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1.1 Prologue

My first acquaintance with the Delphi method dates back to September 2003. At that time |
studied Applied Communication Science at the University of Twente. During a lecture the
Delphi method was explained to me as a data-collection procedure that allows experts to
reach an agreement on some topic in several subsequent rounds. At first, | was impressed by
the systematic nature of the method and its potential for dealing with complex societal
problems. However, | was also told about the various methodological challenges
surrounding the method. For instance, there were no guidelines on how to measure and
report the level of agreement among experts. As a result, many Delphi studies simply
reported that eventually consensus among experts was achieved. Something that | found
difficult to accept.

Eight years later | became a PhD candidate within the Research Methodology Group of
Wageningen University. Here my fascination for rankings was sparked. In our society
rankings are everywhere and people generally believe that they give us a simple and decent
overview of among others the best performing universities and most sustainable cities.
Consequently, rankings shape people’s decisions, for example regarding where to study or
where to live, and are commonly used by organizations and governments to monitor the
effectiveness of policies. It is therefore astonishing and also worrying that the
methodological characteristics of rankings are rarely considered. By reading the literature |
soon learned that within the ranking development process various methodological decisions
need to be made that may severely influence ranking results (see for example Lun et al.,
2006). In this regard some researchers mentioned that certain decisions may best be made
and substantiated by consulting experts (see for example Morse & Fraser, 2005). At that
moment | recalled the Delphi method and thought that it may provide opportunities for
developing rankings. | searched the literature, but no research seemed to exist that explored
these opportunities. Surprisingly, | did found out that little research was done into the
methodological challenges of the Delphi method. | realized that to effectively use the Delphi
method for developing rankings, these challenges also needed to be dealt with. Thus,
together with my promotor and co-promotor, | decided to dedicate my PhD project to
examining the methodology of the Delphi method and its potential for developing rankings.

1.2 What is the Delphi method?

The Delphi method is named after the Delphic Oracle, an ancient shrine whose ruins can still
be admired near the Greek town of Delphi. As explained by Parke (1939), the ancient Greeks
believed that the god Apollo took over the Oracle from the earth goddess Gé by slaying her
visible manifestation in the form of the monstrous serpent Python. Ordinary individuals,
kings, and ambassadors of communities would visit the Oracle to consult Apollo about
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various important decisions, such as whom to marry or whether or not to wage a war. The
consultation of Apollo was only possible on nine days of the year. On those days a long
queue of enquirers waited outside Apollo’s temple. An enquirer was allowed to enter the
inner sanctuary of the temple after purifying himself with holy water, offering a sacred cake,
and sacrificing a sheep or goat. Once inside, the enquirer did not directly speak to Apollo,
but instead asked a question through a female priest called the Pythia (whose name is a
reminiscent of the serpent Python). The Pythia, seated on a tripod and in a state of trance,
then shouted Apollo’s more or less coherent advice. According to Marchais-Roubelat and
Roubelat (2011) the Delphi method is more than just a namesake of the Delphic Oracle. Like
the Oracle, the Delphi method is used to help contemporary enquirers, such as academics,
policy makers, and corporate managers, make and justify important decisions. However,
instead of consulting the god Apollo, enquirers now consult a group of experts in the belief
that the combined opinions of these experts will be superior to any single opinion.

The Delphi method as we know it today was developed in the 1950s at the RAND
corporation by Olaf Helmer, Norman Dalkey, Ted Gordon, and other associates on behalf of
the United States Air Force (Dalkey et al., 1969; Dalkey & Helmer, 1963; Linstone & Turoff,
2011). The original objective of the method was to “obtain the most reliable consensus of
opinion of a group of experts” (Dalkey & Helmer, 1963, p. 458). In the first publicly reported
Delphi study experts were asked to estimate, from the viewpoint of a Soviet strategic
planner, the least number of atomic bombs necessary to basically destroy the United States
munitions output (Dalkey & Helmer, 1963). Because of this, the Delphi method has been
called a positive spin-off from the Cold War (Hargie & Tourish, 2000).

Since its public introduction in the 1960s the classical Delphi method has evolved into
various types, each having a particular design and aim (Hasson & Keeney, 2011). Examples
are the so-called modified, decision, and technological Delphi method. Although one could
therefore state that the Delphi method does not actually exist, Linstone and Turoff (1975)
provided a general definition that seems to underlie most types:

“Delphi may be characterized as a method for structuring a group communication
process so that the process is effective in allowing a group of individuals, as a whole,
to deal with a complex problem” (p. 3).

They further explained that the use of the method is especially suited for problems for which
accurate data are not available or too costly to obtain. Initially, the Delphi method was
mainly used to deal with forecasting problems, for example to estimate the year in which
certain technological developments would occur. Later, the method was also applied to deal
with complex societal problems related to for example the environment and health
(Linstone & Turoff, 1975). In this regard the Delphi method is often aimed at allowing
experts to achieve agreement on various topics (Hasson & Keeney, 2011). Nonetheless, as
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Linstone and Turoff (2011) stressed, the Delphi method should not aim to force an
agreement among experts. Finding out on which aspects of a topic experts disagree may be
just as worthwhile. Some Delphi types even explicitly aim to maximize the range of expert
opinions (Steinert, 2009) or to elicit opposing views (Turoff, 1970).

Despite the existence of different types, the Delphi method has several defining
characteristics (Dalkey et al., 1969; Diamond et al., 2014; Keeney et al., 2006; Landeta, 2006;
Linstone & Turoff, 1975; Powell, 2003; Rowe et al., 1991). Any Delphi study consists of at
least two subsequent rounds in which data are collected from a single sample of experts. In
each round experts individually give their opinion on the topic of interest, usually by means
of a standardized questionnaire. Experts remain anonymous throughout the study and are
not supposed to directly communicate with each other. Instead, after each round the study
moderator provides experts with controlled opinion feedback: a summary of the results
from the previous round. Based on this feedback experts are allowed to change their opinion
in the next round. This process may continue for several more rounds until experts’
responses have stabilized, a certain level of agreement has been achieved, or a pre-specified
number of rounds has been completed (usually not more than three). The final result of a
Delphi study is a so called statistical group response in which the individual opinions of all
experts who participated in the final round are combined.

The rationale of the Delphi method is based on the age-old adage: ‘two heads are better
than one’ (Dalkey et al., 1969). Additionally, the idea is that through anonymity and
controlled opinion feedback experts are able to share their knowledge and views without
undue social pressures associated with ordinary (face-to-face) group discussions (Rowe et
al., 1991). Nonetheless, within the general framework of the Delphi method many specific
decisions still need to be made that may influence the functioning and thereby the results of
a Delphi study. Several important decisions involve the sampling of experts, the design of the
first round questionnaire, the provision of controlled opinion feedback, and the
measurement of agreement.

In Delphi studies experts are usually selected on a non-random basis. To prevent selection
bias, users of the Delphi method need to decide who is an expert by establishing selection
criteria (Keeney et al., 2006). In this regard it has been recommended to select experts who
have knowledge of and experience with the topic of interest and also have the capacity,
willingness, and time to participate (Keeney et al., 2006; Powell, 2003; Skulmoski et al.,
2007). Additionally, the sample as a whole should contain experts with varied backgrounds
(e.g. academics and policy makers) to ensure the inclusion of a wide range of views (Rowe et
al., 1991). A decision on the number of experts to include in a Delphi study is usually based
on common sense, practical logistics and available resources like time and money (Keeney et
al., 2006; Powell, 2003). According to Skulmoski et al. (2007) the number of experts should
increase with the heterogeneity of the expert sample. A rather homogeneous sample may
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consist of ten to fifteen experts, whereas a highly heterogeneous (international) panel may
consist of several hundreds of experts.

Regarding the design of the first round questionnaire there are roughly two options (Hasson
& Keeney, 2011; Hung et al., 2008; Keeney et al., 2006; Powell, 2003). The first option is to
design a questionnaire consisting of open-ended questions that allow experts to freely
elaborate on the topic of interest. Views and issues expressed are analysed by the research
team with the aim of generating specific items that experts need to rate in subsequent
rounds, for example by using a 5-point scale ranging from ‘very unimportant’ to ‘very
important’. The second option is to design a first round questionnaire that already includes a
predefined list of items based on literature or previously conducted studies. As a predefined
list of items may bias or limit experts’ responses, it is recommended to allow experts to also
express their own views (Keeney et al.,, 2006), for example by asking them to suggest
additional items.

In the second and subsequent rounds expert receive controlled opinion feedback in the form
of a summary of the results from the previous round. Users of the Delphi method need to
decide what information to include in this feedback. Typically, a distinction is made between
two types of feedback: summary statistics and rationales. Summary statistics are based on
experts’ ratings and show per questionnaire item a location and dispersion statistic (e.g. the
median and interquartile range). Rationales consist of a summary of the explanations that
experts gave for their ratings. Although some researchers recommended feeding back both
types (Murphy et al., 1998; Rowe et al., 1991), others suggested to only feed back rationales
as to prevent experts from simply changing their ratings in the direction of the majority
opinion as indicated by the summary statistics (Bolger et al., 2011). A related issue concerns
feeding back experts’ own initial ratings from the previous round. Although feeding back this
information has been recommended, it is by no means always provided (Boulkedid et al.,
2011).

Due to controlled opinion feedback experts’ ratings of questionnaire items tend to converge
(Powell, 2003), although this is not always the case (Steinert, 2009). It is therefore important
that users of the Delphi method decide on how to measure the level of agreement among
experts in each round. Sadly, many Delphi studies fail to offer an interpretation of the
meaning of agreement (Hasson & Keeney, 2011; Powell, 2003). As a result, agreement in
Delphi studies is measured in different ways. Commonly, the level of agreement is measured
per item as the percentage of experts that, for example, rated an item as ‘very important’
(Powell, 2003). More sophisticated indices of inter-rater agreement are available (Banerjee,
1999). Apart from Cronbach’s alpha (see for example Graham et al., 2003) these indices
hardly seem to be used in the context of Delphi studies.
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1.3 What are rankings?

Although the exact origin of rankings is unknown, it is safe to assume that they have existed
for centuries. Nonetheless, it was not until the 1980s that commercial magazines and media
started to produce and publish rankings, thereby substantially increasing their accessibility
and popularity (Espeland & Sauder, 2007; Lange, 2010). Today, rankings are everywhere.
There are rankings of the most powerful people, the best companies to work for, the most
prominent universities, the most sustainable cities, and the happiest countries to name only
a few.

In general terms, a ranking consists of at least two objects (e.g. cities) that have been
ordered based on their performance on a ranking attribute (e.g. urban sustainability). The
objects in a ranking are distinct, non-overlapping, but more or less comparable entities that
belong to a certain category (i.e. European capital cities). They are usually given ascending
rank numbers, starting with 1 for the best performing object. As Jones (1971) explained,
rankings are transitive in the sense that if object A has a higher rank than object B, and
object B has a higher rank than object C, then object A has a higher rank than object C.
Furthermore, although rank numbers provide information about the direction of the
difference between any two objects (i.e. object A performs better than object B), they do
not provide any information about the magnitude of the difference. Thus, the difference
between the objects A and B may be equal to the difference between the objects B and C in
terms of rank numbers, but wholly unequal in terms of their actual performance on the
ranking attribute.

The usefulness of rankings is a topic of intense debate (Espeland & Sauder, 2007; Lange,
2010; Rauhvargers, 2011). Proponents point at the potential of rankings for reducing
complexity and making information more accessible to end-users, such as the general public.
Furthermore, rankings may provide insight into the strengths and weaknesses of objects
which in turn may increase the performance of objects on the ranking attribute. Opponents
argue that rankings oversimplify the performance of objects on complex attributes which
may cause end-users to misinterpret and misuse ranking results. Furthermore, rankings may
actually have negative impacts for low ranking objects in the form of among others a
reduced budget and less customers. In turn this may decrease their performance on the
ranking attribute even further. The most important argument against rankings involves the
many methodological issues related to their development. These issues give rise to doubts
about the extent to which rankings reflect the relative performance of objects on the ranking
attribute (Jacobs et al., 2005; Lun et al., 2006; McManus, 2012).

