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Background. To achieve fair-coverage decision making,
both material criteria and criteria of procedural justice
have been proposed. The relationship between these is
still unclear. Objective. To analyze hypotheses underlying the assumption that more assessment, transparency,
and participation have a positive impact on the reasonableness of coverage decisions. Methods. We developed
a structural equation model in which the process components were considered latent constructs and operationalized by a set of observable indicators. The dependent
variable ‘‘reasonableness’’ was defined by the relevance
of clinical, economic, and other ethical criteria in technology appraisal (as opposed to appraisal based on stakeholder lobbying). We conducted an Internet survey
among conference participants familiar with coverage decisions of third-party payers in industrialized countries
between 2006 and 2011. Partial least squares path modeling (PLS-PM) was used, which allows analyzing small
sample sizes without distributional assumptions. Data
on 97 coverage decisions from 15 countries and 40 experts

were used for model estimation. Results. Stakeholder participation (regression coefficient [RC] =0.289; P = 0.005)
and scientific rigor of assessment (RC = 0.485; P \
0.001) had a significant influence on the construct of reasonableness. The path from transparency to reasonableness was not significant (RC = 0.289; P = 0.358). For the
reasonableness construct, a considerable share of the variance was explained (R2 = 0.44). Biases from missing data
and nesting effects were assessed through sensitivity analyses. Limitations. The results are limited by a small sample size and the overrepresentation of some decision
makers. Conclusions. Rigorous assessment and intense
stakeholder participation appeared effective in promoting
reasonable decision making, whereas the influence of
transparency was not significant. A sound evidence base
seems most important as the degree of scientific rigor of
assessment had the strongest effect. Key words: formulary
decision making; pharmaceuticals; pharmacist; statistical
methods; survey methods; formulary decision making.
(Med Decis Making 2013;33:1009–1025)

F

market authorization of new drugs, coverage decision processes and appraisal criteria are highly heterogeneous.2,3 As a consequence, decision outcomes
differ across committees.4 Understanding variations
in both criteria and processes is equally relevant to
patients, industry, clinicians, government, and the
public because they determine the availability of
technologies beyond market authorization.
Conceptual frameworks describing key elements
of coverage decision processes typically distinguish
between assessment and appraisal.5–8 In the

aced with escalating health care costs, various
third-party payers across industrialized countries have established processes to decide on the
coverage of health technologies.1 In contrast to the
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assessment step, potential outcomes are analyzed to
extract information about a product’s effectiveness
and costs or cost-effectiveness. In the appraisal step,
the desirability of assessed outcomes is judged
through definition of criteria, which are based on
the values of the individual or committee that decides
on the technology. Further elements that are frequently incorporated in conceptual frameworks are
the exchange of information and stakeholder participation.2,4,9 Given the complexity of decision processes, a large number of further process elements
can be included in the analysis, as has been done by
Hutton and others.10 Given the time constraints of
respondents, surveys have to restrict the assessed
items to a small number that can be justified theoretically and surveyed empirically.
From the viewpoint of ethical theory, both material
and procedural criteria have been proposed to guide
legitimate decision making about scarce health care
resources. The material criteria typically include
a technology’s clinical effectiveness, economic criteria such as cost-effectiveness, and other ethical criteria such as severity of disease or equal access.11,12
Therefore, both the criteria relevant in appraisal, as
well as the generation of evidence about to what
extent a technology meets the criteria of effectiveness
and cost-effectiveness, appear to be important in the
analysis of coverage decision processes from an ethical perspective.
A frequently cited procedural framework is
‘‘accountability for reasonableness’’ by Daniels and
Sabin.13 Given that reasonable people may disagree
about which material criteria should determine the
decision outcome, they only postulate that the decision should be based on evidence and appraisal criteria, which ‘‘all fair-minded parties (managers,
clinicians, patients, and consumers in general) can
agree are relevant to deciding how to meet the diverse
needs of a covered population under necessary
resource constraints.’’13 As a complement, they propose transparency and participation in the minimum
form of a ‘‘mechanism for challenge and dispute resolution . . ., including the opportunity for revising
decisions in light of further evidence or arguments.’’13 The framework has been criticized for
demanding too little participation to achieve truly
legitimate decision outcomes in the absence of a specification of material criteria.14 The question of how
much transparency or participation is desirable is
thus an unresolved issue.15
A recent economic theory of the fourth hurdle provides a theoretical framework to address assessment,
appraisal, transparency, and participation in one
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common framework.9 It interprets procedural criteria
as a means to promote material ones: transparency
and participation can be seen as investments to ensure
that decisions are indeed oriented at the value judgments of the covered population rather than on the
opportunistic preferences of their decision-making
agents. These investments are justified on economic
grounds if the expected costs of increased transparency
and participation fall below the expected costs associated with the agency problems. Investments in evidence generation can be judged by similar criteria16:
here, the value of reducing decision uncertainty can
be compared with the costs of evidence generation.9
Both the considerations from ethical and economic theory are based on the assumption that
more assessment, transparency, and participation
have an impact on decision making and that this association is considered positive. Given the complexity
of decision problems and the values that are reflected
in each decision,6 neither the ethical nor the economic frameworks provide a standardized characterization of ‘‘good’’ decisions. Instead, they refer to
reasonable medical, economic, and other ethical criteria. It is empirically unclear, though, to what extent
this is indeed the case.
Empirical research has addressed various aspects of
coverage decision processes but barely incorporated
theoretical considerations.17 Studies that analyzed
real-world decisions focused on influences on decision
outcomes by cost-effectiveness considerations and the
quality of the available evidence, analysis of single criteria, and committees and selected process characteristics such as the timing after market authorization.
The objective of our study is to extend this work
and analyze hypotheses on the relation between process components and the use of reasonable appraisal
criteria in decision making on health technologies.
We state a structural equation model (SEM), which
we estimated with partial least squares path modeling as the modeling technique using data on realworld decisions from industrialized countries.
METHODS
Definition of Concepts and Hypotheses
Our hypotheses are based on the following 4 components that have been discussed in the context of evidence-based decision making, as well as procedural
and distributive justice.
 Transparency (h1): Processes are considered transparent if relevant information is provided so that
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decisions can be retraced.18,19 More transparency
improves the extent to which a decision can be controlled. Transparency is reflected by the volume of
documentation available for a decision and the degree
of detail in the documentation of processes and decision outcomes.18,20,21
 Participation (h2): Participation implies that different
stakeholder groups are involved at various stages of
decision processes to ensure that their interests are
not neglected. Stakeholder groups may include
manufacturers, patients, or government or service providers. Involvement may be in the form of providing
information, commenting, appealing, or voting.20,22–25
 Scientific rigor (of assessment) (h3): The assessment
stage has been characterized by methods that ground
on evidence-based medicine, comparative effectiveness research, and health technology assessment
(HTA) to make statements about the technology’s effectiveness and cost-effectiveness.26,27 The information
that is produced depends on the development stage
of the product and the assessment requirements stated
by decision makers.4,20 Assessments depend on scientific judgments about the exact evaluation methods
used for a technology. Thus, scientific rigor may vary
across decisions and committees due to variation in
methods and level of evidence. We defined scientific
rigor by the methodological standards for generating
evidence. The assessment of effectiveness may range
from collecting expert opinions to quantitative metaanalyses of studies. Assessment of costs may go from
rough estimates to comprehensive cost-effectiveness
or budget impact analyses. Rigorous assessments are
prerequisites to reasonable decisions that are evidence
based and accepted by informed people.18,19
 Reasonableness (h4): Technology appraisal involves
value judgments about the technology. The criteria
used in technology appraisal have been addressed
by a large body of theoretical and empirical
research.11,12,28–33 They can be selected implicitly,
ad hoc, history based, or as a result of priority-setting
exercises.2,4,28,29 It is frequently argued that in a pluralistic society, there is not one single criterion but
a set of criteria.11,12 Thus, reasonableness is difficult
to operationalize because what is considered reasonable depends on potentially varying value judgments
of decision makers and stakeholders as well as the situation. In this model, we propose to use the extent to
which typically accepted criteria are considered in
technology appraisal: the use of clinical, economic,
and other ethical considerations (as opposed to the
role of lobby interests of stakeholders).2,30,34 Although
we neither weigh the criteria nor predefine a certain
combination, we assume that the higher the relevance
of each criterion considered, the stronger the degree of
reasonableness is reflected.

