to identify, measure and value resource use and costs are described in section 7.4.

The perspective of the analysis determines whose costs and consequences are considered relevant
(see section 7.4.2). Depending on the decision problem, this may be the perspective of the healthcare
payer, healthcare provider or society. The perspective should be specified in advance, as it determines
the scope of the costs and consequences included in the analysis.

The time horizon should be specified in advance and should be sufficiently long to capture all relevant
differences in costs and consequences between the intervention and the comparator. lts duration
should therefore reflect the period over which the intervention is expected to affect relevant costs and
outcomes. When the appropriate time horizon extends beyond the period for which empirical evidence
is available or can be collected, longer-term costs and consequences may need to be estimated
through modelling or extrapolation. The assumptions underlying such extrapolation should be clearly
described and explored in sensitivity or scenario analyses. Where relevant, a shorter time horizon
corresponding to the period for which empirical evidence is available may be considered as a scenario,
particularly when there is substantial uncertainty about longer-term effects. The same time horizon
should be applied to costs and consequences.

Economic evaluations are usually based on evidence and assumptions. The potential impact of
uncertainty should be explicitly assessed and reported, distinguishing between uncertainty about the
values used in the analysis (parameter uncertainty), uncertainty arising from the methods or
assumptions used to conduct the analysis (structural and methodological uncertainty) and contextual
uncertainty.

Parameter uncertainty concerns uncertainty about the values of individual inputs, such as intervention
effects, costs, probabilities, resource use, utilities or other outcome measures. Where relevant,
parameter uncertainty should be assessed using probabilistic sensitivity analysis (PSA). In PSA,
uncertain inputs are allowed to vary simultaneously according to appropriate probability distributions
to examine the resulting uncertainty in the outcomes of the analysis. Deterministic sensitivity analyses
may also be used to assess the influence of individual parameters or specific assumptions.

Structural and methodological uncertainty concerns uncertainty arising from the structure of the
analysis or from methodological choices and assumptions. Examples include alternative model
structures, assumptions about relationships between variables, the choice of perspective, costing
methods, time horizon or methods used to extrapolate evidence beyond the observed data. Where
relevant, alternative assumptions or analytical approaches should be explored through sensitivity or
scenario analyses.

Contextual uncertainty concerns uncertainty about the circumstances or wider environment in which
an intervention is implemented and in which its effects, resource use or costs may evolve over time.
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This may include changes in demographics, epidemiology, technology, clinical or organisational
practice, healthcare policy, financing arrangements or other relevant external factors. It may also arise
when results need to be extrapolated from the population, setting or period covered by the available
evidence to the population, setting or period relevant to the evaluation.

More detailed methodological guidance is provided in KCE Report 400. Table 1 of that report
summarises the 16 guidelines that define the reference case for economic evaluations in Belgium.2%°

7.2.3  Economic evaluation of complex interventions

Baghbanian et al. highlight several methodological considerations that are particularly relevant to the
economic evaluation of complex interventions.3% Economic evaluation of complex interventions can
present additional methodological challenges compared with interventions with more clearly defined
and predictable causal pathways. Complex interventions may involve multiple interacting components,
stakeholders and contextual factors, with effects that can emerge through dynamic and potentially
non-linear pathways. These features can increase uncertainty around both costs and outcomes and
make it more difficult to estimate the incremental costs and effects of the intervention with precision.
The authors note that complex interventions and the conditions they address may involve high levels
of uncertainty, partly because of their interconnected components, diverse stakeholders and
contextual dependence.

A particularly important consideration is the context in which the intervention is implemented.
Complex interventions are described as multi-component and context-sensitive, with initial conditions
and contextual variables potentially influencing their effects. From an economic evaluation
perspective, this implies that both resource use and outcomes may vary between settings. Factors
such as workforce availability, organisational capacity, infrastructure and the way care is organised
may influence the resources required to deliver the intervention and the outcomes achieved.
Consequently, the transferability of cost-effectiveness estimates between settings may be more
limited, and the assumptions used to transfer evidence to the decision-making context should be made
explicit and tested where appropriate.

A further consideration is the need to understand the mechanisms and pathways through which
the intervention generates its effects (see Chapter 1). For economic evaluation, understanding
these pathways can inform the identification of relevant costs and outcomes, the selection of
intermediate and final outcomes, and the structure and time horizon of an economic model. The
economic evaluation should ensure that the relevant causal pathways linking the intervention to
resource use and outcomes are adequately reflected in the analysis.

Implementation and sustainability may likewise have direct economic implications. Factors such as
resource availability, implementation feasibility and healthcare-system capacity are potentially
important determinants of whether a complex intervention can be implemented effectively. These
factors may affect the resources required to introduce and maintain the intervention and therefore its
longer-term costs and effects. Where relevant, an economic evaluation should consequently consider
implementation-related costs, changes in resource use during implementation, and uncertainty about
the extent to which the intervention can be delivered as intended and sustained over time.

Overall, the principles of economic evaluation do not fundamentally differ between complex
and non-complex interventions. Rather, complex interventions may require greater flexibility in how
those principles are applied. The methodological literature nevertheless increasingly argues for
approaches that better recognise the interactions between the intervention and the system in which it
operates.
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7.3 Budget impact analysis

The main output of a budget impact analysis (BIA) is the change in expenditure associated with
introducing an intervention, generally reported separately for each year of the relevant time horizon
and, where feasible, until the budget impact reaches a ‘steady state’. Steady state refers to the point
at which the annual budget impact has stabilised, taking into account the ongoing entry and exit of
patients and any longer-term costs or savings associated with the intervention.

The analysis aims to estimate the financial consequences of adopting the intervention for the relevant
budget holder, taking into account the expected treatment mix and uptake of the intervention. Whereas
a full economic evaluation assesses the value for money of alternative interventions, a BIA addresses
affordability: what additional expenditure or savings can be expected for a specified budget
holder when an intervention is introduced? BIA and economic evaluation share several
methodological principles, including those concerning perspective, costing, modelling and the
handling of uncertainty, but differ in their research question and in how the target population,
comparator, time horizon and results are defined. Table 1 in Sullivan et al. (2014), which sets out
principles of good practice for budget impact analyses, identifies key considerations for the design of
a BIA.2%" These include features of the health care system, perspective, use and cost of current and
new interventions, impact on other costs, time horizon, time dependencies and discounting, choice of
computing framework, uncertainty and scenario analysis, and validation.

A BIA compares the expected expenditure under the current situation with the expected
expenditure after introduction of the intervention. The analysis should therefore consider not only
the cost of the new intervention, but also the costs it replaces and changes in other healthcare
resource use resulting from its introduction. Where relevant, savings from avoided treatments,
hospitalisations, adverse events or follow-up care should be included.2 The comparator in a BIA may
therefore differ from that used in an economic evaluation. While an economic evaluation compares
the incremental costs and health consequences of alternative interventions relative to an appropriate
comparator, a BIA is intended to estimate the financial consequences of introducing an intervention
within the current healthcare system. It therefore considers the current treatment mix and the expected
changes in treatment mix following adoption of the intervention. For example, if a new intervention
(e.g. a hospital-at-home programme for selected patients with pneumonia) substitutes for an existing
treatment (e.g. conventional inpatient hospital care), the BIA should include both the cost of the new
intervention and the savings from avoided inpatient hospital care. If some patients continue to receive
conventional inpatient care while others receive hospital-at-home care, the analysis should reflect the
expected treatment mix and uptake of the new intervention. The budget impact will therefore depend
on both the costs of the alternative treatment pathways and the proportion of patients expected to
receive each pathway.

The target population should reflect the population eligible for and expected to receive the
intervention in the relevant healthcare system. In contrast to the closed population commonly used in
economic evaluations, a BIA generally considers an open and changing population. Changes in the
size and characteristics of the target population over time, including changes in incidence, prevalence
or disease severity, should therefore be considered. The expected uptake, diffusion or market share
of the intervention should also be estimated and justified, as should the extent to which it replaces
existing interventions. Where relevant, different subpopulations should be considered separately if
they differ in treatment patterns, costs or expected uptake. For example, if a new intervention reduces
hospitalisations for patients with a particular chronic condition, the BIA should estimate not only how
many patients are currently eligible for the intervention, but also how this population is expected to
evolve over the budget horizon. New patients may enter the target population as they are diagnosed,
while other patients may leave it because they recover, die or no longer meet the eligibility criteria.
The analysis should also consider how quickly the new intervention is expected to be taken up and
the extent to which it replaces existing treatment. For instance, if 20% of eligible patients are expected
to switch to the new intervention in the first year, increasing to 50% in subsequent years, the BIA
should reflect this gradual diffusion rather than assume that all eligible patients receive the intervention
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immediately. If the intervention is expected to have different uptake or costs across relevant patient
subgroups, these should be modelled separately where appropriate.

The perspective should correspond to the relevant budget holder. In the Belgian reference case, the
BIA is conducted from the perspective of healthcare payers, including government and patients. The
analysis should therefore capture the financial consequences relevant to these payers. However, other
perspectives may be appropriate depending on the purpose of the analysis and the decision-maker
concerned, and in many cases a BIA may need to consider more than one perspective. For example,
from the perspective of a hospital, a hospital-at-home programme may reduce inpatient bed use and
associated hospital costs, while from the perspective of the health insurer, it may result in additional
expenditure for home-based care. Transfers between different healthcare payers or levels of
government should therefore be made explicit, as an intervention may generate savings for one payer
while increasing expenditure for another.

The time horizon should be sufficiently long to capture the relevant financial consequences of
introducing the intervention and should generally extend until the budget impact reaches a steady
state, where feasible. KCE Report 400 recommends a minimum time horizon of three years. The
budget impact should be reported separately for each year so that changes in expenditure during the
implementation and diffusion period can be distinguished from the longer-term financial
consequences. Unlike a full economic evaluation, costs are not discounted in a BIA. This is consistent
with the purpose of a BIA, which is to describe the expected financial consequences of adopting an
intervention for a specific budget holder in each budget period, rather than to express costs occurring
at different points in time as a single present value. The recommendation not to discount is therefore
primarily a methodological convention reflecting the purpose and use of BIA, rather than a theoretical
principle with a universally accepted justification.

A BIA may draw on information from an economic evaluation, clinical studies, administrative data,
costing analyses and other sources (see Chapter 11). However, information from an economic
evaluation may require adaptation before it can be used in a BIA. In particular, the analysis should
reflect the real-world target population, expected uptake and diffusion, actual treatment mix and the
timing of resource use and costs. Where an economic evaluation and a BIA are conducted for the
same intervention, consistency between the analyses should be maintained where appropriate, while
recognising their different objectives and potentially different comparators.

Uncertainty should be assessed for assumptions and parameters that may have an important
influence on the estimated budget impact. This includes uncertainty around the target population,
intervention uptake, treatment patterns, resource use and costs, as well as uncertainty about how
these may evolve over time. Particular attention should be paid to structural and contextual uncertainty
related to the implementation of the intervention, changes in clinical or organisational practice,
technology, policy or financing arrangements. Where relevant, alternative assumptions or scenarios
should be explored.

Results should also be disaggregated where relevant, for example by major cost component or
healthcare payer, to show where additional expenditure and savings occur. The analysis should make
transparent which costs arise from the intervention itself, which result from changes in existing
healthcare expenditure, and which arise from subsequent consequences such as adverse events,
follow-up treatment or re-hospitalisation.
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7.4 Costing

7.4.1  Purpose and role in economic analysis

Costing concerns the identification, measurement and valuation of the resources required to
deliver or implement an intervention. It provides information on resource use and associated costs
but does not, by itself, assess whether an intervention provides good value for money or what its
financial consequences would be for a budget holder. Cost information can subsequently be used in
different forms of economic analysis, including an economic evaluation and a BIA. A costing study can
also be undertaken independently, for example to estimate the resources required to introduce a new
care pathway, identify the main cost drivers of an existing service, or compare the costs of delivering
an intervention across organisational settings.3%® Costing may also form part of a process evaluation,
where information on resources used to implement and deliver an intervention helps to understand
how it was implemented in practice (see Chapters 5 and 8). In such cases, the resource-use
information does not necessarily constitute a formal costing study.

The same resource-use data may therefore serve different purposes. For example, suppose an
intervention requires nurses to spend 30 minutes per patient.

e In a process evaluation, staff time may be measured to understand how the intervention was
implemented in practice, including whether the expected amount of staff time was required and
how resource use varied across settings.

e In a costing study, staff time would be systematically identified, measured and valued, together
with other relevant resources, with the specific aim of estimating the total cost of implementing
and delivering the intervention.

e In a BIA, the additional nursing time would be translated into the financial consequences for the
relevant budget holder, taking into account how nursing care is financed, whether the additional
workload can be accommodated within existing capacity, and whether additional staffing or other
expenditure would be required. These financial consequences would then be combined with the
expected number of eligible patients, uptake and other relevant parameters to estimate the overall
budget impact.

e In a full economic evaluation, it would first be assessed whether the intervention requires
additional nursing time compared with the comparator. If so, the additional 30 minutes would be
valued in monetary terms and considered together with other incremental costs and savings.
These incremental costs would then be assessed alongside comparative evidence on outcomes
to evaluate the cost-effectiveness of the intervention.

These distinctions concern primarily the purpose and analytical use of the data rather than the type of
data collected.

A separate full costing study is not necessarily required before undertaking a BIA or an economic
evaluation. Where sufficiently reliable and relevant information on (incremental) resource use and unit
costs is already available, these data can be incorporated directly into the analysis. Conversely, where
such information is lacking or where the objective is specifically to understand the total resource use
and costs associated with an intervention or service, a stand-alone costing study may be appropriate.

The objective of a costing study should be defined clearly in advance. In particular, it should be
specified whether the analysis aims to estimate the costs of implementing an intervention (i.e. the
implementation strategy), delivering the intervention, or both, and whether the intervention is intended
to be delivered as an add-on to existing care or to replace an existing intervention or service. This
distinction can be important for interventions that require substantial initial investments but have
relatively stable delivery costs once established, as well as for interventions that substitute for existing
resource use. For example, suppose the costs of introducing a new digital consultation service in
hospitals need to be estimated:
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e Implementation costs may include staff training, software development, IT integration and project
management.

e Delivery costs may include staff time, IT support and infrastructure required for each consultation.

If the analysis aims to estimate the total cost of introducing and operating the service, both
implementation and delivery costs should be included, with their timing taken into account.

7.4.2  Perspective, identification and measurement of resources

The perspective defined for the analysis determines which resources and costs are relevant for the
costing. The identification and measurement of resources should therefore be consistent with the
perspective adopted.

The choice of perspective should be based on the decision question, the intended use of the results
and the stakeholders for whom the information is required. A healthcare payer perspective may be
appropriate when the objective is to estimate expenditures borne by public healthcare payers and
patients, whereas a provider perspective may be appropriate when the objective is to estimate the
resources required to deliver an intervention. A broader healthcare-system or societal perspective may
be appropriate when the analysis aims to capture costs borne by multiple stakeholders. Where
relevant, costs can be reported separately for different stakeholders rather than combined into a single
estimate. Care should be taken to avoid double counting, particularly when a payment represents a
cost for one stakeholder but an income or transfer for another. Such transfers should be identified
explicitly and should not be counted as costs at the overall system level.

In the Belgian reference case, the perspective is that of public and private healthcare payers, where
private payers refer to patients paying out of pocket, and only direct healthcare costs are included (see
section 7.4.6). Patient payments include co-payments, fees or other supplements, and payments for
non-reimbursed healthcare services, medicines or devices. The distinction between amounts paid by
patients and amounts reimbursed by compulsory health insurance should be maintained where
relevant, as together they constitute the total expenditure associated with the healthcare resource.
Non-healthcare costs borne by patients, such as transport or accommodation, are outside the
reference case and require a broader perspective.

For example, suppose the costs of introducing a new home-based care programme need to be
estimated.

e If the question is ‘How much will home nursing organisations have to spend to provide this
service?’, a provider perspective is appropriate.

e If the question is ‘How much additional expenditure will the public health insurance system and
patients incur?’, a payer perspective is appropriate.

e If the question is ‘What resources does this service require overall, including patient costs,
informal caregiver's time and productivity effects?’, a broader societal perspective may be
appropriate.

The next step is to identify the resources relevant to the intervention and the chosen perspective.
These may include healthcare services such as consultations, hospitalisations, diagnostic tests,
medicines, medical devices and healthcare professional time, as well as relevant non-healthcare
resources. Depending on the perspective and research question, resources borne by patients or
caregivers and productivity losses may also be relevant.

Resource use should be measured in natural units before being converted into monetary values. For
example, hospital resource use may be measured as the number of hospital days, consultations,
diagnostic tests or procedures, while staff resources may be measured in hours or full-time
equivalents. The corresponding unit costs can then be applied to these quantities. Applying a constant
unit cost is, however, a simplifying assumption. In practice, unit costs may vary with the volume of
resources used, for example because of economies or diseconomies of scale or capacity constraints.
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This may be particularly relevant for complex interventions, where increasing the volume of activity
may require additional staff, infrastructure or organisational capacity, thereby changing the cost per
unit of activity. Where such variations are expected to be material, they should be considered in the
costing approach rather than assuming a constant unit cost throughout.

Resource use should be identified and measured using appropriate data sources (see Chapter 11)
and the choice of source and methods should be reported transparently. Relevant sources may
include prospectively collected data, clinical trials, observational studies, administrative or accounting
databases, medical records, registries, surveys and patient diaries. Foreign data should only be used
when relevant Belgian data are not available. Whenever possible, observed resource use should be
used rather than relying solely on assumptions or expert opinion. Expert opinion may be useful where
empirical information is unavailable, but its use should be justified and transparently reported.

7.4.3  Valuation of resources

The costing approach should distinguish between the quantity of resources consumed and the unit
cost assigned to those resources, allowing the calculation to be reproduced and facilitating sensitivity
analyses.

Costs should be valued at opportunity cost. In the reference case, market prices or reimbursement
tariffs — if they exist — can be used as practical proxies, while recognising that these may not always
reflect true opportunity costs.

Belgian costs and prices should be used wherever possible. Foreign cost estimates should not simply
be converted into euros but may be used when reliable Belgian data are unavailable or the cost item
has limited importance. When transferring a cost estimate from another country, the cost should first
be updated for inflation using the Harmonised Index of Consumer Prices (HICP) for the local currency
of the country in which the cost was incurred. The resulting cost should then be converted into its
Belgian equivalent using an appropriate purchasing power parity (PPP) index. The impact of using
foreign data should be explored in sensitivity analyses where relevant.

Costs should generally be expressed in current or most recent prices. When older cost data are used,
they should normally be updated using the HICP, unless this is inappropriate for the specific resource.

For new interventions for which no official price is available, a plausible Belgian cost or price should
be estimated using appropriate sources, such as manufacturer information, tariffs for similar
interventions, treatment protocols, literature, administrative data, or micro- or macro-costing. The
approach used to derive the estimate should be clearly reported.

Appropriate Belgian reimbursement tariffs and co-payments should generally be used. Distinctions
between patient groups should be made when relevant to the intervention or the population being
evaluated.

KCE Report 400 provides detailed guidance on the valuation of different types of healthcare resources,
including healthcare services, pharmaceuticals and other healthcare products. It specifies the
recommended approaches and data sources for assigning costs to resource use in economic
evaluations and budget impact analyses.
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7.4.4  Implementation and delivery costs

For interventions being introduced into practice, it is useful to distinguish between implementation
costs and intervention delivery costs. Implementation costs are the resources required to introduce,
adapt and establish an intervention in the relevant setting, such as training, adaptation of care
processes, ICT development, communication and implementation support. Intervention delivery
costs are the resources required to provide the intervention once implemented, such as healthcare
professional time, medicines, equipment and consumables. Implementation costs may arise at
different stages of an intervention’s development and adoption, including during pilot implementation
and wider scale-up. Depending on the purpose of the costing study, implementation and delivery costs
may therefore be estimated separately or together.

For example, consider the introduction of a new clinical pathway for patients undergoing hip
replacement. Implementation costs may include developing the pathway, adapting clinical protocols,
training staff, modifying ICT systems and providing implementation support. Delivery costs would
include the resources required to provide the pathway in routine practice, such as healthcare
professional time, diagnostic tests, medicines, equipment and hospital stays. The former are primarily
associated with establishing the pathway, whereas the latter are incurred as patients receive care
through it.

A costing study should provide a clear picture of the resources required to implement and/or deliver
an intervention. Depending on the purpose and nature of the study, relevant questions may include:

e Which healthcare professionals are involved, and how much time do they spend on
implementation and/or delivery?

e What training, infrastructure, equipment, ICT and other implementation support are required?

e What administrative or coordination activities are required?

e  Which components of implementation or delivery are the main cost drivers?

e How do resource use and costs vary across organisations, settings or stages of implementation?

Costs incurred solely for research or evaluation should generally be distinguished from costs
that would arise when the intervention is implemented in routine practice. For example, costs of
collecting additional data solely for a research study, conducting research-specific assessments or
activities undertaken exclusively to evaluate the intervention would generally not be included as
implementation costs. However, the distinction may depend on the purpose of the costing and on
whether it is still uncertain whether the activity would also be required for routine implementation.
Within the evaluation programme, the treatment of such costs should be discussed and agreed with
the commissioner at the protocol stage, taking into account the purpose of the evaluation, the available
budget, and the implications for the calculation and interpretation of the costs.

7.4.5 Costing approaches

Different approaches can be used to estimate the resources and costs associated with an intervention.
The appropriate costing method depends on the purpose of the analysis, the cost object, the level of
precision required and the availability of data. The aim is to obtain cost estimates that are sufficiently
accurate and transparent for the decision problem, without collecting detail that is unlikely to affect the
results. Costing methods can be classified along two complementary dimensions: how costs are
assigned to the cost object (top-down or bottom-up) and the level of detail at which resource use is
identified (gross-costing or micro-costing).393-305 Although many of the examples below relate to
hospital care, these costing approaches can be applied across healthcare settings, including primary
care, community care, home care, mental health care and long-term care.

Importantly, micro- versus gross-costing and bottom-up versus top-down costing describe different
dimensions of costing. Micro- and gross-costing concern the level of detail at which resources and
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costs are identified, whereas bottom-up and top-down costing concern how costs are derived, from
individual resource use or from aggregate organisational costs. The approaches can therefore be
combined. This distinction should be made explicit when describing the costing methodology.

Table 32 - Framework to classify costing methods

Level of identification Expenditure data Resource use data
of resource use items collected at collected for each
organisational level (e.g. individual patient and then
cost centre) multiplied by unit cost to

estimate the expenditure

Highly detailed resource Top-down micro-costing Bottom-up micro-costing
use items are identified

Aggregate resource use Top-down gross-costing Bottom-up gross-costing
items are identified

Source: Spacirova et al. (2020)3%4

7.4.5.1  Cost object and level of precision

The cost object is the activity, service, patient, treatment episode, care pathway or other unit for which
costs are estimated. It should be defined before selecting the costing method.306

The level of detail should reflect the research question and the expected importance of the resources
being measured. At the least detailed level, costs may be estimated as an average cost per patient-
day or per case. Greater precision can be obtained by estimating costs for more homogeneous patient
groups or case-mix categories. At the highest level of detail, micro-costing identifies individual
resource items, measures their quantities and assigns a unit cost to each.

Micro-costing can provide more detailed estimates and may be particularly useful when resource use
varies substantially between patients, when the intervention is new, or when the costs of specific
components are important to the decision. However, it is resource-intensive and is not necessarily
required for every cost component. A hybrid approach, in which detailed measurement is applied to
important cost drivers while less important or difficult-to-measure costs are estimated using more
aggregated methods, may therefore be appropriate.

7.4.5.2  Top-down and bottom-up costing

Two broad approaches can be distinguished for estimating healthcare costs: top-down costing and
bottom-up costing. The main difference concerns the level at which resource use and costs are
identified and measured. Top-down costing starts from the total costs incurred by an organisation,
public authority or cost centre and allocates them to activities, services or patients. A cost centre is a
unit within an organisation for which costs are separately identified and recorded, such as a hospital
ward, laboratory, operating theatre or administrative department.3% Bottom-up costing starts from the
resources used by individual patients or activities and builds up the total cost from the quantities of
resources consumed and their corresponding unit costs. In practice, the two approaches can also be
combined.304

TOP-DOWN COSTING

Top-down costing starts from the total expenditure or resource use of an organisation or cost centre
over a defined period, usually obtained from accounting systems. These costs are subsequently
assigned to cost objects, such as services, activities, patient groups or DRGs, using appropriate
allocation keys. In hospitals, costs may first be grouped into medical cost centres, such as nursing
wards, operating theatres, laboratories and radiology, and support or overhead cost centres, such as
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administration, ICT and logistics. Allocation keys should reflect, as far as possible, the factors driving
resource consumption, such as patient-days, staff time, number of procedures, equipment use or floor
space. Overhead costs can be allocated using methods such as direct or step-down allocation. For
example, in a hospital, the costs of the ICT department could be allocated directly to nursing wards,
operating theatres and radiology based on the number of computers or IT support hours used. With
step-down allocation, administration costs could first be allocated to ICT, logistics and clinical
departments; ICT and logistics would then allocate their resulting costs to the clinical departments.
This ensures that overhead costs are ultimately incorporated into the costs of hospital services or
patient care.

A major advantage of top-down costing is that it captures the organisation's expenditure over the
relevant period and provides comprehensive cost estimates without requiring detailed measurement
of resource use for every patient. It is therefore particularly useful when reliable accounting and activity
data are routinely available.

However, top-down costing also has limitations. Accounting costs may not correspond directly to the
economic costs relevant to the evaluation, and the treatment of fixed, variable and capital costs
requires consideration of the research question, perspective and time horizon. Top-down costing
generally produces average costs, and estimates depend on the definition of cost objects and the
allocation keys and assumptions used. Where a substantial proportion of costs consists of joint or
overhead costs, allocation is necessarily an approximation. Differences in accounting and cost-
allocation practices may also limit comparability between organisations, including when using Finhosta
data.306

Finally, because top-down costing generally relies on retrospective accounting and activity data, it
may be less suitable for estimating the costs of new interventions or services that are not yet routinely
delivered. In such situations, bottom-up or micro-costing approaches may provide more appropriate
estimates.

Example: In a hospital, total costs may first be allocated to departments such as nursing wards,
operating theatres and laboratories. Overhead costs from administration or ICT can then be allocated
to these departments using appropriate allocation keys. Departmental costs are subsequently
allocated to patients or patient groups using measures such as patient-days, procedure time or relative
weights. Costs that can be directly attributed to individual patients, such as specific medicines or
implants, can be allocated directly. Thus, overhead costs are ultimately reflected in patient-level costs,
but generally through intermediate allocation steps rather than being attributed directly.

BOTTOM-UP COSTING

Bottom-up costing estimates the costs of care by measuring the resources used for individual patients
or activities. It is particularly useful when resource use differs substantially between patients or when
detailed information is needed for a specific intervention or care pathway. Resources may include staff
time, medicines, procedures, equipment and use of facilities.

The approach provides detailed estimates of resource use, but collecting these data can be time-
consuming and may require observations or data from a sample of patients. The quality and
representativeness of the estimates therefore depend on the available data and sample. Moreover,
not all resources can be attributed directly to individual patients. Shared resources, such as facilities,
laundry or management, may need to be valued using existing unit costs or complementary top-down
approaches. Existing unit costs are costs per unit that are already available from the organisation or
other reliable sources, such as the cost per bed-day, laundry item, square metre of facility space or
hour of management time. When combining methods, care should be taken to avoid double counting.

Resources are valued by assigning an appropriate unit cost to the quantity consumed. Unit costs may
be derived from accounting data, existing cost databases, tariffs or market prices. The appropriate
source depends on the resource, perspective and purpose of the analysis. Tariffs or reimbursement
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prices may be appropriate from a payer perspective but may not necessarily reflect the economic or
opportunity cost of the resources used.

CHOOSING AND COMBINING APPROACHES

Neither approach should automatically be considered superior in all circumstances. The appropriate
approach depends on the research question, the level of detail required, the availability and quality of
data, and the resources available for the costing study. Although bottom-up costing can provide more
detailed estimates of individual resource use, top-down costing may be more appropriate when the
objective is to estimate average costs across a population or when comprehensive accounting data
are available.

The approaches can also be combined. For example, staff time and medicines may be measured
directly at patient level using a bottom-up approach, while shared overheads or the cost of a hospital
day may be estimated using top-down data. When combining approaches, the components included
in each estimate should be clearly specified and double counting should be avoided. In particular,
costs already measured directly at patient level should not be included again in the top-down unit cost
of a composite resource.

The choice of approach, the level of detail, the allocation methods and the data sources should be
reported transparently so that the resulting cost estimates can be understood, assessed and, where
possible, reproduced.

7.4.5.3  Gross-costing and micro-costing

Micro-costing and gross-costing refer to the level of detail at which resource use and costs are
identified and measured.304. 305, 307

GROSS-COSTING

Gross-costing estimates costs using relatively aggregated resource or cost categories. For example,
hospital costs may be estimated using an average cost per inpatient day, outpatient visit, procedure
or DRG. This approach is relatively simple and less resource-intensive, and can be appropriate when
reliable, aggregated cost estimates are sufficient for the research question. However, aggregated
estimates may mask important differences in resource use between patients, procedures or providers
and may be inappropriate when the intervention has a substantially different resource profile from the
activities underlying the average cost.

MICRO-COSTING

Micro-costing identifies and values individual resource components required to deliver a service or
intervention. Depending on the intervention, these may include staff time, medicines, consumables,
diagnostic tests, equipment and use of facilities. It provides detailed information on resource use and
can be particularly useful for new interventions, when resource use varies substantially between
patients, or when specific cost components are important to the decision. However, detailed
measurement can be resource-intensive and may require primary data collection. Even micro-costing
cannot directly measure all shared resources, which may need to be valued using existing unit costs
or complementary costing methods.