Generally, there are two approaches to developing a ranking. The most straightforward

approach is to ask experts to rate objects according to their performance on a ranking
attribute, after which the individual expert ratings are aggregated into an overall rating (e.g.
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by taking the mean) and corresponding rank number for each object (Giles & Garand, 2007;
Liao et al.,, 2014; Williams & Van Dyke, 2008). A more sophisticated approach is to
operationalize a ranking attribute into various indicators that each aim to measure the
performance of the objects on a specific aspect of the ranking attribute (Lange, 2010). For
each indicator, data on the objects are collected. These usually involve secondary data of a
quantitative nature (e.g. official statistics from local city authorities on the amount of
particulate matter in the air). Nonetheless, primary data may also be collected, for example
by asking experts to rate objects on a specific indicator. Data collected on the various
indicators are aggregated into composite index values on the basis of which the objects are
ranked.

Both the fully expert-based approach and the indicator-based approach have certain
methodological issues. With regard to the expert-based approach, experts may not be
sufficiently familiar with all objects. As a result, they may not be able to make a proper
estimation of the actual performance of each object on the ranking attribute (Liao et al,,
2014; Williams & Van Dyke, 2008). Experts may also have very different interpretations of
the ranking attribute, especially when it involves a complex multi-dimensional attribute such
as urban sustainability. Although the indicator-based approach largely avoids the issues of
the expert-based approach, it has some methodological issues of its own. Two major issues
involve the definition and operationalization of the ranking attribute and the aggregation of
indicators into a composite index value. How a ranking attribute such as urban sustainability
is defined, determines the selection of indicators and thereby ranking results (McManus,
2012; Wilson et al., 2007). It is therefore important that developers of indicator-based
rankings carefully define the ranking attribute and justify the specific selection of indicators.
To aggregate the data collected on the different indicators into a composite index value,
various normalization, weighting and aggregation techniques are available. For example,
indicators may be assigned different weights that reflect their relative contribution to
measuring the ranking attribute. Again, the selection of specific techniques ought to be
carefully substantiated as it may severely influence ranking results (Floridi et al., 2011;
Jacobs et al., 2005; Lun et al., 2006).

1.4 Using Delphi to develop rankings

The Delphi method seems to provide opportunities for developing rankings. With regard to a
fully expert-based approach, the Delphi method enables experts to independently and
iteratively rate objects according to their performance on a ranking attribute. Moreover,
through the provision of controlled opinion feedback experts are able to share their views
and knowledge. This may help them to make more informed judgements in each subsequent
round. Additionally, the Delphi method may provide insight into the stability of objects’ rank
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positions across rounds as well as the extent to which experts were able to agree on the
performance of the objects on the ranking attribute.

A so called ranking-type Delphi method has been developed in the field of information
systems research to identify and rank management issues (Dickson et al., 1984; Schmidt,
1997). This specific type of Delphi method distinguishes three phases that each may consist
of multiple rounds (Pare et al., 2013). In the first phase experts are stimulated to identify as
many issues as possible. A consolidated list of identified issues is presented to the experts in
phase two with the request to select the most important ones. Issues selected by a majority
of experts are put on a short-list (consisting of about 20 issues). In the third phase experts
are asked to actually rank the issues on this short-list, usually in at least two subsequent
rounds. Although the ranking-type Delphi method may be useful for obtaining a ranking of
objects, there are some problems. Most importantly, asking experts in the last phase to
actually rank objects forces them to make a specific distinction between objects that they
may not actually perceive. Besides, the possibilities for analysing ranking data are rather
limited. A different approach to the use of the Delphi method for obtaining a ranking of
objects may thus be desirable.

With regard to developing rankings based on an indicator system, the Delphi method seems
to provide opportunities as well. Developers of rankings often aim to measure the
performance of objects on a complex ranking attribute (e.g. urban sustainability). Usually,
there is no clear definition and operationalization of such an attribute, which makes it hard
to determine which indicators need to be selected. In this case the Delphi method may be
used to allow experts to define and operationalize the ranking attribute, for example by
identifying and rating its most relevant components. In this way the use of the Delphi
method may result in a framework consisting of several components about which experts
generally agreed that they are most relevant for defining and measuring the ranking
attribute. Such a framework may then guide a subsequent selection of indicators.
Additionally, based on experts’ ratings, weights may be assigned to the components that
reflect the relative contribution of the underlying indicators in measuring the ranking
attribute.

The use of the Delphi method for the development of rankings also brings about various
challenges. These mainly involve methodological issues inherent to the Delphi method itself.
As explained in section 1.2, within the general framework of the Delphi method many
specific decisions need to be made regarding the sampling of experts, the design of the first
round questionnaire, the provision of controlled opinion feedback, and the measurement of
agreement. These decisions are important because they may influence the functioning of the
Delphi method and thereby its usefulness for developing rankings.
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Quite some time ago Rowe et al. (1991) already stressed the need for more research into the
Delphi method. Despite their appeal, only a limited number of empirical studies into the
method have been conducted (see for example Bolger et al., 2011; Campbell et al., 1999;
Hussler et al., 2011). As a result, evidence-based guidelines on how to design a Delphi study
are in short supply (Hung et al., 2008; Keeney et al., 2006). Furthermore, almost no research
seems to exist that explicitly explored the opportunities of the Delphi method for developing
rankings. Therefore, the following overall research question underlies this PhD project:

What are the methodological challenges and opportunities of the Delphi method for
developing rankings?

With this overall research question as a starting point | conducted six empirical studies.
Three of these studies focussed on the methodological issues of the Delphi method.
Although the Delphi method has various methodological issues, | decided to focus on two
issues that are at the core of any Delphi study: the measurement of agreement and the
provision of controlled opinion feedback. Consequently, in this PhD project | conducted one
study into the measurement of agreement and two studies into the provision of controlled
opinion feedback.

As stated in section 1.2, multiple indices are available that may be used to measure the level
of agreement among experts in Delphi studies. Research into how these indices behave
within and across the rounds of a Delphi study did not seem to exist. Therefore, a simulation
study was conducted in which the behaviour of nine different indices was examined within
various Delphi scenarios.

With regard to the provision of controlled opinion feedback, a few experiments have been
conducted (e.g. Best, 1974; Bolger et al., 2011; Rowe & Wright, 1996). Most of these
examined the effect of different types of feedback on experts’ degree of opinion change and
forecast accuracy (i.e. the degree to which experts' judgements correspond to verifiable true
values). Similar experiments including other relevant Delphi outcome measures, such as the
degree to which experts conformed their ratings to the majority opinion and achieved
agreement, could not be found (except for a rather peculiar study by Gowan & McNichols,
1993). Furthermore, most Delphi experiments had an artificial set-up in the sense that
university students or staff were asked to give their opinion on rather trivial topics about
which they had no expert knowledge. These so called laboratory Delphi experiments have
been heavily criticized and dismissed as largely inappropriate (Rowe & Wright, 1999). In this
PhD project it was therefore decided to conduct two Delphi experiments within real-world
Delphi studies in which actual experts on the topic of interest participated. Both experiments
examined the effect of different types of feedback on several relevant Delphi outcome
measures, such as the degree to which experts changed their ratings towards the majority
opinion and achieved agreement. In response to the debate about what information to
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include in feedback (see section 1.2), experts in the first experiment received feedback of
rationales either with or without summary statistics. In the second experiment experts
received feedback that either included or excluded their own initial ratings.

Opportunities and challenges related to the actual application of the Delphi method for
developing rankings were explored by means of two Delphi studies. The first Delphi study
was conducted within the field of landscape architecture, a highly interdisciplinary and
practice-oriented field that covers a great variety of research domains (van den Brink &
Bruns, 2014). Drawing on an international sample of landscape architecture experts from
academia and practice, the Delphi study aimed to rank research domains according to their
importance for landscape architecture research and their usefulness for landscape
architecture practice. A second Delphi study was conducted in response to a study in which |
examined the methodological characteristics of several existing indicator-based urban
sustainability rankings. It appeared that most of these rankings did not properly define the
ranking attribute urban sustainability. Presumably, because many definitions of urban
sustainability exist and there is no consensus on what the concept actually entails (Huang et
al., 2015). Therefore, the second Delphi study aimed to identify which components are most
relevant for defining and measuring the ranking attribute urban sustainability according to a
European sample of urban sustainability experts.

Both Delphi studies were designed in a similar way. A heterogeneous sample of experts was
assembled by means of selection criteria and search strategies. To limit the number of
rounds and thereby drop-out of experts, the first round questionnaire included a predefined
list of items (i.e. research domains in the first Delphi study and components of urban
sustainability in the second Delphi study). Experts were given the opportunity to suggest
additional items which were used to expand the list for subsequent rounds. In both the first
and second round experts were asked not to rank, but to rate the items using an ordinal
rating scale. This enabled experts to give items similar ratings. In the third and final round,
however, experts had to select a limited number of items. In this way the most important
and useful landscape architecture research domains as well as the most relevant
components for defining and measuring urban sustainability could be clearly identified.

1.5 Overview of chapters

The remainder of this thesis is organized as follows. Chapter 2 reports on the simulation
study that examined the behaviour of nine agreement indices within various Delphi
scenarios. Based on the results of the simulation study several agreement indices were
selected and applied in studies that are reported in subsequent chapters. Chapter 3
discusses the Delphi study that was conducted in the field of landscape architecture with the
aim of developing two expert-based rankings. This study included the first experiment into
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the provision of controlled opinion feedback, which is described in chapter 4. Chapter 5
reports on a study into the methodological characteristics of several indicator-based urban
sustainability rankings. Following this study, chapter 6 describes a Delphi study about the

definition and measurement of the ranking attribute urban sustainability. This study
included the second experiment into the provision of controlled opinion feedback, which is
reported in chapter 7. Finally, chapter 8 provides an overview of the main findings of the
studies in light of the overall research question and discusses the contribution of this thesis
to science and society.
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Chapter n

Quantifying the development of agreement

among experts in Delphi studies

This chapter is published as:
Meijering, J. V., Kampen, J. K., & Tobi, H. (2013). Quantifying the development of agreement
among experts in Delphi studies, Technological Forecasting & Social Change, 80, 1607-1614.
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Abstract

Delphi studies are often conducted with the aim of achieving consensus or agreement
among experts. However, many Delphi studies fail to offer a concise interpretation of the
meaning of consensus or agreement. Whereas several statistical operationalizations of
agreement exist, hardly any of these indices is used in Delphi studies. In this study, computer
simulations were used to study different indices of agreement within different Delphi
scenarios. A distinction was made between indices of consensus (DeMoivre index),
agreement indices (e.g., Cohen’s kappa and generalisations thereof), and association indices
(e.g., Cronbach’s alpha, intra-class correlation coefficient). Delphi scenarios were created by
varying the number of objects, the number of experts, the distribution of object ratings, and
the degree to which agreement increased between subsequent rounds. Each scenario
consisted of three rounds and was replicated 1000 times. The simulation study showed that
in the same data, different indices suggest different levels of agreement, and also, different
levels of change of agreement between rounds. In applied Delphi studies, researchers should
be more transparent regarding their choice of agreement index and report the value of the
chosen index within every round as to provide insight into how the suggested agreement
level has developed across rounds.

Keywords: Delphi, consensus, agreement, association, methodology, simulation
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2.1 Introduction

The Delphi method is a data-collection method originally developed by Dalkey and Helmer of
the RAND Corporation in the 1950s as part of a US military defence project (Dalkey &
Helmer, 1963; Linstone & Turoff, 1975). Delphi studies are usually conducted to achieve a
level of agreement among experts about a topic. Experts are questioned about their opinion
by means of a standardized questionnaire in a number of successive rounds. Communication
among experts is avoided in order to stimulate independent thought and prevent group
pressure. Instead, communication is controlled by the researcher who provides feedback to
the experts, usually in the form of a summary of the findings of the previous round. Based on
this feedback, experts may change their opinion about the topic in the next round. This
procedure continues until a certain level of agreement has been achieved (Dalkey & Helmer,
1963; Hung et al., 2008; Keeney et al., 2006; Keeney et al., 2001; Landeta, 2006; Linstone &
Turoff, 1975; Powell, 2003; Rowe et al., 1991).