We considered the components participation,
transparency, and scientific rigor of assessment as
process components that ultimately influence the
reasonableness of appraisal. Accordingly, we stated
5 hypotheses:
Hypothesis 1 (transparency ! reasonableness): The
higher the degree of transparency, the higher the
degree of reasonableness (in terms of the relevance
of clinical, economic, and other ethical) decisionmaking criteria because this facilitates a better control of the decision makers.9
Hypothesis 2 (participation ! reasonableness): The
higher the degree of participation, the higher the
degree of reasonableness because the higher the degree
of participation, the better stakeholders and the covered population can ensure that the technology is
appraised against criteria they consider reasonable.9
Hypothesis 3 (scientific rigor ! reasonableness): The
higher the degree of scientific rigor, the higher the
degree of reasonableness because decision makers
can draw upon better evidence regarding whether
the criteria are met.9
Hypothesis 4 (transparency ! scientific rigor): The
higher the degree of transparency, the higher the
degree of scientific rigor of assessment because the
methodological quality can be better controlled by
the scientific community.
Hypothesis 5 (participation ! scientific rigor): The
higher the degree of stakeholder participation, the
higher the degree of scientific rigor of assessment. If
more stakeholders participate in different stages of
decision making, more evidence is identified and
improvements of a weak evidence basis can be
enforced more easily.

Development of a Structural Equation Model
To analyze the relationships between the components, an empirical method is needed that has several
requirements. The components cannot be measured
directly. For example, transparency is a concept
that cannot be observed from documentation but
can be considered as a latent construct. The hypotheses suggested multiple and interrelated dependence
relationships. Thus, the method should capture the
set of linkages between process components.
SEM techniques—a combination of factor and
multiple regression analysis—are capable of measuring interrelationships between latent constructs.35
SEM inherits several properties that differ from multivariate regression, which seem beneficial in our
context.36 In regression analysis, one dependent variable is typically explained by several independent
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variables. Multiple but nonhierarchical endogenous
constructs (here: reasonableness and scientific rigor)
would require specification of several regression
models. Using SEM, this can be performed in 1
step. Multivariate regression does not easily allow
the specification of the relationship between a latent
construct and its observable indicators. Instead, the
observable indicators that describe a latent construct
would need to be combined into an aggregate score
that may over- or underestimate the influence of single indicators. In SEM, the relevance of each indicator is determined in the model so that no bias occurs
from arbitrary definition of latent construct scales.
In addition, 1 branch of SEM offers estimation techniques that do not require distributional assumptions that we could not state reliably for most
indicators.
We defined an SEM considering each component
as a latent construct described by a set of observable
indicators. For operationalization, we developed an
Internet survey based on the framework of Rogowski
and others37 and a corresponding structured survey
instrument for data collection.20 The framework
describes the stylized steps of a process from the
point where a technology enters a health care market
to diffusion into routine use. One question was stated
per indicator in an online questionnaire (available
from the authors upon demand). The SEM combines
the linkages between constructs in the structural
model and the relations between constructs and indicators in the measurement models (see Figure 1). All
constructs were defined in the reflective mode, meaning that the causality is directed from the construct to
the indicator. Table 1 describes all constructs and
indicators.
Formally, the structural model can be written as