CHOOSING AND COMBINING APPROACHES

The choice between gross-costing and micro-costing should be guided by the research question, the
level of detail required, the variability in resource use, data availability and the resources available for
the study. Micro-costing should not automatically be regarded as superior: its additional detail may not
be necessary when reliable, aggregated estimates are sufficient. Conversely, gross-costing may be
inappropriate when average costs do not adequately represent the resource use associated with the
intervention.
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7.4.5.4  Activity-based costing

Activity-based costing (ABC) is a costing approach developed to allocate costs more accurately to
specific services, activities or other cost objects. Rather than allocating overhead costs primarily
through cost centres and relatively broad allocation keys, ABC first identifies the activities performed
and then assigns the resources consumed to those activities. The costs of the activities are
subsequently allocated to the relevant cost objects using activity cost drivers, such as the number of
procedures, staff time or use of facilities. ABC can therefore provide more detailed information on the
resources required to deliver specific processes or services. When it allocates organisational costs to
activities and then to cost objects, it can be considered a form of top-down micro-costing.304

ABC requires detailed information on the activities performed and the resources required for each
activity. This information may be obtained through administrative data, interviews, observations or
other primary data collection. Although ABC can provide a more refined allocation of overhead costs
than conventional top-down costing, its implementation can be time-consuming and data-intensive,
particularly in complex healthcare settings.

Time-driven activity-based costing (TDABC) was developed as a simplified form of ABC. Instead
of requiring a separate cost driver for each activity, TDABC primarily uses time as the cost driver. It
estimates the cost of supplying the capacity of each resource and the amount of time required to
perform each activity. The approach typically involves defining the care pathway, mapping the
activities involved, estimating the time required for each activity, calculating the cost per unit of
available capacity, and then estimating the cost of the complete care cycle.3%8

An additional advantage of TDABC is that it can identify practical capacity and unused capacity,
which may be particularly relevant when assessing healthcare services with substantial fixed or
capacity-related costs. However, like ABC, TDABC requires detailed information about care processes
and resource use and may therefore require considerable data collection and methodological
expertise. Its usefulness should consequently be assessed against the additional precision it provides
relative to simpler costing approaches.

7.4.6 Types of costs

Costs can be classified according to the type of resources involved and their relationship with the
intervention or health condition. A commonly used distinction is between direct healthcare costs, direct
non-healthcare costs and productivity costs.?°3 Direct healthcare costs relate to healthcare
resources used for the prevention, diagnosis, treatment or management of a health condition, such as
consultations, hospital care, diagnostic tests, medicines and medical devices. Direct non-healthcare
costs concern resources outside the healthcare sector that are directly associated with the
intervention or condition, such as patient or caregiver travel.

Indirect costs refer to costs that are not directly attributable to the provision of healthcare services. A
major category of such costs is productivity costs. Productivity costs refer to the value of productivity
losses resulting from illness, disability, treatment or premature death. They may include time away
from paid work as well as, where relevant, losses in unpaid work. Their inclusion and valuation can
substantially affect the results of an economic evaluation and depend on the perspective and
methodological approach adopted. Because their measurement and valuation are subject to important
methodological choices, the approach used should be clearly specified and justified.

The terminology of direct and indirect costs requires some caution. In health economics, ‘indirect costs’
have traditionally been used to refer primarily to productivity losses. In accounting and costing,
however, indirect costs refer to costs that cannot be directly attributed to a particular cost object, such
as overhead costs. To avoid this ambiguity, the term productivity costs is increasingly preferred in
economic evaluation when referring to productivity losses. Future unrelated healthcare costs, such
as healthcare consumed during additional life years gained as a result of an intervention but unrelated
to this intervention or the initial condition it addressed, represent another category that does not fit
neatly into the traditional direct/indirect classification. These costs are neither productivity costs nor
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necessarily costs directly related to the intervention or condition being evaluated, and their inclusion
depends on the costing framework, perspective and methodological conventions adopted.

For these reasons, costs in an economic evaluation should preferably be described according to the
type of resource involved (e.g. healthcare, transport, informal care, productivity loss, etc.), the sector
in which it occurs, and its relationship to the intervention or health condition (directly related or future
unrelated), rather than relying solely on the labels ‘direct’ and ‘indirect’. In the Belgian guidelines for
economic evaluation KCE Report 400), future unrelated healthcare costs are referred to as ‘indirect
healthcare costs’.

In the Belgian guidelines, the reference case includes only direct healthcare costs (see Table 33,
adopting the perspective of public and private healthcare payers (see section 7.2.2).2%

Table 33 — Classification of types of costs in the Belgian guidelines

_ Healthcare costs Non-healthcare costs

Direct costs Included Not included*
e.g. health services, medicines, e.g. travel expenses to and from
devices, hospitalisations, hospital, informal care,
outpatient care, examinations, invalidity/incapacity allowances,
consultations, etc. social services, etc.

Indirect costs Not included* Not included*
e.g. healthcare costs in life years e.g. productivity losses patient or
gained (unrelated healthcare informal caregiver
costs**)

*Not included in the reference case; ** These are healthcare costs that occur during additional years of life not
related to the disease or intervention being evaluated.
Source: Neyt et al. (2025)?%°



|
B 153 KCE Evaluation Programme: Process and methodology KCE Report 426

W

8 IMPLEMENTATION RESEARCH AND THE KCE
EVALUATION PROGRAMME

KEY POINTS

e Implementation science concerns the systematic study of methods to promote the uptake of
evidence-based interventions into routine practice and to improve the quality and
effectiveness of healthcare.

e A clear distinction should be made between the evidence-based intervention (e.g. a care
pathway or policy measure) and the implementation strategy used to support its adoption.

e Inanideal situation (when the focus of the KCE evaluation is on the implementation strategy),
the intervention to be implemented is already evidence based and not the subject of the
evaluation.

e In practice, particularly in the evaluation of complex interventions, this distinction between
development of evidence on effectiveness of interventions and implementation strategies can
be blurred, with effectiveness and implementation aspects being examined in parallel. It is also
possible, within the KCE evaluation programme, that the implementation strategy (e.g. a new
payment mechanism) aims to implement a consensus-based innovation.

e Implementation research typically starts with describing the problem (e.g. unexplained
variation, lack of uptake in practice). Next, a diagnostic phase has to take place. This phase
aims to identify contextual factors (barriers and facilitators) influencing uptake across individual,
organisational and system levels.

e The use of frameworks such as CFIR, TICD or other structured approaches can support a
comprehensive and systematic analysis of these determinants.

e Based on this diagnostic phase, a tailored implementation strategy should be developed.
There is no single 'best' strategy applicable across contexts.

e Ideally, implementation strategies can be theory-informed (as supported by TBCM or TTT),
though non-theory informed overviews of strategies (such as EPOC or ERIC) can also be
consulted.

e Applying generic implementation approaches by default (e.g. audit and feedback, e-
learning, electronic record modifications) without linking them to identified barriers and
facilitators in the relevant context is not recommended.

e Implementation strategies should be evaluated rigorously, including impact, process and
economic evaluations, using experimental, quasi-experimental and mixed methods designs.
Hybrid designs may examine implementation and intervention effects simultaneously.
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8.1 Introduction to implementation strategies and implementation research

In this chapter we describe the use of ‘implementation research’ in the context of the KCE evaluation
programme. What is understood under ‘implementation’ and ‘implementation research’?

8.1.1 Implementation strategies

Wensing et al. (2021) describe implementation strategies as ‘interventions that aim to enhance the
uptake, sustainment, and scale-up of practices and those that aim to remove, reduce, replace, or
restrict the use of ineffective interventions or practices’.3%% 310 These strategies can include actions
targeting individuals (e.g. educational activities), organisational changes (e.g. additional staffing, task
redistribution, or appointing an implementation champion), financial incentives (e.g. rewards for
adherence to the intervention), technological tools (e.g. decision support systems), etc.
Implementation strategies are often multi-faceted.3"!

8.1.2  The intervention or innovation

It is important to distinguish implementation strategies from the intervention (or innovation)
itself. For example, when a guideline recommends a clinical treatment (e.g. a pharmaceutical
intervention or counselling technique), this constitutes the intervention. Often, the guideline
recommends its implementation based on evidence, consensus, patient preferences, and/or clinician
perspectives. Implementation strategies, in contrast, focus on how to adopt the recommendation (or
de-implement practices that deviate from it), for instance through education of healthcare
professionals or organisational changes such as providing longer consultation times. While this
example relates to the work of KCE Practice, the same distinction applies to the KCE evaluation
programme. If evidence supports an innovative care model (e.g. hospital at home services), these are
the interventions/innovations that will need to be implemented. The activities used to introduce them
(e.g. training or financial incentives) are the implementation strategies. Implementation strategies
specifically aim to support their uptake in practice.

In practice, however, this distinction is not always made explicitly. Evaluations of complex interventions
often combine the intervention itself with multiple implementation strategy components. It is therefore
essential to disentangle these elements in order to clarify what is being evaluated.3'2 Implementation
strategies may differ in their target groups (e.g. healthcare professionals), mechanisms, and
components, and should ideally be considered separately.

8.1.3 Implementation research

Implementation research is defined by Eccles et al. (2006)3'3 as ‘The scientific study of methods to
promote the systematic uptake of research findings and other evidence-based practices into routine
practice, and, hence, to improve the quality and effectiveness of health services. It includes the study
of influences on healthcare professional and organisational behaviour.?'3 Implementation research
thus studies the reasons why evidence, guidelines, innovations, best practices, etc. are not applied in
daily practice, which strategies are needed to improve this as well as evaluating the effectiveness of
these strategies.

For topics submitted to the KCE evaluation programme, it is therefore important to clarify whether
the objective is to evaluate the innovation, best practice or evidence-based intervention itself (e.g. an
innovative care model), or the implementation strategy. This chapter focuses primarily on the latter.
This implies that the innovation, best practice, or evidence-based intervention is not under evaluation.
Rather, it is assumed to be effective and the objective is to implement it. While implementation
processes can also influence outcomes in impact evaluations of complex interventions (see Chapter 5
on process evaluation), the focus here is distinct. As a consequence, the approach of implementation
science, in the context of the KCE evaluation programme, is particularly relevant for policy initiatives
that are already evidence-based. This can include, for example, interventions following a KCE report
or based on international best practices to be implemented in the Belgian context. When effectiveness
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is still uncertain, activities are closer to experimentation than implementation.3'® Nevertheless, this
does not mean that during the development of the intervention itself implementation issues are not
important. On the contrary, it is already during the development phase important to anticipate on
implementation issues (e.g. stakeholder engagement to enhance acceptability and feasibility of the
intervention). In addition, while the innovation/intervention submitted by the commissioner is not
evidence-based, it might still be relevant to evaluate the implementation strategy (e.g. a new payment
system that targets a certain behaviour).

8.2 Stages in implementation research

Already in 1997, Grol3'* described a ‘model for implementation of change’. Building on this work,
these steps were consolidated into a model for planning change (see Figure 33).310

Figure 33 — Stages of implementation change

Describe the as is situation
Does the actual situation deviate from the desirable, evidence-based approach (e.g. underuse,
overuse, unexplained variation)?

Analyse the problem: facilitators and barriers for implementation
The analysis of facilitators and barriers will have to be adapted to the intervention that will need
to be implemented and can include individual, organisational and system level factors.

Develop an implementation strategy
Based on the identified problems an implemenation strategy will need to be developed.
Although these can be based on theories and available evidence, no magic bullets exist. Most
likely implemenation strategies are multi-faceted.

Evaluate the implementation strategy
Classic (quasi-) experimental designs can be used to evaluate the effectiveness of an
implementation strategy. In addition, also a process evaluation and economic evaluation can be
performed.

Source: Adapted from Wensing et al. (2023)370

A first step is to analyse the ‘as is situation’ and how this deviates from the desirable ‘evidence-
based’ situation, based on evidence from effectiveness, process, or economic evaluations. This can
be done via quality indicators (see Chapter 9). A second step is to identify the stimuli or problems
for implementation. This includes an analysis of facilitators and barriers that influence the
introduction of the innovation. It is important that this analysis includes not only individual factors but
also team, organisational and system level factors. The analysis will have to be adjusted to the
innovation/intervention studied. In the context of the KCE evaluation programme, the interventions or
policy innovations to be implemented can vary substantially in nature, as do the associated
implementation challenges. For example, implementing the centralisation of complex surgical
interventions differs fundamentally from the introduction of a case manager to coordinate care for
persons with chronic conditions. Although such interventions may be supported by evidence, the
determinants influencing their implementation and outcomes are likely to differ considerably.3'®

Based on the diagnostic phase, an implementation strategy can be developed. Within the KCE
evaluation programme, it is essential to align implementation strategies with the type of intervention
and the specific implementation stimuli and challenges. There is no single best approach. Different
contexts and target groups require tailored strategies. A systematic analysis of barriers and facilitators
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should therefore guide the selection of a coherent set of strategies. This will often be a combination of
actions at the individual (e.g. continuing education, feedback, practice support), team (e.g. leadership),
organisational (e.g. revision of professional roles, redesign of healthcare delivery processes) and
system level (e.g. financial incentives, adapted legislation).312

Given the absence of a ‘magic bullet’3'8, it is particularly important to evaluate the effectiveness of the
implementation strategy (using the designs described in Chapters 2 and 3). In this type of evaluation,
the implementation strategy is the focus of the evaluation, not the innovation itself. This implies that
the innovation may also be present in comparator groups, but without the additional implementation
strategy.31?

8.2.1 ‘As s situation’

A first step is the description of a problem (e.g. the conservative first line treatment option in case of
knee osteoarthritis is heterogeneously applied; complex cancer surgery for which concentration is
recommended is fragmented across many hospitals). This can, among other methods, be done by
means of quality indicators (see Chapter 9).

8.2.2 Identify facilitators and barriers

A next step is to understand the factors that facilitate or hinder the uptake of an innovation (e.g. a
clinical guideline, a best-practice care pathway, or a new professional role). The approach typically
begins with an exploration of the existing scientific literature3!” (see Textbox 23 for an example of
barriers). A rapid (‘quick’) scan can establish what is already known about implementation
determinants in comparable settings. Based on this quick scan, a decision on the need for further
evidence synthesis can be made. Where sufficient primary research (or systematic reviews) exists
(most commonly for guideline implementation, thus more relevant for KCE Practice), a dedicated
systematic review of facilitators and barriers may be indicated. Yet, this will not always be necessary.
The quick scan of the literature can also be a good starting point to guide and structure subsequent
data collection efforts (e.g. interview guides, survey development).

Textbox 23 — Example of barriers to implementation of evidence

Practice environment (organisational context)

e Financial disincentives: e.g. lack of reimbursement

e Organisational constraints: e.g. lack of time

e Perception of liability: e.g. risk of formal complaint

e Patient’s expectations: e.g. expressed wishes related to prescription
Prevailing opinion (social context)

e Standards of practice: e.g. usual routines

e Opinion leaders: e.g. key persons not agreeing with evidence
e Medical training: e.g. obsolete knowledge

e Advocacy: e.g. by pharmaceutical companies

Knowledge and attitudes (professional context)

e Clinical uncertainty: e.g. unnecessary test for vague symptoms
e Sense of competence: e.g. self confidence in skills

e Compulsion to act: e.g. need to do something

e Information overload: e.g. inability to appraise evidence

Source: Grol and Grimshaw 2003378
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Primary data collection can be used to complement and contextualise the literature.

A survey can be set up. This can either include the use of validated instruments or tailor-made
questionnaires informed by prior evidence, field visits and stakeholder consultations.

Less intuitively, routinely collected data can also play a role at this stage by identifying patterns of
implementation across populations (e.g. patient groups, regions, or provider types), thereby
highlighting where barriers may be concentrated.

Qualitative methods ¥ are particularly valuable and may include focus groups and in-depth interviews
with relevant stakeholders. These can be organised in a general manner (e.g. purposive sampling of
healthcare professionals) or in a more targeted manner. The latter, for instance, could include the
identification of implementers and non-implementers through a survey or routinely collected data (such
as administrative datasets). In these distinct groups, the reasons for (not) implementing can then be
explored via qualitative research methods.

Direct observation is also a possibility to consider. Although it is resource-intensive and not often
used at KCE, it can yield rich, practice-based insights that are not readily accessible through self-report
methods.

To ensure a comprehensive assessment, it is recommended to draw on theories, models and
frameworks (TMFs) to guide data collection. Frameworks such as the Consolidated Framework for
Implementation Research (CFIR) help to ensure that attention extends beyond individual behavioural
factors to organisational, contextual and system-level determinants.320 While it is not always necessary
to operationalise an entire framework, the selection (and omission) of components should be explicitly
discussed, justified and documented within the KCE team (see Chapter 1).

As an alternative or complement to TMFs, structured checklists such as the TICD (Tailored
Implementation for Chronic Diseases) are widely used. TCID distinguishes seven domains: (1)
guideline or innovation factors (e.g. quality of evidence); (2) individual health professional factors (e.g.
knowledge, skills, behaviour); (3) patient factors (e.g. preferences, motivation); (4) professional
interactions (e.g. teamwork and referral pathways); (5) incentives and resources (e.g. financial
incentives, budget availability); (6) capacity for organisational change (e.g. leadership, mandates,
internal support); and (7) social, political and legal factors (e.g. regulation and contracts). Such
frameworks support a systematic and transparent identification of barriers and facilitators, thereby
strengthening the basis for subsequent implementation strategies.

Next, the barriers/facilitators and problems need to be organised and ranked according to priority.
Wensing (2023)3'7 describes tools such as Pareto (80/20 rule: 20% of the barriers explain 80% of the
problem), Fishbone diagram and flow charts.3'” Within this exercise it is important to not only look to
barriers but also consider the facilitators. Often facilitators (e.g. available infrastructure, motivated
clinical leaders, routinely planned interdisciplinary meetings, patient advocates pulling for innovation,
etc.) exist to build on during the implementation process. When the problems are described and the
most important facilitating and blocking factors are identified, it is important to define the goals for the
implementation programme. The implementation strategy needs to build on existing facilitators. In
addition, they should focus on the most important obstacles (that can be changed) for the most
important shortcomings in the care or healthcare system. Techniques like a Delphi-approach®'” or
nominal group technique can support this exercise. It is also important to note that new blocking factors
might emerge or change during the implementation process.3?

q Established KCE methods for qualitative data collection can be applied®, alongside guidance on qualitative
research and implementation-focused reviews (e.g. Holtrop et al., 2025)31°.
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8.2.3 Development of an implementation strategy

Based on the diagnostic phase, an implementation strategy will have to be developed to overcome
the main obstacles. The link between identified obstacles/facilitators and implementation strategy is
essential (see Table 34 for examples of linking determinants to implementation strategies). It is bad
practice to launch implementation interventions (e.g. audit & feedback, decision support tools, training)
without understanding what the problem is. This jumping to conclusions should be avoided.

Table 34 — Examples of linking implementation strategies to determinants

Implementation strategy m Implementation outcome

Provider knowledge Education (provision of Awareness-building, Awareness;
deficit information) knowledge-acquisition knowledge-acquisition
Provider skill deficit Training (teaching and Skill acquisition, Fidelity to EBP
practice with corrective refinement, mastery
feedback)
Provider views EBP Audit and feedback Social pressure/norms Adoption
unfavourably Provision of descriptive
social norms indicating
peer use of EBP

EBP = evidence-based practice
Source: Lewis et al. (2021)3%? — extraction of some examples

In this respect, it is good practice to select implementation strategies that are theory-informed and
explicitly linked to the determinants of behaviour. As highlighted by Kok etal. (2015),%23 behaviour
change methods are only likely to be effective if three conditions are met:

e they must target determinants that actually predict the behaviour of interest,

e they must be capable of influencing these determinants, and

e they must be translated into practical applications in a way that preserves their effectiveness while
fitting the target population, culture and context.323

This underscores the importance of aligning identified barriers and clear objectives for implementation
change with appropriate, theory-informed and evidence-based intervention components, rather than
applying generic or off-the-shelf solutions. The theory explains how the mechanism of the
implementation strategy works (assumed causal link between application of the method and behaviour
change).323

It is beyond the scope of this process note to list or summarise common theories used in
implementation science. The KCE team will have to perform a search and explore which theory can
be helpful in the process of the development of implementation strategy. In any case, it is important
that the theory is well-studied and understood and translated in practical applications. This will require
a combination of desk research, brainstorming sessions and stakeholder involvement. While there is
no such thing as ‘the theory’ to guide implementation change, tools exist to support the team (e.g. the
Taxonomy of Behavior Change Methods (TBCM) by Kok et al 2015%23; and the ‘Theories and
Techniques Tool’ (TTT; https://theoryandtechniquetool.humanbehaviourchange.org/)) in making a
choice. In addition, theories can also be applied in a ‘common sense’ manner: for each implementation
improvement objective one or more implementation strategies are selected, informed by theories.324

A recent review by Vis et al. (2025)325 describes several methods matching implementation strategies
to behavioural determinants. Yet, they indicate that practical guidance is often lacking. The EPOC
(Effective Practice and Organisation of Care Group) taxonomy, as developed within the Cochrane
Collaboration (but which is no longer kept up to date) is a well-known example in which implementation
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strategies and measures are categorised in a logical way (but not linked to theory)325. It consists of
four main domains:

e Delivery arrangements: changes in ‘how’ (e.g. group versus individual care; coordination of care
amongst different providers), ‘when’ and ‘where’ healthcare is organised and delivered, and ‘who’
(e.g. self-management, task shifting) delivers healthcare.

e Financial arrangements: changes in the way how funds are allocated (e.g. extra funding; payment
methods for healthcare professionals; the use of targeted financial incentives or disincentive (pay-
for-performance), etc.

e Governance arrangements: rules or processes that affect the way in which powers are exercised
(e.g. stakeholder involvement in decision making), particularly with regard to authority (e.g.
ownership, accreditation), accountability of healthcare professionals (e.g. scope of practice), etc.

e Implementation strategies: interventions designed to bring about changes in healthcare
organisations (e.g. organisational culture), the behaviour of healthcare professionals (e.g. audit &
feedback, communities of practice, interprofessional education, opinion leaders) or the use of
health services by healthcare recipients.324 327

Another example is the ERIC-list (Expert Recommendations for Implementing Change) which contains
73 implementation strategies (e.g. access new funding, conduct local consensus discussions, identify
and prepare champions, shift and revise roles among professionals).328 Waltz et al. (2019)32°
developed the CFIR-ERIC matching tool: https://www.nccmt.ca/organizational-change/results/77 ..
However, it should be noted that the matching tool is based on largely lacking consensus between
experts. Whereas cut-offs for consensus are usually set at 67 to 75%, the matching tool uses >50%
agreement between experts as the bar for a ‘Level 1 matching strategy’, and >20% consensus as the
bar for a ‘Level 2 matching strategy’. Therefore, consulting the ERIC list as a list of options and working
with implementation scientists to reasons towards potential matches is likely more fruitful. Given the
low level of consensus, variability in expert recommendations and the importance of contextual factors,
the CFIR-ERC matching tool’s outputs should not be applied in isolation (see Figure 33).

A recent scoping review by Meng et al. (2026)33° highlighted the current use of the tool. It should be
noted that its application remains largely confined to clinical intervention improvement. Moreover, an
important limitation of this classification is its reliance on (largely lacking) expert consensus, which
introduces subijectivity. Also the relatively generic nature of suggested strategies may limit local
applicability. In addition, the absence of a standardised update mechanism raises the risk that some
components may become outdated over time.

The effectiveness of tailoring implementation strategies was subject of a recent Cochrane review.33"
Tailored strategies are specifically designed to address identified barriers and facilitators in a given
setting: e.g. if nurses in a busy clinic find a guideline too long to use, a tailored strategy might provide
a short visual summary or electronic prompts to remind the nurse about which actions to take.33' The
tailoring of implementation strategies implies not only the linkage of interventions with identified
barriers. It also includes matching strategies to the different stages of change:324

e Orientation: e.g. no interest or not aware =» dissemination via different communication channels,
and actively involving key actors;

e Insight: e.g. overestimation of its own behaviour = self-evaluation methods, feedback;

e Acceptance: e.g. negative attitude (focus on disadvantages, not believing in the feasibility) =
demonstrate the applicability, adapt the innovation to the concerns of the target population;

e Change: e.g. not adopting the change due to time constraints = provide additional funding to
have more time;

e Maintenance: e.g. not part of routine care (fallback on old habits) = monitoring & feedback, part
of care pathways.324
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The Cochrane review33'! found that, in the context of guideline implementation, tailored implementation
strategies likely lead only to small improvements in healthcare professionals’ adherence to guidelines
compared with non-tailored approaches or no intervention. This suggests that evidence supports the
value of tailoring, but that the expected effects are modest rather than substantial. While this research
is mainly focused on guideline implementation, clear parallels can be drawn with the KCE evaluation
programme.

8.2.4 Evaluation

The evaluation of implementation strategies can include an impact, process, and economic evaluation.
We refer the reader to the respective chapters for guidance on study design. For impact evaluation,
specific designs exist that combine effectiveness and implementation elements: ‘effectiveness-
implementation trials’. These hybrid trials® 332 aim to increase the speed of the translation of scientific
discoveries into practice.®3® More information on these hybrid trials can be found in Chapter 8 of the
book edited by Richards et al. (2026).7- 333 In summary, three types are described:

e Assessment of an intervention’s effectiveness in routine practice (with primary outcomes typically
at the patient level, such as functioning or symptoms), with an exploration of implementation
issues as a secondary aim (with secondary outcomes such as feasibility, acceptability, or
facilitators and barriers to implementation). As a result, the design is often a pragmatic trial
combined with a mixed-methods approach (guided by a theoretical model framework such as
CFIR; see Chapter 5) to study the implementation issues. Such a trial can be considered when
the ‘intervention’ that is the subject of the KCE evaluation programme is either introduced without
convincing evidence of its effectiveness, or when the intervention has been substantially modified
compared to what was tested in the literature. A limitation is that implementation issues are only
studied at the study sites, which may provide only a partial view of real-world implementation, as
these sites might be more motivated.

e Asecond type is the inverse: the primary focus is on implementation issues (e.g. adoption, fidelity,
and reach at the patient, clinician and site level), while health outcomes (symptoms, functioning,
etc.) are studied only as a secondary objective to assess whether the implementation strategy
contributes to effectiveness. These are most often cluster randomised clinical trials, as the
implementation strategy typically needs to be tested in ‘clusters’ to avoid contamination. This type
of design, where the ‘implementation strategy’ is in fact the ‘intervention arm’, is suitable when
there is already evidence on the effectiveness of the intervention being implemented (e.g. a care
pathway or payment model). However, when there is substantial evidence on both the
effectiveness and safety of the intervention, it may be sufficient to focus solely on the
implementation strategy; in that case, a hybrid trial is not required. To make the study as lean as
possible, it should be assessed whether the secondary outcomes can be derived from electronic
patient records or routinely collected data. In addition, it may be considered to work with proxies
(e.g. health outcomes inferred from utilisation patterns, such as identifying diabetes based on
medication use).

e The third group consists of designs in which the outcomes of interventions/innovations and
implementation strategies are studied simultaneously. This dual focus requires dual
randomisation: at the patient level for health outcomes and at the site level for implementation
outcomes. Importantly, studies of this kind also require solid sample size calculations for both the
primary intervention outcome and the primary implementation outcome, and for which clustering
of data should be taken into account (see Chapter 4). This group can use a combination of
experimental and quasi-experimental designs. For instance, implementation can be evaluated
using a stepped-wedge approach (or non-randomised alternatives) at the site level, while
effectiveness is assessed through classical patient-level randomisation. This type of design can
be applied in the KCE evaluation programme for topics that have some evidence of effectiveness
but require substantial adaptation to the Belgian context.333
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Hybrid study designs are only of interest when both effectiveness and implementation research
questions are pertinent. The choice between the three hybrid types depends on the priority given to
the outcomes and should involve discussion within the KCE team, based on an assessment of the
existing evidence, consultation with stakeholders, and, of course, the commissioners’ main interests.

A classic implementation trial (for innovations for which there is sufficient evidence on its effectiveness)
is a pragmatic trial in which both in the intervention as well as in the control arm the intervention is
available. Yet, in the control arm the implementation strategy (which is being evaluated) is absent,
different, or minimised.32

8.3 Concluding remarks regarding the use of implementation research in the KCE
evaluation programme

For the KCE evaluation programme, it will be important to clearly identify what the question of the
commissioner is: is the focus of the evaluation on the innovation/intervention, the implementation
strategy, or both? While this step is important, it will not always be clear-cut.

A new payment strategy, for instance, can be considered as the intervention while it can also be
considered as an implementation strategy to change the behaviour of healthcare professionals in a
desired (evidence-based) direction. While the innovation is ideally evidence-based before
implementation research starts, this will in practice not always be the case (e.g. a policy negotiation
that results in an intervention that is implemented). In such cases, the research team will have to study
the submission and discuss with the commissioner to understand what the question is and what the
KCE evaluation could contribute.

It is certainly not necessary to always go through all stages of implementation research. It can be very
relevant to policymakers that KCE studies first the determinants for implementation and develops and
recommends an implementation strategy which can be evaluated in follow-up research. It is also
possible that, even in an observational study (e.g. in case a policy intervention is already being
implemented), also (intermediate) effects are measured. Examples are:

e Does the strategy that is implemented change the behaviour of patients and/or healthcare
professionals?

e Do sites (e.g. hospitals or GP practices) with higher uptake have better results?

Also these observations could result, next to implementation outcomes (e.g. uptake), in meaningful
recommendations.

This chapter can be used to situate the questions submitted for the KCE evaluation programme. It can
help to decide whether it concerns the evaluation of an intervention and/or implementation strategy. It
can also help to decide on which of the stages are relevant to study as to enable the formulation of
policy relevant recommendations.
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9 QUALITY INDICATORS

KEY POINTS

e Donabedian proposed the triad of structure, process and outcome for the description and
evaluation of the quality of healthcare.

e Structure and process indicators should be supported by valid evidence that relates these
indicators to the health outcomes of interest.

e Quality indicators should provide: 1) a quality goal, i.e. a clear statement about the intended
goal or objective; 2) a measurement concept, i.e. a specified method for data collection and
calculation of the indicator; and 3) an appraisal concept, i.e. a description of how a measure
is expected to be used to assess and/or improve quality.

e Structure, process and outcome indicators present a mix of strengths and weaknesses. With
respect to outcome indicators, attributing patient health outcomes to providers (e.g.
practitioners, hospitals) should be done with caution. In addition, potential confounding
variables, including case-mix variables, should be identified and appropriately accounted for by
risk adjustment.

e QI development comprises various steps: 1) topic selection, 2) guideline selection, 3)
extraction of recommendations, 4) Ql selection, 5) practice test, and 6) implementation.
Every phase of the development process should be transparently documented within the KCE
report or its appendices.

e A principal element of any quantitative assessment is data quality. More precisely, it has to be
assessed whether the data are complete, valid, reliable and comprehensive, whether they
have been collected in a timely manner and whether applied definitions are consistent.

e With regard to the number of indicators that should be selected, a balance should be made
between on the one hand comprehensiveness of the set and on the other hand the resources
required to develop and calculate them as well as the interpretation of a large amount of QI
results.

e Quality assessment teams should update and adapt Qls when indicated; in some instances,
they may be retired.

e The GRADE working group developed a framework for the integration of guideline and QI
development.