Since its public introduction in the 1960s, the Delphi method has been used in different
domains (Gupta & Clarke, 1996) (e.g., health care, management, education) and in different
formats (Keeney et al., 2006). It does have, however, some unresolved methodological
issues (Gupta & Clarke, 1996; Hung et al., 2008; Keeney et al., 2006; Keeney et al., 2001;
Landeta, 2006; Powell, 2003; Rowe et al., 1991). These issues concern, among others, the
identification and selection of experts, the organization of feedback, the process of opinion
change, and the reliability and validity of Delphi results (Bolger et al., 2011; Bolger & Wright,
2011; Ecken et al., 2011; Frewer et al., 2011; Gnatzy et al., 2011; Goluchowicz & Blind, 2011;
Hasson & Keeney, 2011; Hussler et al., 2011; Landeta, et al., 2011; Parente & Anderson-
Parente, 2011).

Another methodological issue concerns the definition and measurement of agreement
(Hasson & Keeney, 2011; Hung et al., 2008; Keeney et al., 2006; Powell, 2003). Powell (2003)
reviewed a selection of Delphi studies and concluded that agreement is defined and
achieved in many different ways, although “setting a percentage level for inclusion of items
appears to be a common interpretation” (p. 379). This means that within a Delphi round
experts evaluate a number of items or objects (e.g., guidelines in a checklist, items in a
questionnaire, indicators of a concept) using some sort of rating scale (e.g., a 5-point ordinal
scale ranging from ‘very unimportant’ to ‘very important’), and agreement is expressed per
object by calculating the percentage of experts that evaluates an object in a certain way
(e.g., the percentage of experts that rates an object as ‘very important’). The standard
deviation is also often used as a measure to express agreement among experts, although
this measure should not be used when objects are rated on an ordinal scale.
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Other ways to measure agreement among experts can be found in the literature. Different
indices exist that quantify the level of agreement among experts in a single number. Several
review studies compared indices by discussing their development, strengths, and
weaknesses (Banerjee, 1999; Dijkstra & van Eijnatten, 2009; Hubert, 1977). Most indices are
rarely or never used in Delphi studies. It is, therefore, unknown how these indices behave
when used to measure the level of agreement within Delphi studies.

Because experts may change their opinion based on the feedback that they receive from the
researcher, it is expected that the level of agreement among experts increases in every
subsequent round. In other words: there may be a certain level of conformity that causes
the level of agreement among experts to increase across rounds. It is unknown, however,
how different indices cope with this level of conformity.

The objective of this study was, therefore, to find out how different agreement indices
behave, not only within, but also across the rounds of a Delphi study by applying them
within Delphi scenarios that have been created using computer simulations.

2.2 The indices under study

Delphi studies are often conducted with the aim of achieving consensus among experts
(Bunting, 2010; Eberman & Cleary, 2011; Graham et al., 2003). The Cambridge dictionary
defines consensus as: “a generally accepted opinion or decision among a group of people”
(Cambridge Dictionaries Online, 2012). This implies that within a Delphi study consensus on
an object occurs only if all experts attribute the same rating to that object. It is actually very
difficult to achieve consensus in a Delphi study (Keeney et al., 2006). The concept of
agreement is less strict than the concept of consensus and occurs if within a group of experts
at least two experts attribute the same rating to an object. Consensus can, therefore, be
considered a special case of agreement. The concept of association is less strict than the
concept of agreement and requires only that “the category of one response can be predicted
from the category of the other” (Dijkstra & van Eijnatten, 2009). This implies that association
allows for a systematic difference between the ratings of two experts. When there is
agreement between two experts there is also association between the ratings of both
experts. The opposite is not necessarily true. The ratings of two experts can be perfectly
associated even though they have not attributed the same rating to any of the objects. With
these different operationalizations in mind, the existing indices were classified as consensus,
agreement, or association indices. An overview of consensus, agreement, and association
indices is found in table 2.1.
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Table 2.1
Overview of consensus, agreement, and association indices.

Name of index (denotation) Index type Minimum value Maximum value
DeMoivre index (DM,) Consensus 0 1
Strict agreement index (SA;) Agreement 0 1
Corrected strict agreement index (CSA,) Agreement 0 ?
Light’s kappa (KL;) Agreement -1 1
Fleiss’ kappa (KF,) Agreement -1 1
Conger’s kappa (KC,) Agreement -1 1
Cronbach’s alpha (CA,) Association —0o0 1
Intra-class correlation coefficient absolute (ICA;) Association -1 1
Intra-class correlation coefficient consistency (ICC,) Association -1 1
Kendall’s measure of concordance (W,) Association 0 1

Consensus index

Hubert (1977) formulated DeMoivre’s definition of agreement (after the French
mathematician Abraham de Moivre): “an agreement occurs if and only if all raters agree on
the categorization of an object” (p. 298). This definition matches the above mentioned
definition of consensus. Based on DeMoivre’s definition, a consensus index was developed.
Consensus between two experts r and r’ regarding rating x of objectiin round t(t=1, ..., T) is
defined as

Gz {1 if Xirt=Xir't ]
710 otherwise

When there are M experts, consensus on an object is achieved when there is consensus
within all possible expert pairs (M(M—1)/2). Consensus on object i in Delphi round t was thus
defined as

Cin= {1 |f Zr'>r cirr‘t =M(M_1)/2
10 otherwise ’

where ci; = 0 or 1 (0 denoting no consensus, 1 denoting consensus). For all N objects taken
together, the DeMoivre index

=Zicit
N )

DM,

denotes the number of objects that received the same rating from all experts as a
proportion of the total number of objects within Delphi round t.
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Agreement indices

In addition to the DeMoivre index, an agreement index was developed that matches the
concept of agreement as mentioned above. We define the percentage of equal ratings of
object i in round t over the M experts in Delphi round t as

Zr‘>r Cirr't
A= 5
M(M-1)/2
where 0 < a; < 1 (0 denoting total disagreement, 1 denoting consensus). For all N objects
taken together, the index

SAt=Z;\l it )

denotes the mean proportion of equal ratings across experts and objects within Delphi
round t.

The calculation of SA; does not take into account that some agreement among experts
occurs by chance. Particularly when there is a low number of possible rating categories,
chance agreement might constitute a substantial part of the observed agreement among
experts. In practice, the level of chance agreement is unknown and will be estimated from
the data. With simulated data, however, it is possible to compute the percentage of chance
agreement. For instance, when the first round in a simulated Delphi scenario is based on
random data, no agreement beyond chance is expected and the level of agreement SA;
found in the first round represents the chance agreement. The corrected strict agreement
index

CSA=SA—SA,,

corrects the observed level of total agreement for the level of chance agreement (t > 1).

Cohen’s kappa (Cohen, 1960) quantifies the level of agreement between two experts who
classify a number of objects into a number of mutually exclusive categories. It is based on
the definition that agreement only occurs when two experts have attributed the same rating
to an object. Cohen’s kappa corrects for chance agreement by incorporating the proportion
of expected agreement between two experts into its calculation. Cohen’s kappa typically
takes on values between —1 and 1. A value of 0 means that there is no agreement between
the two experts beyond chance, while a value of 1 signifies perfect agreement between the
two experts. A value of —1 indicates that the ratings are each other’s mirror image. Because
Cohen’s kappa was designed for only two experts, different generalizations of Cohen’s kappa
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were developed that are suitable for cases with more than two experts. Light (1971)
developed a kappa that takes the average of all pairwise kappas that can be calculated
within the group of experts. Cohen’s and Light’s kappa take into account the fact that two
experts might have different distributions of object ratings. Fleiss’ kappa (Fleiss, 1971)
deviates from this in that it assumes that the distribution of object ratings for the entire
population of experts is known and is taken to be equal for all experts. As such, Fleiss’ kappa
can actually be regarded as a generalization of Scott’s pi (Scott, 1955; Siegel & Castellan,
1988). Conger (1980) adjusted Fleiss’ kappa in such a way that differences between experts
in the distribution of object ratings are again taken into account. Light’s, Fleiss’ and Conger’s
kappa in round t will be denoted respectively as KL;, KF;, and KC; in the remainder of this
study.

Association indices

Cronbach’s alpha is typically used to assess the reliability or internal consistency of a group
of items that make up a scale (Cronbach, 1951, 2004). Cronbach’s alpha has also been used
in Delphi studies to measure the level of agreement among experts (Bederman et al., 2010;
Graham et al., 2003). Because Cronbach’s alpha is based on the covariances between all
expert ratings, it is actually an association index instead of an agreement index as defined in
this study. Cronbach’s alpha typically takes on values between 0 and 1, although technically
it can take on any value below 0. Values close to 0 mean that the ratings of the experts are
completely unrelated to one another, while values close to 1 mean that the ratings are
strongly associated. In the remainder of this study Cronbach’s alpha in round t will be
denoted as CA:.

There are different operationalizations of the intra-class correlation coefficient (Field, 2005;
Shrout & Fleiss, 1979). All are based on an analysis of variance model. According to Field
(2005), a two-way random effects model is most suitable for measuring the level of
agreement among experts. Within this model, a decision must be made about whether to
measure the intra-class correlation coefficient according to an ‘absolute’ or ‘consistency’
definition (Field, 2005). The difference between the two is that the relative differences
between the ratings of the experts are taken into account in the former and are ignored in
the latter. Either way, the intra-class correlation coefficient is based on the concept of
association. The intra-class correlation coefficient typically takes on values between 0 and 1
(although values between 0 and —1 are possible). The ‘absolute’ and ‘consistency’ intra-class
correlation coefficients in round t will be denoted respectively ICA; and ICC; in the remainder
of this study.

When experts rank a number of objects, the association between their rankings can be
determined using Kendall’'s measure of concordance (Siegel & Castellan, 1988). As an
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association index, Kendall’s measure of concordance has been used in Delphi studies to
measure the level of agreement among experts (Bunting, 2010; Nevo & Chan, 2007; Rushton
& Moore, 2010; Schmidt, 1997). When a rating scale with a limited number of categories is
used to rank objects, many tied rankings per expert might occur. In this case, a correction for
ties needs to be incorporated in the calculation. Kendall’s measure of concordance takes on
values between 0 and 1, with values close to 0 indicating a very weak association and values
close to 1 indicating a strong association. In the remainder of this study, Kendall’s measure
of concordance (corrected for ties) in round t will be denoted as W,.

2.3 Outline of the simulation study

Computer simulations were used to study the behaviour of the indices within different
Delphi scenarios. A script was developed in R (R Core Team, 2011) for simulating data within
some predefined Delphi scenarios and computing the indices. Scripts for computing KL;, KFy,
KC;, CA,, ICA;, ICC; and W, were obtained from an official package on the R website (Gamer et
al., 2010). All scripts were thoroughly tested by applying them on datasets obtained from
existing publications and comparing the outcomes in R with the reported values in the
corresponding publications. The complete script in R can be obtained from the
corresponding author on request.

Simulation of three Delphi scenarios

Three Delphi scenarios were simulated in which the number of objects and the number of
experts were set at common values of N = 60 and M = 20. Within all three Delphi scenarios
an ordinal rating scale consisting of 5 categories was used, and the number of rounds was
set equal at 3.

For each of the three Delphi scenarios, the distribution of object ratings was either a skewed
binomial (m = .2), a symmetrical binomial (x = .5), or a uniform distribution. The uniform
distribution was used to simulate Delphi scenarios in which the initial disagreement among
experts is maximized. Within a single Delphi scenario, all objects followed the same
distribution.

For the first round, no systematic agreement among experts was assumed. Consequently,
the data for the first round were created by drawing random numbers from one of the three
distributions of object ratings, each random draw of a number representing a rating of an
object by an expert on the ordinal rating scale (1 to 5). For the second and third rounds, it
was assumed that the experts had received feedback about the mean rating of each object
in the previous round. Based on this feedback, experts might adjust their initial rating for
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each object, conforming to a more or lesser degree to the mean rating of that object. As
such, the data for the second and third round were created, based on the algorithm

xie=round (X1 1B+ e 1°[1-B,]), t> 1.