h3
h4





b11
¼
b12

b22
b21

2 3

 
h1
z
0
 4 h3 5 þ 3 ;
b31
z4
h4

ð1Þ

where b11 and b22 denote the path coefficients of the
2 exogenous constructs, transparency h1 and participation h2, on the construct scientific rigor; b12, b21,
and b31 are the path coefficients of the constructs
transparency, participation, and scientific rigor to
the construct reasonableness h3; and j3 and j4
represent the endogenous constructs’ residuals. In
the measurement models of equation (2), each
indicator yij of a construct hi, i = 1, . . ., 4 is a linear
function of its loading lij and the residual eij,. The
index j denotes the indicator yj of the construct hi,
j = 1, . . ., ki.
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Survey Instrument and Data
We conducted a retrospective cross-sectional survey on decisions made on health technologies in
European Union (EU) member states and Organization for Economic Co-operation and Development
(OECD) countries between 2006 and 2011.
Sampling of Observation Units
A decision was defined as an appraisal procedure
to determine reimbursement of a primary third-party
payer. We equally considered advisory and decisionmaking committees. While decision-making committees are in charge of making legally binding decisions,
advisory committees make recommendations to
a higher authority rather than decisions.38 However,
recommendations are frequently adopted without
challenge. Each decision was identified by country,
payer, deciding committee, technology, health condition, and further specifications (e.g., restrictions to
patient subgroups). If decisions were made at
a regional level, the instrument captured the geographical area.
Identification of Respondents
Experts within the field of HTA and economic
evaluation who had observed or participated in decision processes were identified from the abstract
books of 2 conferences: the HTA International
(HTAi) meeting in 2010 in Dublin, Ireland,39 and
the congress of the International Health Economics
Association in 2011 in Toronto, Canada.40 Email
addresses were identified via the membership
directories, Google, and the PubMed database.
Abstracts were screened by title and needed to relate
to coverage, HTA, or economic evaluation. Participants’ affiliations or abstract titles should indicate
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Degree of
stakeholder
involvement
during decision
process

Volume and degree
of detail of
documentation
available in terms
of published
information

Transparency

Description

Type of information
provided

Degree of transparency reflected by
the diversity of published
information provided (i.e.,
whether it relates to the process
or decision outcome or both)

Number of types of stakeholders
involved at stages in decision
process. More involvement
opportunities result in stronger
participation.
Degree of transparency reflected by
the volume of documents
published for each decision
process

Degree of
stakeholder
involvement

Volume of
information
published during
or after decision
process

Number of types of stakeholders
involved in decision process.
High diversity of stakeholders
increases the possibility that
particular interests of single
stakeholders are balanced out.

Indicator description

Number of different
types of
participating
stakeholders

Indicator(s)

(continued)

Types of stakeholders, equally
weighed:
Service provider(s)
Payer
Government
Patients/patient representative(s)
Industry
One indicator for each type of
involvement: information
provision, appeal stated during
or after decision, voting,
stakeholders equally weighed
Types of documents, equally
weighted:
Outcome-related documents:
decision outcome, decision
rationale, public appraisal
meeting, or minutes published
Process-related documents:
rationale for choosing decision
object, health technology
assessment (HTA) report,
stakeholder comments
No information available
Only process-related information
available
Only outcome-related information
available
Outcome- and process-related
information available
Full documentation

Operationalization

Specification of Measurement Models for Structural Equation Model of Coverage Decision Making.

Participation

Construct

Table 1
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Degree of
methodological
standard applied
for evidence
generation

Extent to which
decision can be
considered
reasonable

Reasonableness

Description

Scientific rigor of
assessment

Construct

The degree of scientific rigor is
positively reflected by the degree
of methodological standards
used for the assessment of
effectiveness.

The degree of scientific rigor is
positively reflected by the degree
of methodological standards
used for the assessment of costs/
cost-effectiveness (CE).

The higher the relevance of
clinical, economic, or other
ethical criteria, the higher the
degree of reasonableness of the
decision.

Scientific rigor in
assessment of
costs/ costeffectiveness

Relevance of criteria
that contribute to
reasonable
appraisal

Indicator description

(continued)

Scientific rigor in
assessment of
effectiveness

Indicator(s)

Table 1

No assessment of effectiveness
At least based on expert opinion
At least based on consideration of
published literature
At least based on a systematic
literature review/HTA
At least based on original quantitative
meta-analysis
Assessment of effectiveness based on
own study
No assessment of costs/CE
At least based on a review of
economic studies
At least based on other cost analysis
Based on scientific budget impact,
cost-effectiveness, or cost-utility
analysis
Relevance of each criterion (not
relevant/relevant/strongly
relevant); one indicator per
criterion:
Clinical: effectiveness: health
benefit; effectiveness: other
benefit (e.g., knowledge of
diagnostic test result)
Economic: cost-effectiveness,
budget impact
Other ethical criteria: severity of
the disease, equitable access to
health care