9.1 Introduction

Quality measurement and improvement are critical components in the delivery of healthcare
services.33* To achieve this goal, quality indicators (Qls) can be employed.

Detailed documentation of administered care is required to identify areas for improvement and
to raise awareness and motivation among stakeholders.33 Clear and unbiased data are vital, as many
healthcare professionals overestimate the quality of their performance.33¢ Data on the actual care
delivered can create a sense of urgency that stimulates the adoption of recommended practices or
the de-implementation of redundant procedures.335 For instance, KCE report 305 revealed that the
recommended use of FDG-PET(/CT)" in patients with head and neck squamous cell cancer (HNSCC)

r FDG-PET(/CT): Positron-emission tomography (/Computed tomography) with the tracer molecule
fluorodeoxyglucose merges functional PET data with high-resolution anatomical CT maps to identify
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was below par.33” Only 47.6% of patients with stage IlI-IV head and neck squamous cell cancer
(HNSCC) underwent FDG-PET(/CT) before start of treatment, while the target was set at = 90%. On
the other hand, 22.9% of patients with stage I-1l HNSCC had a FDG-PET(/CT), while this diagnostic
procedure is not recommended in this subgroup of patients (the target was set at < 5%.3%7

Yet, evaluating the standard of care is inherently complex because it is a theoretical concept that can
encompass different aspects depending on the exact definition and the context of measurement.338

Before turning our attention to Qls, we need to think about what good healthcare meanss. Initial
frameworks of healthcare quality derived primarily from clinical experts and researchers. The last
decades, however, a consensus has emerged regarding the vital contribution of patient and public
preferences.33° The framework issued by the National Academy of Medicine (NAM, known until 2015
as Institute of Medicine (IOM)) in 2001 distinguishes six domains of quality of care:34°

e Effectiveness: providing evidence-based health care services to those who need them;
o Safety: avoiding harm to people for whom the care is intended;
e People-centredness: providing care that responds to individual preferences, needs and values;

e Timeliness: reducing waits and sometimes harmful delays for both those who receive and those
who give care;

e Efficiency: avoiding waste, including waste of equipment, supplies, ideas, and energy;

e Equity: providing care that does not vary in quality because of personal characteristics such as
gender, ethnicity, geographic location, and socioeconomic status.

These are considered the core domains of quality of health care. When evaluating the quality of care,
it is essential to determine which specific domains require assessment. Different quality indicators will
be required to measure the various aspects of care. For some evaluation studies, it may be indicated
to assess other “cross-cutting system properties”, such as sustainability, adaptability and resilience.

For several years, KCE has been engaged in a quality system in oncology, that started with the
development of clinical practice guidelines, followed by the development of a set of indicators together
with the Belgian Cancer Registry (BCR), who provided individual feedback to all Belgian hospitals.337:
341-346 \Within the KCE evaluation programme, quality indicators can be utilised for multiple purposes.
They may be part of a comprehensive evaluation study (e.g. in the process evaluation of an
intervention, see Chapter 5), yet, they can also be used to describe the ‘status as is’ (i.e. before the
implementation of change) as well as to assess the effect of an implementation strategy (e.g. in the
fourth step of Grol and Wensing’s framework for implementation of change (see Chapter 8,
Figure 33).310. 314

Lastly, there is quite some inconsistency in the way terminology and definitions are used in quality
assessment/assurance.?*” For instance, a quality indicator was defined by some scholars as a
“measurable element of practice performance for which there is evidence or consensus that it can be
used to assess the quality, and hence change in the quality, of care provided”,3#® while others used
the same definition to describe performance indicators.34? 350 Within the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) initiative on the integration of guideline and Ql
development (see section 9.6), the following definitions of terms have been proposed:350

precise spatial locations of metabolic activity; it is used in oncological staging as well as treatment
monitoring.

s For more in-depth background on healthcare quality, the reader is referred to “An introduction to healthcare
quality: defining and explaining its role in health systems” by Busse et al., 2019.3%°
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e Quality indicators (may also be conceptualised as quality markers/quality constructs/quality
parameters) are constructs used as a guide to monitor, evaluate, and improve the quality of
services;

e Performance measures (may also be conceptualised as performance tools or performance
instruments) are tools that quantify or describe measurable elements of practice performance;

e Performance indicators (may also be conceptualised as performance estimates) are
quantifiable and measurable units or scores of practice.

This chapter focuses on quality indicators, as described in the above definition of terms.
9.2 From quality goals to quality measurements

9.2.1  Purposes of quality assessment
Quentin et al. (2019) distinguish two main purposes of quality measurement!:338

e as a summative mechanism for external accountability and verification in quality assurance
systems;

e as aformative mechanism for quality improvement.
Braspenning and colleagues (2020) add a third: scientific research.33%

Although the distinction between quality assurance and quality improvement may be helpful, they are
not always easy to separate in practice. From a societal perspective, quality assurance aims at
eliminating poor-quality care and thus contributes to raising the overall standard of care. In addition,
various strategies categorised as quality assurance methods (e.g. public reporting), contribute to
improving quality of care and assuring public trust in healthcare services.33® Audit and feedback can
be used both as a formative tool (preferably) and as a summative tool (often without the feedback).

Within the KCE evaluation programme, we will most often be asked to develop Qls for summative
purposes, e.g. to identify problems with quality of care and assure a sufficient level of quality across
health care providers. Consequently, a high level of precision is indicated and advanced statistical
methods may need to be employed to make sure that observed differences between providers are
“real” and attributable to provider performance (cf. infra).338

9.2.2 Advancing from quality standards to quality measurement

In order to achieve improvements of the quality of care that is offered, setting standards through the
development of guidelines and clinical pathways is not sufficient.35'

A survey on the awareness of the NICE guideline on Endometriosis and the NICE quality
standards (QS172) on endometriosis amongst healthcare professionals illustrates this.35?
While staff from endometriosis specialist centres were all aware of the NICE guideline and
had full knowledge of it, this was not the case among non-specialist gynaecologists. They
were generally aware of the guideline, but in some cases did not feel fully up to date or
knowledgeable about its content.?%? An assessment of the impact of four ESHRE guidelines,
among which the guideline on the management of endometriosis, came to comparable
conclusions.?®3 Overall, about 90% of the clinician-respondents (N=260) knew and
downloaded the guideline on endometriosis, while 72% reported to use the guideline in their
routine practice. About one in two of the clinician-respondents reported that the ESHRE
guideline resulted in changes in their practice, with one in three who made changes perceiving

For a more comprehensive overview of the comparative characteristics of quality measurement for quality
assurance vs. quality improvement purposes, the reader is referred to Table 3.1 in Quentin et al. (2019).3%8
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that their patients benefitted from it. Only 12% referred patients to the patient-friendly version
of the ESHRE guideline on endometriosis.3%3

Setting standards by itself does not lead to change. First of all, standards must be taught to
healthcare providers, which can be achieved through accreditation and certification. In a second step,
monitoring (e.g. through audit and feedback) can be used to assess the adherence to the
guidelines/standards (this can be done with the assistance of quality indicators) and necessary
actions can be taken to implement change (e.g. pay for qualityY, public reporting).35' Based on the
recommendations adopted in clinical practice guidelines (or other sources of (preferably high level)
scientific evidence), quality indicators can be developed to aid the monitoring of care.

Usually, quality indicators are expressed with a numerator, which describes what is desirable, and a
denominator, which describes the target population.

For example, ‘Proportion of patients with head and neck squamous cell carcinoma [denominator]
who underwent FDG-PET(/CT)" within 6 weeks before start of treatment [numerator]'’.

Most often the quotient is expressed as percentage.

It is important to note, that elements of the care process do not signify quality until their relationship
to desirable outcomes has been proven.3%5: 356

9.2.3 Components of quality indicators

In essence, quality indicators function as quantitative measures that provide information about
any of the six domains of quality of care. Therefore, quality indicators should provide:338

1. A quality goal, i.e. a clear statement about the intended goal or objective; for example, when
performing surgery in women with ovarian endometrioma, clinicians should perform cystectomy
instead of drainage and coagulation, as cystectomy reduces recurrence of endometrioma and
endometriosis-associated pain;357

2. A measurement concept, i.e. a specified method for data collection and calculation of the
indicator; for example, ‘the proportion of women with ovarian endometrioma, in whom cystectomy,
and not drainage and coagulation is performed during surgery’; and

3. An appraisal concept, more precisely a target or threshold; for example, if in 90% of women
with ovarian endometrioma, cystectomy is performed during surgery, and not drainage and
coagulation, this is considered to be good quality.

Especially in quality assurance contexts (i.e. summative evaluation), measures need an appraisal
concept (i.e. a defined threshold), because otherwise they are unable to indicate whether measured
values denote good or bad quality of care.33® Importantly, this threshold should not be set at 0% or
100%, because valid clinical reasons (such as severe illness or rapid death after diagnosis) may
prevent certain patient groups from following standard guidelines.

The Achievable Benchmark of Care (ABC™) approach" has been developed to provide an objective,
reproducible and attainable target that is based on data derived from assessing actual performance
rather than on subjective opinions as to what ‘should’ be done.3%8 The ‘pared mean’ is used to
operationalize the benchmark: it summarises the performance of top-ranked providers whereby at
least 10% of the patient pool across all providers is included.3%8

u For more in-depth background on pay for quality, the reader is referred to KCE Report 424 .35

v For more information on the Achievable Benchmark of Care (ABC™) approach, the reader is referred to
Weissman et al. (1999).3%
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9.3 Types of quality indicators

9.3.1  Structure, process and outcome indicators

Various frameworks exist for the categorization of quality indicators (see Textbox 24),338 3% yet, the
most frequently used is Donabedian’s classification. Based on the concept of ‘input — process - output’
applied in industrial manufacturing, Donabedian proposed the triad of structure, process and
outcome indicators for the description and evaluation of the quality of healthcare.3%® Translating
Donabedian’s position that ‘good structure increases the likelihood of good processes, and good
processes increase the likelihood of good outcome’,®0 to for instance endometriosis care: the
availability of the right mix of qualified professionals at a hospital increases the likelihood that infertility
treatment or chronic pelvic pain management will be performed following current professional
standards, and this in turn increases the likelihood of desirable outcomes, such as quality of life.

Textbox 24 — Typologies of quality indicators

Proportion-based indicators vs. simple count-based indicators:33®

e Most indicators are expressed as proportions (or rates) with explicit numerators and
denominators;

e.g. proportion of women with IBC who received mammography and breast sonography before
any oncological treatment

e Count-based indicators typically measure rare sentinel events, serving to operationalise patient
safety within quality frameworks and identify intrinsically adverse occurrences;

e.g. counting retained surgical objects
Generic vs. disease-specific indicators:33®
e Generic indicators measure aspects of care that apply to patient populations;

e.g. the proportion of patients who waited more than one week for a general practitioner
appointment

o Disease-specific indicators are exclusively applicable to patients presenting with a designated
diagnosis;
e.g. the proportion of patients with head and neck cancer who are alive 30 days after surgery

Donabedian’s classification of structure, process and outcome indicators:335 338, 355, 359, 360

o Structure indicators assess the setting of care; they relate to material resources (e.qg. facilities,
capital, equipment, drugs), intellectual resources (e.g. medical knowledge, information systems)
and human resources (e.g. staffing ratios, qualifications of medical staff). They are generally
reported as a frequency per 1000 patients or as a dichotomous numeric value.

e Process indicators are used to assess whether high-quality care actions occur during service
delivery. Ideally, they rely on robust scientific evidence linking compliance to improved patient
outcomes. Process indicators comprise the predominant share of most quality measurement
frameworks. They can be expressed as a numerator and a denominator;

e.g. proportion of women with invasive breast cancer who received mammography and breast
sonography before any oncological treatment

but also in a dichotomous form, which can then be translated in a percentage:

e.g. staff performed hand hygiene measures before care (yes) or skipped it (no); % of staff who
performed hand hygiene measures before care.
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Patient-reported outcome measures (PROMs) and patient-reported experience measures
(PREMSs) can also be integrated into process indicators;

e.g. proportion of women who had breast reconstruction, who felt content with the shared
decision-making process

e Outcome indicators specify the effects of care processes on the health status and wellbeing of
patients (and populations), but they may describe also patient evaluations of care. Like process
indicators, they can be expressed as a numerator and a denominator;

e.g. proportion of women with epithelial ovarian cancer who died within 30 days of surgery.

Note: This selection of typologies is intended to be illustrative rather than exhaustive.

9.3.2 Strengths and weaknesses of structure, process and outcome indicators

All three indicator types present a mix of strengths and weaknesses". Structure indicators offer
the advantage of high accessibility, clear traceability, and straightforward verification. However, their
primary limitation is that the link between structures and clinical processes or outcomes is often indirect
and dependent upon healthcare providers’ behaviour*.338

Process indicators offer advantages including straightforward measurement, uncomplicated
interpretation because there is often no need for risk-adjustment (cf. infra). In addition, since poor
performance on process indicators can be directly attributed to the actions of healthcare providers,
there is clear indication for improvement, e.g. by better adherence to clinical guidelines.3¢' However,
assessors should realise that healthcare remains inherently multifaceted, whereas process indicators
frequently restrict their focus to isolated interventions targeting (sometimes) ‘narrow’ patient cohorts.338

Outcome indicators are usually more relevant to patients and policymakers. They may also
encourage innovations in healthcare provision if these lead to better outcomes than following old
routines. Yet, outcomes may require a long time before they manifest themselves, thereby
complicating the utilization of outcome measures for quality assessment.338

Comparing patient health outcomes between providers (e.g. practitioners, hospitals) should be done
with caution. Potential confounding variables, such as the influence of other providers or the meso
and/or macro level of the healthcare system on the outcome of interest, should be carefully explored
in concertation with relevant stakeholders.362 Accurate attribution of causality is essential to ensure
that providers are not unjustly held accountable for external factors beyond their control.

For instance, certain outcomes related to surgical interventions (e.g. 30-day mortality rates)
may not only depend on the expertise and experience of the individual surgeon, but also on
the appropriateness of the care plan developed by the multidisciplinary team, the quality of
care provided by the anaesthesiologist as well as the quality of care provided in the intensive
care unit.

Case-mix variables, such as sex, age, severity of illness/cancer stage, socioeconomic status,
adherence to treatment, health literacy, are another type of potentially confounding external factors

w For a comprehensive overview of the strengths and weaknesses of structure, process and outcome
indicators, the reader is referred to Table 3.3 in Quentin et al., 2019.3%8

x Actually, structure, process and outcome indicators are all dependent upon healthcare providers
behaviour.
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which are beyond provider influence. These factors should be identified and appropriately accounted
for by risk adjustment?.

Assessors should realise that in cases where responsibility is attributed incorrectly, quality
improvement measures will be in vain, as they will miss the appropriate target.33 Furthermore, this
may yield counterproductive results, as unfair judgments risk diminishing providers' motivation and
trust in quality assurance.

9.4 Operationalising the theoretical concept of quality into a set of quality
indicators

Operationalising the theoretical concept of quality by translating into a set of quality indicators needs
a clear understanding of the purpose of the measurement (cf. section 9.2.1) as well as the context.338
With regard to the context, a simple example: while acute care interventions (e.g. rapid triage
protocols) generate immediate, observable effects, the effectiveness of primary or secondary
prevention (e.g. vaccination, screening) is typically measurable across an extended time horizon.338

In the following sections we reflect on the various steps in QI development, data for quality
assessment, the recommended set of Qls as well as composite indicators, and sources of available
Qls.

9.4.1 Development of quality indicators

A wide variety of methodological approaches for guideline-based QI development have been
described in the literature. Yet, it is unclear which method leads to the best Qls.347

It is very important that every phase of the development process is transparently documented
within the KCE report or its appendices.

As for all KCE reports, the KCE team should first of all assemble a multidisciplinary panel of clinical
experts, ensuring comprehensive representation across all professional disciplines engaged in the
patient care path. To prevent a narrow viewpoint, active inclusion of paramedics (e.g. physiotherapists,
dieticians), (specialised) nurses and patient representatives should be considered.6* This panel will
support the KCE team throughout the development process.

Kotter et al. (2012) specified the following steps in guideline-based QI developmentz:347
1. Topic selection

Guideline selection

Extraction of recommendations

QI selection

Practice test

I T

Implementation

y For more information on risk adjustment for measuring health care outcomes, the reader is referred to
lezzoni (2003).363

z For a comprehensive overview of all methodological approaches identified for various steps in guideline-
based QI development, the reader is referred to Figure 3 in Kétter et al. (2012).347 CEQUID, the Cebam
Quality Indicator Development guidance document, specifies 8 steps in QI development.36?
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TOPIC SELECTION

At KCE, topic selection is dependent on the research questions defined in the selected TPF. Yet, it
may be wise to explore in the scoping phase of the study whether e.g. the scope can be narrowed,
and/or whether certain areas merit specific attention as they present areas for quality improvement
(e.g. sentinel lymph node biopsy only in invasive breast cancer with clinically negative lymph nodes).366
In this phase the purpose of the QI should also be defined (cf. section 9.2.1), just like the intended
users (e.g. policy makers, GPs, hospital staff) and the quality domains involved (cf. section 9.1).365

GUIDELINE SELECTION

With regard to guideline selection, we refer to the KCE process note ‘Research Methods for
guidelines — update 2025’, where you can find — among others — guidance on search strategies for
evidence-based guidelines (and other sources for guidelines, e.g. dedicated websites) and on the
quality assessment of published guidelines (with the Appraisal of Guidelines Research and Evaluation
in Europe (AGREE) Il instrument).367

EXTRACTION OF RECOMMENDATIONS

In the following step, the KCE team will extract the recommendations from the selected guidelines in
a database, structured by e.g. clinical domain, phase of the care pathway. Not all recommendations
should be selected. They should be relevant for the selected scope and quality domains defined and
must be sufficiently specific and measurable to be translated into a Ql with a numerator and a
denominator.3%5 The research team should further define whether e.g. only strong recommendations
are selected, and whether Good Practice Statements and recommendations based on consensus are
included.

Existing Qls (see section 9.4.6) are added to the database, after quality assessment (e.g. with the
AIRE instrument, see Textbox 25).

A transparent description of the respective sources of the recommendations/Qls is essential.

QI SELECTION

After compiling a long list of Qls, a definitive subset must be chosen. This process can be facilitated
by the RAND/UCLAZ?a Appropriateness Method.368 This approach combines scientific evidence from a
review with expert judgment, reaching a consensus from a group with individual opinions aggregated
into a refined aggregated opinion following face-to-face discussions.33%

In the first round, experts receive the literature review and a survey containing the long list of
recommendations and (existing) indicators®?. They are asked to read the review and subsequently
ratecc the indicators based on certain criteria, 3 which may include impact on patient health,

aa RAND/UCLA stands for a partnership between the RAND Corporation and the University of California, Los
Angeles (UCLA).

bb In some projects, it may be necessary to shorten the long list of recommendations that the panel needs to
assess since it might be too long.

ce The panellists rate the suggested Qls on a point scale, for example, from 1 to 9. After calculating the
average score of all experts, each Ql is selected for the second round according to a previously determined
weighting (e.g. average score above 80%), considered again and discussed during the second round (e.g.
average score between 60% and 80%), or rejected (e.g. average score below 60%). Alternatively, an
indicator is selected for the second round in case of a median score of 7 or higher, unless there is
disagreement (at least 30% of the scores in both the lowest tertile — score 1, 2, or 3 — and in the highest
tertile — score 7, 8, or 9). Indicators with a median score of 1-3 or 4-6, respectively, are not selected or
introduced in the second round for discussion.3% Last, if a strong selection is required based on relevance,
panellists may also be requested to submit a ranked top-five list.335
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contribution to high quality care, improvability, relevance to obtaining value for money, feasibility,
measurability.33% 347 Of note, panellists are also invited to adapt the recommendations/indicators where
indicated and to suggest new indicators.

The second round entails (a) face-to-face meeting(s) during which initial scores are reviewed, panel
members discuss all Qls and then re-rate them. Only second round ratings are used to derive
indicators.33%

The results/consensus derived during the meeting(s) are summarized and in a third and final step
presented (e.g. by mail) to the panel members for their final approval. The final set of
recommendations is translated into Ql, i.e. a measurement concept with a well-defined numerator and
denominator (see Table 35 and section 9.2.3), and where indicated exclusions.

Table 35 — Rephrasing recommendations into Qls

Time interval from surgery to the start of
adjuvant chemotherapy ideally up to 6
weeks or maximum within 8 weeks*

SLNB, rather than full nodal clearance, is
the standard of care for axillary staging in

early, clinically node-negative breast
cancer
Post-operative RT is strongly

recommended after BCS

Proportion of patients with non-metastatic invasive breast cancer
[denominator] that start adjuvant chemotherapy within 6 weeks
interval from the date of surgery to the start of adjuvant
chemotherapy [numerator]

Proportion of patients with invasive BC and clinically negative
axilla (i.e. negative at clinical examination by palpation and
axillary ultrasound, cNO) [denominator] who underwent SLNB,
[numerator] (excluding patients who received NAST) [exclusion]

Proportion of patients with invasive BC and node negative
disease [denominator] who received postoperative WBI after

BCS [numerator]; Patients with low - risk BC (grade 1, >65 years,
ER positive, HER2 negative <2 cm, no lymphovascular invasion,
unicentric, non - lobular) are excluded as they are considered
possible candidates for no post-operative RT [exclusion]

BC: breast cancer; SLNB: sentinel lymph node biopsy: WBI: whole-breast irradiation; BCS: breast conservative
surgery; ER: oestrogen receptor; HER2: Human epidermal growth factor receptor 2; *: the aspect ‘maximum 8
weeks’ can be assessed through supplementary sensitivity analyses.

Sources: Cardoso et al. (2019)%7"; Rubio et al. (2024)372

OPERATIONALISATION OF QIS

In the following step, technical sheets are developed for each selected QIl. Topics that can be
elaborated in these sheets comprise:

e Rationale: the scientific evidence underlying the Ql;
o Type of Ql: structure, process or outcome;
e Calculation: concrete description of the numerator and denominator and time frames?d;

e Target: the target can be derived from the international literature (e.g. set by EUSOMA for breast
cancer care, see Table 35) or through panel discussion and consensus procedures;

dd The aspect ‘time frames’ can be illustrated with the following example: a QI on the multidisciplinary
approach of breast cancer can be expressed as ‘Proportion of women with breast cancer discussed at the
multidisciplinary team meeting (MDT)'. Yet, for the operationalisation of the QI a time frame for the MDTs
has to be defined. The numerator can e.g. be expressed as ‘Number of women with breast cancer who
were discussed during an MDT within 1 month before and 2 months after incidence date’.
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o Data sources and time frames: e.g. IMA — AIM data 2017-2026, survey(s) developed for the
study

o Technical definitions: provides details on — among others — disease classification, definition of
incidence date, the codes of the fee schedule to select certain procedures (e.g. imaging, surgery,
systemic treatment)

e Risk adjustment: which case-mix variables will be included in the analyses (especially for
outcome indicators, rarely for process indicators);

e Limitations: e.g. proven under-registration of certain aspects of care may result in
underestimation of related indicators;

e Subgroup analyses: e.g. by sex, age at diagnosis, incidence year;

o Sensitivity analyses: e.g. patients younger than a certain age.

All details with regard to operationalisation of the Qls must be thoroughly reviewed and
approved by the involved clinical experts prior to initiating any quality indicator calculations.

PRACTICE TEST

Qls need to be valid and reliable, as well as acceptable and feasible.33 In order to test whether Qls
fulfil these quality requirements, they should be tested in a pilot phase, before being used in practice.
Especially measurability is frequently difficult to estimate in advance and often proves to be
disappointing in practice.

When several Qls turn out as not measurable, one should realise that relying only on a few process
indicators (e.g. those for which data are readily available in administrative databases) carries the risk
of distorting care provision towards a focus on measured/measurable areas of care while disregarding
other (potentially more) important tasks that are harder to monitor.338

Again, it is important to document transparently on the changes made (and the rationale for doing so),
as well as on the Qls that were adopted in the final list but eventually excluded due to measurability
issues.

In section 9.4.2 we elaborate further on data for quality measurements.

IMPLEMENTATION

Although a wide variety of implementation strategies have been applied in quality measurement, they
are not always integrated in the QI development process.34”

At KCE, the final step in QI development is the calculation of the Qls.

9.4.2 Data for quality measurement and improvement

Operationalizing quality constructs through quality indicators requires good data. This requirement is
further elaborated in this section.

9.4.2.1  Quality of the data

A principal element of any quantitative assessment is data quality. Indeed, the reliability of quality
measures relates to the quality of the data on which they are based and the robustness of the methods
used.33® More precisely, it has to be assessed whether the data are complete, valid, reliable and
comprehensive, whether they have been collected in a timely manner and whether applied definitions
are consistent (Textbox 25).
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Textbox 25 — Challenges with regard to data quality

The challenges with regard to data quality can be classified into six key aspects:

e Completeness, i.e. ideally, the data should include all patients, however, this is rarely the case.
If data are missing, this should occur randomly and only occasionally. If missing data are too
common, the data become unfit for assessing quality;

e Validity, i.e. the data should accurately reflect reality and should be free of bias and other
errors;

e Reliability, i.e. repeated measurements by different data collectors, judges, or instruments, at
different times and places, provide similar results;

e Comprehensiveness, the used database(s) should contain all relevant variables needed for
analysis, such as diagnosis and therapeutic codes, pharmaceuticals, details from pathology
and surgery reports, etc;

e Timeliness, i.e. the data are available for use without considerable delay;

e Consistency, i.e. the data are based on agreed definitions, and described exhaustively and
exclusively.

Sources: Mainz, 2003;3%9 Gurol-Urganci et al., 2017;37% Quentin et al., 2019.338

Regardless of the database that is used, when quality of care among hospitals, regions, or countries,
is compared or when evolutions over time are assessed, classification systems and registration
routines should be uniform.37* This challenge affects both the development of oncological quality
indicators, given the frequent updates to the TNM classification®®, and the development of quality
indicators for conditions like endometriosis, which still lack a validated staging system.375

But also, as discussed supra, when outcomes (and certain processes) are compared between
providers (e.g. hospitals, health care professionals) important confounders (in particular ‘case-mix
variables’) should be taken into account. For instance, the severity of disease (e.g. stage information
in oncology, superficial vs. deep endometriosis), but also other coexisting conditions (e.g. diabetes)
and/or lifestyle factors (e.g. smoking, alcohol abuse) and/or socio-economic background may
influence the outcomes of care. Therefore, these factors should be documented so that they can be
included in the analyses (i.e. ‘risk adjustment’ or ‘case-mix adjustment’). Lastly, not all case-mix
variables are documented and/or easy retrievable in databases (e.g. consumption of tobacco and
alcohol). This aspect should be incorporated into the discussion of limitations.

9.4.2.2 Data sources
Please note that data requests require a substantial processing duration (see Chapter 11); therefore,
initiating the procedure early is strongly advised.

ADMINISTRATIVE DATABASES

Various data sources can be used for quality measurement. Administrative data, which are
routinely collected, such as health insurance data (in Belgium e.g. data from the Intermutualistic
Agency, IMA — AIM) and hospital discharge data (MZG — RHM) can provide valuable data for
process indicators. They have the advantage that they provide a good coverage of the population (i.e.

ee The TNM classification, which stands for Tumour, Node, and Metastasis, is a globally recognised system
to describe the size and spread of solid cancer tumours.
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limited selection bias), they are readily available and easily accessible in electronic form, and no
additional efforts are required to collect them.

Yet, fee schedules may be vague, as they are primarily intended for administrative and management
purposes and not for quality assessment.3%7- 346 |n addition, codes may be ‘used’ by healthcare
professionals for other procedures than the ones intended (‘optimisation’), which may result in the
over- or underestimation of some procedures.®”® But also, administrative databases often lack
important information for quality measurement, such as patient reported outcomes (PROMs) and
experiences (PREMs), important case-mix variables (cf. supra) or the extent of the multidisciplinary
approach.337. 346

Sometimes the original quality indicator needs to be adapted (slightly) so that the result can be
calculated with administrative data.

For instance, for the Belgian outpatient setting, there are only data publicly available on the
pharmaceuticals that are purchased, not on the number of prescriptions nor on the effective
intake by the patient. As a consequence, a process indicator like ‘proportion of adolescents
with severe dysmenorrhea and/or endometriosis-associated pain, who are prescribed
hormonal contraceptives or progestogens as first line hormone therapy’ will need to be re-
phrased as ‘proportion of adolescents with severe dysmenorrhea and/or endometriosis-
associated pain, who purchased hormonal contraceptives or progestogens as first line
hormone therapy’. But then the question raises: does this rephrased indicator still denote
quality? The rephrased quality indicator does not only assess the knowledge and prescription
behaviour of the healthcare provider, but also, to some extent, the patient’s (and parents’)
preferences and initiative to purchase hormone therapy.3’”

REGISTRIES

Disease-specific registries may also provide useful information for the calculation of quality indicator
results. For example, to calculate the indicator “Proportion of patients with head and neck squamous
cell carcinoma who underwent FDG-PET(/CT)" before start of treatment”, data for the denominator
(i.e. the number of patients with head and neck squamous cell carcinoma) can be derived from the
Belgian Cancer Registry, which is a population-based registry. However, registries are not available
for all pathologies. They require significant investment in establishment and maintenance.33® Still, it
has been suggested that it is possible to generate and feed disease-specific population registries from
electronic health records,?7® which may significantly reduce the costs of data collection for registries.