Thus, the rating of object i by expert r in rounds two and three depends on the mean rating
of object i over all experts in the previous round (denoted X:—1) and the rating of object i by
expert r in the previous round. The extent to which expert r conforms to the mean rating
depends on the magnitude of the so-called conformity index B:. This index determines the
level of conformity of all experts on all objects within a Delphi round. Within the three
Delphi scenarios the conformity indices B, and Bs were set to 0.5, indicating a moderate
conformity level. Because an ordinal rating scale was used, the ratings were rounded to the
nearest integer.

Simulation of variations

To determine if results based on the three Delphi scenarios were sensitive to changes in
parameter values, variations on the three Delphi scenarios were simulated. Each variation
differs from the original Delphi scenario in that only one parameter was decreased or
increased to another value. As such, the effect of each parameter on the behaviour of the
different indices within and across Delphi rounds could be identified.

First, for each of the three Delphi scenarios, two variations were simulated in which the
conformity indices were decreased to B, = B3 = 0.2, indicating a low conformity level, or
increased to B, = B3 = 0.8, indicating a high conformity level. Second, for each of the three
Delphi scenarios, two variations were simulated in which the number of experts was
decreased or increased to M = 10 or M = 50. Finally, for each of the three Delphi scenarios,
two variations were simulated in which the number of objects was decreased or increased to
N=12or N =120.

Table 2.2 shows the set values per parameter for each of the three Delphi scenarios.
Alternative values that were set to simulate variations on these three Delphi scenarios are
shown in between parenthesis.

Procedure

All Delphi scenarios and the corresponding variations were replicated 1000 times. For each

replication, the level of agreement within all three Delphi rounds was calculated using the
included indices. Then, for each index a mean value and corresponding empirical 95%-range
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was calculated. The empirical 95%-range was obtained by ordering the values of each index
across the 1000 replications from lowest to highest and calculating the difference between
the 26" and 975" value.

Table 2.2
Set values per parameter for each of the three Delphi scenarios (variations).
Delphi Number of Number of Number of Number of Distribution of Conformity
scenario  objects N experts M rating categories  rounds object ratings index B
(variations) (variations) (variations)
1 60 20 5 3 Skewed 0.5
(12 or 120) (10 or 50) (0.2 0r 0.8)
2 60 20 5 3 Symmetrical 0.5
(12 or 120) (10 or 50) (0.2 0r 0.8)
3 60 20 5 3 Uniform 0.5
(12 or 120) (10 or 50) (0.2 0or 0.8)

2.4 Results

Three Delphi scenarios

Table 2.3 shows the mean and 95%-range of each index within each round of the three
original Delphi scenarios that were simulated. All three generalizations of Cohen’s kappa
(KL, KF; and KC;) and both types of the intra-class correlation coefficient (ICA; and ICC;) gave
almost identical results. These indices will, therefore, be discussed as one kappa (K:) and one
intra-class correlation coefficient (IC;) in the remainder of this study.

Regardless of Delphi scenario, all indices except SA; gave a mean close to 0 in round 1. Of all
indices, the association index CA; had the greatest 95%-range in round 1. In rounds 2 and 3,
the association indices IC; and W, had a greater 95%-range than the agreement indices.

Within Delphi scenario 1, round 2, different indices gave different means. While CA, gave the
greatest mean, DM, still gave a mean very close to 0. Apart from DM,, K, gave the smallest
mean in round 2. The agreement index CSA, and the association indices IC, and W, gave
almost identical means. All three indices gave greater means than K;, but smaller means
than SA,. In round 3, DMj3 and K3 gave the same means as in round 2. The means of all other
indices did increase, although not more than 0.04.

Delphi scenario 2 differed slightly from Delphi scenario 1. From round 2 to round 3, the

means of all indices, except the consensus index, increased by at least 0.03. The association
indices IC; and W, suggested the greatest increase of the mean from round 2 to round 3.
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Table 2.3
Means (95%-range) of each index per Delphi scenario (based on 1000 replications, N = 60 objects, M = 20 experts, and
conformity indices of B, = B3 = 0.5).

Index Delphi scenario 1 Delphi scenario 2 Delphi scenario 3
(binomial 0.2) (binomial 0.5) (uniform)

Roundl Round2 Round3 Roundl Round2 Round3 Roundl Round2 Round3

Consensus
DM, 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00
(0.00) (0.07) (0.07) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
Agreement
SA: 0.36 0.51 0.53 0.27 0.46 0.51 0.22 0.41 0.49
(0.03) (0.06) (0.05) (0.03) (0.04) (0.03) (0.02) (0.03) (0.02)
CSA, 0.00 0.15 0.17 0.00 0.19 0.24 0.00 0.19 0.27
(0.03) (0.06) (0.05) (0.03) (0.04) (0.03) (0.02) (0.03) (0.02)
KL, 0.00 0.07 0.07 0.00 0.08 0.11 0.00 0.09 0.15
(0.03) (0.09) (0.09) (0.02) (0.04) (0.03) (0.02) (0.03) (0.04)
KFy 0.00 0.07 0.07 0.00 0.08 0.11 0.00 0.09 0.15
(0.03) (0.09) (0.09) (0.02) (0.04) (0.03) (0.02) (0.03) (0.04)
KC; 0.00 0.07 0.07 0.00 0.08 0.11 0.00 0.09 0.15
(0.03) (0.09) (0.09) (0.02) (0.04) (0.03) (0.02) (0.04) (0.04)
Association
CA —-0.03 0.79 0.82 —-0.04 0.85 0.91 —-0.03 0.83 0.94
(0.76) (0.23) (0.20) (0.83) (0.07) (0.03) (0.79) (0.07) (0.02)
ICA, 0.00 0.16 0.20 0.00 0.23 0.35 0.00 0.20 0.42
(0.04) (0.16) (0.18) (0.04) (0.09) (0.08) (0.04) (0.08) (0.07)
ICC, 0.00 0.16 0.20 0.00 0.23 0.35 0.00 0.20 0.42
(0.04) (0.16) (0.18) (0.04) (0.09) (0.08) (0.04) (0.08) (0.07)
W, 0.05 0.19 0.21 0.05 0.26 0.38 0.05 0.24 0.45
(0.03) (0.15) (0.16) (0.04) (0.09) (0.08) (0.04) (0.08) (0.08)

Delphi scenario 3 differed slightly from Delphi scenario 2. From round 2 to round 3, the
means of all indices, except the consensus index, increased by at least 0.06. The association
indices IC; and W; again suggested the greatest increase of the mean from round 2 to round
3. Both indices suggested a greater increase of the mean from round 2 to round 3 than from
round 1 to round 2.

The different distributions of object ratings influenced the outcomes of the indices and can,
at least partly, be explained by differences in the level of chance agreement. This is best
illustrated by SA; in round 1 (see Table 2.3), with the smallest mean in Delphi scenario 3
(uniform distribution of object rating) and the largest mean in Delphi scenario 1 (skewed
binomial distribution of object ratings). Although the different distributions of object ratings
did have an impact on the consensus index DM, the influence on the agreement and
association indices was more obvious. Whereas in Delphi scenario 1 from round 2 to round 3
the means of the agreement indices remained rather stable, they increased in the other two
scenarios. The means of the association indices increased from round 2 to round 3
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regardless of Delphi scenario. The increase in the mean of the association indices was
smallest in Delphi scenario 1.

Variations on the three Delphi scenarios
level of conformity

When the conformity level was changed from B; = 0.5 to B; = 0.2, keeping other parameters
unchanged (data not shown), the means of the indices did not change in rounds 2 and 3.
Regardless of Delphi scenario, all indices remained stable over rounds.

Table 2.4 shows the mean and 95%-range of each index within each round of the three
Delphi scenarios when the conformity level was changed from B; = 0.5 to B; = 0.8, keeping
other parameters unchanged. Because the conformity level only affected the ratings in
rounds 2 and 3, round 1 of each Delphi scenario in table 2.4 shows the same results as in
table 2.3.

With a conformity level of B = 0.8, DM, no longer gave means close to zero in rounds 2 and
3. Regardless of Delphi scenario, this consensus index gave greater means than the
agreement indices CSA; and K3 as well as the association indices IC3 and W3 in round 3. In all
three Delphi scenarios, the 95%-range of DM, Ky, IC;, and W, increased substantially from
round 1 to round 2. From round 2 to round 3, the 95%-range of K;, I1C;, and W, increased
even further.

Within Delphi scenario 1, round 2, experts on average reached consensus on 79% of all
objects. The agreement indices CSA; and K; as well as the association indices IC, and W, gave
smaller means than DM, (between 0.47 and 0.55). From round 2 to round 3 the means of all
indices increased by not more than 0.10. In round 3 experts on average reached consensus
on 86% of all objects. The indices CSAs3, Ks, IC3, and W3 gave smaller means than DM;
(between 0.57 and 0.61).

Delphi scenario 2 differed slightly from Delphi scenario 1. In round 2, experts on average
reached consensus on 48% of all objects. Still, K,, IC,, and W, gave smaller means than DM,.
In round 3 experts on average reached consensus on 92% of all objects and DMj5 again gave a
greater mean than CSA;3, K3, 1C3, and W;.

Delphi scenario 3 differed slightly from Delphi scenario 2. In round 2, experts on average
reached consensus on 36% of all objects and only K, gave a smaller mean than DM,.
However, the mean of DM3 more than doubled compared with round 2. As such, DMj3 again
gave a greater mean than CSA;3, K3, 1C3, and Ws.

34



Table 2.4
Means (95%-range) of each index per Delphi scenario (based on 1000 replications, N = 60 objects, M = 20 experts, and
conformity indices of B, = B3 = 0.8).

Index Delphi scenario 1 Delphi scenario 2 Delphi scenario 3
(binomial 0.2) (binomial 0.5) (uniform)

Roundl Round2 Round3 Roundl Round2 Round3 Roundl Round2 Round3

Consensus
DM, 0.00 0.79 0.86 0.00 0.48 0.92 0.00 0.36 0.86
(0.00) (0.20) (0.17) (0.00) (0.27) (0.13) (0.00) (0.25) (0.18)
Agreement
SA: 0.36 0.91 0.93 0.27 0.87 0.96 0.22 0.79 0.93
(0.03) (0.09) (0.09) (0.03) (0.08) (0.07) (0.02) (0.09) (0.09)
CSA, 0.00 0.55 0.57 0.00 0.60 0.68 0.00 0.57 0.71
(0.03) (0.09) (0.09) (0.03) (0.08) (0.07) (0.02) (0.09) (0.09)
KL, 0.00 0.47 0.57 0.00 0.24 0.49 0.00 0.29 0.61
(0.03) (0.19) (0.35) (0.02) (0.27) (0.41) (0.02) (0.20) (0.38)
KFy 0.00 0.49 0.59 0.00 0.24 0.52 0.00 0.29 0.63
(0.03) (0.18) (0.33) (0.02) (0.27) (0.35) (0.02) (0.20) (0.35)
KC; 0.00 0.49 0.59 0.00 0.24 0.52 0.00 0.29 0.63
(0.03) (0.18) (0.33) (0.02) (0.27) (0.35) (0.02) (0.20) (0.35)
Association
CA —-0.04 0.95 0.97 —-0.04 0.89 0.96 —-0.03 0.92 0.97
(0.81) (0.03) (0.04) (0.80) (0.15) (0.05) (0.79) (0.06) (0.04)
ICA, 0.00 0.50 0.59 0.00 0.30 0.54 0.00 0.39 0.66
(0.04) (0.17) (0.33) (0.04) (0.27) (0.35) (0.04) (0.20) (0.34)
ICC, 0.00 0.50 0.59 0.00 0.30 0.54 0.00 0.39 0.66
(0.04) (0.17) (0.33) (0.04) (0.28) (0.35) (0.04) (0.20) (0.34)
W, 0.05 0.53 0.61 0.05 0.33 0.56 0.05 0.42 0.67
(0.03) (0.16) (0.31) (0.04) (0.27) (0.33) (0.03) (0.19) (0.32)

The different distributions of object ratings influenced the outcomes of the indices. The
mean of the consensus index DM, in round 2 (see table 2.4) was greater in Delphi scenario 1
(skewed distribution of object ratings) compared with Delphi scenario 2 (symmetrical
distribution of object ratings) and Delphi scenario 3 (uniform distribution of object ratings).
The different distributions of object ratings had a similar, although less obvious, influence on
the agreement indices, except for CSA;, and the association indices. For all indices, the
increase in the mean from round 2 to round 3 was smallest in Delphi scenario 1.