Operationalization

PROCESS AND APPRAISAL IN COVERAGE DECISIONS

Number of types of
participating stakeholders (y21)
Number of types of
stakeholders participating in
voting (y 22)
Number of types of
stakeholders participating in
appeal (y 23)
Number of types of
stakeholders participating
through information provision
(y 24)

Structural model

λ21:+

λ22:+
λ23:+

Transparency
η1

Participation
η2

λ11:+
λ12:+

Amount of information published
during or after decision process (y11)
Type of information provided (y12)

λ24:+
H2:β21>0

H4:β11>0

H5:β22>0

Effectiveness, health
benefit (y 41)

H1:β12>0

λ41:+

Effectiveness, other
benefit
(y 42)

Clinical
criteria

λ42:+

Scientific rigor in assessment
of effectiveness (y 31)
Scientific rigor in assessment
of cost/
cost-effectiveness (y32)

Budget impact (y43)
λ31:+
λ32:+

Scientific
rigorη3

H3: β31>0

Reasonableness
η4

λ43:+
λ44:+

Cost-effectiveness (y 44)

Economic
criteria

λ45:+
λ46:+

Equitable access to care
(y 45)
Severity of the disease
(y 46)

Other ethical
criteria

Figure 1 Structural equation model for coverage decision making.

that experts could provide information for EU or OECD
member countries. To obtain a balanced sample in
terms of the countries represented, we applied a form
of quota sampling. We distributed countries with
more than 5 eligible abstracts into 2 waves, each with
5 respondents, as some were overrepresented because
of hosting the congress (Ireland, Canada), having larger
populations (United States), or having proceeded faster
in the development of economic evaluation (United
Kingdom). In total, 279 individuals were selected.
Internet Survey
Between June and October 2011, we invited
respondents via email to participate in our Internet
survey. It was implemented with EFS Survey Version
8.0 (Unipark GmbH, Hürth, Germany). To limit the
survey length, we restricted the number of decisions
to 4. To minimize recall bias and to focus on recent
decision making, we asked respondents for decisions
made within the past 5 years. The invitation related
to the abstract and contained information on the
survey background. To increase survey uptake,

nonresponders were reminded at least twice.
Respondents could provide contact details of individuals whom they considered eligible for the survey.
Accordingly, we invited 31 additional respondents
referred from the initial contact. The survey procedure
was piloted in May 2011. We assessed the comprehensibility of the questions, the technical implementation, and the procedure for contacting respondents
among 9 experts of the EU project HIScreenDiag. To
test for appropriate reaction of conference participants, we invited 12 HTAi participants not included
in the main mailing. No ethics approval was requested
as no patient-related data were collected. No external
funding was obtained for conducting the survey.
Data
The survey retrieved 119 decisions from 40 experts
in 15 countries, of which 97 observations were used
for model estimation. The response rate was 23%.
Another 18% of respondents replied that they did
not know decisions or referred to other experts. For
verifying each decision specified by respondents,
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we collected available documentation on the Internet. If respondents did not provide information, we
searched the payers’ or decision makers’ Web sites.
Respondents were contacted in case of ambiguities
regarding the scope of the decision. To categorize
decision objects, we assigned each technology to
a unique health care system function according to
the World Health Organization (WHO)/OECD System
of Health Accounts 2011.41 Health conditions were
categorized by the International Statistical Classification of Diseases and Related Health Problems Version 10 (ICD-10).42 Twenty-five decisions could not
be validated by corresponding decision documentation but were kept for data analysis. Data from the
pilot study were kept as the questionnaire was not
changed. We transformed all questions containing
multiple-item answers into ordinal scales (see Table
2 for a definition). Data preparation was performed
with SAS version 9.2 (SAS Institute, Cary, NC).
We had to apply an algorithm to replace missing data
because some respondents gave partial information.
Four respondents did not specify a decision, and
another 4 respondents provided data that only specified
the decision object but no information about the thirdparty payer and deciding committee. Thus, the decision
was not attributable. Another 7 observations were
excluded in which more than 60% of questions were
not answered. For 12 observations with missing values,
we applied conditional mean imputation. We imputed
the mean for the same decision-making institution or,
if not represented, the country. If no data could be
imputed, which was the case for 4 observations,
SmartPLS (Hamburg University of Technology, Institute
for Human Resource Management and Organizations,
Hamburg, Germany) substituted the overall sample
mean. Missing values were more prevalent at the end
of the questionnaire. The summary statistics (Table 2)
include information on missing values per indicator.
Model Estimation and Evaluation
Two types of modeling techniques are available for
SEM that depend on the optimization algorithm.43 In
partial least squares path modeling (PLS-PM), the share
of the variance that is explained for the endogenous
constructs by the SEM is maximized through a series
of ordinary least squares regressions. In the covariance-based techniques (LISREL, AMOS), maximum
likelihood estimators extract a set of model parameters
so that the theoretical covariance matrix is as close as
possible to the empirical covariance matrix.
We selected PLS-PM for several reasons: contrary
to the covariance-based techniques of SEM, it allows
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model estimations with small sample sizes and without making distributional assumptions.44,45 It is suitable for exploration and prediction of effects at early
stages in theoretical development. In contrast, covariance-based techniques are better suited for confirmatory analysis but require knowledge of parameter
distributions and larger sample sizes.43 If the sample
size is large, covariance-based methods are preferable
because of better parameter consistency and accuracy. If the focus is on prediction and theory development—as in our case—PLS-PM should be
preferred.43 For the underlying SEM, a feasibility
test to assess whether plausible estimation measures
can be obtained from the PLS-PM algorithm has been
performed using data on decisions of newborn
screening technologies.46 For estimation, we used
the SmartPLS version 2.0.47 Through application of
an iterative procedure, the PLS-PM algorithm calculates the path coefficients between the latent constructs and the scores of the constructs in the
structural model and the weights and loadings of
the manifest indicators in the measurement models
in a sequence of ordinary least squares regressions.44
The path weighting scheme was applied to calculate
the inner weights in the iteration procedure.
We assessed the model estimation against established reliability and validity measures for PLS-PM
at the level of the measurement and structural
model.36,44,48 To obtain asymptotic t statistics, we
applied a bootstrapping procedure with 5000 samples. In contrast to covariance-based approaches
and regression analysis, assessing the model’s overall
goodness of fit is limited because a distribution-free
variance is assumed.48
Sensitivity Analyses
We performed sensitivity analyses to assess influences from missing data, nonresponse bias, and nesting effects. Regarding missing data, we reestimated
the model with the 85 complete observations. However, we used the imputed data set as the base case.
Furthermore, we compared the data set with complete cases only with the imputed data set for nonrandom influences from the type of technology
(pharmaceuticals v. others) and involvement of
respondents in the decision (direct v. indirect) with
the Fisher exact test. Regarding nonresponse bias,
we assessed whether the proportion of survey
respondents differed from the individuals who were
contacted but did not respond to the survey by country. To analyze whether data were missing at random
regarding the scope of decision, we further compared
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Table 2