Before using data collected in a registry for quality assessment, its completeness should be
assessed. For instance, if data collection is performed on a voluntary basis, some healthcare
professionals may opt to only register a subgroup of patients, which may have a major impact on the
calculation of certain quality indicators, e.g. those on patient outcomes or on adverse events.37®
Likewise, if registries are limited to inpatient data (such as the Swedish National Inpatient Register),38°
they will for instance not include patients (e.g. with endometriosis) whose treatment was (so far)
restricted to the outpatient setting (e.g. patients treated solely with analgesia or hormone treatment),
hence precluding the calculation of certain quality indicators.

For Flanders, for instance, Qls have been developed based on the Intego database, a primary care
registry based on which disease trends in general practice can be mapped.38"

OTHER SOURCES

Other data sources which can (potentially) be used for quality measurement include medical records
(which requires — among others - ethical approval, patient consent or legal waivers, and data de-
identification), surveys among patients (e.g. to collect PROMS and PREMS) and healthcare
providers, interviews and direct observation of healthcare providers’ activities (e.g. hand hygiene).
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9.4.3  Quality requirements for Qls

There are several guidelines and criteria available for evaluating the quality of quality indicators (see
Textbox 26),%38 yet there is no international consensus on characteristics of good quality indicators.382

Textbox 26 — Guidance and criteria for assessing quality indicators’ quality

Organisation/institution/authors (date) Content

OECD (2006) Health Care Quality Indicators Project: Conceptual
framework paper, which includes a list of criteria for the
selection of quality indicators.383

Federal Office for Quality Assurance (BQS, QUALIFY — a tool for assessing quality indicators.38
Germany; 2007)

de Koning, et al. (2007) The Appraisal of Indicators through Research and
Evaluation (AIRE) instrument, assesses whether key
methodological components and supporting information are
clearly documented to evaluate the methodological quality
of Qls. It comprises 20 items across 4 domains: (1) purpose,
relevance, and organizational context; (2) stakeholder
involvement; (3) scientific evidence; and (4) additional
evidence, formulation, and usage.38

Agency for Healthcare Research and Quality Key questions to inform the development of quality
(AHRQ, 2011) indicators.386

Guidelines International Network (GIN, 2016) Reporting standards for guideline-based performance
measures.37

International Society for Quality in Health Care  Six-steps guidance on QI development.388
External Evaluation Association (ISQua EEA,
2022)

Note: This selection of guidance documents is not meant to be exhaustive.

Koétter et al. (2012) further add that Qls also need to be reliable, easily understandable for providers
and patients, changeable by behaviour (or sensitive to change), achievable, and measurable with
high validity.®*” Becker and colleagues (2019) further add that Qls should be strongly correlated with
the quality of care provided.33* In addition, Qls should be able to highlight relevant differences in
the quality of care between healthcare providers, organisations/hospitals or time periodsf. Qls for
which virtually all providers achieve maximum scores can still be useful for monitoring purposes, but
often offer limited added value for quality improvement.365

9.4.4 Recommended set of indicators

Healthcare provision is complex, while process indicators usually focus only on narrow procedures in
well-defined (sub)groups of patients.33 Therefore, hundreds of indicators are needed to enable a
comprehensive assessment of the quality of care provided by a hospital or multidisciplinary team. Yet,
reality forces us to scale that number back to realistic proportions.

But how many Qls should we include? Piggott and colleagues (2023) propose ‘no more than ten
quality indicators as reasonable for a moderate-sized guideline/QA scheme’ 382 while Wollersheim et

ff Based on the literature, it is unclear at what level the distinctive character is deemed sufficient.
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al. (2007) recommend based on their experience ‘selecting about 12 clinical indicators for a care
process to achieve a good balance’.?%* We should realise that if we put too much emphasis on
minimising the recording efforts99, and hence only a few Qls are selected, this restricts the evaluation
to limited facets of the care process.* In addition, the ideal balance between structure, process and
outcome indicators in quality measurement is yet to be determined.389. 39

Although guidance is lacking on desirable properties of indicator sets,3% in the QI development phase,
we should keep the following important threats to the content validity of an indicator set in mind:

e omission of relevant Qls,
e overrepresentation of Qls for some aspects of care and

e inclusion of irrelevant Qls.3%°

9.4.5 Composite indicators

And how should patients, policymakers, purchasers and the general public handle the abundance of
information when the results of a set of indicators are available? How should they select the best
providers (e.g. the best hospitals)? How should they identify good-quality providers when the results
from different indicators are conflicting? How should they estimate whether improvements have been
made in the quality of care provided?

It may be tempting to base one’s decision on only a few selected indicators, e.g. those that you
understand, although these may not be the most important ones, while crucial insights from other
(potentially more) relevant indicators will be discounted. To address these challenges, numerous
quality assessment frameworks have developed methodologies for aggregating different indicators
into composite indicators or composite scores.3' They allow the aggregation of different aspects of
quality into one measure to give a clearer picture of the overall quality of healthcare providers.

The literature offers no standardised protocol for the proper construction of a composite indicator.338
However, what is important is that indicator construction is transparent, with clear explanations of
methodological choices and their underlying rationales to facilitate understanding. In addition, as
varying choices will generate distinct incentives for improvement, these must be carefully evaluated
during composite construction.

The interested reader is referred to Quentin et al. (2019), section 3.6, where the methodological
choices to be made when developing composite indicators, as well as their strengths and weaknesses
are further elaborated.338

9.4.6 Sources of (validated) quality indicators

As explained supra, evidence-based clinical practice guidelines are relevant sources for generating
Qls. ‘Guideline based Qis’ can either be generated from already available guidelines or developed
during the guideline development process.334 347

In addition, a wide range of Qls exists that can serve as basis for the development of new quality
measurement initiatives.338 In Table 36 a non-exhaustive list is provided for inspiration.

Importantly, existing Qls should be tested for relevance, validity, and reliability and there may be a
need to adjust them to the Belgian context.64

99 Of note, recording efforts can be reduced to a minimum when data extraction is automated (e.g. by
extracting data automatically from electronic medical records), but this should not lead to an
unmanageable or excessive proliferation of Qls.
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Table 36 — International databases and sources of existing Qls

Organisation/institution

Agency for Healthcare Research and Quality (AHRQ)

Australian government. Health,

Disability and Ageing

Department  of

Australian Commission on Safety and Quality in Health
Care (ACSQHC)

Canadian Institute for Health Information

International Consortium for Health Outcomes

Measurement

Institute for Quality Assurance and Transparency in
Healthcare (Institut fur Qualitatssicherung und
Transparenz im Gesundheitswesen, IQTIG)

National Institute for Health and Care Excellence
(NICE)

National Quality Forum (NQF)
RAND

https://www.ahrg.gov/

https://www.health.gov.au

https://www.safetyandquality.gov.au/
https://www.cihi.ca/en/access-data-and-
reports/indicator-library

https://www.ichom.org/

https://iqtig.org/

https://www.nice.org.uk/what-nice-does/standards-

and-indicators

https://psnet.ahrg.gov/issue/national-quality-forum

http://www.rand.org

176 =

Note: This selection is intended to be illustrative rather than exhaustive.

9.5 Adaptation and retirement of Qls

Qls may not be used for ever. A Ql should be adapted or even retired if, for instance, the original
quality gap has disappeared, in case new evidence emerges that would change the recommendation
on the use of a quality indicator, but also when measurement of the QI is associated with unintended
consequences or harm,387, 392, 393

9.6 GRADE initiative on the integration of guideline and QI development

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) working
group observed that while QI development is a high priority, progress in research methods is very slow
and their development is rarely linked to guideline development.3%0. 393 Furthermore, they noted
considerable inconsistency in the way terminology and definitions are used in quality assurance
(QA).350

At the invitation of the European Commission Joint Research Centre (JRC), a multidisciplinary group
of experts from key organizations representing the fields of guideline and QA development, has built
a methodological framework that integrates guideline recommendations and QA.3% To that end, the
Guidelines International Network (GIN)-McMaster guideline development checklist"h (GDC) has been
amended with forty additional items that will prompt guideline developers to consider factors important
to quality assurance and improvement reporting and development standards from the outset of
guideline planning.3%4

The interested reader is referred to https://macgrade.mcmaster.ca/resources/gin-mcmaster-checklist-
extension-for-quality-assurance-and-quality-improvement/ and to Piggott et al. (2022 & 2023).382, 394

hh Available at https://heigrade.mcmaster.ca/guidelinedevelopment/using-checklist.
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10 SYSTEMS THINKING AND COMPLEXITY SCIENCE
(STCS) INFORMED EVALUATION

KEY POINTS

e Systems thinking is an approach to complexity that enables us to identify the root causes of
chronic or persistent problems and formulate more satisfying, sustainable and long-term
solutions.

e Whilst complex interventions are often considered to have multiple objectives, strategies and
components, implemented across multiple sites by multiple actors, the use of complexity linked
to interventions could also be understood as interventions which are implemented in complex
systems.

e Asystem is ‘an interconnected set of elements that is coherently organised in a way that
achieves something’. It consists of elements, interconnections and a function or purpose. A
system as a whole cannot be understood by analysis of its separate parts. Likewise, a
(complex) intervention cannot be reduced to its individual parts.

e Several authors came up with checklists, guides and frameworks to summarise how systems
thinking and complexity science (STCS) can be integrated in evaluation studies.

e The system evaluation theory (SET) is the most recent and most detailed attempt to provide
a step-by-step approach to evaluate (complex) interventions. We propose the development of
an STCS-informed programme theory as amendment to the SET.

10.1 Introduction

Evaluating complex interventions often will require approaches that adequately capture the dynamic
and interrelated nature of the systems in which these interventions operate. In this chapter, systems
thinking and complexity science (STCS) are introduced as complementary perspectives that can
enrich evaluation by explicitly incorporating a system’s lens. Rather than replacing established
evaluation approaches, STCS helps to broaden the analytical perspective, particularly in situations
where interdependencies, context and adaptation over time play an important role.

STCS is not a single coherent body of thought, although there is a common set of concepts and
principles about how complex systems behave and evolve over time.3°7: 398 An increasing literature
has considered the implications of STCS for evaluation research.

The underlying logic of the flow of this chapter builds on the sequence WHY — WHAT — HOW: the
chapter starts with systems thinking as a way to approach complexity, linked to several types of
systems thinking (hard and soft), and the added value of systems thinking (WHY). This is followed by
a short introduction into the basic concepts and principles of STCS and its integration in evaluation
research (WHAT). Next, we present a method for STCS-informed evaluation at KCE (HOW). For the
interested reader who wants to delve somewhat deeper into systems thinking, we present three
systems thinking approaches at the end of the chapter: system dynamics (SD), the Viable System
Model (VSM) and Soft Systems Methodology (SSM). However, this trio is not an exhaustive
representation of all systems approaches. Other interesting systems thinking methodologies, not
described in this chapter, are for example critical systems thinking, complexity science and
developmental evaluation.
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10.2 Systems thinking as a way to approach complexity

In the course of intellectual history, there has been a paradigm shift regarding the management of
complexity. The conviction that there is a pattern or order hidden in apparent chaos or disorder was
challenged by the idea that complexity is a web of interwoven events, interactions, feedbacks and
coincidences, inevitably involving uncertainty.3%°

The origins of contemporary systems thinking can be situated around the turn of the 20t century, when
people started thinking that systems could not be understood by analysing the component parts. By
the end of the 20th century, complexity science provided new insights regarding the non-linearity and
self-organising abilities of complex physical, biological and social systems.400. 401

Horizontal complexity, represented by networks of cause and effect relationships, became the domain
of system dynamics (see section 10.6.1). System dynamics understand the behaviour of a system as
the result of cause and effect relationships, feedback loops and delays between elements of a system.

In addition to the horizontal axis of complexity, the vertical axis introduces hierarchy as an organising
principle. One of the metaphors that is often used in systems thinking is the iceberg, illustrating that
observable events are the manifestation of the patterns and structures that are below the surface of
the water and cannot be observed directly.39°.402 The viable systems model (VSM) (see section 10.6.2)
is an approach incorporating the hierarchy principle, together with the idea of recursiveness, as we
can find in fractals (e.g. blood vessels, Romanesco broccoli, lightning bolts), i.e. geometric shapes
with repeating patterns that look the same at different scales.

While the previous systems approaches are labelled as ‘hard’ systems thinking, ‘soft’ systems thinking
introduced the idea that our observations are always filtered by our world view, hence we only have a
partial picture of reality. Soft systems methodology (SSM) (see section 10.6.3) tries to align the partial
pictures that people have about a problem to be able to take action and improve problematic
situations.403

Finally, relevant for the understanding of the effect interventions have or refrain from having is the
concept of emergence, which refers to the macro level manifestation of micro level behaviour.#%" This
is a characteristic for complex adaptive systems (CAS), the study subject of complexity science. An
example of CAS is a flock of starlings: the synchronised movement of thousands of birds that is made
possible by a limited number of simple rules each bird obeys to. Hence the macro movement of the
entire flock emerges from the micro level behaviour of each individual bird. Interestingly, emergence
can be created in a strategically desired direction in social systems.?®® The introduction of an
intervention could be a way to do so.

10.3 The added value of systems thinking

10.3.1 Systems thinking as a way of looking

Systems thinking is not a tool or method, not even a methodology, but an approach, a way of looking
that can be applied to every domain, including the evaluation of interventions. STCS is the grouping
of various approaches (e.g. system dynamics, viable systems model, soft systems methodology) that
developed over time. Each perspective offers a specific methodology, which can be added to the
toolbox of evaluation research, depending on the type of intervention, context variables and the degree
of complexity.

10.3.2 Systems thinking as a diagnostic tool

Systems thinking is also a diagnostic tool for examining problems more completely and accurately
before acting, because it allows us to ask better questions. It involves the identification of patterns and
underlying structures — so called ‘root causes’ — that drive events or behaviour. This can lead to the
revealing of hidden links, prevent unintended consequences and more satisfying, long-term solutions
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to chronic or persistent problems. By helping us to articulate problems in new ways, systems thinking
expands the range of solutions to a problem.4%4

10.4 Unpacking systems thinking and complexity science

10.4.1 What is complexity?

In section 10.2, we already introduced the concept of complexity. We referred to its horizonal (cause-
and effect relationships) and vertical (hierarchy) axis, and related concepts such as emergence. In
this part we will explain ‘complex’ by contrasting it to ‘simple’ and ‘complicated’.

Systems approaches aim to simplify the process of our thinking about and managing of complex
realities that have been described as messes (cf. Russell Ackoff), complex or wicked problems (cf.
Horst Rittel).4%5 Hence, systems thinking is closely linked to the paradigm of complexity. In Table 37,
we compare three degrees of complexity relative to social problems to clarify the difference between
simple, complicated and complex problems.

Table 37 — Degrees of complexity

Simple problem Complicated problem Complex or wicked problem

Clear cause-effect relationships Clear cause-effect relationships No clear cause-effect
relationships. Instead:
«  Disproportionality
« Time delay
 Emergence

Standardised solutions (e.g. No straightforward solutions Unclear what solutions could be

recipe or procedure) or what success means

Basic skills to tackle the problem Certain degree of expertise High uncertainty about the
needed to solve the problem outcome + one shot

High degree of predictability Predictable if a number of Unpredictable: no rules to
conditions are fulfilled guarantee success

Example: to bake a cake Example: to launch a rocket Example: to raise a child

For complex problems (e.g. raising a child) there are no clear rules to follow to guarantee success. It
is not even agreed upon what success means, since there is no definitive formulation of a complex
problem. There are no cookbook recipes to solve complex problems and uncertainty about the
outcomes is high, predictability is low. Solutions to complex problems are not true or false, but rather
better or worse. Every solution to a complex problem is a one-shot operation, because there is no
opportunity to learn by trial and error. Every complex problem can be considered a symptom of another
problem.406

There is no complete agreement on all aspects and definitions of complex systems. It is a matter of
degree or perspective, rather than a clear distinction, as to what is complex and what is not.4%7

10.4.2 What is a system?

To understand systems thinking an essential first step is to know what systems are. Meadows defines
a system as ‘an interconnected set of elements that is coherently organised in a way that achieves
something’ (p. 11).2%5 There are, however, many definitions of a system. Those definitions are
consistent in their reference to elements, interconnections and a function or purpose, which are three
basic characteristics of systems.

e Elements are parts or units, mostly visible tangible things and therefore the easiest to notice. A
system part is in fact anything needed to make a system work.408

e Interconnections are the relationships that hold the elements together. System elements don’t
just influence each other, they need each other to function, they are interdependent.*0?
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e Purposes are deduced from the behaviour of a system. ‘System elements work together to create
‘something’ which they cannot achieve independently’ (p. 36).4¢ This ‘something’ can be different
things (e.g. an unintended consequence), but one of them is the purpose of the system.

A definition that more accurately reflects the importance of interdependence and emergence is ‘an
integrated whole whose essential properties arise from the relationship [interdependence] between its
parts’ (p. 142).410

Intervention programmes consist of interrelated parts that together produce an effect that they would
not be able to produce on their own and can therefore be considered as a system.

10.4.3 Premisses of systems thinking and complexity science

In addition to the system characteristics outlined above, there are several premisses or basic rules
which are typically true for systems.

= The whole is greater than the sum of the parts

Central to a systems perspective is holistic thinking, as opposite of reductionist thinkingi. A key
understanding within systems thinking is that a system as a whole cannot be understood by analysis
of its separate parts.3% The functions and meanings of the parts are lost when separated from the
whole. Reynolds and Holwell explained that ‘if one considers a situation as a whole, rather than
focusing on its component parts, then there are properties which can be observed which cannot be
found simply from the properties of the component parts’ (p.8).4%5

An intervention programme cannot be reduced to individual parts. A systems framework invites us to
understand the intervention programme in relation to other programmes and as part of a larger context.

= Parts are interdependent and the focus is on interconnected relationships

The elements of a system are often the easiest parts to notice, because many of them are visible,
tangible things. You can divide elements in sub elements and then in sub-sub-elements, but soon you
lose sight of the system. It is a good idea to stop dissecting elements and to start looking for the
interconnections, the relationships that hold the elements together.

The change in perspective that comes with systems thinking focuses our attention on how the web of
relationships function together rather than as a linear chain of causes and effects. A change in one
part has implications for all parts and their interrelationships.

= Every system has its own system purposes

Information-based relationships are hard to see, but functions or purposes even harder. A system’s
function or purpose is not necessarily spoken, written or expressed explicitly, except through the
operation of the system. The best way to deduce the system’s purpose is to observe it for a while to
see how the system behaves. Important: purposes are deduced from behaviour, not from rhetoric or
stated goals.

Changing elements usually has the least effect on the system (e.g. our body replaces cells constantly,
it remains the same body), as long as its interconnections and purposes remain intact. If the
interconnections change, the system may be greatly altered (e.g. change the rules of a football game
and you get a different game). The same accounts for changing the purpose (e.g. changing the
purpose of the football game from winning into losing). A change in purpose changes a system
profoundly, even if every element and interconnection remains the same.

i In reductionist thinking the whole is understood through the careful study of its parts.
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= Systems are made up of subsystems and function within larger systems

Systems can be embedded in systems which are embedded in yet other systems and out of one
system other completely new, never-before-imagined systems can arise. Systems can be nested
within systems and at the same time be part of a larger whole. This is a recurrent structure of repeated
shapes that are similar in chape across different scales. The same structure becomes smaller and
smaller or larger and larger each time it is repeated.

How subsystems function within larger systems and how larger systems connect to and are influenced
by subsystems can be part of a systems inquiry into understanding a programme and its effects. E.g.
the content and processes of a prenatal programme for pregnant teenagers will be affected by larger
societal norms. That’'s why the programme in France, Burkina Faso and Mexico will be different, even
if based on the same model.

= Systems cause to a large extent their own behaviour and can be self-organising

A system is a set of things, like people, cells or molecules, that are interconnected in such a way that
they produce their own pattern of behaviour over time. This means that the system may be driven by
outside forces, but the system’s response to these forces is characteristic of the system itself. To
explain the principle that a system causes its own behaviour, Meadows?® uses a slinky as a metaphor
in comparison to a box. If you hold a slinky in one hand, it drops down if you pull away the hand that
supports it. If you do the same thing with a box, it does not drop down but keeps its shape. The pulling
away of the hand is the same outside force, but the reaction of the slinky and the box are different.
So, the systems (box and slinky) cause their own behaviour in reaction to the same outside force. An
outside event may unleash the behaviour, but the same outside event applied to a different system is
likely to produce a different result. Often systems are self-organising and self-repairing over at least
some range of disruptions.

For intervention programmes this means that their response to an outside force is characteristic for
each intervention programme. In other words, different programmes will respond differently to the
same outside force, for example financial cutbacks.

= System boundaries are necessary and inevitably arbitrary

Systems exist within an environment and are separated from its environment by means of a boundary.
The boundary of a system refers to which parts to include and which to leave out. This decision is a
matter of judgement and experience. Manageability is set out against completeness. Usually there is
not one right answer, but a whole range of possible answers depending on the aim and context
variables.*!" Systems are social constructions. What to include in a system and where to draw the
boundaries are matters of utility. Including too much makes the system overwhelming. Including too
little risks missing important elements that affect programme processes and outcomes. The dilemma
is how much to simplify reality. The challenge is to construct simplifications that pass the dual tests of
usefulness and accuracy. Defining boundaries is an essential part of systems thinking.

10.5 Applying systems thinking and complexity science to evaluation research

10.5.1 How to recognise whether systems thinking is the best fit for evaluating an
intervention?

Emily Gates claims that STCS ‘is relevant to and has value for any evaluation purpose and context’.#12
Still, we think it is useful to disentangle where exactly STCS can be of added value in evaluating
(complex) interventions. In what follows we will first argue that a complex intervention can be defined
as a system and we will situate STCS in the MRC framework to clarify the parts for which STCS can
be particularly valuable even if the intervention under study cannot be considered a system.



KCE Report 426 KCE Evaluation Programme: Process and methodology 182 W

10.5.1.1 Complex interventions acting as a system
About interventions, two questions arise:

e Are they complex?

e Do they act as a system?

About complexity, Skivington et al. argue that an ‘intervention might be considered complex because
of properties of the intervention itself, such as the number of components involved, the range of
behaviours targeted, the expertise and sKills required by those delivering and receiving the
intervention, the number of groups, settings, or levels targeted, or the permitted level of flexibility of
the intervention or its component’ (see Introduction Chapter).® However, whilst complex interventions
are often considered to have multiple objectives, strategies and components, implemented across
multiples sites by multiple actors, the use of complexity linked to interventions could also be
understood as interventions which are implemented in complex systems (see section 10.5.1.2). By
consequence, a focus on the complexity of systems implies that simple interventions, as well as
complicated interventions, may be subject to STCS-informed evaluation.’® In other words, the
complexity of the intervention as such is not a necessary prerequisite to look at it from a STCS
perspective.

In addition to the complexity of the intervention, we could determine whether it acts as a system. Arnold
and Wade claim it should have a clear purpose (emergent property) and the parts should work toward
that purpose (interdependence).*'®> Meadows proposes three questions to differentiate whether you
are dealing with a system:3%

e Can you identify parts?
e Do the parts affect each other?
e Do the parts together produce an effect different from the effect of each part on its own?

Renger points to the 5 C’s i.e. cooperation, coalition, collaboration, collectiveness and coordination
that signal you might be dealing with a system, because these keywords often indicate many
interdependent parts which work together to achieve something greater than they could independently.
When looking at complex interventions through the STCS lens, it is likely that they can be defined as
systems, act as systems and should be treated as systems.408

If the intervention is likely to be a complex intervention acting as a system, the system evaluation
theory (SET) of Ralf Renger provides a step by step approach to evaluate the intervention.*%® We
outline SET in section 10.5.2.2.

When designing an evaluation study, it is useful to explore the complexity and ‘system-ness’ of the
interventions under study to know how to proceed with the evaluation informed by STCS. If this
mapping of the intervention concludes that it is not a complex intervention that acts as a system, STCS
might still be valuable. In the next part, we refer to the MRC framework to clarify this and to show
where else STCS comes in.

10.5.1.2 The MRC framework seen through a system lens

In addition to the complexity of the intervention and of the problem the intervention wants to tackle
(e.g. antibiotics consumption, eating disorders), with reference to the MRC framework, STCS offers a
particular lens to look at the core elements (see Figure 34), such as context and programme theory.
The context in which the intervention is implemented can consist of one or more complex systems.
In addition, complexity may arise from the interaction between the intervention and its context (see
Chapter 5). The mechanisms of impact may include feedback loops and time delays, as reflected in
the programme theory.
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In addition, STCS is mostly suited to be integrated in the evaluation phase of the MRC framework
(Figure 34). The binary effectiveness question (i.e. whether the intervention works or not) is
transcended and system level outcomes including system change are involved.

In the following paragraphs, we elaborate on each of the areas in which complexity may come into
play, starting with the context in which an intervention is implemented.

Figure 34 — MRC model seen through an STCS lens
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10.5.1.3 The context

The context may consist of one or more complex systems and/or complexity may arise through
interactions between the intervention and its context.

An intervention, simple or complex, may be embedded in the context of a complex system (e.g.
healthcare system, educational system, social welfare system), with which it interacts or by which the
intervention is influenced. Properties of the system may determine whether the intervention has the
intended effects.

Thinking about the context as a system helps to understand the interaction between an intervention
and its context.® STCS-informed evaluation takes into account the complexity that arises both from
the intervention’s components and from its interaction with the context in which it is being
implemented.®

10.5.1.4 Programme theory

Mechanisms of impact describe how the delivered intervention produces change. Exploring these
mechanisms is crucial to understanding both how the effects of the specific intervention occurred and
how these effects might be replicated by similar future interventions.?® These effects are hypothesised
in the programme theory of the intervention, which describes how an intervention is expected to lead
to its effects and under what conditions (see Chapter 1).°

The mechanisms of impact alike the programme theory may — instead of being a linear logic — contain
system elements such as feedback loops and time delays. The mechanisms of impact may appear to
be more complex than the programme theory hypothesised. They may for example act as a system
archetype, i.e. a common pattern of (problematic) system behaviour, such as addiction, escalation,
drift to low performance, fixes that backfire. More information on system archetypes can be found in
the subsection on system dynamics (section 10.6.1) and more extensively in the books Thinking in
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Systems by Meadows3% and the Fifth Discipline Fieldbook by Peter Senge et al.*°2 Recognising a
system archetype can be a powerful diagnostic tool to understand the mechanisms of impact or lack
of impact, hence build a programme theory.

10.5.1.5 Interest in system-level changes in the evaluation phase

Interventions may aim at outcomes transcending the binary effectiveness question (i.e. whether
the intervention works) and involving system level outcomes including system change. Outcome
measures could capture changes to a system rather than changes in individuals, such as changes in
relationships between actors within the healthcare system, or the normalisation or discouragement of
practices (e.g. prescription of antibiotics). System level outcomes include how changing the dynamics
of one part of a system alters behaviours in other parts (e.g. displacement of smoking into the home
after a public smoking ban).?

Note that it is a misconception that systems approaches are more appropriate for large-scale, longer-
term evaluations. Like evaluation, systems approaches are scalable. They can be applied to big
and small issues, over short and long timeframes. The key is the nature of the situation, not the scale
of the situation.408. 414

10.5.2 How to apply systems thinking to evaluate (complex) interventions?

So far, we identified where STCS can be of added value in evaluating (complex) interventions. We
described how to recognise complex interventions acting as systems and linked STCS with the MRC
framework.

In the next step we describe how STCS can be applied to evaluate (complex) interventions.

10.5.2.1 Frameworks to help evaluators integrate systems thinking into evaluation studies

Plenty of authors have reviewed the literature to summarise how STCS can be integrated in evaluation
studies. They came up with checklists, guides and frameworks. Examples are Westhorp’s complexity
checklist*’®, a review of Walton3%" providing 8 guiding themes for applying a complexity frame of
reference to evaluation, a framework for qualitative complex system process evaluations developed
by McGill et al.#'6, the STCS-informed and principles-based evaluation framework developed by
Bustamente et al.#'7, the propositions for evaluating complexity from Preskill and Gopal and the
principles for effective use of systems thinking in evaluation developed by the Systems in Evaluation
Topical Interest Group of the American Evaluation Association (SETIG).41®

Each framework is explicitly or implicitly built around the four core principles of systems thinking:
e interrelationships between elements of a system,

e  perspectives from which a situation or system can be understood,

e boundaries between the system and its environment,

e the dynamics that influence and are influenced by the behaviour of the system over time and at
different scales.

Although these principles can function as general guidelines to keep in mind when starting an STCS-
informed evaluation, we searched for more concrete hand-on instructions. The most recent and most
detailed guidebook is System Evaluation Theory (SET). This is a blueprint for practitioners evaluating
complex interventions operating and functioning as systems, written by Ralf Renger.#%8

10.5.2.2 System evaluation theory (SET)

SET has been developed for complex interventions acting as a system. However, we propose
implementing it also in case complexity and ‘system-ness’ are situated in other parts of the MRC
framework.
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Note also that STCS should be integrated at the beginning of an evaluation design in order to inform
the evaluation focus, sampling strategy, data collection methods, analysis and interpretation of
findings.

SET is a three-step evaluation framework (see Figure 35) that examines how interdependent parts of
a system work together, how efficiently they interact and whether those interactions produce effective
system-level outcomes. In what follows we summarise SET, but for a more detailed presentation we
refer to Renger’s guidebook.4%8

Figure 35 — How to integrate STCS in evaluation
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STEP 1: Define the complex intervention acting as a system, more specifically its boundaries,
system parts, their interdependencies and the emergent system property. You need to know what to
evaluate and how it is supposed to operate before you can evaluate whether it is operating as it
should.408

This first step, the description of the system, results in a snapshot, a static system description aimed
at gaining an initial understanding of the system, including the system structure, the boundaries, the
constituent elements and the relationships between these at a given time point.#'® This description of
the system should be developed in co-creation with stakeholders and inform the evaluation design,
including the research questions.