Delphi scenarios in which 3, < B3 were also simulated. These scenarios did not provide any
new insights and are not reported in this paper.

Number of experts

When the number of experts was changed from M = 20 to M = 10, keeping other parameters
unchanged (data not shown), the means of all indices, except CA;, increased in rounds 2 and
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3 of Delphi scenario 1. Changing the number of experts to M = 10 also caused an overall
increase of the 95%-range of all indices in virtually all cases. When M = 10, W, gave a mean
of 0.10 in round 1 of all three Delphi scenarios, compared to 0.05 when M = 20.

When the number of experts was changed from M = 20 to M = 50, keeping other parameters
unchanged (data not shown), the means of all indices decreased in rounds 2 and 3 of Delphi
scenario 1. Changing the number of experts to M = 50 also caused an overall decrease of the
95%-range of all indices in virtually all cases. When M = 50, W, gave a mean of 0.02 in round
1 of all three Delphi scenarios, compared to 0.05 when M = 20.

Number of objects

When the number of objects was changed from N = 60 to N = 12, keeping other parameters
unchanged (data not shown), CA; gave means close to —0.20 in the first round of all three
Delphi scenarios (compared to —0.03 when N = 60). In addition, CA; had an exceptionally
large 95%-range, taking on values between —1.90 and 0.51. Changing the number of objects
to N =12 did not affect the means of the other indices. It did cause an overall increase of the
95%-range of all indices in virtually all cases.

When the number of objects was changed from N = 60 to N = 120, keeping other parameters
unchanged (data not shown), the means of the indices were not affected. It did cause an
overall decrease of the 95%-range of all indices in virtually all cases.

2.5 Discussion and conclusion

In this study a theoretical distinction was made between consensus, agreement and
association indices. The simulation study showed that the indices also differ from each other
empirically. Different indices suggested different levels of agreement in the same data.

The indices were studied within the context of a Delphi study, which is unique in the sense
that a certain level of conformity might cause the level of agreement to increase across
rounds. The consensus, agreement, and association indices differed from each other in how
they coped with this level of conformity. Overall, with a moderate conformity level (B = 0.5),
the association indices suggested a greater increase in the estimated level of agreement
across rounds than the agreement indices, while the consensus index suggested almost no
increase at all across rounds. With a high conformity level (B = 0.8), the consensus index,
except for CA, suggested the greatest increase in the estimated level of agreement across
rounds. Consequently, the consensus index, aside from SA:; and CA;, suggested a greater
level of agreement than the agreement indices and the association indices in the third
round.
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The number of experts affected the level of agreement suggested by the indices. Overall, the
larger the number of experts, the smaller the level of agreement as suggested by the indices,
with the exception of CA;. The number of objects only affected the level of agreement as
suggested by CA;. With a small number of objects (N = 12), CA; suggested a large range of
different, and sometimes uninterpretable, agreement levels in the first round. All indices
proved to be more or less sensitive to the underlying distribution of object ratings. The
sensitivity of K; to the marginal distribution of the ratings, causing under- or overestimation
of agreement, was also established in other studies (Banerjee, 1999; Byrt et al., 1993;
Dijkstra & van Eijnatten, 2009; Feinstein & Cicchetti, 1990).

It is impossible to judge which index is most suitable for measuring the level of agreement in
Delphi studies. The consensus index is strict in the sense that all experts need to attribute
the same rating to an object. This can become problematic when a Delphi study includes a
large number of experts. The index can, however, be easily interpreted as a percentage. The
agreement indices SA: and CSA; are less strict than the consensus index and are also easily
interpretable. A drawback of SA; is that it does not correct for chance agreement. The CSA;
does correct for chance agreement, however, this chance agreement cannot be computed in
an actual Delphi study. The agreement index K, incorporates the correction for chance
agreement in its calculation. This also makes the interpretation of K; more problematic. The
use of CA; as an index for measuring the internal consistency of a group of items has
received considerable criticism (Cortina, 1993; Schmitt, 1996; Streiner, 2003). This study
showed that CA; is also not suitable for measuring the level of agreement in Delphi studies.
The index suggested such a large increase in the mean across rounds that a high level of
agreement was easily achieved after three rounds. Furthermore, CA; suggested a large range
of sometimes uninterpretable values in the first round. As association indices IC; and W, can
be used to measure the level of agreement in Delphi studies, although both indices are
difficult to interpret. In addition, W; becomes unsuitable in Delphi studies that include a
small number of experts as it does not sufficiently correct for chance agreement.

Not all known consensus, agreement and association indices were used in the present study.
Only those indices that are suitable for the Delphi study as designed were included. Some
indices are irrelevant for Delphi studies as they rely on two experts only, for example
Cohen’s kappa (Cohen, 1960) or Scott’s pi (Scott, 1955). Other indices, like the generalization
of Cohen’s kappa by Fleiss and Cuzick (Fleiss & Cuzick, 1979), did not suit the chosen ordinal
rating scale. Other extensions of Cohen’s kappa that allow for objects to be rated by
different groups of experts of unequal size (Kraemer, 1980; Landis & Koch, 1977; Uebersax,
1982) did not fit the presented scenarios.

Computer simulations were used to study the behaviour of several indices within different

Delphi scenarios. The different numbers of objects and experts were chosen to reflect a
realistic range, but of course had to be limited. According to Keeney et al. (2006) there exists
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no guidance on the minimum or maximum number of experts to be included in a Delphi
study. As such, the number of experts in a Delphi study can range from as few as 6 experts
(Eberman & Cleary, 2011) to as many as 3000 experts (Jung-Erceg et al., 2007). However,
Delphi studies that include such many experts are the exceptions.

In all simulated Delphi scenarios a scale was used with an ordinal measurement level.
However, the Delphi method also allows for the use of scales with a nominal, interval or
even ratio measurement level (e.g. Di Zio and Pacinelli, 2011). More research is needed to
investigate the performance of consensus, agreement and association indices in Delphi
studies that use these other measurement levels.

For each Delphi scenario, the distribution of object ratings was either skewed, symmetrical,
or uniform. The convergence of expert opinions across rounds was approached by an
algorithm based on the conformity index. For this index, three different values were
employed. To what extent the distributions of the object ratings and the chosen values of
the conformity index reflect actual Delphi studies is hard to establish, as most studies give
limited information or no information at all on what happens in and between Delphi rounds.
Recently, some research has focused on which factors influence opinion change within
Delphi studies (Bolger et al., 2011; Bolger & Wright, 2011; Ecken et al., 2011; Hussler et al.,
2011). More research in this area is needed. Modelling the level of agreement (Banerjee,
1999) might shed more light on how experts reach agreement across the rounds of a Delphi
study.

This study has some important implications for future Delphi studies. Delphi studies are
often conducted with the aim of achieving consensus among experts. However, many Delphi
studies fail to offer an interpretation of the meaning of consensus (Hasson & Keeney, 2011;
Powell, 2003). Because different kinds of indices might take on different values, researchers
are advised to be clear about what they want to measure: consensus, agreement, or
association. Additionally, researchers need to report which index (or indices) they use within
their Delphi study and clearly explain their choice. Because it might be tempting to simply
choose the index that reports the highest value (like SA; or CA;), researchers are advised to
make these decisions a priori. Furthermore, researchers need to report the value of the
chosen index within every Delphi round in order to provide insight into how the suggested
level of agreement has developed across Delphi rounds.
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Chapter H

Exploring research priorities in landscape
architecture: An international Delphi study

This chapter is published as:

Meijering, J. V., Tobi, H., van den Brink, A., Morris, F., & Bruns, D. (2015). Exploring research

priorities in landscape architecture: An international Delphi study. Landscape and Urban
Planning, 137, 85-94
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Abstract

Many of the world’s major challenges require responses that are embedded in landscape
planning, design, and management. To date, however, it is unclear which research domains
should form the core of a future landscape architecture research agenda. This study
explored which domains landscape architecture experts prioritise as most important for
landscape architecture as a research discipline and which domains they prioritise as most
useful for landscape architecture practice. A Delphi study was conducted with an
international sample of landscape architecture experts from academia and professional
practice. Results suggest that research into ‘human dimensions of planning and design’ and
‘built environments and infrastructure’ is desirable from an academic and practice-oriented
view. Additionally, the domains ‘global landscape issues’ and ‘green urban development’
seem to be important for landscape architecture as a research discipline. These four
domains could thus form the core of a future research agenda. Some differences appeared
to exist between academic and professional experts as well as between experts from
different continents. This suggests that a future research agenda should allow for
refinements according to specific regional needs. For the first time, landscape architecture is
now in possession of a foundation upon which a fascinating research agenda may be built.
Additionally, pertinent discussions are expected to contribute to the continuing maturation
of landscape architecture as a discipline that does not only rely on other established
research disciplines, but also builds its own body of knowledge.

Keywords: landscape architecture, Delphi method, research priorities, research agenda,
research domains, knowledge areas
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3.1 Introduction

Many of the world’s major challenges, such as demographic and lifestyle changes, urban and
rural transformation, climate change and energy needs, to name only a few, require
responses that are embedded in landscape. Landscape architects are experts in providing
such responses and, in doing so, have been successful in practically applying methods of
landscape planning, design and management. But, one may ask, how and to what extent
were such methods also applied to the building of a body of knowledge that is becoming
fundamental to informing practice? Compared with other scholarly disciplines, landscape
architecture is not always recognised as a research discipline (Deming & Swaffield, 2011;
Gobster et al., 2010; LaGro, 1999; Milburn et al., 2001; Tai, 2003). During the last couple of
decades, landscape architecture has developed an increasingly stronger research focus but,
compared with its long and rich history of professional practice, its own research culture is
still underdeveloped (van den Brink & Bruns, 2014). There are ongoing debates about the
specificity of landscape architecture theory and methodology (Ward-Thompson, 2010), as
well as what constitutes research in relation to design (e.g. Lenzholzer et al., 2013; Milburn
& Brown, 2003). Additionally, not all landscape architects who conduct research feel the
need to publish in (international) peer-reviewed journals (Gobster et al., 2010).

If landscape architecture is to reach greater academic distinction, it is important that more
research is conducted to create a sound evidence base that helps to justify landscape
planning, design, and management decisions (e.g. Deming & Swaffield, 2011). As Brown and
Corry (2011, p. 328) put it, it is time for “the deliberate and explicit use of scholarly evidence
in making decisions about the use and shaping of land”. Obviously, developing a sound
evidence base will be more effective when there is a clear focus regarding the research
domains which should be considered core to landscape architecture. Research domains, also
referred to as domains of inquiry or knowledge areas, are overarching themes in which
research into specific and related topics occurs. As shown by Deming and Swaffield (2011, p.
25), many different domains exist in landscape architecture, such as ‘human and
environment relationships’, ‘built environments’, and ‘values and ethics’ to name only a few.
This wide range of domains indicates that landscape architecture research is fragmented. As
such, the core of landscape architecture research is still not clearly defined (van den Brink &
Bruns, 2014). This is a shortcoming that should be of great concern to landscape architects,
academics and professionals alike, because it may restrict potential future contributions to
solving pressing landscape challenges. The question, then, is which domains should form the
core of a future landscape architecture research agenda? No inquiry into this question
seems to exist, apart from Chen (2013) who showed that North American practitioners
consider additional research into ‘construction techniques’, ‘water resource management’,
and ‘sustainable design’ to be most helpful.

43




In the current study the Delphi method was used to systematically and interactively explore
research priorities in landscape architecture by consulting landscape architecture experts
from academia as well as from professional practice. Both groups are vital for a discipline
that is highly practice-oriented and in search of an enhanced knowledge base. Within
landscape architecture, however, there is a noticeable divide between academia and
professional practice (Gobster et al., 2010). Consequently, research domains that are
important from an academic perspective may not necessarily be considered useful in
professional practice. To bridge the gap between academia and professional practice, this
study addressed the following two research questions:

1. Which research domains do landscape architecture experts prioritise as most important
for landscape architecture as an academic discipline?