Summary Statistics of Indicators.

Construct/Indicator and Categories

Observations Mean (SD) or No. (%)

Construct: Participation, mean (SD)
Number of stakeholders involved in decision process
Number of stakeholders participating through information provision
Number of stakeholders participating in appeal
Number of stakeholders participating in voting
Construct: Transparency
Type of information provided, No. (%)
Missing
0—No information available
1—Only process-related information available
2—Only outcome-related information available
3—Outcome- and process-related information available
4—Full documentation
Number of documents reported, mean (SD)
Construct: Scientific rigor of assessment, No. (%)
Scientific rigor in assessment of effectiveness
Missing
0—No assessment of effectiveness
1—At least based on expert opinion
2—At least based on consideration of published literature
3—At least based on a systematic literature review/health technology assessment
4—At least based on original quantitative meta-analysis
5—Assessment of effectiveness based on own study
Scientific rigor in assessment of costs/cost-effectiveness
Missing
0—No assessment of costs/cost-effectiveness
1—At least based on a review of economic studies
2—At least based on other cost analysis
3—Based on scientific budget impact, cost-effectiveness, or cost-utility analysis
Construct: Reasonableness, No. (%)
Effectiveness, health gain
Missing
0—Not relevant
1—Relevant
2—Strongly relevant
Effectiveness, other benefit
Missing
0—Not relevant
1—Relevant
2—Strongly relevant
Budget impact
Missing
0—Not relevant
1—Relevant
2—Strongly relevant
Cost-effectiveness
Missing
0—Not relevant
1—Relevant
2—Strongly relevant
Effect on equitable access to health care
Missing
0—Not relevant

97
97
97
97

2.84 (1.23)
1.31 (1.10)
0.31 (0.60)
1.13 (0.98)

94

3 (3.09)
6 (6.19)
13 (13.4)
17 (17.53)
51 (52.58)
7 (7.22)
2.05 (1.39)

4 (4.12)
2 (2.06)
4 (4.12)
8 (8.25)
28 (28.87)
13 (13.4)
38 (39.18)
9 (9.28)
7 (7.22)
7 (7.22)
12 (12.37)
62 (63.92)

8 (8.25)
14 (14.43)
15 (15.46)
60 (61.86)
8 (8.25)
60 (61.86)
21 (21.65)
8 (8.25)
8 (8.25)
41 (42.27)
23 (23.71)
25 (25.77)
8 (8.25)
35 (36.08)
19 (19.59)
35 (36.08)
8 (8.25)
51 (52.58)
(continued)
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Table 2

(continued)

Construct/Indicator and Categories

Observations Mean (SD) or No. (%)

1—Relevant
2—Strongly relevant
Severity of the disease
Missing
0—Not relevant
1—Relevant
2—Strongly relevant

27 (27.84)
11 (11.34)
8 (8.25)
40 (41.24)
28 (28.87)
21 (21.65)

qualitatively whether the decisions that were
excluded because of missing values differed by
health condition and technology from those included
in the data set. To account for potential nesting effects
from the clustering of decisions by respondents, we
randomly drew a reduced data set with 31 complete
observations in which each respondent was represented just once. We compared reliability and validity of the SEM with the estimation of the full data set.

that compared with our initial set of conference participants, some countries were overrepresented
(Spain, Ireland, and United Kingdom), whereas
others were underrepresented (Canada and United
States) in the study sample. From the 7 observations
that had to be excluded because of too many missing
values, 5 decisions were on technologies other than
pharmaceuticals.
Structural Equation Model Results