It may be helpful to create a map of the system, based on stakeholder input. The output can be a
qualitative description of the system structure, elements, boundaries, and relationships. Evaluators
may begin to make sense of the local rules that govern the intervention in the system, including how
different system elements relate to each other and how the intervention operates.*'¢

This first step is further specified in seven operational steps. We refer to the Renger’s book for more
detailed information on each of the steps.408
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1. Get leaders to the table. The leaders are the ultimate decision-makers who control the money
and decide whether to implement the evaluation recommendations. However, bear in mind where,
when and by whom boundary judgements around a system of interest are made, whilst taking
power dynamics into account. Power relations should be a focus of attention and form an explicit
part of the next steps, particularly in situations where there is little common interest shared
between stakeholders, or in the event of fundamental conflicts or unequal access to power
resources. We refer to critical systems thinking for the readers who want to delve deeper into the
issue of power in systems.*41°

2. Define the emergent system property. The successful operation of a complex intervention
depends on consensus among leaders and actors of what they are trying to accomplish (If
everything in the system is working as it should, what would it produce?).

3. Define the system parts. Leaders should be asked in an open discussion to define the parts that
are needed for the essential system property to emerge. Subject matter experts (SMEs) are
needed who have lived experiences in the day-to-day system operations to list the system parts.
The nominal group technique, i.e. a structured small group discussion to reach consensus, could
be useful at this stage.

4. Connect the parts. This comes down to drawing the arrows between the parts and draw a dotted
line around all the connected parts to depict the system boundary created for evaluation purposes.
This way the boundaries evolve naturally by defining the system parts.

5. Unpack the arrows or define the system operating procedures (SOPs) or workflows. We want to
know how an individual part operates in concert with other parts. This forms the standard against
which to evaluate success. You need to know how system parts are intended to operate together,
before you can evaluate whether they are in fact working as intended. If the SOPs are not
predefined, process flow mapping (PFM) (i.e. a visual technique to represent a workflow from
start to finish) can be used to map them (together with the SMEs for example through interviews).
Note that the mere facilitation of the mapping process may lead to an improved SOP.

6. Bring groups together to define joint system operating procedures. At this point individual
system parts gain an appreciation for each other and the impact their decisions have on the other
parts and the emergent system property.

7. Push the boundary envelope. Findings are presented to the leaders to close the loop. As a
result of defining the joint system operating procedures (JSOPSs), it may be necessary to adjust
the boundaries, either to include a missing system part and/or remove a redundancy.

Bear in mind that part of systems thinking involves making conscious decisions about timing. This
is particularly important when findings need to be shared, as this is how information is fed into the
system. By closing the loop, evaluation becomes an integral part of the system.

STEP 2: Evaluate the interdependencies or system efficiency, i.e. how effectively the components
work together regarding information flow and feedback mechanisms, coordination and
communication, resource sharing and bottlenecks and process weaknesses.

To evaluate system efficiency, compare how the system interdependencies are supposed to work
(defined by the SOPs) with how they are actually executed. This can be done by means of direct
observation (site visit), surveying system actors or analysing system data. Look for where information
is exchanged (i.e. feedback loops), for possible processes that can lead to a domino effect of problems
(i.e. cascading failure), and for places where efficiencies might be achieved by creating a bypass (i.e.
reflex arc). To evaluate system interdependencies Renger focuses on these three system principles:
feedback loops, cascading failures and reflex arcs.408

e Feedback loops: They can occur anywhere and anytime information is exchanged between
system parts. We want to know whether the feedback information is credible, otherwise it will not
be used for decision-making, whether the feedback is relevant, whether the feedback is timely, at
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which rate it is provided and whether it is specific enough. Feedback loops can be mapped in
causal loop diagrams.

e Cascading failures: These are processes in a system in which the failure of one or a few parts
can trigger the failure of other parts.

e Reflex arc: This is a bypass in the system intended to improve efficiency. Note that an observed
departure from the stated SOP might be an organically derived bypass to improve efficiency. For
example, staff at the operational level may encounter implementation challenges for which they
developed their own workaround. This is a reflex arc that has not yet been documented in the
SOPs.

Regardless of the scale, level, or boundaries of the complex intervention acting as a system, the
process for defining the system and evaluating efficiency is the same.

STEP 3: Evaluate system effectiveness, i.e. whether the system as a whole achieves its intended
purpose, or what system actors at all levels are trying to accomplish together that they cannot do
individually (i.e. emergent properties). Renger takes three considerations into account for evaluating
a system’s effectiveness:40®

e Avoid reductionist thinking, instead think synthesis.
e Consider the multidimensionality of the emergent system properties.
e Ascertain who has responsibility for evaluating the system’s emergent properties

In addition, Renger differentiates between weak and strong emergence.*%® The first occurs when you
can reason what might be expected when interdependent system parts interact. Strong emergence,
on the contrary, is when you can’t predict the emergent property from the parts. Unexpected emergent
properties can easily escape the attention of researchers and require an open and critical approach
on their part.

There can be more than one emergent property, but perhaps resources to evaluate them all will be
lacking. Prioritisation might be necessary.

10.5.2.3 Development of an STCS-informed programme theory

The development of an STCS-informed programme theory is not included in SET. However, when an
intervention is developed by others and no programme theory is specified, evaluators still need to
theorise the intervention before evaluating it.° An STCS-informed programme theory generates
hypotheses about the ways a complex intervention that acts as a system may lead to change or about
ways a simple intervention may lead to change within a complex system.

Models which leave out the implementation context, concurrent programmes, or characteristics of
clients, may overstate the causal contribution of the intervention.#2° In addition, they are more likely to
present a single theory of change, rather than representing different stakeholders’ views about what
are desirable outcomes and how these might be achieved.*?® The range of interventions suited for
simple logic models (see Chapter 1) is described by Wholey as those where goals can be agreed and
precisely quantified, where progress towards them can be reliably measured, and where both staff
activities and the results of those activities can be readily observed.*?' Rogers argued also that in all
other cases simple logic models can best be understood to be heuristic simplifications instead of
accurate models.*?0

Therefore, we propose the development of an STCS-informed programme theory as amendment to
SET. More specifically, we would add it as a second step after the description of the system (see
Figure 35).

An STCS-informed programme theory should be sensitive for causal loops, tipping points (i.e. after
having achieved a certain critical level a small additional effort can result in a disproportionately large
effect), emergence (i.e. when specific outcomes emerge during implementation of an intervention),
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non-linearity, interdependence and context. Thus, for complex interventions acting as a system or in
case complexity and ‘system-ness’ are situated in other parts of the MRC framework, the theory of
change needs to:

e be able to accommodate local adaptation and change*?®
e view the situation holistically as a set of interacting elements within an environment

e recognise that the relationships between elements are more important than the elements
themselves in determining the behaviour of the system

e recognise a hierarchy of system levels
e take into account differing viewpoints of actors/stakeholders.4??

Note that programme theories can change and evolve over the life of an intervention programme. After
evaluation, the programme theory might be adapted in function of the findings, as is the case in the
realist evaluation research cycle (see Chapter 6). The more volatile the environment of a programme,
the more likely it is that the programme theory will be affected by that volatility.+23

10.5.3 STCS-informed methodology

From a complex systems perspective, the system is taken as the starting point for the analysis in a
process evaluation. Consideration is given to the ways in which the intervention may have both direct
and more indirect effects, and to the ways in which that intervention may influence the behaviour of
the system’s components. An STCS-informed evaluation approach must, by its very nature, allow for
adaptation and change, both in response to early evaluation findings and in response to changes in
the intervention and the system.416

A purely quantitative or qualitative approach is rarely adequate for complex intervention research.
Mixed-methods designs, where quantitative and qualitative methods are combined, are necessary to
answer questions beyond effectiveness. When systems thinking is the main lens through which a
complex situation is approached, the evaluation toolbox should adapt accordingly.

STCS-informed evaluation includes the involvement of stakeholders with different viewpoints in the
selection of adequate outcomes. In line with its pluralist perspective STCS-informed evaluation also
favours study designs with multiple methods. This should lead to contextualised understandings of
how an intervention induces change as well as the enablers and constraints across different contexts.®

10.6 A brief introduction of systems thinking approaches

We will present in what follows three systems thinking perspectives: system dynamics and the viable
systems model, both from the hard systems tradition, and soft systems methodology (SSM) from the
soft systems tradition. Each perspective has its own objectives and represents a different way to
approach complexity.

10.6.1 System dynamics

System dynamics are situated within the hard systems thinking wave which was popular in 1950s-
1960s and referred to as the first wave of systems thinking. With foundations in economic sciences, it
assumed objectivity and therefore quantitative modelling was most used. Agreement was supposed
among individuals within a system about a predetermined and unproblematic goal.#?*

System dynamics are a toolbox to model the dynamics of complex systems, to solve complex
problems, and are concerned with how and why systems change over time.#25 426 The main goal is to
increase the understanding of the problem under study in order to —in a next step — intervene in a
system and change it in the desired direction.#?6 Hence, it is not only a diagnostic tool, but it is also
action-oriented. System dynamics can be used to evaluate complex intervention programmes and
diagnose what goes well or wrong.
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System conceptualisation encompasses what parts to include in the system, based on a hypothesis
of what creates the observed behaviour. Often the modelling starts simple and small, and complexity
is gradually added. The model’s purpose defines what is inside the system, and what belongs to the
environment. This model boundary should include all the components that are involved in generating
the behaviour of interest. Of most interest is capturing the feedback loops, rather than the detailed
specification of the individual parts. The focus should be on explaining the dynamics, not on explaining
the components of the system.426

A model is most presented graphically by means of a causal-loop diagram. In causal loop diagrams,
causal links are used to clarify how one variable influences another and are indicated with a single
headed arrow with a sign (- or +) added. ‘+’ means that all else equal, the two variables will follow the
same trajectory over time, i.e. increases or decreases in the variable at the beginning of the arrow will
result in increases or decreases in the variable at the end of the arrow. For ‘-* the opposite is true:
increases in the variable at the beginning of the arrow will result in decreases in the variable at the
end of the arrow.

When two variables are interconnected with causal links, it is called a causal loop. More precisely, a
causal loop is a closed causal connection that forms a circular relationship among variables. In
complex systems it is common to have multi-loop diagrams representing complex feedback structures.
In a feedback loop every element is both ‘cause’ and ‘effect’. For every variable you can trace links
that represent influence on another element. This way cycles are revealed that repeat themselves.
Causal loop diagrams can be made by means of Kumu.io or Vensim.com. Both are widely used tools
in system dynamics and Vensim is specifically used to quantify causal loop diagrams. Figure 36
presents an example with increasing numbers of patients increasing waiting times in a clinic, and
increasing waiting times leading to decreasing numbers of patients, leading to decreasing waiting
times again, and so on.402

Figure 36 — Example of a feedback loop
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There are basically two types of causal loops (also called loop polarities):

e A reinforcing loop or positive feedback loop (R): reinforcing cycles can act as engines of
growth or engines of deterioration, in which the growth or collapse continues at an ever-increasing
rate. A small change builds on itself, resulting in big changes after some time. There can be any
number of elements in a reinforcing loop, all propelling each other’s growth. Reinforcing loop
situations generally ‘snowball’ into highly amplified growth or decline. Somewhere sometime the
reinforcing loop will run up against at least one balancing mechanism that limits it. The letter R is
used to mark a reinforcing loop.

e Negative feedback loops or balancing loops (B) tend to counter the original tendency and
balance the result. As illustrated in Figure 36, they generate stability. Balancing processes
generate the forces of resistance, which eventually limit growth. Balancing loops are found in
situations which seem to be self-correcting and self-regulating. The letter B is used to mark a
balancing loop.

In addition to feedback loops also time (ll) needs to be considered. Both in reinforcing and balancing
loops delays may occur. Delays are the points where the link takes a particularly long time to play out.
Delays can have enormous influence in a system, frequently accentuating the impact of other forces.
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When unacknowledged delays occur, people tend to react impatiently, usually redoubling their efforts
to get what they want. This results in unnecessarily violent oscillations. One of the purposes of drawing
systems diagrams is to flag the delays which you might otherwise miss.402

Of note, whether the loop goes in clockwise or counterclockwise direction is not important; only the
loop polarity and causal signs matter.

There are several causal loop templates describing commonly occurring system dynamics, called
system archetypes. Once a specific archetype is recognised to be at work, the theory of that
archetype can be used to expel a particular problem and work toward an intervention. To find out
which archetype applies, a good strategy is to look at the problem situation through the lens of several
different archetypes. Two or three may fit together, each highlighting a different aspect.

In what follows, one archetype (fixes that backfire) is briefly presented as an example. However, many
more archetypes are described in Senge, P. et al. 1994, The fifth discipline field book, p. 125-150,

Meadows, D. 2008, Thinking in Systems, p. 110 — 141, or Daniel H. Kim, 1992, System archetypes |,
p 6-7.395,402,427

The central theme of the fixes-that-backfire archetype is that almost any decision carries long-term
and short-term consequences, and the two are often diametrically opposed (see Figure 37). A problem
symptom cries out for resolution. A solution is quickly implemented (the fix) which alleviates the
symptom (balancing loop), but the unintended consequences of the fix (reinforcing loop) actually
worsen the performance or condition which we are attempting to correct.40?

The fixes-that-backfire archetype can be illustrated with the following example: child abuse is
underreported to authorities. In the US, they made reporting mandatory. However, child protection
services were not reinforced, hence were overwhelmed by the number of reports, and could only
investigate a small part of all reports. By consequence they got the reputation of being untrustworthy.
In response, people decided not to report (although mandatory) and tried to find solutions themselves
or did not do anything. Number of reports decreased again, hence the problem of under-detection was
reinforced.402

Figure 37 — System dynamics model for “Fixes that backfire” — example
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Causal loop diagrams can be quantified by means of stock-and-flow diagrams. Mathematical
modelling can simulate the behaviour of complex systems and is therefore a vital research tool for
exploring complex systems, such as the healthcare system.*?8 A stock and flow diagram describes the
relationships between system variables using stocks, rates and influencing factors. A stock and flow
diagram can be interpreted as mimicking the flow of water in and out of a bathtub. The rates control
the quantity of water that enters or leaves the tub (i.e. the stock). The rate changes over time
depending on the constraints of conditions that are placed on the system.3% 428
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Further reading:

Meadows, D. H. (2008). Thinking in systems. A primer. Chelsea Green Publishing, Vermont.3%

Interesting links related to system archetypes are:

10.

https://thesystemsthinker.com/a-pocket-guide-to-using-the-archetypes/

http://www.systems-thinking.org/arch/arch.htm

http://blog.iseesystems.com/tag/archetypes/

6.2 Viable System Model (VSM)

It is possible to evaluate the viability of an organisation or system, i.e. how well it performs as an open
system seeking to survive in a turbulent environment, and whether it exhibits the necessary
characteristics to thrive. The model can be used as an ideal type against which an actual organisation
can be compared to identify weaknesses, mismatches or missing elements. It can also be used as a
framework for organisation design.+2°

Figure 38 — Schematic representation of the Viable System Model
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The VSM is presented in a graphical way (see Figure 38), as a picture of all the critical components
that are connected in a particular way and are needed for an organisation to be viable. The VSM
architecture consists of 5 subsystems and an environment:

System 1 (S1): the primary operations or the set of activities performed by the system to create
value.

System 2 (S2): represents the conflict resolution function. It includes a set of activities that
reconcile conflicting interests as parts of S1 interact.

System 3 (S3): refers to the management function, which comprises activities that regulate S1,
allocating resources to operations and ensuring that they achieve the desired level of
performance.

System 4 (S4): represents the innovation function, which encompasses activities that are oriented
towards understanding the outside world in function of planning and change. Signals are picked
up, interpreted and turned into meaningful information that may impact the activities of S1 and
S3.

System 5 (S5): represents the identity function, which are management activities that provide the
ground rules and reflect on the system’s governing purpose in the light of a changing environment
and the different interests of the parties affected by the operation of the system.
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The environment is everything that is outside the boundaries of the system. Some authors also refer
to System 3* (S3*) as the audit function of the system, which includes activities that monitor the
activities of S1 to help S3 perform its control function.#30

The subsystems do not necessarily have different teams or departments. One person can perform
several of the functions and can be active in several areas of the model. So the model is fundamentally
different to a conventional organisation chart.#2°

Note that this graphical model is a simple, static systemic structure broken down by type of activity
and connections between those activities, then how can it deal with complexity. VSM does this by
being a recursive or fractal model. Within S1, there will be a set of sub-activities, each of which has
the same system structure as S1 as a whole. So, we have viable systems made up of viable systems
which are made of the same system architecture.#?® Recursive means that the structure has the same
pattern and properties at each level.4?°

Further reading:

Espejo and Harnden (eds.) (1989) The Viable System Model: interpretations and applications of
Stafford Beer’'s VSM, Wiley.

Espinosa, A., Walker, J, Martinez-Lozada, A.C. (2023) The Viable System Model: an introduction to
theory and practice, Journal of Systems Thinking 3 (1).

10.6.3 Soft systems methodology (SSM)

Soft systems methodology (SSM) is a subdiscipline, founded by Checkland and Poulter, that is most
often referred to as representative of the second wave. Whereas quantitative modelling was most
used in the first wave, in the second wave qualitative modelling is favoured, because intersubjective
understanding is sought instead of objectivity. Soft systems approach explicitly integrate the
assumption that an objective representation of reality does not exist: our perspective is always directed
and filtered by our world view. It became important to consider individuals’ perspectives on the goals
to be achieved.*?

Note that SSM uses a specific vocabulary. We will link it to concepts commonly used in evaluation
(e.g. programme theory, intervention, context) where appropriate.

SSM is an approach which in a systematic way tries to establish and structure a debate concerning
actions for improving the problem situation.*3" The SSM process takes the form of a cycle. It is a cycle
of learning which goes from finding out about a problematical situation to defining/taking action to
improve it. The steps in the learning cycle are described below (Figure 39).
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Figure 39 — The SSM’s learning cycle
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FIND OUT ABOUT THE PROBLEMATIC SITUATION

The starting point is a problematical situation characterised by multiple interacting actors with their
own world view and acting purposefully, with intention. This first step could be compared to describing
the (complex) system in the system evaluation theory (SET) described earlier (see section 10.5.2.2).

In the language of SSM four ways of finding out about a problematical situation are described.
e Making rich pictures of interdependencies between actors

Rich pictures are created to show multiple interacting relationships. Knowledge about a situation can
be assembled by means of interviews, reading documents, attending meetings etc. and be
summarised afterwards in a rich picture. The pictures become richer as inquiry proceeds. In making a
rich picture, the aim is to capture, informally, the main entities, structures and viewpoints in the
situation, the processes going on, the issues currently recognised and any potential ones. Qualitative
research techniques (such as observations, interviews, focus groups) are particularly suited to build
rich pictures.

e Analysing the intervention

Identify who are in the roles of ‘client’ (i.e. the person or group of persons who caused the intervention
to happen) and ‘practitioner’ (i.e. the person or group of persons who were conducting the
investigation), and who are people who are concerned about or affected by the situation and the
outcome of the effort to improve it.

e Analysing the social context

If we want to know whether a practical action could improve a situation, the changes involved in
‘improvement’ must be not only desirable but also culturally feasible. They need to be possible for
particular people, with their particular history and their particular world views.

Every time we interact with the situation by talking to people, reading documents, sitting in a meeting,
conducting an interview, we learn about the roles, norms and values characterising a particular group.
Document them by writing down notes or memos.
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e Analysing the political context

The political context is about the disposition of power in a situation and the processes for containing
it. This is a powerful element in determining what is culturally feasible. Politics is also about
accommodating different interests. In this analysis it is asked: ‘how is power expressed in this
situation?’ What are the commodities (e.g. personal charisma, membership of various committees,
reputation, access to information, etc.) which signal that power is possessed in this situation? What
are the processes, by which these commodities are obtained, used, protected, defended, passed on,
relinquished, etc.

FORMULATE ROOT DEFINITIONS

In order to construct an activity model, we need a statement describing the activity system to be
modelled. This description is the root definition (RD), i.e. the description of what the system does, how
and why. This is known as the PQR formula: do P (what), by Q (how), in order to help achieve R (why).
The root definition is written out as a statement modelling a transformation process.

Although the PQR formula helps to define the root definition, which is the basis for the activity model,
it can be further enriched by the use of the mnemonic CATWOE, which stands for Customer, Actor,
Transformation, Worldview, Owner, and Environment. The idea is that purposeful activity, defined by
a transformation process (Transformation) and a worldview (Worldview) will require people (Actors) to
do the activities which make up T (Transformation). It will affect people (Customers) outside itself who
are its beneficiaries or victims. It will take as given various constraints from the environment outside
itself (Environment). It could be changed or stopped by persons (Owners) who are regarded as owning
it.

In evaluation language a root definition could be described as the formulation of the intervention’s
theory of change in one sentence.

BUILD ACTIVITY MODELS

Building activity models means putting together the activities needed to describe the transforming
process, in other words defining and linking the activities needed to achieve the transformation
process. Itis about the activities which do the transforming. Every activity in the model must be linkable
to something in the root definition.

The activity model can be compared with the theory of change of an intervention, as an expression of
how the intervention will lead to the desired results.

USING THE MODELS TO QUESTION THE REAL-WORLD SITUATION

As already explained, the activity models are the devices or tools which enable that discussion is a
structured rather than a random one. The models are sources of ‘good’ questions to ask about the
real situation, enabling it to be explored richly. For example: here is an activity in this model, does it
exist in the real situation? Who does it? How? When? Who else could do it? The questions resulting
from the comparison between the activity model(s) and the real world could be addressed in a focus
group or even an individual face-to-face interview. An informal approach is to have a discussion about
improving the situation in the presence of the models. We could ask whether we would like activity in
the situation to be more, or less, like that in the model. Such questioning organises and structures a
discussion/debate about the real-world situation. The purpose of the discussion is to surface different
worldviews and to seek possible ways of changing the problematical situation for the better.

DEFINE/TAKE ACTION TO IMPROVE THE SITUATION, SEEK ACCOMMODATION

Identifying different world views and seeking ways for improvement, means finding an
accommodation, this is ‘a version of the situation which different people with different worldviews could
nevertheless live with’ (p. 55).493
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Questions which can inspire discussions leading to accommodation are for example, what
combination of structural, process and attitudinal change is needed, how can it be achieved, what
criteria will judge success/lack of success?

These questions represent things to think about when considering changes which are both desirable
and feasible. The question about “enabling action” refers to which actions are needed to make a
potential change accepted. This recognises the social context in which any change is embedded.
Because of this context, introducing the change may require enabling action, which is not directly part
of the change itself.

Further reading:

Checkland, Peter and Poultner, John (2007) Learning for action. A short definitive account of soft
systems methodology and its use for practitioners, teachers and students, Wiley.403

11 DATA REQUIREMENTS AND SOURCES

KEY POINTS

e The identification of data requirements is a core component of every evaluation study and
should start at the earliest stages of the project. Data needs, data sources, data gaps and
planned data collection activities should be explicitly described in the study protocol.

e Data requirements should be driven by the research questions and study design, not by the
availability of existing datasets. Researchers should first determine what information is needed
and then assess whether these data already exist or need to be collected specifically for the
study.

o Different types of data may be required for different components of an evaluation, including
problem description, target population identification, effect evaluation, implementation
evaluation, contextual analysis, quality measurement, costing, budget impact assessment and
economic evaluation. Information required for KCE evaluations commonly include
sociodemographic and socioeconomic characteristics, clinical and epidemiological information,
healthcare utilisation data, process-of-care information, quality indicators, and expenditure and
cost data.

e Administrative databases constitute an important source of information for evaluation studies.
This chapter provides a non-exhaustive overview of major Belgian administrative data sources
collected routinely, such as reimbursement databases and the hospital discharge dataset.
Administrative data offer broad population coverage, large sample sizes, relatively low
acquisition costs, standardised coding and opportunities for longitudinal analyses, subgroup
investigations and data linkage. They may nevertheless be limited by their original financing or
regulatory purpose, incomplete or insufficiently detailed variables, coding practices that may
affect validity, and delays in data availability.

e Clinical registries can provide more detailed disease-specific information than administrative
databases. This chapter focuses on legally mandated registries with high population coverage,
such as the Belgian Cancer Registry, as voluntary registries may be affected by selection bias.

e Recurrent population surveys complement administrative data by providing information that is
typically unavailable in routine healthcare databases, such as self-reported health status, quality
of life, health behaviours and non-reimbursed healthcare use. National surveys such as the
Health Interview Survey are therefore important sources for evaluation studies.
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e Understanding each data source is essential before using it in an evaluation. Researchers
should familiarise themselves with the primary purpose of the data source, population coverage,
variable definitions, coding systems, data collection procedures and known limitations.

e Close collaboration within the research team and with the KCE data manager, data analysts,
etc. is crucial. Input from data holders, healthcare professionals and coding experts may be
necessary to ensure appropriate data selection, interpretation and validation. In addition, study
findings derived from routinely collected data should be critically assessed against evidence from
the literature and, where appropriate, validated with stakeholders from the field. Unexpected
findings may reflect data limitations, coding practices or contextual factors rather than true
effects.

e Access to health data generally requires formal approval procedures and should be initiated
as early as possible. Securing access often involves substantial preparatory work, legal and
governance processes, and close interaction with the KCE data manager throughout the data
cycle. The data process cycle should be considered from study conception to data destruction.
Data identification, access, acquisition, linkage, preparation, analysis, reporting, governance and
end-of-life procedures are interdependent steps that require early planning and continuous
oversight.

11.1 Role of data in the evaluation programme

Data are a fundamental component of studies conducted within the evaluation programme and are
essential for assessing whether an intervention achieves its intended objectives, for whom, under
which conditions, and at what cost. The data requirements should therefore be considered from the
outset of the study and should be directly linked to the evaluation questions, the chosen evaluation
design and the outcomes of interest. It is also important to distinguish between data needed to plan
the study and data collected or used to conduct the evaluation. Rather than starting from the data that
happen to be available, the evaluation should first identify the information required to answer the
relevant questions and subsequently determine whether these data are available, fit for purpose, or
need to be collected specifically for the evaluation.

Data may be required at different stages of the evaluation. At the planning stage, data can be
used to describe and characterise the target population, establish baseline levels of relevant outcomes
and resource use, identify potential comparators, and assess the feasibility of the proposed evaluation
design. During implementation, data may be needed to document intervention exposure, reach, fidelity
and adaptations, as well as contextual factors that may influence implementation. During the outcome
evaluation, data are required to assess effectiveness, safety, unintended consequences and, where
relevant, differences in effects between population subgroups. Data on resource use, costs and
outcomes are additionally required when an economic evaluation or broader assessment of economic
impact is undertaken.

The study should make a clear distinction between routinely collected data and data collected
specifically for evaluation purposes. Routine administrative data can provide important
opportunities for efficient and large-scale evaluation, but their availability does not necessarily imply
that they are suitable for every evaluation question. Variables may be incompletely recorded,
definitions may differ between data sources or over time, and information on important outcomes,
contextual factors or potential confounders may be absent. Conversely, primary data collection can
provide information that is not available in routine sources but may increase the cost and burden of
the evaluation. The choice between existing and newly collected data should therefore be based on
their relevance, validity, completeness, timeliness, feasibility and associated costs.

Data quality, accessibility and governance should be considered from the outset of the study,
alongside the evaluation design. The suitability of each data source has to be assessed in relation to
its intended use, taking into account legal and ethical conditions and the rules and procedures
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governing the use, protection and sharing of data. These considerations should inform the selection
of data sources and, where relevant, the interpretation of study findings.

Itis important that in the data analysis part of the study protocol these principles are translated into
study-specific data requirements. For each evaluation question, it should specify the data required,
how the relevant variables and outcomes will be defined and measured, the data sources to be used,
the timing and frequency of data collection, and any requirements for data linkage. The protocol should
also document the rationale for selecting the data sources, anticipated limitations in data availability
or quality, and how these limitations will be addressed. Where data are collected specifically for the
study, the protocol should describe the data collection procedures and responsibilities. Where
routinely collected or data collected for a different purpose are used, it should describe the relevant
extraction, linkage and validation procedures.

It is good practice to discuss a draft protocol with relevant KCE domain experts and, where
appropriate, with other colleagues with expertise in specific data sources or data linkage. The draft
should also be discussed with the KCE data manager (see also section 11.5).

11.2 Data sources

A wide range of data sources may be relevant, depending on the evaluation question. This section
focuses primarily on routinely collected administrative data, as these provide an important source
of information for many evaluations. However, registries, surveys, clinical records and data collected
specifically for an evaluation may also be relevant, particularly when they provide information that is
not available, or is insufficiently detailed, in administrative data. A brief overview of surveys and
registries is therefore also included.

Administrative databases contain data collected primarily for administrative, regulatory or financial
purposes, rather than specifically for research or evaluation. In healthcare, these include, for example,
data generated through the reimbursement of healthcare services, hospital activity or health insurance
eligibility. Although their primary purpose is administrative, such databases may also contain
information relevant to clinical or other evaluation questions, such as diagnoses, procedures,
treatments, healthcare utilisation and patient characteristics.

The distinction between administrative and other types of data is not always clear-cut. The same data
may serve multiple purposes and may be combined with or linked to other data sources. For example,
administrative healthcare data may be linked to clinical registries to obtain more detailed information
on clinical characteristics and outcomes. Conversely, some databases that are primarily intended for
clinical or monitoring purposes may also contain administrative information, such as the number of
beds per service recorded in the Minimal Hospital Data (MZG — RHM). The classification of a
database should therefore not be considered a sufficient basis for assessing its relevance to
an evaluation. Data sources differ in their purpose, coverage, definitions, level of detail, quality and
accessibility, and no single source will generally provide all the information required for an
evaluation. Data sources should therefore be selected based on the evaluation question and the
information needed to answer it. Depending on the evaluation, combining different sources may be
necessary to obtain the required information and provide a sufficiently complete basis for the analysis.