2. Which research domains do landscape architecture experts prioritise as most useful for
landscape architecture practice?

By answering these questions a future research agenda may be developed, one which lays
the foundations for evidence based landscape architecture.

3.2 Methods

The Delphi method

The Delphi method was developed in the 1950s by Dalkey and Helmer (1963) and is
considered particularly suitable for allowing experts to achieve agreement on certain topics.
A Delphi study consists of at least two rounds of inquiry. In round 1, experts give their
opinion on the topic of interest using a standardised questionnaire. To prevent group
pressure, experts remain anonymous and communication among them is avoided. Instead,
the researcher provides controlled opinion feedback in the form of a summary of findings
from the previous round. In round 2 experts fill in a more or less adapted version of the first
questionnaire. Based on the feedback provided, experts may alter their opinion. This
procedure continues until a certain level of agreement among the experts has been achieved
or until a pre-specified number of rounds (usually not more than four) has been completed
(Hung et al., 2008; Keeney et al., 2006; Landeta, 2006; Linstone & Turoff, 1975; Powell,
2003). In this study the Delphi method was used to allow a sample of landscape architecture
experts to achieve agreement on the most important research domains for landscape
architecture as a research discipline and the most useful domains for landscape architecture
practice.
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Expert sample

To ensure that a wide range of views is included in a Delphi study, the recommendation is to
assemble a heterogeneous sample of experts (Keeney et al., 2001; Powell, 2003). For the
current study it was decided to sample landscape architecture experts from academia and
professional practice to acquire both academic- and practice-oriented views. Additionally,
experts from different parts of the world may have different views. It was therefore decided
to sample landscape architecture experts from six continents: Africa, Asia, Australia, Europe,
North America, and South America.

A convenience sample consisting of landscape architecture academics and professionals
from different parts of the world was assembled. To prevent selection bias, criteria for
including experts need to be established before a Delphi study begins (Keeney et al., 2006).
For this study it was decided that experts representing academia should hold a position at an
academic institution and, to ensure the inclusion of academics who were actively engaged in
research, should have published at least one paper on the subject of landscape architecture
in an international peer-reviewed journal between the years 2008 and 2013. It was further
decided that experts from professional practice should hold a position at a professional
organisation (i.e. private companies and public institutions involved in the practice of
landscape architecture) and, to ensure the inclusion of high quality professional experts,
should have been jurors or winners of competitions that were administered or promoted by
the globally active International Federation of Landscape Architects (IFLA), a sub-group of
IFLA (e.g. IFLA Asia-Pacific Region), or a national professional organisation that is affiliated
with IFLA (e.g. the Colombian Society of Landscape Architects). To be able to access an
adequate number of competitions and corresponding jurors and winners, competitions
between the years 2003 and 2013 were included.

Search strategies were developed and applied to find potentially suitable experts from all six
continents. Initially, names of potentially suitable academic experts were obtained from the
2012 conference proceedings of the European Council of Landscape Architecture Schools
(ECLAS) and the Council of Educators in Landscape Architecture (CELA). However, because
these two sources mainly yielded experts from Europe and America, the 2011 conference
proceedings of ECLAS and CELA as well as a list of members from the LE:NOTRE network
were searched to obtain additional non-European and non-American academic experts.
Names of potentially suitable professional experts were found by searching IFLA websites,
including websites of various IFLA sub-groups and IFLA affiliated national professional
organisations, for information on past competitions and corresponding lists of jurors and
winners. Because this information was sometimes unavailable, an additional search strategy
was used which involved searching the IFLA websites for members lists. All names of
academic and professional experts, acquired through the applied search strategies, were
researched online to verify whether they met the selection criteria as discussed above.
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Experts were assigned to a continent by identifying the country in which they held a
position. For some continents it appeared difficult to obtain suitable experts due to language
barriers, the small number of experts detected through the searches, and the unavailability
of contact information. Table 3.1 gives an overview of the number of academics and
professionals within each continent that was included in the expert sample.

Table 3.1
Number of experts (academics + professionals) within each continent that was included in the expert sample and
responded in each round of the Delphi study.

Continent Number of experts

Sample Round 1 Round 2 Round 3
Africa 15 (2 +13) 2(0+2) 2(0+2) 1(0+1)
Asia 45 (34 +11) 10 (10 +0) 6(6+0) 4(4+0)
Australia 24 (10 + 14) 8(6+2) 4(3+1) 3(3+0)
Europe 90 (55 + 35) 37(28+9) 23(21+2) 23(21+2)
North America 88 (59 +29) 22 (19 +3) 15 (14 +1) 11(11+0)
South America 17 (2+15) 7(2+5) 5(0+5) 4(0+4)
Total 279 (162 + 117) 86 (65 + 21) 55 (44 + 11) 46(39+7)

Questionnaire development

For the purpose of devising a Delphi questionnaire, a list of research domains within the field
of landscape architecture was drawn up. Existing lists as stated in Deming and Swaffield
(2011, p. 25) served as a first inspiration. Four different classes of domains were considered
in this study: academic perspectives, subjects of study, competencies of the landscape
architect, and other areas of knowledge and expertise. For each of these four classes, three
domains and corresponding example research topics were formulated. Appendix 3.1 gives an
overview of the 12 domains.

Three Delphi rounds were conducted. For round 1, a questionnaire was developed which
was pre-tested using the cognitive interview approach (Willis, 2005) with three landscape
architects working within the department of Landscape Architecture of Wageningen
University. Based on the pre-tests, the questionnaire was developed further. The final
version of the questionnaire consisted of two parts. In the first part experts were presented
with the question: “How important or unimportant are the following research domains for
Landscape Architecture as a scientific research discipline within the next 5 years?” For each
of the twelve domains experts were invited to state their opinion using a 5-point rating scale
ranging from ‘very unimportant’ to ‘very important’. Experts were also invited to explain
why they considered certain domains as important (for a maximum of three domains) and to
suggest additional domains. In the second part of the questionnaire experts were presented
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with the question: “How useful or useless are the following research domains for Landscape
Architecture practice?” For each of the twelve domains experts were invited to state their
opinion using a 5-point rating scale ranging from ‘very useless’ to ‘very useful’. Experts were
also invited to explain how they thought domains are useful to practice (for a maximum of
three domains) and to suggest additional domains.

For round 2 the questionnaire was similar to the one used during round 1. In the first part,
experts were asked to rate the importance of the twelve original research domains and
three new domains which were formed based on suggestions provided by the experts during
round 1. In round 2 each of the twelve original domains was accompanied by a summary of
findings from round 1. As an example, figure 3.1 shows the summary which accompanied the
research domain ‘built environments and infrastructure’. This summary consists of a table
showing the domain’s median rating and its percentage of ‘very important’ ratings,
compared to the most and least important domain, as well as a short account of why experts
rated the domain as important. After rating the importance of all domains, experts were
invited, once again, to explain why they rated certain domains as important (for a maximum
of three domains). For the second part of the questionnaire, where experts were invited to
rate the usefulness of the domains for landscape architecture practice, the same format and
procedure was followed.

Summary of opinions provided by experts on the research domain ‘built environments and

infrastructure’:
% 'very important’ Median
evaluations evaluation
Most important research domain 77% (very irr:jportant)
Built environments and infrastructure 62% (very imsportant)
Least important research domain 40% (somewhat4important)

Research into the domain 'built environments and infrastructure' is needed because the world is
urbanizing. Cities need to become greener by examining opportunities for urban agriculture. Built
environments and infrastructure are also important because they affect human health, wellbeing,
and food security. Furthermore, built environments and infrastructure have a significant role in the
adaptation to and mitigation of climate change.

According to you, how important or unimportant is the research domain 'built
environments and infrastructure' for Landscape Architecture as a scientific research
discipline within the next 5 years?

Please give your opinion by using the scale ranging from ‘very unimportant’ to 'very important’.

neither
important,
very somewhat nor somewhat very don't
unimportant unimportant unimportant important important know

Built environments and infrastructure
Example research topics: urban agriculture, O O O O O O
public squares, motor- and expressways

Figure 3.1: screenshot of the questionnaire in the second round of the Delphi study.
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In round 3 a different set-up was used. In the first part of the questionnaire, experts received
a question about which section(s) of the summary of findings from round 2 they wished to
read. The summary consisted of two sections: (1) a ranking of the domains, based on each
domain’s median and its percentage of ‘very important’ ratings, and (2) short accounts
stating why experts considered each domain as important. By answering the question
experts indicated if they wanted to read both, one, or none of the sections. Experts were
then asked to select the three most important domains and to explain why they considered
these as most important. For the second part of the questionnaire, regarding the usefulness
of the domains for landscape architecture practice, the same format and procedure was
followed. Figure 3.2 summarises the process of the Delphi study and the content of the three
questionnaires.

@Iphi questionnaire roundm Glphi questionnaire round 2\ élphi questionnaire round ?N

Part 1: importance of RDs Part 1: importance of RDs Part 1: importance of RDs

- Rating importance of RDs - Rating importance of RDs - Selecting most important RDs
based on summary round 1 based on summary round 2

- Explaining importance of RDs
- Suggesting additional RDs » - Explaining importance of RDs » - Explaining importance of RDs

Part 2: usefulness of RD Part 2: usefulness of RDs Part 2: usefulness of RDs
- Rating usefulness of RDs - Rating usefulness of RDs - Selecting most useful RDs
- Explaining usefulness of RDs based on summary round 1 based on summary round 2

Cuggesting additional RDs j prlaining usefulness of RDs/ prlaining usefulness of RDy

Figure 3.2: Delphi process and contents of the questionnaires on the importance and usefulness of research domains (RD’s).

Because experts from different continents were included in the Delphi study, all three
questionnaires were written in English and programmed as web-surveys using Qualtrics
(Qualtrics, 2015). In April 2013, before the start of round 1, an invitation e-mail was sent to
all experts. Shortly thereafter, experts received an e-mail with a link to the first web-survey.
In each round experts were given two weeks to respond. Experts who did not respond after
one week received a reminder. In every e-mail an attempt was made to motivate experts to
participate, such as offering experts who participate in all rounds a forthcoming book and an
acknowledgement. Time between rounds was limited to three weeks maximum.

Data analysis

Data collected in each round were analysed to develop a summary of the ratings and
explanations provided for each research domain. Per domain, the median importance and
usefulness were calculated, as well as the percentage of ‘very important’ and ‘very useful’
ratings. Explanations provided by experts on the importance and usefulness of each domain
were content analysed by categorising comparable explanations, labelling each category
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with a single sentence that captured the underlying explanations, and combining the labels
into one short account stating why the domain is important or how it is useful. For example,
in round 1 various experts explained that the domain ‘built environments and infrastructure’
is important because of increased urbanisation, expanding urban areas, the great
percentage of people moving to cities, and so on. All these explanations were put in one
category which was then labelled with the sentence “The world is urbanizing”. Other
explanations for the importance of the domain were categorised in the same way. Figure 3.1
illustrates how the labels of all these categories were combined into one short account
which was fed back to the experts in round 2.

Suggestions provided by experts for additional research domains that are important for
landscape architecture research were content analysed by clustering comparable
suggestions into categories. For each category that contained more than four suggestions a
new domain was formed that captured the underlying suggestions as fully as possible.
Suggestions provided by experts for additional domains that are useful for landscape
architecture practice were analysed in the same way. Appendix 3.1 shows the 12 original
domains formed by the authors, the three additional domains which were formed as
important for landscape architecture research, and the two additional domains which were
formed as useful for landscape architecture practice.

To estimate the extent of agreement among experts on the importance and usefulness of
the research domains the strict agreement index was used (denoted SA;, with t denoting the
round number) (Meijering et al., 2013). The SA; is based on the assumption that agreement
occurs when, within a group of experts, two experts attribute the same rating to an object.
The SA; expresses the number of agreeing expert pairs as a proportion of the total number
of possible expert pairs. The index can take on values between 0 (complete disagreement)
and 1 (complete agreement). When a domain has an SA; above 0.5 it means that more than
half of all possible pairs of experts agrees on its importance or usefulness. In this Delphi
study, research domains which had a percentage of ‘very important’ or ‘very useful’ ratings
above 50% and an SA; above 0.5 were considered most important or most useful.