RESULTS
Descriptive Statistics
Table 3 provides an overview of decisions by country, decision-making institution, and outcome. Spanish health authorities (23), the UK National Institute
of Health and Clinical Excellence (NICE) (12), the
German Federal Joint Committee (FJC) (10), and the
Irish Health Service Executive (9) were most frequent. Although acceptance rates varied across institutions, half the decisions resulted in unrestricted
coverage. The other decisions resulted about equally
in restricted or no coverage.
Table 4 provides an overview of the technologies
and health conditions. Most decisions were made
on prescribed medicines (47), specialized inpatient
curative care (16), or therapeutic appliances (9).
Health conditions covered a wide range of the ICD10. Some indications were more prevalent: cancer
(25), diseases of the circulatory system (16), and
endocrine, nutritional, and metabolic diseases (10).
Decisions covered different indications except for 7
responses on vaccines against human papillomavirus
and a few technologies with 2 responses.
Summary statistics of indicators are presented in
Table 2. Clustering results by decision committees
showed that processes were heterogeneous not only
between countries but also for the same decision
committees. Regarding nonresponse biases, we found

1018 

In compliance with the PLS-PM literature, we first
provide reliability and validity measures for the measurement models before we present the results of the
structural model.36 The online appendix provides the
values for all evaluation measures. Estimated path
coefficients and indicator loadings are depicted in
Figure 2.
Measurement Models
Overall, the measurement model estimations were
acceptable in terms of reliability and validity at the
construct and indicator levels. Composite reliability
is a measure between zero and 1 for reliability at the
construct level. Accounting for nonequal indicator
loadings, it assesses whether indicators consistently
represent the same construct. Values for composite
reliability for the constructs participation and transparency were greater than the critical value of 0.7
and at least 0.66 for the constructs reasonableness
and scientific rigor. A value of 0.6 is acceptable in
the early research stages.48 For reliability at the indicator level, the indicators’ variance that was
explained by the construct varied. This information
was obtained from the indicator loadings, which
denote the correlation with the construct. For the
constructs participation, transparency, and scientific
rigor, indicators were highly correlated with corresponding constructs except for the indicator ‘‘number of types of stakeholders participating in voting.’’
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Table 3

Decisions by Country, Decision-Making Institution, and Decision Outcome.
Decision Outcome
Decision-Making Institution

No. of
Decisions

Positive, Full
Coverage

Positive, Restricted
Coverage

Negative

PBAC
HVB
National Health Care Commission
RIZIV/INAMI
MUMM program
HAS/CNEDIMTS
FJC
InEK
HSE
Regional government
CVZ
Gezondheidsraad
MoH/AOTM
Basque government
Basque Health Service
MoH Catalonia
MoH Galicia
MoH La Rioja
MoH Canary Islands
National MoH: Interterritorial Board
TLV
EDI
JCVI
NICE
Intermountain Healthcare Coverage Committee
Washington State HCA

6
1
1
6
4
1
10
1
9
2
5
1
4
4
1
4
4
4
4
2
3
1
1
12
4
2

1
1
1
3
2
1
5
0
7
2
2
0
1
2
1
4
2
1
1
1
1
1
1
9a
0
0

3
0
0
2
2
0
0
1
0
0
2
1
2
1
0
0
1
3
2
1
0
0
0
0
2
1

2
0
0
1
0
0
5
0
2
0
1
0
1
1
0
0
1
0
1
0
2
0
0
3
2
1

Country

Australia
Austria
Belgium
Finland
France
Germany
Ireland
Italy
Netherlands
Poland
Spain

Sweden
Switzerland
United Kingdom
United States

AOTM, Agency for Health Technology Assessment (Agencja Oceny Technologii Medycznych); CVZ, Health Care Insurance Board (College voor Zorgverzekeringen); EDI, Federal Department of Home Affairs (Eidgenössisches Departement des Inneren); FJC, Federal Joint Committee (Gemeinsamer Bundesausschuss); HAS/CNEDIMTS, High Health Authority, National Committee for the Assessment of Medical Devices and Health Technologies (Haute
Autorité de Santé, Commission nationale d’Evaluation des Dispositifs médicaux et des Technologies de Santé); HSE, Health Service Executive; HVB,
Main Association of Austrian Social Security Organisations (Hauptverband der österreichischen Sozialversicherungsträger); InEK, Institute for the Hospital Remuneration System (Institut für das Entgeltsystem im Krankenhaus); JCVI, Joint Committee on Vaccination and Immunization; MoH, Ministry
of Health; MUMM, Advisory Board of the Office of HTA and 20 Finnish hospital districts; NICE, National Institute for Health and Clinical Excellence;
PBAC, Pharmaceutical Benefits Advisory Committee; RIZIV/INAMI, National Institute for Health and Disability Insurance; TLV, Pharmaceutical Benefits
Board (Tandvårds–och läkemedelsförmånsverket).
a
Outcome of decision partly complemented by own validation with decision documents

Its value was below zero, which we did not hypothesize, and its absolute value was small, indicating
a lack of indicator reliability. In the reasonableness
construct, the indicators’ correlations with the construct varied. The indicator that describes the relevance of cost-effectiveness as a decision criterion
was correlated highest. Some 74% of the variance
was explained by this construct. The smallest correlation was obtained for the criterion ‘‘severity of the
disease’’ (l46 = 0.28).
Validity is assessed by convergent and discriminant validity. Convergent validity describes whether
the set of indicators uniquely represents the underlying construct. The average variance extracted (AVE)

measures the variance of the indicators of the reflective construct relative to the total amount of variance,
including the measurement error’s variance. The
AVE was greater than the suggested threshold of 0.5
for the constructs transparency (AVE(h1) = 0.9), participation (AVE(h2) = 0.53), and scientific rigor
(AVE(h3) = 0.5) but not for the reasonableness construct (AVE(h4) = 0.27). Two measures were used to
evaluate discriminant validity. They appraise
whether the constructs are sufficiently distinct from
each other. The Fornell-Larcker criterion provides
a comparison of the AVE of a latent variable with
the squared correlations between the construct and
any other construct. For all constructs, the AVE was
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Table 4

Overview of Technologies and Health Conditions.