The overview of routinely collected administrative data presented here is not exhaustive, and other
data sources may therefore need to be considered for a specific evaluation. An overview of databases
containing health- and healthcare-related data is available on the Health Data Agency’s (HDA)
platform (https://catalog.hda.belgium.be). For more detailed information on the administrative
databases described below, we refer to the HDA catalogue for up-to-date information.
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11.2.1 Administrative databases

STRENGTHS AND LIMITATIONS

Belgium has a wide range of administrative data that can be used for health and healthcare research.
These data provide an important resource for evaluations, particularly when information on healthcare
use, expenditure, population characteristics or care processes is required. However, administrative
data are collected primarily for administrative, financial or policy purposes rather than research. Their
usefulness therefore depends on the research question and on the content, quality and accessibility
of the data. Administrative data should not be assumed to be suitable simply because they are
available; their strengths and limitations should be assessed for each evaluation.

Administrative data have several important advantages. They are generally less costly to use than
collecting new data and do not impose an additional burden on respondents. Because they are
recorded as part of routine administrative processes, they may avoid some sources of measurement
error associated with surveys, such as recall and social desirability bias. They reflect real-world
practice and have the advantage that they include the heterogeneity of the covered population,
including difficult to reach groups. They can provide detailed longitudinal information on healthcare
use or expenditure over long periods, often for very large populations. Regular or continuous updates
can also make them useful for monitoring changes over time. Systematic registration procedures and
quality checks may further support data quality, while broad population coverage can allow analyses
of population groups or geographical areas that would be difficult to study using surveys. They offer
the potential to be linked with other data sources.*32

Administrative data also have important limitations. They are rarely sufficient on their own to
answer a research question, as variables relevant to the evaluation may not have been collected for
administrative purposes. Researchers generally have no control over which variables are recorded,
how they are defined or when definitions change. Information such as education, household
composition, health behaviours, preferences, experiences or attitudes may therefore be absent. They
also often lack clinical details (e.g. absence of lab tests).433 Even when a relevant variable is available,
its definition, reference period, coverage or level of detail may not correspond to the research question.
Variables that are not central to the administrative process may also be less complete or subject to
changes in recording practices. Over- or under-registration may also occur when data collection is
linked to financial incentives or reimbursement, as the way information is recorded may affect or be
affected by the reimbursement process. Documentation may be limited, and changes in coding
systems or definitions over time can affect comparability. The large samples entail the risk of giving
an illusion of great power and precision. Finally, data protection and bureaucratic requirements may
make access, linkage and publication more complex.*32

Hereunder we describe the most common administrative databases that can be relevant to use in a
KCE evaluation study without trying to be exhaustive in the data sources nor in the description of what
they entail and how they are set up. It is the responsibility of each research team to further explore
this more in detail when data sources are selected to be used in a KCE study.

IMA — AIM DATABASE

The InterMutualistic Agency (IMA — AIM) database is a partnership of the seven Belgian sickness
funds that collects and combines detailed administrative health insurance data in a common format. It
covers healthcare reimbursed by the compulsory health insurance and healthcare used by residents
insured under this system. The database combines three main types of data: (1) population data,
including sociodemographic and social security characteristics; (2) reimbursed inpatient and
outpatient healthcare expenditure, including procedures, services, hospital admissions and
pharmaceuticals supplied by hospital pharmacies; and (3) reimbursed pharmaceutical expenditure for
medicines and other products supplied through public pharmacies (Pharmanet).

The database is available at individual patient level and allows longitudinal follow-up of healthcare
use, including inpatient and outpatient care, before and after an intervention. It does not contain
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patients’ diagnoses or other clinical information as such. Proxy variables for selected health conditions
can partly address this limitation. For example, IMA — AIM calculates pharmaceutical cost groups that
indicate the potential presence of a chronic pathology based on reimbursed pharmaceutical use (see
https://metadata.ima-aim.be/nl/app/vars/FKG XXX Pa (NL); https://metadata.ima-
aim.be/fr/app/vars/[FKG XXX Pa (FR)). It is important to carefully consider the use of such proxy
variables as they can underestimate or overestimate the presence of a health condition depending on
the specificity and sensitivity of their definitions.

The most common way to select data from the IMA — AIM database is through the RIZIV — INAMI
nomenclature of healthcare (NL; FR) or by identifying pharmaceutical products of interest (NL; FR).
For the latter, the Anatomical Therapeutic Chemical (ATC) classification system is of particular interest
(see also IMA — AIM metadata NL; FR).

Healthcare not covered by compulsory health insurance is not captured in the IMA — AIM data. For
example, certain pharmaceuticals like benzodiazepines are prescription-only but not reimbursed and
are therefore not present in the data. These limitations should be considered when defining the study
population and interpreting healthcare use and expenditure data.

The IMA — AIM data also give rise to several derived databases for specific purposes. Further
information is available at https://ima-aim.be/-Onze-databanken-?lang=nl (NL) and https://ima-
aim.be/-Nos-banques-de-donnees-?lang=fr (FR). Aggregated data can be consulted in the publicly
accessible IMA Atlas.

PERMANENT SAMPLE (EPS)

The InterMutualistic Agency also compiles and manages the Permanent Sample (EPS), a
representative longitudinal sample of the IMA — AIM population containing healthcare consumption
data from 2002 onwards. The sample consists of randomly selected members of the sickness funds,
stratified by age and sex. Approximately 1 in 40 members under the age of 65 are included, compared
with 1 in 20 among those aged 65 and older. The higher sampling rate among older people improves
the precision of estimates for this group, which generally incurs higher healthcare costs and would
otherwise be underrepresented.

The EPS can be useful for analyses of sufficiently large populations, particularly for common
conditions. Extrapolation based on the stratified age and sex sampling design can allow for
conclusions at the level of the Belgian compulsory insured population. However, additional checks
using other information are necessary to verify the potential representativeness of the study
population, e.g. by verifying the expected occurrence of selection criteria like RIZIV — INAMI
nomenclature or pharmaceutical products codes. For rare conditions or small target populations,
however, the sample may not provide a sufficient number of observations. Further information is
available at hitps://metadata.ima-aim.be/nl/app/bdds/Ps (NL) and htips://metadata.ima-
aim.be/fr/app/bdds/Ps (FR).

RIZIV — INAMI DOC. N

The N documents (Doc. N) contain monthly aggregated data on reimbursed amounts, number of cases
and, where applicable, days, by year of realisation (i.e. the date of the intervention), accounting year
(i.e. the year in which the reimbursed amount was paid), and RIZIV — INAMI (pseudo-) nomenclature
code.

Doc. N do not contain information on the prescriber or healthcare provider. Data are available by
patient social category (for example, entitled to increased reimbursement or not, self-employed or
salaried employee), district (arrondissement), age and sex, but not at individual patient level. As the
data are aggregated and do not contain individual patient records, they cannot be linked to another
database to follow individual patients over time, nor can they generally be used to estimate the number
of unique patients. An exception is when the data concern a convention that is registered once per
patient per year, in which case the number of records can be used to estimate the number of patients.
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Two versions of Doc. N are available: at 18 months and at 24 months. The 24-month version is
considered exhaustive, as healthcare attestations (documents certifying the provision of care) must
legally be submitted to the sickness funds within two years of the date of care delivery to qualify for
reimbursement. The 18-month version, which is available more rapidly, is already more than 95%
complete. Every six months, the sickness funds complete the data by adding information on age, sex,
social category and patient district. RIZIV — INAMI subsequently makes aggregated versions available
to subscribers, such as KCE, on a quarterly basis.

The main advantage of Doc. N is their broad coverage of reimbursed healthcare activity, while their
aggregated nature limits analyses to population-level volumes and expenditures. They are therefore
not suitable for patient-level analyses, patient follow-up or analyses requiring linkage with other
databases.

RIZIV - INAMI DOC. P

RIZIV — INAMI Doc. P consists of semi-annual statistical tables by (pseudo-) nomenclature code,
healthcare provider, prescribing physician, place of intervention and patient residence. Codes that are
not linked to a healthcare provider (e.g. a hospital) are not included.

Doc. P enables RIZIV — INAMI to monitor reimbursements received by the same patient, but only
within the framework of its statutory missions. This level of detail is not available to third parties, such
as KCE.

HOSPITAL BILLING DATA

The Hospital Billing Data comprise reimbursement and billing information for hospital stays covered
by compulsory health insurance. Hospitals bill the patient’s sickness fund for the services provided,
based on the RIZIV — INAMI nomenclature. The data cover a broad range of hospital services,
including fees charged by physicians and other healthcare providers, pharmaceuticals and implants
or invasive medical devices, as well as lump-sum payments per admission and per diem. A subset of
these transactions is transmitted annually by the sickness funds to RIZIV — INAMI in two datasets:
Anonymous Hospital Stays (Anonieme Ziekenhuisverblijven / Séjours hospitaliers anonymes;
AZV — SHA) for inpatient stays and Anonymous Day-care Stays (Anonieme DagHospitalisaties /
Hospitalisations de jour anonymes; ADH — HJA) for day-care stays.

The AZV — SHA and ADH — HJA data are available at patient level and can be used to analyse hospital
utilisation over time, including repeated admissions, and to study healthcare pathways when linked to
other data sources. For registration year Y, the data cover stays from 1 July Y-1 to 30 June Y+1 and
are transmitted by the sickness funds to RIZIV — INAMI in January Y+2. Since registration year 2017,
patient supplements are included in the AZV — SHA and ADH — HJA data. Since registration year
2019, non-reimbursed implants and long-term invasive medical devices can be identified at patient
level through their notification codes, together with the amounts paid by patients.302

MINIMAL HOSPITAL DATA

All general (including university) hospitals are required to submit twice a year a comprehensive set of
data on inpatient and day-care hospital stays and emergency department contacts to the Federal
Public Service Public Health (FOD — SPF). Day-care data include surgical and non-surgical day-care
stays that meet the applicable registration criteria. In general, all stays for which the patient was
discharged in the registration semester are in scope, with some additional stays based on long
duration and VG-MZG - DI-RHM registration requirements (see below).

These Minimal Hospital Data (Minimale Ziekenhuis Gegevens / Résumé Hospitalier Minimum;
MZG — RHM) contain demographic, clinical and hospitalisation-related information, including hospital
and site identifiers, patient characteristics, admission and discharge information, diagnoses,
procedures, nursing units, length of stay and discharge status. They also contain the information
required to classify hospital stays using the 3M™ All Patient Refined Diagnosis Related Group (APR-
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DRG) system, including the Severity of lliness (SOI) and Risk of Mortality (ROM) subclasses. APR-
DRG classification is based on information such as the principal and secondary diagnoses,
procedures, age and sex, with additional variables used for specific groups, such as birth weight for
neonates.

The data are compulsory and pseudonymised and cover hospital episodes regardless of the patient’s
insurance status. The MZG — RHM can be used, among others, to analyse hospital activity, patient
characteristics, case mix and care pathways. For example, the data can be used to identify admissions
and readmissions within the same hospital, although they do not directly identify readmissions to
another hospital. The TCT data, which link hospital and reimbursement data, can be used to identify
readmissions across hospitals (see below).

The most common way to select data from the MZG — RHM is by diagnose or procedure as classified
in the ICD-10-BE classification system (NL; FR). Like with all code selection lists, it is important to
have the code selection validated internally as well as externally, by subject-matter experts and data
experts from the FOD — SPF, to assure accurate coverage.

The MZG — RHM also includes a structural data module describing the organisation and physical
structure of hospitals. It provides information on hospitals and their sites, nursing units and bed indices,
including the number of beds and associated cost centres. It also contains information on hospital
associations. The research team should also determine the most appropriate unit of analysis for the
study, i.e. the hospital as a whole or an individual hospital site, depending on the research question.
The site level is important when specific services or activities are licensed at site level rather than at
hospital level, for example when only one site of a hospital is licensed to operate a breast clinic.

More detailed information on the data and variables is available on the FPS Public Health website and
in the HDA catalogue.

TECHNICAL CELL (TCT) DATA

The Technical Cell (Technische Cel / Cellule Technique; TCT) is a joint service of RIZIV — INAMI and
the FOD — SPF. lts role is to collect, link, validate and anonymise hospital-related data and, where
appropriate, to act as a trusted third party for linking data sources. Each year, the TCT links the Minimal
Hospital Data (MZG — RHM) with hospital reimbursement data from the sickness funds (AZV — SHA
and ADH — HJA) to support analyses of the relationship between healthcare expenditure and the
conditions treated, as well as the development of hospital financing rules, accreditation standards and
quality requirements. Figure 40 provides an overview of the structure of the information available in
the TCT data.
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Figure 40 — Structure of the information available to KCE in the TCT data
MZG-RHM (FPS for Health) AZV-SHA - ADH-HAJ (RIZIV-INAMI)
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The resulting linked database combines information on hospital episodes with information on
reimbursed hospital care. As the linkage relies on sickness fund reimbursement data, the TCT data
cover patients insured under the compulsory health insurance scheme. Patients without such
insurance coverage, as well as information on occupational diseases and occupational accidents, are
therefore not included. Also, the linkage is quite comprehensive but not exhaustive as the linkage
depends on matching stays and patients between the two sources.

Access to TCT data by KCE is provided for in the legislation establishing the TCT. The data available
to KCE are subject to the scope of the data-delivery agreement and therefore do not include all
variables present in the underlying datasets; in particular, the implant notification codes and patient
supplements available in AZV — SHA / ADH — HJA are not included in the TCT data accessible to KCE
and the reimbursements of clinical biology are grouped. More information on the MZG — RHM
variables included in the linkage is available on the FPS Public Health website.

NURSING MINIMAL DATA SET

The Nursing Minimal Data Set (Verpleegkundige Gegevens van de Minimale Ziekenhuis Gegevens /
Données Infirmieres du Résumé Hospitalier Minimum; VG-MZG — DI-RHM) provides standardised
information on nursing activities in Belgian acute hospitals and is used, among other purposes, as a
basis for hospital financing. Data collection is mandatory and takes place during four registration
periods each year, covering the first 15 days of March, June, September and December. Registration
covers nursing units in acute hospitals, excluding psychiatric nursing units, operating rooms and
emergency departments.433
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The VG-MZG / DI-RHM records nursing care at the level of a care episode, defined as a period
beginning or ending with a transfer between nursing units or at midnight. Consequently, a patient may
have several care episodes during a single day, for example when transferred between units or before
and after surgery. The data provide information on the nursing activities actually performed, covering
domains such as basic (e.g. hygiene care), and complex physiological care (e.g. administration IV
medication), behaviour (e.g. cognitive therapy), safety (e.g. monitoring vital observations), family and
relatives (e.g. post-partum care), and healthcare management (e.g. multidisciplinary concertation).

The data describe care actually delivered rather than care required. They can therefore be used to
examine patterns and intensity of nursing activities, but do not by themselves allow assessment of
whether the observed level of care was appropriate or sufficient. The VG-MZG / DI-RHM is a separate
module within the MZG — RHM, implying that the nursing data can be complemented with patient-level
and hospital-level information. For example, the MZG — RHM can provide information on age,
comorbidities and hospital characteristics.

MINIMAL PSYCHIATRIC DATA

The Minimal Psychiatric Data (Minimale Psychiatrische Gegevens / Résumé Psychiatrique Minimum;
MPG — RPM) are a mandatory administrative registration for psychiatric hospitals and psychiatric
departments of acute hospitals in Belgium. The registration provides information on patients receiving
psychiatric care and is used for healthcare policy, planning, financing and monitoring of psychiatric
services.

The MPG — RPM comprises three types of data: structure data, continuous data and sample-based
data. Structure data provide information on the organisation and characteristics of the psychiatric
service, such as the type of service and its capacity. Continuous data are recorded for patients
throughout their medical-psychiatric stay and include information on patient characteristics, admission
and discharge, diagnoses, treatment and the end of the stay. Sample-based data are collected for a
sample of patients during maximum two registration weeks per calendar year, with each registration
week covering seven consecutive days. They provide more detailed information on patients' presence,
functioning and care activities during these observation periods and therefore do not provide
continuous information throughout the psychiatric stay.

The different types of MPG — RPM data can be used to analyse psychiatric care, including the
characteristics of psychiatric services, patient profiles, diagnoses, admissions and discharges, length
of stay and care activities. The scope and frequency of the information therefore differ between the
three types of data. Individual-level MPG — RPM data can be requested from the FOD — SPF, subject
to the applicable data-access and information-security procedures.

More detailed information on the data and variables is available on the FPS Public Health website and
in the HDA catalogue.

FINHOSTA

Belgian hospitals are required to submit financial, accounting, personnel and operational data to the
FOD — SPF through Finhosta, a mandatory data collection system.

The Finhosta data cover four main domains: budget, annual data, financial auditor and social
agreements. The information includes hospital activities, accounting and financial results, personnel,
investments and data required for the calculation of the hospital budget or Budget of Financial Means
(BFM). Finhosta comprises multiple tables within these domains. The FOD — SPF provides detailed
manuals specifying the variables, formats and reporting requirements, which are regularly updated
and publicly available in Dutch and French.

Finhosta provides data at both hospital and hospital-service level, including information from general
and analytical accounting and the allocation keys used in analytical accounting. It is therefore an
important source for analysing hospital costs and resource use. However, caution is warranted when
using these data for cost analyses. A KCE study based on 2019 Finhosta data found substantial


https://www.health.belgium.be/nl/professionals/gezondheidsprofessionals/menselijke-gezondheid/gegevensbeheer/registratiesystemen
https://catalog.hda.belgium.be/search?page=1&query=MPG-RPM&unionType=0
https://www.health.belgium.be/nl/professionals/gezondheidsprofessionals/menselijke-gezondheid/organisatie-gezondheidszorg/organisatie-financiering-ziekenhuizen/finhosta

|
KCE Report 426 KCE Evaluation Programme: Process and methodology 204 u

s

differences between hospitals in how costs were recorded, partly reflecting organisational differences
and insufficiently detailed recording guidelines.3%

More detailed information on the data and variables is available on the FPS Public Health website and
in the HDA catalogue.

11.2.2 Registries

Health registries collect systematically recorded information on individuals, health conditions,
healthcare interventions or outcomes for monitoring, surveillance, quality improvement, research or
other purposes. They vary considerably in their scope, coverage and purpose. Some registries have
broad population coverage and can provide information relevant to population-level analyses and
evaluations, while others focus on a specific disease, condition, treatment or patient group and may
have more limited coverage or a highly specialised purpose. These categories are not mutually
exclusive: for example, the Belgian Cancer Registry has national coverage but is disease-specific (see
Chapter 9). This section therefore focuses on registries with broad population coverage or a wider
relevance for health and healthcare evaluations. Highly specialised or disease-specific registries are
not discussed in detail, as their relevance depends on the specific evaluation question and the
condition concerned.

BELGIAN CANCER REGISTRY

The Belgian Cancer Registry (BCR) is a national, population-based registry that systematically records
cancer diagnoses in Belgium.*3* |t was established in 2005 and has reliable cancer incidence data for
the Flemish Region from 1999 onwards and for the whole of Belgium from 2004 onwards. To ensure
that every newly diagnosed cancer is included in the registry, two legally obliged registrations exist:

o Hospitals with oncological care programmes and basic cancer care are required to register cancer
diagnoses.

e Pathology, clinical biology and haematology laboratories are also legally required to register
relevant test results.

The registry contains information on the patient and the tumour, including demographic characteristics,
diagnosis and date of diagnosis, tumour characteristics and stage, pathology findings, treatment,
follow-up and treatment outcomes. Information on survival and date of death is also available. The
registry therefore provides a basis for studying cancer incidence, stage at diagnosis, treatment
patterns, survival and other aspects of the cancer burden in Belgium. More information can be found
at https://kankerregister.org/nl and in the HDA catalogue.

The BCR data can be used for epidemiological research, monitoring and evaluation of cancer care
and screening, and analyses of quality of care. For example, the registry supports analyses of
differences in cancer incidence and survival between population groups and regions, monitoring of
cancer trends, and evaluation of cancer screening programmes. The BCR also develops quality
indicators for cancer care and conducts research using patient-reported outcomes and experiences.

An important strength of the BCR is the possibility of linking cancer registration data with other data
sources. Subject to the applicable legal and governance requirements, BCR data are enriched with
population and mortality data, health insurance reimbursement data and hospital data, such as
admissions and length of stay. Such linkages can provide information that is not contained in the
cancer registry itself. Two possibilities exist: 1) acquire access to the linked data that are available
with the BCR (the data from the linked data sources such as MZG — RHM or IMA — AMI data are
restricted in scope); 2) acquire permission to link the BCR data with the primary data sources such as
the MZG — RHM and the IMA — AMI data. For both options, the data manager will have to be contacted
to assess which route is the most adequate.


https://www.health.belgium.be/nl/professionals/gezondheidsprofessionals/menselijke-gezondheid/gegevensbeheer/registratiesystemen
https://catalog.hda.belgium.be/search?page=1&query=finhosta&unionType=0
https://kankerregister.org/nl
https://catalog.hda.belgium.be/search?filter__entityType%E2%90%9EtypeNames___false___EQUAL___0=DATASET&filter_platform___false___EQUAL___1=urn%3Ali%3AdataPlatform%3ABelgian%20Cancer%20Registry&page=1&query=%2A&unionType=0
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Publicly available data include aggregated figures by cancer type, sex, region and age in a user
adaptable dashboard, while more detailed anonymised or pseudonymised data can be requested from
the BCR subject to its data-access procedures and applicable privacy and legal requirements.

Several KCE cancer reports have identified limitations, including incomplete or missing information on
clinical stage, recurrence, cause of death and other clinical characteristics. The completeness and
quality of the available information should therefore be assessed for the specific evaluation question
and cancer type.

INTEGO

Intego is an electronic medical record-based primary care database coordinated by the Academic
Centre for General Practice at KU Leuven.*35 Established in 1994, it contains longitudinal information
routinely recorded by participating general practices in Flanders, including patient characteristics,
diagnoses, prescriptions, laboratory test results and other clinical information. Intego-Ili comprises
data from 180 contributing practices, including 135 active practices, and 973 444 unique individuals
as of December 2024. Active patients represented 7.46% of the Flemish population. The database is
organised into modules covering patient information, medical history and clinical encounters. Data are
made available through a secure research environment, with quarterly releases since 2025.

Intego is particularly relevant for analyses of morbidity, primary care, treatment patterns and quality of
care. Its data can also be linked to other sources, including IMA — AIM, to combine clinical information
with data on healthcare utilisation. As the data are derived from routine clinical recording and
participation is not universal, the completeness and representativeness of individual variables should
be considered when interpreting results.

11.2.3 Surveys

Many other data sources may be relevant depending on the evaluation question. In addition to
routinely collected administrative data and registries, this section provides a brief overview of surveys,
which can complement these sources by capturing information that is generally not available in
administrative databases or registries, such as patients’ experiences, health status, quality of life,
preferences and unmet needs. Surveys may also be conducted among healthcare professionals to
collect information on their experiences, practices or perceptions.

The surveys presented here were selected based on their national relevance, established use and
coverage of health or healthcare information that complements routinely collected administrative data.
Other surveys are also conducted in Belgium for specific topics or population groups, but these are
not discussed here because they have a more specific scope and are not intended as general sources
of health or healthcare information.

HEALTH INTERVIEW SURVEY (HIS)

The Belgian Health Interview Survey (HIS), conducted by Sciensano, collects information on a broad
range of health and healthcare domains, including health status and quality of life, lifestyle and health-
related behaviours, preventive practices, mental health and well-being, healthcare use and
experiences, and oral health. It also covers aspects of health and society, such as the impact of health
conditions on daily and social life and collects a wide range of sociodemographic and socioeconomic
characteristics. The survey therefore provides information that is generally not available in
administrative data, including self-reported health, pain or discomfort, anxiety and depression,
mobility, ability to perform usual activities, involvement in treatment decisions and selected measures
of chronic disease prevalence and impact.

I The current database is referred to as Intego-ll. Substantial improvements in data quality, database
structure, operations and accessibility led to the transition from earlier versions to Intego-Il.


https://belgian-cancer-registry.shinyapps.io/data_app/
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The HIS is conducted among a representative sample of the Belgian population, including people
living in nursing homes. Data are collected through face-to-face interviews and self-administered
questionnaires. The standard sample comprises approximately 10 000 participants, with the possibility
of oversampling specific population groups to obtain more precise estimates. Weighting procedures
are used to produce estimates representative of the Belgian population. The survey has been
conducted in 1997, 2001, 2004, 2008, 2013, 2018 and 2023. In 2018, a health survey was conducted
among some of the HIS participants (Health Examination Survey — HES), while in 2023, an oral health
survey (Oral Health Data Registration and Evaluation System — OHDRES) was conducted in selected
HIS participants.

The HIS uses a repeated cross-sectional design, meaning that different samples of the population are
surveyed in each wave. Therefore, longitudinal analyses following the same individuals over time are
not possible. Since 2013, the Belgian HIS has also been part of the European Health Interview Survey
(EHIS).

More information can be found at https://www.sciensano.be/en/projects/health-interview-survey and
in the HDA catalogue.

EUROPEAN UNION STATISTICS ON INCOME AND LIVING CONDITIONS (EU-SILC)

The EU-SILC is a harmonised European survey providing comparable information on income, living
conditions, social exclusion and health. In Belgium, the survey is conducted by Statbel. The annual
sample contains approximately 10 500 households, of which approximately 7 000 private households
take part each year. All household members aged 16 years and over are individually interviewed.
Collective households, such as nursing homes, monasteries and prisons, are not included in the
sample.

The EU-SILC uses a panel design and therefore provides both cross-sectional and longitudinal data.
Since the transition to a six-year panel was completed in 2021, households can participate for up to
six consecutive years, with part of the sample being replaced each year. This makes it possible to
analyse changes over time at the individual or household level, in addition to providing annual cross-
sectional estimates.

The EU-SILC provides representative individual- and household-level information on
sociodemographic and socioeconomic characteristics, including age, sex, education, employment
status, income and sources of income, housing and living conditions, household composition and
health status. In addition to the core questionnaire, ad hoc modules provide more detailed information
on specific topics. A health-related module covering health, lifestyle and healthcare is included every
three years, while a module on quality of life is included every six years.#3 EU-SILC is therefore
particularly useful for analysing socioeconomic inequalities in health and living conditions and for
examining associations between socioeconomic characteristics and health. From 2019 onwards, EU-
SILC underwent major content and methodological reforms, including greater use of administrative
income data and revised weighting procedures, meaning that results from 2019 onwards are not
directly comparable with those up to 2018.4%7

The EU-SILC can also be combined with or linked to other data sources to obtain information that is
not collected in the survey, for example on healthcare utilisation, healthcare expenditure or healthcare
supply. Its suitability for a specific evaluation should therefore be assessed in relation to the
information required and the variables available in the relevant survey wave.

More information can be found at https://statbel.fgov.be/en/themes/households/poverty-and-living-
conditions/faq.

HOUSEHOLD BUDGET SURVEY

The Belgian Household Budget Survey (HBS), conducted every two years by Statbel, collects detailed
information on household consumption and expenditure. It combines interview data with household
expenditure diaries and covers a representative sample of approximately 6 000 households. The


https://www.sciensano.be/en/node/48300
https://www.sciensano.be/node/70794
https://www.sciensano.be/en/projects/health-interview-survey
https://catalog.hda.belgium.be/search?page=1&query=his%2520-&unionType=0
https://statbel.fgov.be/en/themes/households/poverty-and-living-conditions/faq
https://statbel.fgov.be/en/themes/households/poverty-and-living-conditions/faq
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survey includes detailed expenditure data classified according to COICOPX, as well as
sociodemographic and socioeconomic characteristics such as age, sex, household size, region,
income and education. Healthcare expenditure is recorded in detail, including expenditure not covered
by compulsory health insurance, and is valued at the amount paid before reimbursement where
applicable. Some healthcare-related expenses, such as transport costs to healthcare providers, are
not separately identified. Changes in survey methodology and consumption classification mean that
data from before 2012 are not directly comparable with later waves.438. 439

11.2.4 Other data sources

Other sources, including medical records, interviews, ad-hoc surveys, focus groups and direct
observation of healthcare activities, may also be relevant for specific evaluations. For example,
medical records can provide detailed clinical information but are very hard to acquire, while direct
observation can be used to assess practices such as hand hygiene. Interviews, focus groups, direct
observations and data collected specifically for an individual evaluation are not discussed further in
this chapter.

11.3 Overview of relevant data

The data required for an evaluation depend on the evaluation questions and the type of analysis to be
undertaken. Different types of data may be needed to characterise the target population, assess the
implementation and delivery of an intervention, estimate resource use and costs, value healthcare
services using tariffs or prices, assess quality of care, or estimate the budget impact of an intervention.
These purposes are not mutually exclusive, and the same data may be relevant to several types of
analysis. For example, demographic and clinical characteristics may be used both to characterise the
target population and to stratify quality indicators; healthcare utilisation data may be used for costing,
budget impact analysis and assessment of changes in care processes; and data on treatment uptake
may be relevant to both process evaluation and budget impact analysis. The sections below therefore
distinguish between data required to (1) characterise the target population, (2) estimate costs and
tariffs, and (3) assess implementation, care processes and quality, while recognising that some data
may be relevant to more than one of these purposes. The overview of relevant data is not exhaustive.

11.3.1 Data for characterising the target population

These data describe who is eligible for, affected by or potentially reached by the intervention.

11.3.1.1 Sociodemographic characteristics

Sociodemographic information describes the characteristics of the population relevant to the
evaluation, such as age, sex, household composition, nationality or migration background, and place
of residence. These data are primarily used during the planning and design of the evaluation, to
characterise the target population, define and assess comparability between study groups, identify
relevant subgroups, and examine differences in access, outcomes or effects. They may also be used
in the analysis stage to describe the study population and, where appropriate, adjust for potential
confounding or assess differences between population groups.