Data were analysed for the total expert sample and for different expert groups (i.e.
academics, professionals, and experts from different continents). Expert groups with less
than 15 experts were not separately analysed. This meant that professionals were only
treated as a separate group in round 1. In round 1 and 2 groups of Europeans, North
Americans, and experts from elsewhere (experts from Africa, Asia, Australia, and South
America combined) could be analysed. In round 3 too few North Americans participated and
two groups were made: one of Europeans and one of non-Europeans (all experts from
outside Europe combined).
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To find out whether there was a significant difference between groups regarding the ratings
of the domains, various tests were performed. To test for differences between academics
and professionals, the Mann-Whitney U-test was used (denoted U). Differences between
Europeans and non-Europeans were tested using Pearson’s chi-square test (denoted X%, with
1 degree of freedom). To test for differences between Europeans, North Americans, and
experts from elsewhere, the Kruskal-Wallis H-test was used (denoted H, with 2 degrees of
freedom). Because the Kruskal-Wallis H-test only indicates whether there is a difference
between the three groups, post hoc pairwise comparisons were performed to find out which
groups differed. All tests were performed 2-sided. Differences between groups were
regarded as significant when the probability of incorrectly identifying a difference (type-I
error) was below 5% (p < 0.05). When a Kruskal-Wallis H-test was performed, p-values for
pairwise comparisons were adjusted so that the overall probability of making a type-I error
remained below 5%. For a complete description of the Mann-Whitney U-test, Pearson’s chi-
square test, and the Kruskal-Wallis H-test, see Field (2013, p. 213-249, 720-746).

3.3 Results: Most important domains

Table 3.1 gives an overview of the number of academics and professionals within each
continent that responded in each round of the Delphi study. In the first round 31% of the
279 experts from the initial sample responded. The drop-out rate was 36% in round 2 and
16% in round 3.

Experts’ view of most important domains

In round 1 and 2 the median importance of all research domains was either 4 (somewhat
important), 4.5, or 5 (very important). Table 3.2 shows a ranking of the research domains
based on the percentage of 'very important' ratings in rounds 1 and 2.

In round 1 the percentage of experts that rated a research domain as ‘very important’ for
landscape architecture as a research discipline ranged from 40% (artistic creativity) to 74%
(global landscape issues). The domains ‘biophysical dimensions of planning and design’ and
‘global landscape issues’ were most often rated as ‘very important’.

In round 1, experts suggested 84 additional research domains. These were clustered into 17
categories (including an ‘other’ category containing unique suggestions). From the three
largest categories, containing more than four suggestions, new domains were formed and
labelled: ‘green urban development’, ‘measuring landscape performance and impact’, and
‘landscape architecture education’ (see appendix 3.1).
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In round 2 the percentage of experts that rated the research domains as ‘very important’ for
landscape architecture as a research discipline ranged from 42% (measuring landscape
architecture performance and impact) to 71% (human dimensions of planning and design).
The domains ‘human dimensions of planning and design’, ‘built environments and
infrastructure’, ‘global landscape issues’, and ‘green urban development’ were most often
rated as ‘very important’.

Table 3.3 shows a ranking of the research domains based on the percentage of experts that
selected each domain as 'most important' in round 3.

Table 3.3
Ranking of the research domains based on the % of experts that selected each domain as 'most important' in round 3.

Research domains Total expert sample

Round 3 (n = 46)
Rank (% selected)

Human dimensions of planning and design 1(37%)
Green urban development 2 (33%)
Built environments and infrastructure 3 (30%)
Global landscape issues 3 (30%)
Theories 4 (24%)
Measuring landscape architecture performance and impact 4 (24%)
Rural and natural environments 5(22%)
Historic dimensions of planning and design 6 (20%)
Biophysical dimensions of planning and design 6 (20%)
Values and ethics 7 (17%)
Artistic creativity 8 (13%)
Policy and governance 9 (9%)

Aquatic environments 10 (7%)
Tools and technologies 10 (7%)
Landscape architecture education 11 (4%)

Development of applied methods and techniques -

Education of landscape architects -

Range of SA 0.52-0.92
Figures are based on the question: "In your opinion, which of the 15 research domains presented below are the most
important for Landscape Architecture as a scientific research discipline within the next 5 years?"

In round 3 the percentage of experts that selected the research domains as ‘most important’
ranged from 4% (landscape architecture education) to 37% (human dimensions of planning
and design). Thus, none of the domains was selected by a majority of experts. The domains
‘human dimensions of planning and design’, ‘built environments and infrastructure’, ‘global
landscape issues’, and ‘green urban development’, which were rated most often as ‘very
important’ in round 2, were also selected most frequently in round 3.

52



Experts’ explanations of most important domains

Several experts stated that the domain ‘human dimensions of planning and design’ is most
important for landscape architecture as a research discipline, because landscape planning
and design is done for people. Some experts explained that research into this domain is
needed to understand how people perceive and respond to landscapes: “Planning and
design are for people. So, changing attitudes and perceptions of the people towards the
landscape in a changing world should be the subject of research.” Others mentioned that
knowledge of the domain is required to successfully plan and design landscapes in
accordance with people’s needs: “Social studies in landscape architecture are integral to
planning and designing most constructed places that succeed in meeting user needs.”

Various experts found the domain ‘built environments and infrastructure’ most important,
because the world is urbanising and landscape architecture needs to influence the future
development of built environments and infrastructures: “The positive impact of landscape
architecture in shaping the physical world is essential. As urbanisation continues at pace, it is
essential that an integrated design approach drives future development.” Additionally, some
experts pointed out that research into this domain is needed to improve the sustainability of
cities: “Cities (...) need to be much more people-friendly, liveable, and offering quality of life.
New forms of built environment and new approaches to infrastructure need to be devised.”

Experts who selected the domain ‘global landscape issues’ as most important stressed that
global landscape issues are pressing and landscape architecture has a role in dealing with
them: “With climate change a number of Earth’s species could be headed for extinction. It’s
very important to find an idea how to inhibit or even to stop this rapid process.” Others also
explained that research into this domain is important for expanding the landscape
architecture body of knowledge and remaining relevant as a discipline.

Some experts explained that research into ‘green urban development’ is most important
because of urbanisation and thus the need to improve the urban environment: “More and
more people will be living in cities in the future. As it is, cities are mostly impervious and have
climates of their own. Modifying urban environments to integrate/maintain clean air, water,
soil, and food will be necessary.” Others stated that research into the domain is needed to
increase the knowledge of urban ecological processes and to understand the social aspects
of green urban development. It was also pointed out that research into the domain provides
the landscape architecture discipline with possibilities to show its potential and expertise.
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Differences between academics and professionals

In round 1 differences appeared between academics and professionals regarding the
importance of the research domains ‘artistic creativity’ (U = 946, p = .005) and ‘aquatic
environments’ (U = 973, p = .012). Professionals attached more importance to these two
domains than academics. In round 2 and 3 differences between academics and professionals
regarding the importance of these domains were no longer statistically significant.

Differences between continents

In round 1, a difference was found between Europeans, North Americans, and experts from
elsewhere regarding the importance of the domain ‘historic dimensions of planning and
design’ (H(2) = 7.83, p = .02). Pairwise comparisons showed a difference between Europeans
and North Americans (p = .016), with Europeans attaching more importance to the domain
(57% ‘very important’) than North Americans (32% ‘very important’). A difference was also
found regarding the importance of the domain ‘biophysical dimensions of planning and
design’ (H(2) = 9.61, p = .008). Pairwise comparisons showed a difference between
Europeans and experts from elsewhere (p = .015), with Europeans attaching less importance
to the domain (54% ‘very important’) than experts from elsewhere (85% ‘very important).

In round 2 a difference was found between Europeans, North Americans, and experts from
elsewhere regarding the importance of the domain ‘measuring landscape performance and
impact’ (H(2) = 6.14, p = .047). Pairwise comparisons showed a difference between
Europeans and experts from elsewhere (p = .047), with Europeans attaching less importance
to the domain (26% ‘very important’) than experts from elsewhere (59% ‘very important’). A
difference was also found regarding the importance of the domain ‘aquatic environments’
(H(2) = 19.61, p < .001). Pairwise comparisons showed a difference between Europeans and
North Americans (p = .001) and between Europeans and experts from elsewhere (p = .001).
Europeans attached less importance to this domain (22% ‘very important’) than North
Americans (87% ‘very important’) and experts from elsewhere (82% ‘very important’).

In round 3 differences were found between European and non-European experts regarding
the importance of the domains ‘historic dimensions of planning and design’ (X*(1) = 6.77, p =
.009), ‘theories’ (X*(1) = 5.86, p =.016), and ‘measuring landscape architecture performance
and impact’ (X3(1) = 5.86, p =.016). Europeans selected the domains ‘historic dimensions of
planning and design’ and ‘theories’” more often (35% and 39% respectively) than non-
Europeans (4% and 9% respectively). Non-Europeans selected the domain ‘measuring
landscape architecture performance and impact’ more often (39%) than Europeans (9%).
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Agreement on domain importance

In round 1 only the research domains ‘biophysical dimensions of planning and design’ and
‘global landscape issues’ had an SA; above 0.5. In round 2 the domains ‘human dimensions
of planning and design’, ‘built environments and infrastructure’, ‘global landscape issues’,
and ‘green urban development’ had an SA, above 0.5.

In round 3 experts had to select the three most important domains instead of rating all
domains on a 5-point scale. Because none of the domains was selected by a majority of
experts, an SAz above 0.5 indicated that more than half of all possible pairs of experts agreed
that the corresponding domain was not the most important. The SA; of the domains
‘landscape architecture education’, ‘tools and technologies’, ‘aquatic environments’, and
‘policy and governance’ had a value above 0.8, suggesting that experts generally agreed that
these domains were the least important for landscape architecture as a research discipline.

3.4 Results: Most useful domains

Experts’ view of most useful domains

In round 1 and 2 the median usefulness of all research domains was either 4 (somewhat
useful), 4.5, or 5 (very useful). Table 3.4 shows a ranking of the research domains based on
the percentage of 'very useful' ratings in rounds 1 and 2.

In round 1 the percentage of experts that rated a research domain as ‘very useful’ for
landscape architecture practice ranged from 30% (theories) to 73% (built environments and
infrastructure). The domains ‘human dimensions of planning and design’, ‘biophysical
dimensions of planning and design’, and ‘built environments and infrastructure’ were rated
most often as ‘very useful’.

In round 1, experts suggested 31 additional research domains. These were clustered into
seven categories (including an ‘other’ category containing unique suggestions). From the two
largest categories, containing more than three suggestions, new domains were formed and
labelled: ‘development of applied methods and techniques’ and ‘education of landscape
architects’ (see appendix 3.1).

In round 2 the percentage of experts that rated the research domains as ‘very useful’ ranged
from 36% (theories) to 75% (human dimensions of planning and design). The domains
‘human dimensions of planning and design’ and ‘built environments and infrastructure’ were
rated most often as ‘very useful’.
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Table 3.5 shows a ranking of the research domains based on the percentage of experts that
selected each domain as 'most useful' in round 3.

Table 3.5
Ranking of the research domains based on the percentage of experts that selected each domain as ‘most useful’ in round 3.

Research domains Total expert sample

Round 3 (n = 46)
Rank (% selected)

Human dimensions of planning and design 1(48%)
Built environments and infrastructure 2 (41%)
Tools and technologies 3 (37%)
Biophysical dimensions of planning and design 4 (26%)
Education of landscape architects 4 (26%)
Development of applied methods and techniques 5(24%)
Aquatic environments 6 (15%)
Policy and governance 6 (15%)
Artistic creativity 6 (15%)
Global landscape issues 7 (13%)
Rural and natural environments 8 (11%)
Historic dimensions of planning and design 9 (9%)

Theories 9 (9%)

Values and ethics 10 (0%)

Green urban development -
Measuring landscape architecture performance and impact -

Landscape architecture education -

Range of SA 0.49-1.00
Figures are based on the question: "In your opinion, which of the 14 research domains presented below are the most useful
for Landscape Architecture practice?"