Technology or Health Condition

No. (%)

Technology (System of Health Accounts [2.0 2011])
HC 5.1.1 Prescribed medicines
HC 1.1.2 Specialized inpatient curative care
HC 5.2 Therapeutic appliances and other durable medical goods
HC 6.2 Immunization programs
HC 4.1 Laboratory services
HC 4.2 Imaging services
HC 6.3 Early disease detection programs
HC 5.2.3 Other orthopedic appliances, orthesis, and prosthetics (excluding glasses and hearing aids)
Health condition: ICD-10 (Version 2007) chapters
Certain infectious and parasitic diseases
Neoplasms
Endocrine, nutritional, and metabolic diseases
Mental and behavioral disorders
Diseases of the nervous system
Diseases of the ear and mastoid process
Diseases of the circulatory system
Diseases of the respiratory system
Diseases of the digestive system
Diseases of the musculoskeletal system and connective tissue
Diseases of the genitourinary system
Pregnancy, childbirth, and the puerperium
Certain conditions originating in the perinatal period
Symptoms, signs, and abnormal clinical and laboratory findings, not classified elsewhere
Injury, poisoning, and certain other consequences of external causes
Cannot be attributed

47 (48.45)
16 (16.49)
9 (9.28)
8 (8.25)
7 (7.22)
4 (4.12)
4 (4.12)
2 (2.06)
9 (9.28)
25 (25.80)
10 (10.30)
4 (4.12)
3 (3.09)
1 (1.03)
16 (16.5)
1 (1.03)
7 (7.21)
8 (8.24)
3 (3.09)
1 (1.03)
1 (1.03)
1 (1.03)
1 (1.03)
5 (5.15)

ICD-10, International Statistical Classification of Diseases and Related Health Problems Version 10.

larger than any other squared correlation, suggesting
that the indicator sets are sufficiently related to the
construct. Second, the indicators’ cross-loadings
with other constructs were compared. These were at
maximum at the assigned construct for all indicators
except for the ‘‘number of stakeholders participating
in voting’’ (y22) of the participation construct.
Structural Model
At structural model level, 3 of the 5 paths had the
expected sign and were significant. The degree of reasonableness was significantly influenced by the
degree of participation and scientific rigor of assessment, which supported hypotheses 2 and 3. Their
path coefficients, which can be interpreted as standardized b coefficients, were significant with P values
smaller than 0.001. The effect of scientific rigor on the
degree of reasonableness was nearly twice as large (b31
= 0.49) as that of participation (b21 = 0.29). Furthermore, the results supported hypothesis 5 as the scientific rigor was significantly influenced by the degree of
participation (P\0.001). Hypotheses 1 and 4 were not
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supported as the degree of transparency had a nonsignificant effect on the endogenous constructs.
The determination coefficient R2—analogous to
multiple regression—reflected that the share of the
variance explained was 44.3% for the construct reasonableness and 13.8% for the construct scientific
rigor. The goodness-of-fit index, which is defined
here by the geometric mean of the average communality and the model’s average R2, was 0.37.49 It measures the average of all the squared correlations
between each indicator and the corresponding latent
construct. We consider this value sufficiently high
because of the high contribution of R2 of the reasonableness construct and the value of the geometric
mean of the communality (0.468).45 However, the
goodness of fit of PLS models has to be handled
with caution because it includes R2 for which acceptable values depend on the research context, and thus
no single consented threshold exists.48 The value of
the average redundancy that measures the portion
of the variability of the indicators connected to an
endogenous construct explained by the latent construct directly connected to the block was 0.057.45
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Number of types of
participating stakeholders

Number of types of
stakeholders participating in
voting
Number of types of
stakeholders participating in
appeal
Number of types of
stakeholders participating
through information provision

Structural model

0.745***

Amount of information published
during or after decision process
-0.239
0.918***

Participation

Transparency

0.938***
0.963***

Type of information provided

0.817***
0.289***

0.052

0.352***

Effectiveness, health
benefit

0.055
0.385**

Effectiveness, other
benefit

Clinical
criteria

0.609***

Scientific rigor in assessment
of effectiveness
Scientific rigor in assessment
of cost/
cost-effectiveness

Budget impact
0.748***
0.654***

Scientific
rigor

0.485***

R2=0.138

Reasonableness
R2=0.443

0.456***
0.862***

Cost-effectiveness

Economic
criteria

0.305**

Equitable access to care
Other ethical
criteria

0.281**

Severity of the disease
***: p-value < 0.001
**: p-value < 0.05

Figure 2 Structural equation model: estimation results.