Kk The Classification of Individual Consumption According to Purpose (COICOP) is an international
nomenclature for classifying household consumption expenditure into categories and subcategories.
Healthcare expenditure is included under COICOP 06. Different versions are adapted to specific regions
(e.g. Europe), countries or purposes, including household budget surveys.
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e Age, sex, community and the statistical sector' of residence are available at individual level
in the Population database of IMA — AIM. Statistical sector as such is usually not relevant but it
allows to add demographic, socioeconomic and environmental statistics of the immediate
neighbourhood where an individual resides.**0 It can provide otherwise unavailable information,
albeit at the cost of precision as the information is at the level of the statistical sector. The dataset
with complete information for year Y is made available in November of year Y+2. Data are updated
annually.

o Household size, household members, the relationship between the entitled person and
dependants, and whether the household is a single-parent family are available in the
Population database of IMA — AIM at household level.

e Household composition, including family nucleus™, household type (LIPRO
classification) and household size are available in Statistics Belgium (Demobel) and the
Datawarehouse Labour Market and Social Protection of the Crossroads Bank for Social Security.
Some variables are available at the level of a statistical sector. At individual or statistical-sector
level, it also provides the position within the household and civil status. The latest available
data are for 2024 and are updated annually.

e Presence of other household members is available in the Population database of IMA — AIM,
which can be used as a proxy for the availability of informal caregivers.

e Population characteristics and area of residence can be obtained from Statistics Belgium
(Statbel). Relevant information includes population size, population density and indicators of
urbanisation, such as the Degree of Urbanisation (DEGURBA). These characteristics can be
used to describe the geographical context of the population or to identify differences between
areas.

o Nationality and migration background can be obtained from Statistics Belgium and the
Datawarehouse Labour Market and Social Protection, at individual or statistical-sector level.
Depending on the evaluation question, indicators may include current nationality, nationality at
birth, parents' nationality or country of origin. At statistical-sector level, these data can, for
example, be used to identify areas with a higher proportion of residents with a non-EU nationality
or non-Belgian country of origin. Nationality and country of residence are also available in the
MZG - RHM.

o Distance-based accessibility: the ‘geographical breakdowns’ published by Statistics Belgium
provide information on the proximity of the population to hospitals. They identify the proportion of
the population living within predefined distances of a hospital, currently 5 km, 10 km and 20 km,
and provide results at different geographical levels, including the municipality. The latest data are
based on population figures as of 1 January 2025 and hospital locations recorded in June 2025.441

11.3.1.2 Socioeconomic characteristics

Socioeconomic characteristics can be relevant when differences in health status, healthcare use or
access to care are expected across population groups. The available indicators differ in their definition,
level of observation and detail; the choice of source should therefore reflect the socioeconomic
characteristic required and the level at which it needs to be measured.

I Statistical sectors are small geographical units within municipalities, used by Statistics Belgium to collect
and disseminate detailed demographic, socioeconomic and environmental statistics and to analyse local
patterns and disparities. In 2025, Belgium comprised 20 781 statistical sectors.

mm https://statbel.fgov.be/en/themes/census/households-and-family-nuclei/family-nucleus
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e Activity status: the Population database of IMA — AIM and the Datawarehouse Labour Market
and Social Protection provide individual-level information on employment, unemployment,
incapacity for work, invalidity and other activity categories.

e Household income: the Population database of IMA — AIM provides proxies for household
financial resources, including entittement of increased reimbursement and receipt of social
assistance. Statistics Belgium provides household income measures, including taxable income,
disposable income and equivalised disposable income, at statistical-sector level.

e Educational attainment: the Census 2021 of Statistics Belgium™ provides information on the
highest educational attainment and current participation in education, available at statistical-
sector level. The Datawarehouse Labour Market and Social Protection provides individual-level
information contributed by the regions.

e Household work intensity: the Datawarehouse Labour Market and Social Protection provides
information on household work intensity at individual and statistical-sector level, including an
indicator identifying households with low work intensity.

o Work incapacity, invalidity and reintegration: the Datawarehouse Labour Market and Social
Protection provides information on periods of incapacity for work and invalidity, as well as on
return-to-work and reintegration trajectories.

11.3.1.3 Epidemiological data

Epidemiological data describe the occurrence and distribution of diseases, health conditions and other
health-related events in a population, including measures such as incidence, prevalence, mortality
and disease progression. Examples of variables relevant to incidence, prevalence and mortality are
discussed below. Other examples are not described here, as they have already been covered in the
descriptions of the available databases in the previous section.

When mortality is an outcome of interest, the research team should determine at an early stage which
data source is required and whether data linkage is necessary. In studies involving hospitalised
patients, a distinction should be made between in-hospital and post-discharge mortality. In-hospital
mortality can be identified from discharge status variables in the MZG — RHM and reflects deaths
occurring during the hospital stay. Post-discharge mortality, such as 30-day, 90-day or longer-term
mortality, cannot be measured using MZG — RHM alone and requires linkage with a source containing
date-of-death information, such as Statistics Belgium mortality data or the IMA — AIM Population
database.

When incidence or prevalence is an outcome of interest, particular attention should be paid to the
validity of the case definition in relation to the characteristics and limitations of the underlying data.
For example, when cases are identified based on reimbursed healthcare use, it should be considered
that some individuals with the condition may not have used reimbursed healthcare and vice versa that
some of the reimbursed services might include people without the target condition. When cases are
defined using diagnostic or procedure classification systems such as ICD or International
Classification of Primary Care (ICPC), researchers should verify the coding rules for diagnoses or
procedures of the respective data source. For example, the MZG — RHM requires, for each specialty,
the registration of one principal diagnosis and all other diagnoses that influence the care provided
during the hospital stay, but excludes diagnoses considered irrelevant to the current stay. When
pharmaceutical use is used to identify cases, researchers should assess whether the products are
sufficiently specific to the condition of interest and are not commonly used for other conditions.

nn The previous census was conducted in 2011.


https://statbel.fgov.be/en/themes/households
https://statbel.fgov.be/en/themes/census
https://statbel.fgov.be/en/themes/population/mortality-life-expectancy-and-causes-death
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11.3.2 Data for costing and tariffs data

Cost data should be distinguished from prices or tariffs used to value healthcare resources. Costs
reflect the resources required to provide a service, whereas prices or tariffs represent the amounts
charged, reimbursed or otherwise paid for that service. A price or tariff may therefore be used as a
proxy for the cost of a service when appropriate, but it does not necessarily reflect the resources
actually used to provide it.

This distinction is particularly relevant when the amount received by a healthcare provider differs from
the cost of providing the service. For example, a hospital may incur costs that are higher or lower than
the amount it receives from public health insurance for a particular service. Conversely, an amount
paid by a payer may include elements that do not correspond directly to the resources used to provide
that service. The appropriate valuation therefore depends on the purpose and perspective of the
analysis. Where the objective is to estimate the resources consumed, costs should be estimated as
closely as possible from the resources required to provide the service. Where the objective is to
estimate expenditure for a payer, the amounts actually paid by that payer may be more appropriate.

The payer perspective and the provider perspective should therefore not be conflated. The
amount paid by public health insurance, for example, represents expenditure for the payer, but does
not necessarily represent the cost incurred by the hospital or other provider. Similarly, a patient's
payment represents expenditure from the patient's perspective but does not necessarily correspond
to the full cost of providing the service. The valuation approach should consequently be determined
by the perspective and purpose of the analysis, taking into account the availability and quality of the
data.

11.3.2.1 Cost data

Finhosta is the only national database providing cost data for hospitals; no equivalent national cost
database is available for other healthcare providers. For hospitals, the Belgian cost-accounting system
records costs by cost centre and cost account. Cost centres represent hospital departments, services
or activities to which costs are assigned, while cost accounts classify costs according to their nature,
such as personnel, supplies, accommodation or depreciation. Cost centres are divided into temporary
cost centres, where costs are initially recorded or accumulated before further allocation, and final cost
centres, such as nursing departments, medical-technical services, consultations and pharmacy, and
non-hospital activities. Costs that cannot initially be assigned to a final cost centre are recorded in
accounts for costs awaiting allocation and are progressively allocated through a legally defined
cascade method, using predefined allocation keys such as surface area, staffing or nursing days.
This system is intended to improve comparability of costs between hospitals, although some allocation
keys may not fully reflect the actual distribution of resources across activities.

11.3.2.2 Prices and reimbursements

We distinguish between healthcare costs covered by insurance and healthcare costs paid directly by
patients, with further distinction according to the type of insurance coverage.

HEALTHCARE COSTS COVERED BY INSURANCE

o Healthcare costs reimbursed by compulsory health insurance: Information on reimbursed
healthcare costs is available from the sickness funds through the IMA — AIM database, subject to
the applicable access conditions. Derivatives of sickness-fund data are also available in several
other Belgian data sources. These include RIZIV—-INAMI datasets such as
SHA — AZV /| HJA — ADH and Doc. P (profiles of healthcare providers), as well as disease-specific
or sample-based datasets such as the Belgian Cancer Registry and the EPS, respectively. The
level of detail and the variables available differ between these sources.

e Co-payments: Information on the amounts paid by patients as co-payments is collected by the
sickness funds and is available through the IMA — AIM database.
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e Supplements: A distinction should be made between hospital and ambulatory settings. Data on
supplements charged in the hospital setting are collected by the sickness funds and are available
in the IMA — AIM database. In the ambulatory setting, only partial data are available in the
IMA — AIM database. Since 2023, physicians billing electronically have been required to report
ambulatory fee supplements to the sickness funds, with the transparency requirements further
extended in 2024. Since September 2025, electronic billing in ambulatory care has been
mandatory, subject to limited exceptions. These billing data are collected by the sickness funds
and are available in the IMA — AIM databases. However, the completeness of the data should be
assessed according to the type of supplement and the period considered.*42

e Most transport costs incurred by patients to access healthcare are not covered by compulsory
health insurance and therefore have to be borne by patients themselves. This includes, for
example, ordinary travel to a GP, hospital or other healthcare provider. Exceptions apply to certain
specific situations, where compulsory health insurance provides a contribution towards transport
costs, such as travel for dialysis or cancer treatment and certain rehabilitation programmes,
subject to specific eligibility conditions. Transport costs should therefore be considered from the
appropriate perspective and, where relevant, included as patient costs.

o Healthcare costs covered by private health insurance: Information on healthcare costs
reimbursed by private insurers exists at insurer level. However, these data are not routinely
available for research through the Belgian health data infrastructure. Consequently, costs
reimbursed by private health insurance may not be fully captured in analyses based on
compulsory health insurance data.

e Costs covered by specific solidarity schemes: information on healthcare costs covered
through specific public schemes may be available from the relevant administrative sources. For
example, the Special Solidarity Fund provides financial support for certain healthcare expenses
that are not reimbursed under the compulsory health insurance scheme.#43

HEALTHCARE COSTS NOT COVERED BY INSURANCE

The Household Budget Survey (HBS) provides detailed information on healthcare expenditure,
including costs not covered by compulsory health insurance and therefore paid by households.

HBS data are internationally used to calculate indicators of catastrophic and impoverishing out-of-
pocket healthcare payments. A limitation for this purpose is the relatively short expenditure-registration
period, which may not capture all healthcare expenditure incurred by households over a longer
period.438

11.3.3 Administrative data and registries for process evaluation and quality measurement

Process evaluations consider three interrelated dimensions: implementation, which examines
whether and how the intervention was delivered as intended; mechanisms of impact, which explore
the processes through which the intervention is expected to produce its effects; and context, which
considers the factors that may have influenced implementation and outcomes (see Chapter 5).
Different types of data may be needed to assess these dimensions, and their suitability varies
depending on the evaluation question.

Administrative data and registries are particularly useful for documenting aspects of implementation
and describing relevant contextual characteristics. They can provide objective information on
whether, when, where and for whom an intervention was delivered, and on variation in implementation
across providers, institutions or population groups. They can also provide information on patient,
provider, institutional or geographical characteristics that may help explain differences in
implementation or outcomes. Data sources may include routine healthcare administrative data,
hospital administrative data and disease-specific registries such as the Belgian Cancer Registry.
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For example, in a process evaluation of the implementation of a new primary care reimbursement
scheme, IMA — AIM data could be used to assess the uptake of the intervention, the number and
characteristics of patients receiving the reimbursed service, the frequency of its use and differences
in uptake between providers, regions or population groups. The data could also be used to examine
changes in related healthcare utilisation before and after implementation. This is relatively
straightforward if interventions are already reimbursed but can be more challenging if a new
intervention is not yet reimbursed or only within e.g. a RIZIV — INAMI agreement specifically drafted
to reimburse a new intervention including an evaluation of that intervention. It is of vital importance
that in such cases extensive concertation between KCE and RIZIV — INAMI is possible during the
drafting phase of a RIZIV — INAMI agreement. The objective is to obtain sufficiently detailed data
registration, e.g. by using RIZIV — INAMI pseudo-nomenclature codes or other ad hoc data registration
to be able to evaluate the actual use of the intervention and potential controls. This should include
monitoring of data registration quality by e.g. RIZIV —INAM or other partners involved in the
agreement.

However, administrative data and registries are generally less suited to understanding mechanisms
of impact within a process evaluation. They rarely capture why an intervention was implemented in a
particular way, how it was experienced by patients or professionals, or how implementation processes
unfolded. Qualitative methods such as interviews, focus groups and observations, as well as surveys
and patient- or provider-reported data, are often needed to understand mechanisms of impact and the
experiences underlying observed patterns, and can therefore provide complementary information on
these aspects.

The same administrative data and registries can also be used to construct quality indicators, which
provide standardised measures of whether specified aspects of care meet predefined standards or
recommendations. They can be particularly useful for applying such indicators consistently across
patients, providers or institutions and, where data are available longitudinally, for monitoring changes
over time. For example, cancer registry and administrative data can be used to measure adherence
to recommended diagnostic or treatment procedures, the timeliness of care, or compliance with a
defined clinical pathway. When quality indicators are compared across providers, relevant case-mix
variables should be taken into account, as differences in patient characteristics, such as disease
severity, comorbidities or socioeconomic background, may influence the results. Not all relevant case-
mix variables are routinely recorded or readily available in administrative databases, which should be
considered when interpreting and reporting the indicators (see Chapter 9 for relevant data sources for
the development of quality indicators).

11.4 Defining study variables from available data

In most research projects, constructs are defined that need to be measured and analysed to try to
answer the research questions. For each of these constructs, an operational definition needs to be
developed by selecting and transforming the raw data included in the data sources.*4*

11.4.1 lllustrative applications

Risk adjustment is commonly used when administrative data are used for comparative analyses (see
also Chapter 3). Comorbidity is an example of a patient characteristic that may be included for this
purpose. In hospital-based studies, several comorbidity algorithms are available, including the
Elixhauser and Charlson algorithms, which are based on recorded diagnoses.**5 The choice between
such systems should take into account their respective strengths and limitations, based on the
international literature on their validity and reliability. However, other considerations may also be
relevant. These include whether an algorithm can be readily applied to the available Belgian data, for
example whether an appropriate version of the Elixhauser algorithm is available for ICD-10-CM
coding,*® and, where the literature does not demonstrate meaningful differences between
approaches, consistency with previous KCE studies.
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The characteristics of the available variables and coding practices in Belgian administrative data
should also be considered. For example, Elixhauser comorbidities can be identified using all recorded
secondary diagnoses or restricted to conditions that were already present at admission. The latter
approach requires systematic availability of a present-on-admission indicator in addition to secondary
diagnosis codes. As coding practices may vary between institutions, consultation with coding experts
is recommended to assess the completeness and consistency of the available information and
determine the most appropriate approach for the study.

Further methodological choices are required after selecting the comorbidity algorithm. The 38
Elixhauser comorbidity categories, for example, can be included separately in statistical models,
preserving detailed information on individual conditions, or combined into a weighted summary index,
as in several international studies. A weighted index allows individual comorbidities to contribute
differently according to their relative association with the outcome of interest. Alternatively, the number
of comorbidities can be counted and categorised into broader groups.

The latter approach was used in KCE Report 412, where the 38 Elixhauser comorbidities were
combined into a categorical variable distinguishing patients with no comorbidity, one comorbidity, two
comorbidities, and three or more comorbidities.3%* This approach was chosen partly to reduce the
influence of differences in coding intensity between hospitals. If some hospitals systematically record
more secondary diagnoses per admission than others, this may result in artificial differences in
measured comorbidity burden. Combining patients with three or more comorbidities into a single
category can partly mitigate the influence of such differences while retaining sufficient discrimination
for risk adjustment.

Another example is the need to define the treatment schedule for each patient in order to assess
the typical use of an intervention and variation in its use between patients, prescribers or hospitals.
The construct of interest could, for example, be the treatment schedule of bevacizumab among
patients with ovarian cancer. The operational definition of this construct could then be specified as
follows, assuming that patients with ovarian cancer can be identified using Belgian Cancer Registry
data and that reimbursement data on bevacizumab are available:

e |dentify per calendar day all reimbursements of bevacizumab defined as the occurrence of all
package codes (CNK)) with a non-zero reimbursement that are associated with Anatomical
Therapeutic Chemical (ATC) code LO1XCO07 for data before 1-1-2022 or ATC code LO1FGO01 for
data after 1-1-2022.

e Calculate the dose administered on each day by using the number of daily defined doses per
package.

e Calculate the delay in days between consecutive days of bevacizumab use.
e Determine a stopping rule for a single treatment schedule, e.g. one of:

o no use of bevacizumab for six months;

o decease of the patient;

o patient no longer covered in the data (e.g. due to emigration);

o end of the available data period.

When requesting data for such an analysis, it is important to balance the need for sufficiently detailed
patient-level information with the need to minimise the amount and level of detail of the data requested,
in accordance with data protection requirements. For example, rather than providing exact dates, the
data may contain the number of days since a reference date that is not disclosed to the analyst.
Similarly, variables such as RIZIV — INAMI nomenclature codes may be provided at a less detailed
level or not provided at all.

Although the operational definition of the treatment schedule may appear specific, its interpretation is
subject to limitations in the underlying data. A reimbursed package does not necessarily mean that
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the product was administered to the patient, nor that the entire package was used. For example, the
dose of bevacizumab depends on body weight, and a vial may therefore not be fully used, resulting in
an overestimation of the administered dose when reimbursement data are used as a proxy. Changes
in coding systems also need to be considered. The ATC code for bevacizumab officially changed in
2022, but this does not necessarily mean that the new code was adopted in Belgian data at the same
time. The previous code may have continued to be used for some time, meaning that both codes may
need to be included when identifying bevacizumab use over the relevant study period.

The definition of a stopping rule for an individual treatment schedule also illustrates the issue of right
censoring that commonly arises in longitudinal administrative data. In addition, left censoring may
occur when patients started treatment before the beginning of the available data period. These issues
should be considered when determining the required observation period and, where necessary,
addressed in the analysis.

Operational definitions of constructs that are central to the research questions should be validated
both internally and externally, for example by subject-matter experts and coding or data experts.

11.4.2 Good-practice principles
Several principles should guide the selection and use of data sources.

e The data requirements should be defined on the basis of the evaluation questions and the
analytical approach. Researchers should first determine which variables, populations, time
periods and level of detail are needed to answer the evaluation questions and perform the planned
analyses. Data should not be selected simply because they are readily available.

e The origin, purpose, population covered, definitions, reference periods and methods of
data collection should be assessed to determine whether a source is appropriate for the
intended use. Researchers should check why the data were originally collected, who is
responsible for their collection, which population and period they cover, how variables are defined
and how the information is recorded. It is, for instance, important to understand the classification
and coding systems that are used. For example, when patient or service selection is based on
nomenclature codes, searching Nomensoft by keywords alone may be insufficient, as this will
only retrieve codes whose labels contain the search terms. The nomenclature is organised into
chapters and articles, with codes grouped according to medical speciality. It may therefore be
necessary to review all codes within a relevant article to ensure that the selection is complete.
Another example is that of a reimbursement database that may provide reliable information on
reimbursed healthcare use but may not capture care that is not reimbursed or information on the
clinical reason for treatment. Similarly, a survey may provide information on health status or
patient experiences that is not available in administrative data but may rely on self-report and
recall.

o Data quality should be evaluated, including completeness, consistency, accuracy and
comparability over time. Researchers should assess whether the required information is
available for the relevant population and period, how much information is missing and whether
values are plausible and internally consistent. They should also consider whether the recorded
information accurately reflects the concept of interest. A healthcare service may be systematically
recorded when it generates a reimbursement claim but be absent when it is not reimbursed. The
extent and pattern of missing data should be examined, rather than assuming that missing
observations are random. For example, cancer staging may be missing for a substantial
proportion of cancer patients for certain hospitals or age groups. How such missing data are
handled, and the potential impact of missing staging information on the validity of the study results,
should therefore be considered.

e Researchers should consider whether the population represented in the data corresponds
to the target population of the evaluation and whether selection or coverage issues may
affect the results. They should check whether particular groups are excluded or under-
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represented, for example because a database covers only people insured under a particular
scheme, patients receiving a particular type of care, participating healthcare providers or people
living in a particular region. They should also consider whether inclusion in the data depends on
characteristics that are related to the evaluation, as this may result in selection bias. For example,
participation in a survey may differ according to age, health status or socioeconomic
characteristics, while healthcare providers participating in a registry may differ systematically from
those that do not participate. Similarly, when complex pancreatic cancer surgery is identified using
claims data, researchers should verify whether the reimbursed procedure used for case selection,
such as a Whipple procedure, is performed exclusively for cancer patients or also for patients with
other conditions. If the procedure is not specific to pancreatic cancer, linking claims data with the
Belgian Cancer Registry may be necessary to identify the target population more accurately.
Differences between the population represented in the data and the target population may limit
the generalisability of the findings.

Any changes in definitions, coding, registration practices or data collection methods over
time should be identified and taken into account. Researchers should check whether
variables have been redefined, coding systems have changed, new registration requirements
have been introduced or the way information is recorded has changed. Apparent changes in
healthcare use or outcomes may otherwise reflect changes in data collection rather than actual
changes in practice. Where possible, researchers should use consistent definitions over time or
document and account for breaks in comparability.

Data access and governance requirements should also be considered from the outset (see
section 11.5). Researchers should determine early whether the required data can legally and
practically be accessed and whether their use requires specific approvals, agreements,
authorisations or data-protection measures. The level of identifiability and the need to link data
sources should be considered when planning the study. Data requirements should also be
sufficiently well defined to allow the necessary access and governance procedures to be initiated
in time.

Assumptions, limitations and important uncertainties related to the data should be
documented and transparently reported. Researchers should record important decisions
about variable definitions, missing data, exclusions, data linkage and the interpretation of
measures, as well as limitations that may affect the results. Where the data do not directly
measure the concept of interest, the assumptions used to derive or approximate it should be made
explicit. These issues should be considered when interpreting the findings and reported
sufficiently clearly to allow readers to assess the robustness and applicability of the results.

These principles help ensure that data are not only available, but also appropriate and sufficiently
reliable for the intended evaluation.

11.5 Procedures for data access

KCE has established procedures covering the entire data life cycle (see Figure 41). This section only
touches on aspects related to the acquisition of data relevant to the research questions agreed upon
in the problem definition and scoping phase.
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Figure 41 — Data processing life cycle

problem

processing

collection

A data analysis plan as part of the study protocol should be developed before requesting the data,
specifying the data sets and variables required, planned analyses, as well as the link to the research
questions. The data analysis plan should be used to determine whether the requested data are
proportionate to the study objectives.

When defining the required data, a distinction must be made between the need for anonymous data
or personal data. Data requests follow different procedures depending on this distinction as well as on
the source of the data, the purpose of the analysis and the proposed data processing.

For anonymous data, researchers can contact the KCE data manager for advice on the availability
and characteristics of the required data, the appropriate data holder and access conditions. For some
data sources, data holders can propose a ‘terms of use’ contract that stipulates the modalities of use
including what parts of the data are to be considered confidential. KCE legal should also be involved
when such a contract is required.

For personal data, researchers should always contact the KCE data manager at the start of the
process, before approaching a data provider or submitting applications for approval. Here too, the data
manager can advise on the availability and characteristics of the required data, the appropriate data
holder, access conditions, and the procedures and approvals that apply to the specific request.

For personal data directly available at KCE, an a priori assessment of the requested data by the KCE
supervising physician is mandatory. The KCE data manager will then collect the data and provide
access in a dedicated analysis environment. After analysis and publishing of the research (end of life
cycle), the data will be removed from the analysis environment, after consultation with the research
team. Personal data acquired for a specific research project cannot be reused in a different research
project.

For personal data that needs to be acquired from data holders or data subjects, additional steps are
usually necessary. If new data are collected prospectively, either from data subjects or data holders,
approval by an ethics committee is required for personal data related to health. New data in this context
are data that have not yet been collected for another purpose. In some studies, the data collection or
processing of personal data is subcontracted to a third party. As KCE remains the responsible
controller, a data processing agreement (DPA) stipulating the type and means of processing and the
respective responsibilities needs to be concluded. KCE legal should also be involved in the process
of drafting and negotiating the DPA.

If the required data concern reuse of already collected personal data, an ‘a priory assessment’ by the
Information Security Committee (Informatieveiligheidscomité / Comité de sécurité de l'information;
IVC — CSI) will be necessary. A positive assessment by IVC — CSI results in a publicly available
deliberation. In addition, most data holders require a data transfer agreement (DTA) that stipulates the
conditions of use and transfer modalities among other things. KCE legal should also be involved in
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the process of concluding a DTA. The KCE data manager, in concertation with the research team and
external parties, provides follow-up and performs the necessary steps during the execution of the
dataflow to acquire the requested data. Once the data are acquired, the data follow a similar life cycle
as described earlier.



KCE Report 426

KCE Evaluation Programme: Process and methodology

B APPENDICES
APPENDIX 1. TO CHAPTER 1

INPUTS ACTIVITIES OUTPUTS IMPACT
INTERMEDIATE

SHORT TERM

LONG TERM

text

text

text

ASSUMPTIONS

218 W

text

EXTERNAL FACTORS

text

CONTEXT




= 219 KCE Evaluation Programme: Process and methodology KCE Report 426

APPENDIX 2. TO CHAPTER 4

Appendix 2.1. Generalised pairwise comparisons

In some studies, selecting a single primary endpoint can be difficult. This may occur for several
reasons. In certain areas, there is no widely accepted primary endpoint within the scientific community.
In other cases, multiple outcomes may be considered equally important. One approach to address
this issue is the use of composite endpoints, which combine several outcomes into a single binary
measure.

A more recent approach is to account for the relative importance of different outcomes by
introducing a predefined hierarchy among them. One of the methods based on this principle is
Generalized Pairwise Comparisons (GPC), which can be viewed as an extension of the classical
non-parametric Mann-Whitney U test. The key idea of GPC is to prioritise outcomes. For
example, in a study evaluating a heart failure management program, the outcomes might be ordered
as follows:

1. All-cause mortality at 12 months
2. Hospitalization for heart failure
3. Quality of life score.

This ordering must be pre-defined in the protocol. In the analysis, each participant in the experimental
arm is compared with every participant in the control arm. If there are ny participants in the
experimental arm and n. in the control arm, this results in nz X n. pairwise comparisons. For example,
if both arms contain 10 participants, this yields 10 x 10 = 100 comparisons (also referred to as pairs).

For each pair:
1. The comparison starts with the highest-priority endpoint (e.g. mortality)

2. If one participant has a better outcome, this determines the result for that pair (“win” or “loss” for
experimental vs control), and the comparison stops.

3. If the outcomes are equal, the comparison proceeds to the next endpoint in the hierarchy

4. This continues until a difference is observed or all endpoints have been considered.
Each pair can result in:

e A win for the experimental intervention

e A win for the control intervention (i.e. a loss for experimental), or

o Atie (no difference across all endpoints).

After evaluating all pairs, the overall result is summarised using the net benefit (NB):

#winsg  #lossesg

NB =
ngXnge ngXnge

The null hypothesis is: Hy,: NB = 0. Statistical testing is typically performed using nonparametric

methods, such as randomisation tests. The net benefit can be interpreted as the difference between

the probability that a randomly selected experimental arm participant has a better outcome than a

randomly selected control arm participant, and the reverse probability.

Sample size calculation for GPC is complex and requires simulation, as it depends on the joint
distribution of the prioritised outcomes. This means that evidence from prior studies or expert
elicitation is needed, not only to specify the effects on each outcome, but also to characterize the
correlations between them.
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Appendix 2.2. Sample size calculation for cluster randomised trial without repeated
measures

INTRA-CLASS CORRELATION

In cluster randomised trials (CRTs), entire groups (or clusters) of individual participants are
randomised to interventions rather than individual participants. Examples of clusters include general
practices, schools, hospitals, or families. Compared to individually randomised trials, CRTs are
generally less statistically efficient. Note that we will only discuss the case of continuous outcomes
in this process note.

The main reason of lower statistical efficiency is that observations within the same cluster tend to
be correlated, with as a consequence that the effective sample size is smaller than the total
number of participants. Such correlations may arise due to factors like shared healthcare providers
(therapist effects), mutual influence between group members, or shared environmental or genetic
characteristics. The degree of similarity of observations within a cluster is quantified by the intraclass
correlation coefficient (ICC), usually denoted by p.

The ICC takes values between 0 and 1:

o p=0: observations within clusters are independent, and clustering has no impact on sample
size.

e p=1: all observations within a cluster are identical, meaning that each cluster effectively
provides only one piece of information.

The ICC tends to be inversely related to the cluster size. In larger clusters, individuals are typically
more heterogeneous and mutual influences between members are relatively weaker. Conversely,
smaller and more homogeneous clusters — such as families — tend to exhibit stronger within-cluster
similarity. For example, general practices with 100s or 1000s of patients usually have very small ICCs,

whereas family-based clusters may have higher ICCs, although these are still rarely close to 1.197. 108,
203

IMPACT ON SAMPLE SIZE: DESIGN EFFECT

Because individual participants within clusters are correlated, the effective sample size is reduced
compared to an individually randomised trial. To maintain the desired statistical power, the total
sample size must therefore be increased, i.e. Ncgr = Nger X D. This inflation is captured by the
design effect D (also called the variance inflation factor):

D =1+ (ng,. — 1)p where n.,, is the cluster size (number of individuals per cluster) and p is the
ICC.

This means that unless p = 0, the total CRT sample size will always be higher than the total RCT
sample size, for the same design parameters.