Measures of the effect size f 2 revealed that the exogenous construct participation h2 weakly contributed to
the explanation of both endogenous constructs (h3,
h4). F2 values for the construct transparency indicated that it did not contribute to an explanation of
the endogenous constructs.
Sensitivity analyses showed that the model results
did not change fundamentally if the data set was
restricted to the 85 observations without missing values
and if only 1 observation from each respondent was
used to avoid nesting effects. Furthermore, no significant difference between observations regarding missing
values was identified depending on the type of technology and respondents’ involvement decisions.
DISCUSSION
In both the ethical and the economic literature,
theoretical considerations about decision processes
have been based on the assumption that more

assessment, transparency, and participation have
a positive impact on the reasonableness of decision
criteria. This is the first study that investigates this
assumption with SEM methods.
Five hypotheses on the relation of the constructs
transparency, participation, and scientific rigor on
one another and on the construct reasonableness
were specified, of which 3 were significant. According to the model, the degree of stakeholder participation and the scientific rigor of assessment positively
influence the decisions’ degree of reasonableness.
The effect of the amount of released information
was not statistically significant.
The scientific rigor of assessment had the highest
positive association with our construct of reasonable
decision making. This indicates that a sound evidence base may not only disclose relevant data on
a health technology but also promote the application
of reasonable appraisal criteria. Although this has
been a frequently stated claim, our estimation confirms this notion.50
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Stakeholder participation displayed the second
highest positive association with the degree of reasonableness. Strong stakeholder involvement may
facilitate that singular interests are balanced and criteria that can be weighed against existing evidence
play a higher role in decision making. This empirical
result strengthens Friedman’s criticism of the
‘‘accountability for reasonableness’’ framework that
more participation than just a mechanism of appeal
would be desirable to achieve legitimate and fair
decisions about health care resources.14
The positive association of the degree of reasonableness and the 2 components of scientific rigor
and participation can also be seen as a first empirical
confirmation of relations assumed in the ‘‘accountability for reasonableness’’ framework13 as well as
the economic theory of the fourth hurdle.9
Our results further suggest that transparency matters less for making reasonable decisions, particularly
if there is a sound scientific evidence base and sufficient possibilities for participation. Even if promoting transparency is a frequent claim in discussions
about decision making, our estimation suggests
that—contrary to our hypotheses—transparency
may not be influential for achieving high levels of scientific rigor and for promoting reasonableness. Nevertheless, a high degree of transparency is likely to
be beneficial for other reasons: to ensure consistency
and legality of value judgments, to inform involved
stakeholders about the coverage status of the technology, and to foster possibilities for participation.50,51
This corresponds with the role of transparency in rulings of social courts: according to Syrrett,52 the primary function of transparency in juridical review
was to facilitate meaningful stakeholder participation rather than to be a value in itself.
The indicator loadings of the reasonableness construct differed in size and need further interpretation.
If the correlation of a criterion is low, this does
not mean that it was not considered relevant for
appraisal. Instead, it may not have been a suitable indicator for the degree of reasonableness. Accordingly,
in processes where the criteria cost-effectiveness,
effectiveness beyond health benefit, and budget
impact—indicators with high loadings—are considered, this is likely to reflect reasonable decision
making. The reason for the low correlation with
the relevance of effectiveness in terms of the health
gain (0.31) could be that it had little discriminative
power: 84% of respondents stated that effectiveness
was relevant. Thus, it appears not to be meaningful
to explain the construct’s variance. Overall, the
AVE of this construct was low (27%). Considering
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the multitude of health system influences that
we neglected, this value can still be considered
acceptable.
Limitations
This study has several limitations. First, even if the
model suggests causal relationships, these are still of
an explorative nature because of the novelty of the
research approach. This is consistent with the use
of PLS modeling techniques, which are better suited
for exploration and extension of existing theories
than for theory confirmation. Also, the retrospective
study design limits our interpretations. Causality is
best established by means of prospective experimental studies, which was not possible in this research
context. As in all retrospective observational studies,
unmeasured constructs may have influenced the coverage decision processes.
Most studies collected data by extracting decision
documentation, which restricts the analysis to welldocumented decision processes and may be subject
to publication bias. Our approach attempted to collect general indicators of our constructs, which can
also be collected for less documented and rigorous
decision-making processes.17 However, using common categories for many processes also limits the
level of detail that can be assessed. For example, variation in the level of influence from the stakeholder
types was not mapped. We asked for types of interest
groups but not the number of institutions involved for
each type, which may have conflicting interests. Nevertheless, the reliability and validity measures suggest that the components’ variation is captured
sufficiently. Although highly correlated, we did not
model a link between participation and transparency
as the literature does not support a clear causal relationship (i.e., into one direction) between these components. An estimation in which a link going from
transparency to participation was inserted showed
that the path coefficient between transparency and
participation was positive and significant. However,
the original SEM estimates did not change in terms
of sign and significance.
The estimation is based on a small sample size. We
accounted for this by selecting PLS-PM and complying with a rule of thumb for the minimum sample
size.48
Some decision makers are overrepresented, in particular, decisions from Spain, the UK NICE, or the
German FJC. Obtaining responses from countries
with less HTA activity and looser regulations is
difficult as there are fewer experts in the field.
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Nevertheless, the data set can be regarded as representative in terms of technologies and health conditions represented, especially relating to cancer and
diseases of the circulatory system.4
Most decision makers have focused on coverage of
pharmaceuticals that are sufficiently represented.
However, our data suggest that also other technologies are increasingly the subject of formal procedures.
Regarding nonresponse bias, 5 of 7 decisions that
were excluded because of too many missing values
dealt with screening, vaccination, or rehabilitation.
Given that these may be technologies with less structured processes, they may be underrepresented in our
sample.
The distribution of countries that were represented reflects major OCED/EU member countries.
Decision making of new EU accession countries is
represented to a limited extent because responses
only from Poland were obtained.
The sensitivity analyses demonstrated that influences from nonresponse and nesting effects were
small. Nevertheless, a multilevel approach would
be preferable to correctly identify variation at country, decision maker, and decision levels. If more
data were available, unobserved heterogeneity could
have been addressed to identify clusters of decision
making.53

the theoretical basis of our hypotheses on the factors
influencing decisions and to confirm our results.
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