The sample size formula for the difference of two normally distributed means, based on a RCT
design without clustering,equals?®®

Zl_g+21_ﬁ

2
Ne =N, =2 [ZT] , with

g

e n, =n,the sample size in the experimental and control arm, respectively

ez, _athe z-score (quantile of standard normal distribution) corresponding with a 1 — % probability
2

e § the expected effect size under Ha

e ¢ the standard deviation in the population, assuming equal variance in the experimental and
control arm of the study
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Complete formulas for n,,. (the number of clusters) and n.;,.(the cluster size) for the difference of two
normal means are as follows:

2
Z. a+zi_
=4 1+(ngsize—1p [ 1_% ' 'B]

Ny =
nc
NCsize S5

4(1-p)
2

Nesize =

[

Z_atz;p Npct4p
1-7

These formulas assume that the number of clusters is at least 32. Note further that a design with a
fixed cluster size is more efficient. In case of varying cluster size, this is replaced with the average
cluster size in the formulas.

Appendix 2.3. Sample size calculation for longitudinal CRTs, including stepped-
wedge design

In Appendix 2.2, we described that sample size calculation for a CRT requires an estimate of the intra-
cluster correlation coefficient (ICC). In longitudinal CRTs, where outcomes are measured repeatedly
within clusters over time, additional parameters are required to describe the more complex correlation
structure.

As mentioned before, three main types of longitudinal CRT designs can be distinguished. In a closed
cohort design, the same individuals are followed and measured repeatedly over time, resulting in
longitudinal (or repeated measures) data. In contrast, a repeated cross-sectional study assesses
different individuals at each time point. Finally, in an open cohort design, individuals may enter and
leave the study over time.

In longitudinal CRTs, outcomes are correlated at multiple levels: within clusters, across time
within individuals (in closed cohort designs) and across time within clusters. To capture these
dependencies, three types of correlations are commonly distinguished: the intra-cluster correlation
(ICC) measures the similarity of individuals within the same cluster at a given time point. The cluster
autocorrelation (CAC) reflects how similar cluster-level outcomes are across different timepoints.
Finally, the individual autocorrelation (IAC) measures the similarity of repeated measurements
within the same individual in close cohort designs. IAC does not apply to cross-sectional longitudinal
designs.

The above correlations can be expressed formally through a variance-covariance structure, which
describes how outcomes are related, and which links to the appropriate statistical mixed-effects model.
Three common correlation structures for longitudinal CRTs are exchangeable, nested (or block)
exchangeable, and exponential decay.

Obtaining appropriate estimates of these three types of correlation is not straightforward. The
optimal scenario is the analysis of historical data obtained in similar settings.

The simplest model, requiring the smallest number of parameters is the exchangeable correlation
structure. However, in most cases it leads to an under-estimation of the sample size.

Sample size considerations become even more complex in stepped-wedge designs, where
clusters switch from control to intervention over time. In these designs, the intervention effect is
partially confounded with time. In addition, assumptions about how the intervention effect
evolves over time are required. The most common assumption is an immediate and sustained
effect, but alternative patterns, such as delayed or gradually increasing effects, may also be
considered.08 447, 448

Several tools are available to support sample size calculation for longitudinal CRTs and stepped-
wedge designs, including:

https://clusterrcts.shinyapps.io/rshinyapp/
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https://researchmethodsresources.nih.gov/swart-calculator?page=4

https://douyang.shinyapps.io/swcrtcalculator/

Appendix 2.4. Drop-out and missing data in sample size calculation

In the planning of a study, it is important to account for participants who drop out or are otherwise
unevaluable. This will also depend on the pre-specified analysis population for the primary analysis
(see also section on estimands).203. 211

Often, the primary analysis is an ‘intention-to-treat’ analysis. This means that all participants should
be included in the primary statistical analysis, and that they should be analysed in the intervention
arm, as dictated by the randomisation process. A common conservative assumption in this context is
that there is no treatment difference among unevaluable participants of the two different arms. Under
this assumption, their contribution to the overall treatment effect is zero. As a result, the observed
treatment effect is diluted compared to the true effect among evaluable patients. Formally, if the true
treatment effect is denoted by &, the observed effect 6' becomes: §'= (1-x)X5+xx0=
(1 —x) x &, with x the proportion of unevaluable patients (e.g. 0.1, 0.15 or even 0.5). This reflects the
fact that only a proportion (1 —x)100% of participants contributes to the treatment difference. This
reduction in effect size has direct implications for sample size. To maintain the same statistical power,
the required sample size must increase.

The sample size formula for the difference of two normally distributed means is provided in Appendix
2.2.

The adjusted sample size, taking into account dropout, for the control arm becomes:

2 2
, 5 Zl_%+zl_ﬂ _ Z1—%+Zl‘ﬁ 1
Ne = 2417495 = B
a

intervention without expected drop-out.

1 . .
oz = e oo with n, the sample size for the control

For small values of x, this corresponds approximately to an increase of about 2 x x x 100% in sample

size. For example, if 10% of patients are expected to drop out: (1_1x)2 = 1,23, corresponding with an

increase in the sample size of about 20%.

If, on the other hand, only evaluable participants are included in the final analysis, such as in a per
protocol analysis, this means that a portion of the total sample size is not evaluable, namely xn’. So,
in order to keep an evaluable sample size of n, the updated sample size n’ needs to be n’ = —— as

(1-x)
the evaluable sample size will then be n' —xn’ =n'(1 —x) =n.

Finally, it is important to distinguish between dropout (missing data) and intercurrent events, as
emphasised in the estimand framework. These concepts have different implications for analysis and
interpretation and should be carefully addressed during study design.

Appendix 2.5. Change from baseline and sample size calculation

In a randomised trial, baseline result values are expected to be approximately balanced between
intervention arms. Consequently, in principle, interventions can be compared using only post-baseline
measurements without introducing bias. In some settings, baseline values are not available, for
example when comparing outcomes such as during surgery.

However, when baseline measurements are available, it is generally preferable to incorporate
them into the analysis. Doing so improves statistical efficiency by reducing variability and
thereby increasing power.

There are several approaches to incorporating baseline measurements in the statistical analysis. One
option is to analyse change from baseline, defined as the difference between one single follow-up
timepoint and the baseline measurement for each participant. This usually makes sense if there is
only one follow-up measurement at the end of the study. Alternatively, baseline can be included as


https://researchmethodsresources.nih.gov/swgrt-calculator?page=4
https://douyang.shinyapps.io/swcrtcalculator/

B 223 KCE Evaluation Programme: Process and methodology KCE Report 426

part of a longitudinal analysis, treating it as an additional time point. A third approach is to include the
baseline value as a covariate in a linear model, i.e. an ANCOVA analysis, which makes most sense
in case there are repeated measures. These approaches are closely related and are, in general,
equivalent.#*® In practice, sample size calculations are often based on the change from baseline
formulation because of its simplicity.

Assuming that baseline means are equal across intervention arms, the expected effect size is the
same as when analysing post-baseline values alone. However, the relevant variance differs. For
change from baseline, the sample size calculation is driven by the within-participant variability rather
than the between-participant variability.

Let Y be the single follow-up timepoint measurement and Y the baseline measurement. The variance
of the change from baseline is then given by:

Var(Ye — Yg) = 202(1 — p) = 202, where

e o} is the total variance of the measurement, which is simply the variance of the outcome, with
usually equal variances assumed across intervention arms

e p the intra-class-correlation coefficient, representing the proportion of total variance attributable
to between-participant differences

e g2 the within-participant variance

If historical data with repeated measurements are available, the within-participant variance can be
estimated directly. Otherwise, the variance of the outcome as such may be obtained from prior studies,
and an additional assumption is required for the intra-class correlation.

Appendix 2.6. Adaptive designs

The sample size calculations we have considered are based on a fixed sample design, in which no
substantive changes are planned during the conduct of the study. This approach does not take
advantage of data that accumulate while the trial is ongoing. Unless an IDMC makes unplanned
changes — for example stopping the study due to unacceptable toxicity —the study proceeds to
completion without modifications.

In contrast, adaptive designs are planned from the outset to allow pre-specified modifications based
on interim data, with both the types of adaptations and the rules governing them clearly defined in
the study protocol. A wide range of study design aspects may be adapted, but these can be broadly
divided into two categories:2'6

1. Early stopping of the study for success (superior efficacy of the experimental intervention) or
failure (futility)

2. More structural design modifications, such as
a. Changing the sample size
b. Modifying interventions, such as dropping an unsuccessful arm
c. Changing eligibility criteria of participants

Note that this type of interim analysis is not usually done in studies with complex interventions.”®

GROUP SEQUENTIAL DESIGNS*%°

In clinical trials with a fixed sample design, the total sample size is determined in advance and a single
final analysis is conducted once all data have been collected. A more flexible approach involves
conducting interim analysis during the study, allowing the study to stop early for efficacy or futility,
based on the final results of a part of the study population. Note that this is only applicable if enrolment
happens in a staggered way. If all participants would be randomised at once, then this type of design
would not be applicable.
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In theory, one could perform a statistical analysis after each new observation, i.e. the consecutive
incoming final results of each participant. However, this would require continuous monitoring, which is
rarely feasible.#5" In practice, interim analyses are usually conducted at a small number of pre-
planned occasions. These are usually scheduled by the information fraction, not the calendar
time, e.g. 1 interim when 'z of participants have reached the final endpoint, or 2 interims when 1/3
and 2/3 of the participants have reached it. This is the defining feature of group sequential designs, in
which accumulating data are analysed at specific intervals, based on a proportion of the
participants who have reached the final study endpoint.

As explained before, performing multiple analyses at the conventional significance level « inflates the
type | error rate. Conversely, stopping early for futility reduces study power. The first group sequential
designs were proposed by Haybitlle and Peto, Pocock and by O’Brien and Fleming, and they
required interim analyses at fixed time points defined by the proportion of participants observed. Later
developments introduced alpha-spending (for efficacy) and beta-spending (for futility) functions,
which allow more flexibility in the timing of interim analyses. Commonly used approaches include the
Lan-DeMets alpha spending methods. Despite this flexibility, it is still strongly recommended to pre-
specify the timing of interim analyses.

Group sequential methods usually use more conservative thresholds than would be the case for one
final analysis. This means that, in general, the earlier the interim analysis, the better the observed
interim results need to be to allow stopping for efficacy and the worse to allow stopping for futility.

Figure A. 1 gives an illustration of efficacy (in red) and futility (in blue) stopping rules at 1/3 and 2/3
information time. While a conventional significance level @« = 0.025 corresponds with a z-score of 1.96,
it can be seen in the figure that at the final analysis, this value is a bit higher, corresponding with a
slightly lower a at the last analysis. This is an example of rather conservative stopping rules, where
the threshold needs to be rather extreme in order to stop the study early for efficacy or futility. More
aggressive stopping rules, such as Pocock’s allow to stop the trial in case of less extreme measures.
But these require a higher sample size, in order to preserve pre-specified type | and type Il errors.

Figure A. 1 — Group-sequential design with Lan-DeMets O’Brien-Fleming type alpha and beta
spending functions

(]

—| gnormi 1-0.025)="1.96

Test statistic (Z)

- = Efficacy boundary (Q'Brien—Fleming)
= Futility boundary (non-binding)

T T T
0.33 0.67 1.00

Information Rate

ADAPTIVE TRIAL DESIGN

Group sequential designs are adaptive only with respect to the decision to stop the study early, while
all other design features remain unchanged. In contrast, general adaptive study designs allow for
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prospectively specified modifications to one or more structural elements of the study design,
based on interim data. Such adaptations result in (usually only two) distinct stages: participants
whose final outcomes are available before the design change, and participants whose outcomes are
observed after the change. Separate statistics are calculated for each stage and then combined in a
pre-defined manner to preserve the overall type | error rate. Implementing this approach requires
specialized statistical methods. Two important approaches are the combination-of-tests method
and the conditional Type I error approach.

Adaptive trials may raise concerns mainly related to credibility. As a result, their planning requires
extensive simulation studies to evaluate operating characteristics, including power and type |
error control.*%?
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APPENDIX 3. TO CHAPTER 5: EXAMPLES OF TMFs USED
IN PROCESS EVALUATIONS

Appendix 3.1. Focus on the mechanisms of impact and outcome: the ‘outcome and
system-oriented’ TMFs

Table A. 1 — ENCOMPASS evaluation framework

ENCOMPASS

Developed by A. Luna Pinzon and colleagues (2022)

Origin of the
TMF
o = Guide evaluation of complex public health programmes, operating within complex
Objectives adaptive systems
= Support the design of systems evaluations
= Capture interactions between programme activities, system actors and context
= Support adaptive, theory-informed and systems-oriented evaluation approaches
Main Five iterative stages for conducting a systems evaluation:
components Stage 1: Adopt a system dynamics perspective on the overall evaluation design:

1a. Specify the logic model
1b. Define the aims and scope of the evaluation
1c. Formulate evaluation questions
1d. Form a multidisciplinary evaluation team
- Stage 2: Define the system boundaries: what is inside and outside of the system
under study
- Stage 3: Develop an understanding of the pre-existing system to inform system
change:
3a. Map the pre-existing system
3b. Identify leverage points
- Stage 4: Monitor dynamic programme output at different system levels and
establish real-time monitoring mechanisms, track programme outputs and system
responses, and refine the theory of change through the identification of action
functions and feedback processes
- Stage 5a: measure programme outcome, include intended and unintended
outcomes
- Stage 5b: measure programme impact in terms of system changes, examine the
extent to which changes in the system resulted from the programme
implemented

-> Steps are interconnected and revisited iteratively rather than followed linearly

It can be applied to the evaluation of public health programmes in complex adaptive
systems, from understanding the system, to developing actions to change the system, to
measuring system changes

When to use?

Explicitly designed as an iterative and adaptive evaluation process, rather than a linear
sequence of steps

Strong emphasis on complexity, systems thinking, and co-evolution of intervention and
context

Encourages ongoing refinement of programme theory and methods during the evaluation.

Value of ENCOMPASS lies in integration of key characteristics from existing systems
evaluation studies and in its practical, applied focus

Comments

Source: Luna Pinzon et al.%®
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Appendix 3.2. Focus on the context: ‘context and system complexity’ TMFs

Table A. 2- NASSS: Non-adoption, Abandonment, Scale-up, Spread and Sustainability

framework

NASSS

Origin of the
TMF

Objectives

Main
components

When to use?

Developed by Trisha Greenhalgh and colleagues (2017)

= Explain why complex health and care technologies succeed or fail

= Understand adoption, non-adoption, abandonment, and sustainability
= |dentify factors influencing scale-up and spread

= Support planning for long-term implementation success

Six core domains plus a seventh domain addressing adaptation and sustainability over
time:
1. Condition (nature of the health condition)
1A. What is the nature of the condition or illness?
1B. What are the relevant sociocultural factors and comorbidities?
2. Technology (characteristics and usability)

2A. What are the key features of the technology?
2B. What kind of knowledge does the technology bring into play?
2C. What knowledge and/or support is required to use the technology?
2D. What is the technology supply model?
3. Value proposition (benefits and costs)

3A. What is the developer’s business case for the technology (supply-side value)?
3B. What is its desirability, efficacy, safety, and cost effectiveness (demand-side
value)?
4. Adopter system (staff, patient, and lay caregiver[s]), the health or care
organisation(s) (including attention to the work of implementation and adaptation)

4A. What changes in staff roles, practices, and identities are implied?
4B. What is expected of the patient (and/or immediate caregiver) and is this
achievable by, and acceptable to, them?
4C. What is assumed about the extended network of lay caregivers?
5. Organisation(s) and social context

5A. What is the organisation’s capacity to innovate?
5B. How ready is the organisation for this technology-supported change?
5C. How easy will the adoption and funding decision be?
5D. What changes will be needed in team interactions and routines?
5E. What work is involved in implementation and who will do it?
6. Wider system (policy, regulation, infrastructure)

6A. What is the political, economic, regulatory, professional (e.g., medicolegal), and
sociocultural context for programme rollout?
A seventh domain considers embedding and adaptations over time (complexity dynamics)
7A. How much scope is there for adapting and coevolving the technology and the
service over time?
7B. How resilient is the organisation to handling critical events and adapting to
unforeseen eventualities?
- Domains are interdependent and dynamic rather than linear
To assess and anticipate challenges in scaling, sustaining, or discontinuing complex
interventions or technologies

Could be used:

1. at an early stage in a technology development to inform technology and service
design,

2. in strategic planning to identify technological innovations that (perhaps despite policy
enthusiasm) have limited chance of achieving large-scale, sustained adoption

3. in technology implementation projects to address the micro-level challenges of
individual adoption, the meso-level challenges of organisational assimilation, and the
macro-level challenges of the policy and regulatory environment

4. toinform and support scale-up and rollout of technology programs; and

5. retrospectively to explain programme failures
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The framework is intended to be used reflexively to guide conversations and help generate
ideas, not as a checklist

Useful for digital health and service innovations

Comments

Source: Greenhalgh et al.?#°

Table A. 3 - BANANA: Basel Approach for coNtextual ANAlysis

BANANA

Developed by a group of researchers at the university of Basel (2022) (based on CICI

Origin of the framework)

TMF

= Provide methodological guidance for planning, conducting and reporting contextual
analyses in implementation science

= Support the identification of contextual barriers and facilitators

= [nform intervention adaptation and implementation strategy selection

= |mprove consideration of context throughout implementation project

Objectives

. BANANA comprises six interacting components that guide contextual analysis
Main from framework selection to reporting and application of findings:

components Component 1: Choose a TMF to guide contextual analysis = Considerations when

selecting a TMF for contextual analysis

- TMF acknowledges the multidimensional, multilevel, and dynamic nature of context

- TMEF fits the intervention and/or setting in which the intervention will be implemented

Consider combination of a context and setting-specific TMF

Component 2: Use empirical evidence to identify relevant contextual and setting

factors = Identification of empirical evidence on relevant contextual and setting factors

for implementation using various sources of evidence

- Local data and information

- Professional knowledge/clinical experience

- Patient experiences and preferences

- Research

Component 3: Involve stakeholder

- ldentification and listing of relevant stakeholders for contextual analysis (target
group, implementers, decision-makers, others) from different levels (micro, meso,
macro)

- Mapping of stakeholders in a stakeholder matrix specifying their characteristics (e.g.,
influence, role, activity, product)

- Visualising stakeholder characteristics in an influence-interest-capacity matrix

- Verifying stakeholder availability and commitment

- Developing a stakeholder strategy specifying stakeholder tasks, timepoints, and
methods for involvement

- Evaluation of stakeholder involvement and adaption if needed

Component 4: Develop a study design for contextual analysis > Data collection is

guided by theory, empirical evidence, and stakeholder input.

Choice of appropriate methods to answer the research questions such as

- Quantitative methods (e.g., survey, routine data)

- Qualitative methods (e.g., interview, focus group, observation)

- (Rapid) ethnography
Consider changes of context over time
Plan (if possible) several timepoints for data collection (e.g., prior, during, and at the
end of the project)
Component 5: Determine the relevance of context for intervention co-design, choice of
implementation strategies, and interpretation of outcomes -> Findings from the
contextual analysis can be used for:

s
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- Development/adaption of the intervention

- Choice/adaption of implementation strategies

- Interpretation of implementation and effectiveness outcomes

- Choice of sustainability strategies

Consider the development of a programme theory to describe/visualise causal

pathways between intervention components, implementation strategies, and contextual

factors

Component 6: Report on contextual analysis = Reporting contextual analysis as part

of the implementation intervention study (detailed findings can be reported in a separate

paper)

Suggestions for reporting based on BANANA:

- Definition of context and operationalisations of contextual and setting factors studied

- TMF applied for contextual and setting analysis and description of how it was used

- Overview of empirical evidence identified and used

- Stakeholder involvement (i.e., stakeholder strategy)

- Reporting methods applied for data collection and analysis (e.g., study design,
measures used, contextual and setting factors assessed)

- Use of findings from the contextual analysis for subsequent project phases (cf.
component 5)

BANANA is useful for earlier stage work (e.g., preparatory work) as well as

implementation studies that include the development/adaptation, implementation, and

evaluation of an intervention and its implementation strategies

BANANA provides methodological guidance on planning and conducting contextual

analyses

BANANA describes how contextual information can be reported and used to inform

further project phases (e.g., intervention development)

The first three components (TMF selection, evidence gathering and stakeholder

involvement) are often conducted iteratively and partly in parallel

Deliberately not a “checklist” approach

Source: Mielke et al.?%°

Appendix 3.3. Focus on implementation and context: ‘determinant’ TMFs

Table A. 4 — TDF: Theoretical Domains Framework

Origin of the
TMF

Objectives

Main
components

TDF

Developed by a multidisciplinary group of behaviour change and implementation
researchers (2005); refined and validated by James Cane, Denise O'Connor and Susan
Michie (2012)

= Understand determinants of behaviour change among stakeholders

= |dentify barriers and facilitators to implementation at the individual level

= |Inform the design of behaviour change interventions and implementation strategies

= Link theoretical constructs to practical implementation strategies

14 domains, 84 constructs (number in brackets)

Knowledge (awareness, procedural knowledge) (3)
Skills (competencies, abilities) (7)

Social/professional role and identity (9)

Beliefs about capabilities (self-efficacy) (8)

Optimism (4)

Beliefs about consequences (outcome expectations) (5)
Reinforcement (7)

Intentions (3)

Goals (goal setting, priorities, goal conflict) (6)

©®NDOTHE W=
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10. Memory, attention and decision processes (5)

11. Environmental context and resources (6)

12. Social influences (norms, support, networks) (11)

13. Emotions (affect, stress) (7)

14. Behavioural regulation (monitoring, action planning) (3)

- Not all are required in a single study

To explore behavioural determinants, particularly through qualitative methods (e.g.

When to use? interviews, focus groups), and to guide intervention design and evaluation

Primarily focused on individual-level mechanisms but can incorporate social and

Comments environmental influences

Source: Cane et al.?%2

Table A. 5 -i-PARIHS: Integrated-Promoting Action on Research Implementation in Health
Services

Developed by Gill Harvey and colleagues (1998, updated in 2016), building on the PARIHS

Origin of the e R
TMF
o = To help both explain and predict why the implementation of evidence into practice is or
Objectives is not successful
= Emphasise the role of facilitation in implementation processes
= Account for interactions between innovation, recipients, and context
Main Core constructs organised around four interacting elements:
components - Innovation (characteristics of the intervention):
o Clarity
o Evidence base
o Usability

o Fit with practice
- Recipients (individuals and teams involved):
o Motivation

o Values
o Skills
o Knowledge
o Time and resources
- Context:
o Inner context (local setting):
= Culture

= Leadership
=  Evaluation and feedback

o Outer context (wider system):
= Policy
= Regulatory environment
=  Socio-political factors

- Facilitation:

o Roles

o Skills

o Strategies

o Processes supporting change

To guide implementation planning and evaluation, particularly when facilitation is a central

7 . .
When to use? component, and to understand dynamic interactions between key elements

i-PARIHS makes explicit the multi-dimensional and complex nature of implementation as
well as highlighting the central importance of context

Strong emphasis on facilitation as a mechanism for change

Comments

Source: Harvey et al.?%3
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Appendix 3.4. Focus on implementation: ‘process’ TMFs

Table A. 6 — EPIS: Exploration, Preparation, Implementation, Sustainment

Origin of the
TMF

Objectives

Main
components

When to use?

Comments

Developed by Gregory Aarons and colleagues (2011)

= Understand and guide implementation across its different phases (and consider
challenges and opportunities in implementation)

= |dentify multilevel factors influencing implementation over time
= Support the adoption, scaling, and sustainment of interventions
= Analyse interactions between context and implementation processes

Four phases with multilevel, interacting determinants

- Exploration (identification of needs, fit, and potential interventions)

- Preparation (planning, adaptation, capacity building)

- Implementation (active delivery, monitoring, problem-solving)

- Sustainment (integration into routine practice, long-term maintenance)
Cross-cutting factors:

- Outer context (policy, funding, system-level influences)

- Inner context (organisational characteristics, leadership, culture)

- Bridging factors (linkages between outer and inner contexts)

- Innovation factors (fit and characteristics of the intervention)
To understand how an “intervention” is adopted, implemented and sustained - It analyses
implementation as a dynamic, phased process, particularly in longitudinal or system-level
studies

Main idea of the EPIS framework: the implementation of an evidence-based practice
depends not only on the quality of the intervention itself, but also on organisational context,
policy environments, funding structures, leadership, the stakeholders involved, and the
interactions between external and internal systems

Strong temporal perspective on implementation
Explicit consideration of multilevel and cross-phase interactions
Particularly useful for complex, system-wide interventions

Source: Aarons et al.?%*

Table A. 7 — Proctor’s Implementation Outcomes Framework

Proctor’s implementation outcomes framework

Origin of the
TMF

Objectives

Main
components

Developed by Enola Proctor and colleagues (2011)

= Define and standardise key ‘implementation outcomes’ (as indicators of implementation
success and proximal indicators of implementation process)

= Distinguish implementation outcomes from service and patient outcomes
= Support rigorous evaluation of implementation processes and strategies
= Improve comparability and measurement across implementation studies

Heuristic, working “taxonomy” of eight implementation outcomes:

Acceptability: perception among stakeholders that an intervention is agreeable or
satisfactory

- Adoption: intention, decision or action to use an intervention

- Appropriateness: perceived fit, relevance or compatibility

- Feasibility: extent to which an intervention can be successfully used or carried out

- Fidelity: degree to which an intervention is implemented as intended

- Implementation cost: costs associated with implementation efforts
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Penetration: integration of a practice within a service setting and its subsystems

232 W

Sustainability: extent to which the intervention is maintained or institutionalised over

time

—> Selection depends on study objectives
To structure the assessment of implementation success, particularly in implementation

When to use?

research and process evaluations

Focuses specifically on implementation outcomes rather than intervention effectiveness,

Comments

May be used alongside other frameworks (e.g. RE-AIM or logic models)

and help to structure the implementation results (acceptability, feasibility, fidelity, etc.)

Applicable prospectively and retrospectively

Sources: Proctor et al.?%%, the website of the University of Colorado Denver (Dissemination & Implementation
models in health)*?3, and the website Implementation Outcome Repository*5*

Appendix 3.5. Focus on adaptation and fidelity in implementation: ‘adaptation and
fidelity’ TMFs

Table A. 8 - FRAME: Framework for Reporting Adaptations and Modifications-Enhanced

Origin of the

TMF

Objectives .

Main i

components
2.
3.
4,
5.
6.

Systematically document adaptations and modifications to interventions
Improve transparency in reporting changes made during implementation
Distinguish between planned and unplanned adaptations

Support interpretation of intervention effectiveness in real-world settings

Timing of the adaptation

- Before implementation

- During implementation

- Sustainment/maintenance phase (if applicable)
Content of the modification (what is modified)
- Core elements of the intervention

- Contextual elements

- Format of delivery

- Frequency/dose/intensity

- Sequence of intervention components
- Personnel delivering the intervention
Level at which adaptation occurs

- Individual level (patient/client)

- Provider level

- Team/service level

- Organisational level

- System/policy level

Type of modification

- Addition of components

- Removal of components

- Substitution of components

- Reordering/sequencing changes

- Shortening or extending components
- Tailoring/cultural adaptation

- Mode of delivery change (e.g., in-person vs digital)
Who decided the adaptation

- Researchers/intervention developers
- Clinicians/practitioners

- Organisation/service managers

- Policymakers/external stakeholders

- End-users (patients/clients)
Rationale for adaptation (why)

Developed by Laura Stirman and colleagues (2013; updated as the Framework for
Reporting Adaptations and Modifications Expanded (FRAME) in 2019)
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- Improve fit with context or population

- Increase feasibility

- Improve acceptability

- Address resource constraints

- Improve reach or equity

- Enhance fidelity or adherence

- Respond to external policy or organisational requirements
7. Planned vs unplanned adaptation

- Planned (proactive, pre-specified)

- Unplanned (emergent, reactive during implementation)
8. Fidelity to core intervention components

- Maintained core components

- Partially modified core components

- Compromised/removed core components

- Whether fidelity-consistent modifications were maintained
- Structured framework for documenting and reporting adaptations. Not all adaptation
dimensions need to be assessed in every study

The FRAME provides a structured framework for systematically documenting when

When to use? adaptations occur, what is modified, at what level, by whom, for what reason, whether
adaptations are planned or unplanned, their extent, and their implications for fidelity and
outcomes > To report and analyse adaptations made to interventions during design,
implementation, or evaluation phases

Can be used as data collection form or reporting tool

Helps distinguish between fidelity and adaptation

Useful in pragmatic and real-world implementation studies

May be used alongside implementation frameworks such as CFIR

Comments

Sources: Stirman et al.256 257

Table A. 9 — FRAME-IS: Framework for Reporting Adaptations and Modifications to Evidence-
based Implementation Strategies

Developed by Christopher Miller and colleagues (2021)

Origin of the
TMF
Obiecti = Extend FRAME to implementation strategies rather than interventions
ectives
J = Systematically capture modifications to implementation processes
= Improve reporting of how implementation strategies evolve over time
= Enhance reproducibility and interpretation of implementation outcomes
Main Core components often called “modules”
components 1. Description of the evidence-based practice, implementation strategy, and

modification(s)

2. What is changed?

- Intervention, implementation strategy, both
3. What is the nature of the content, evaluation, or training modification?

- Content, evaluation/feedback, training, delivery/format, intensity/modality
4. What is the rationale for the modification? (why is the modification implemented?)

- Fits with the context, feasibility, resources, acceptability, performance/effectiveness
5. When the modification is initiated, and whether it is planned

- Before implementation, during implementation, after start

- Planned (proactive) or unplanned (reactive)
6. Who participates in the decision to modify?

- Researchers, clinicians, managers/leadership, stakeholders, users
7. How widespread is the modification (scope of the modification)?

- One-site vs multisite, individual vs organisational, local vs systemic, spread of the

modification within the system

- Flexible framework. Modules may be used selectively depending on context.
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To document and analyse adaptations made to implementation strategies (rather than

When to use? interventions themselves)

The FRAME-IS is designed to document changes made to a specific implementation
strategy that has been defined in advance = To properly track these changes, it is important
to clearly define what the original strategy includes

Comments

Complements FRAME by focusing specifically on implementation strategies, may be used
alongside assessment of implementation outcomes (e.g., using RE-AIM or similar
evaluation-oriented implementation frameworks)

Can support understanding of dynamic and iterative implementation processes.
May be useful in complex and adaptive implementation contexts
Source: Miller et al.?%8
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