In round 3 the percentage of experts that selected a research domain as ‘most useful’ for
landscape architecture practice ranged from 0% (values and ethics) to 48% (human
dimensions of planning and design). Thus, none of the domains was selected by a majority of
experts. The domains ‘human dimensions of planning and design’ and ‘built environments
and infrastructure’, which were rated most often as ‘very useful’ in round 2, were also
selected most frequently in round 3.

Experts’ explanations of most useful domains
Several experts stated that the domain ‘human dimensions of planning and design’ is most
useful for landscape architecture practice, because landscape design is mostly done for

humans. Some experts explained that research into this domain provides landscape
architects with knowledge about how people perceive, value, use, and are affected by
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landscapes: “It gives insight in the perception and possible use and value of individuals and
groups concerning their environment.” Others mentioned that research into the domain
helps landscape architects to design landscapes that are meaningful to people and respond
to their needs: “Research in this field may inform about best ways to create practical
solutions that are fully in line with human needs (e.g. by providing knowledge on how to
integrate people into planning or on socially stratified perceptions, values and needs).” It was
also suggested that knowledge of the domain is useful for obtaining people’s acceptance of
design proposals.

Various experts found the domain ‘built environments and infrastructure' most useful
because it is a large field in which many landscape architects are active and can make an
impact. Some experts explained that research into the domain will provide practice with new
knowledge, ideas, and solutions necessary to meet future challenges: “New challenges are
very important (e.g. demographical change) and for this research provides new solutions and
ideas.” It was also suggested that research is necessary to find out how to integrate the rural
landscape into the urban landscape: “The expansiveness of Latin American cities (...) makes it
necessary to analyse and study how urban agriculture might be included into the built
environment and infrastructure corridors”.

Differences between academics and professionals

In round 1 a difference was found between academics and professionals regarding the
usefulness of the research domain ‘artistic creativity’ (U = 942, p = .003). Professionals found
the domain more useful than academics. In round 2 and 3 differences between academics
and professionals regarding the usefulness of the domains were no longer statistically
significant.

Differences between continents

In round 1 a difference was found between Europeans, North Americans, and experts from
elsewhere regarding the usefulness of the domain ‘historic dimensions of planning and
design’ (H(2) = 6.41, p = .04). Pairwise comparisons showed a difference between Europeans
and North Americans (p = .041). Europeans found the domain ‘historic dimensions of
planning and design’ more useful (59% ‘very useful’) than North Americans (36% ‘very
useful’).

In round 2 a difference was found between Europeans, North Americans, and experts from

elsewhere regarding the usefulness of the domain ‘aquatic environments’ (H(2) = 14.99, p =
.001). Pairwise comparisons showed a difference between Europeans and North Americans
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(p = .001) and between Europeans and experts from elsewhere (p = .01). Europeans found
the domain less useful (26% ‘very useful’) than North Americans (87% ‘very useful’) and
experts from elsewhere (71% ‘very useful’).

In round 3 a difference was found between European and non-European experts regarding
the usefulness of the domain ‘human dimensions of planning and design’ (X*(1) = 8.71, p =
.003). The domain was selected by 70% of Europeans, while it was selected by 26% of non-
Europeans.

Agreement on domain usefulness

In round 1 the research domains ‘human dimensions of planning and design’, ‘biophysical
dimensions of planning and design’, and ‘built environments and infrastructure’ had an SA;
above 0.5. In round 2 only the domains ‘human dimensions of planning and design’ and
‘built environments and infrastructure’ had an SA, above 0.5. In round 3 the SA; of the
domains ‘values and ethics’, ‘theories’, and ‘historic dimensions of planning and design’ had
a value above 0.8, suggesting that experts generally agreed that these domains were the
least useful for landscape architecture practice.

3.5 Discussion and conclusion

Study outcomes

This study seems to be the first to provide insights, on a global scale, as to which research
domains should form the core of a future landscape architecture research agenda according
to landscape architecture experts. A complex picture of a maturing field emerges. Results
suggest that the emphasis for landscape architecture as a field of academic research should
be on ‘human dimensions of planning and design’, ‘built environments and infrastructure’,
‘global landscape issues’, and ‘green urban development’. The domains ‘human dimensions
of planning and design’ and ‘built environments and infrastructure’ also seem to be the most
useful for landscape architecture practice. The need for research into ‘human dimensions of
planning and design’ coincides with previous studies in which similar domains were
identified as being majorly significant within the academic journals ‘Landscape and Urban
Planning’ (Gobster, 2014) and ‘Landscape Journal’ (Powers & Walker, 2009), both of which
are considered to be top journals among North-American landscape architecture academics
(Gobster et al., 2010).

Results from the current study suggest that there are some differences between expert
groups. Apart from differences between academics and professionals, the continent to
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which an expert belongs had an impact on which research domains were considered
important or useful. For example, European experts selected the domain ‘historic
dimensions of planning and design’ as most important for landscape architecture research
more often than North American experts. This may be explained by particular regional
characteristics such as geography, climate, history and socio-economic context, as well as
specific professional cultural idiosyncrasies.

Landscape architecture is a field that requires a broad knowledge base (Bruns et al., 2010).
This is reflected in the current study as not one research domain was selected by a majority
of experts as most important or useful. This limited agreement may only in part be explained
by differences between academics and professionals and by differences between experts
from different continents. Another likely explanation may be the interdisciplinary nature of
landscape architecture, where a number of sub-specialisations are developing along the lines
of landscape design, planning, and management. One must also consider that some experts
were educated as engineers, while others were educated as designers or artists.

Study limitations

The results of this study are based on a convenience sample. Strict search strategies and
selection criteria were used to avoid selection bias and to make the sample selection as
transparent as possible. The resulting expert sample contained more academics than
professionals, and more experts from Europe and North America than from Africa, Asia,
Australia, and South America. Although it would be interesting to know how closely this
sample represents the world population of landscape architects, this cannot be ascertained.
It may be expected, however, that there are some deviances. Nonetheless, landscape
architecture experts from academia and professional practice as well as from all six
continents were represented in all rounds of the Delphi study.

There was non-response in the first round of the Delphi study and some drop-out occurred
in subsequent rounds. It is difficult to determine whether the non-response and drop-out
rates in this study are favourable or unfavourable in comparison to other Delphi studies,
because many researchers failed to report them (Boulkedid et al., 2011). Low response and
high drop-out rates are well-known limitations of the Delphi method (Hung et al., 2008;
Keeney et al.,, 2006). A meta-analysis of 39 ordinary web-surveys showed an average
response rate of 34% (Shih & Fan, 2008). Because experts in this Delphi study received an
invitation in which they were asked to participate in a study consisting of not one, but three
web-surveys, the response rate of 31% in the first round can be regarded as satisfactory.

Experts were invited to respond to and comment on a list of research domains. The drawing
up of this list for the first round of the Delphi study was a critical task. While this list was

60



inspired by existing ones (see: Deming and Swaffield, 2011, p. 25), it may not fully reflect the
range of domains considered prevalent in landscape architecture. Therefore experts were
invited to make suggestions for additional domains. These were collected and consequently
used to expand the list for the second and third round questionnaire. For each listed domain
(except for the domain ‘artistic creativity’) three specific example research topics were
formulated to support the interpretation of the domain. Nevertheless, considering the
backgrounds of the experts and the broad formulation of the domains, experts may still have
interpreted domains differently.

Implications and recommendations

This study offers insights into a future landscape architecture research agenda. Research into
‘human dimensions of planning and design’ and ‘built environments and infrastructure’
seems to be desirable from an academic and practice-oriented view. Both domains could
thus form the core of a future research agenda, possibly complemented with the domains
‘global landscape issues’, and ‘green urban development’. It is important to realise, however,
that results were not unequivocal. Differences emerged that relate to academic and
professional backgrounds as well as regional contexts. This suggests that a future research
agenda should allow for refinements according to specific regional needs. As regional needs
were only briefly explored in this study, and because no pertinent results appear to exist
from other studies, additional research is necessary to identify and explore regional research
specifics in more detail. The Delphi method may be applied in regional contexts to find out
which domains could possibly be added to the most important and useful domains as
identified in this study, and to determine how the domains could be further specified.
Umbrella organisations, such as ECLAS in Europe, CELA in North America, and the world-
region subgroups of IFLA, may wish to play a leading role in determining such regional
research specifics and developing contextualised research agendas accordingly.

Differences found between the various expert groups and the limited agreement among
experts seems to indicate that landscape architecture as an academic discipline is becoming
more diverse, and that it is developing sub-specialisations. Such processes are typical signs
of maturing disciplines. Brown and Corry (2011), for instance, compared landscape
architecture with medical science as a mature evidence based discipline having many sub-
specialisations. What will be important in the process of maturation of landscape
architecture as an academic discipline is the celebration of diversity within the field. It can be
seen from this study that there is no single globally most important or useful research
domain. Still, the traditional comprehensiveness of landscape architecture may be
challenged, giving a new impetus to continue developing demand-driven and, at the same
time, contextualised research agendas. Critical discussions may also stir a broadening of
scope and cooperation between landscape architecture and disciplines that already have a
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longstanding research tradition. For landscape architecture to be recognised as a partner
that contributes to interdisciplinary research it remains important to be specific about what
landscape architecture actually is and what forms its intellectual core.
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Appendix 3.1
Overview of research domains (including example research topics) presented to the experts.

Research domains formed by authors

Academic perspectives

Subjects of study

Historic dimensions of planning and design

(Landscape Architecture history, cultural heritage preservation, genius loci)
Human dimensions of planning and design

(place attachment, landscape perception, human-environment interaction)
Biophysical dimensions of planning and design

(agroecology, green infrastructure, soil erosion)

Rural and natural environments
(agriculture, nature preservation, multifunctional landscapes)
Built environments and infrastructure

(urban agriculture, public squares, motor- and expressways)
Aquatic environments
(lake restoration, coastal management, urban water fronts)

Competencies of the landscape architect

Theories

(design theories, planning theories, milieu theories)

Tools and technologies

(Geo Information Systems, social media, visioning/modelling tools)
Artistic creativity

Other areas of knowledge and expertise

Values and ethics

(landscape values, multiculturalism, land ethic)

Global landscape issues

(climate change, energy needs, urbanization)

Policy and governance

(landscape governance, policy affecting landscapes, commissioner and landscape architect relationship)

Research domains formed based on experts’ suggestions (as important for landscape architecture research)

Green urban development

(urban ecology and biodiversity, effects of street tree planting, urban waste treatment)
Measuring landscape architecture performance and impact

(indicator construction, visual impact assessment, quantification of costs and benefits)
Landscape architecture education

(teaching methods, curriculum development, education of the population)

Research domains formed based on experts’ suggestions (as useful for landscape architecture practice)

Development of applied methods and techniques

(methods for research within practice, decision making support, creativity as a research tool)
Education of landscape architects

(curriculum development, improving research skills, raising awareness of careful landscape use)
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Chapter n

The effect of controlled opinion feedback on
Delphi features: Mixed messages from a

real-world Delphi experiment

This chapter is published as:

Meijering, J. V., Tobi, H. (2016). The effect of controlled opinion feedback on Delphi features:

Mixed messages from a real-world Delphi experiment. Technological Forecasting & Social
Change, 103, 166-173
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Abstract

A real-world Delphi experiment was conducted to investigate the effect of two controlled
opinion feedback conditions on the drop-out rate, experts’ degree of opinion change, and
the increase in the level of agreement among experts. Additionally, experts’ perceived
usefulness of feedback was explored. In the first and second Delphi round experts received a
questionnaire which consisted of two sections. Within each section experts were asked to
rate several items. In round 2, experts in one condition received feedback consisting of
summary statistics and rationales (S&R condition), whereas experts in the other condition
received rationales only (R condition). Results showed that drop-out of experts was greater
in the S&R condition than in the R condition. No difference between conditions was found
concerning experts’ degree of opinion change. The increase in the level of agreement across
the items in the second section of the questionnaire differed significantly between
conditions. This difference was mainly due to a decrease in agreement in the R condition,
suggesting that feedback of rationales may increase disagreement among experts. In round
3 experts preferred to receive both summary statistics and rationales, although they tended
to perceive rationales as somewhat more useful than summary statistics.

Keywords: Delphi experiment, controlled opinion feedback, drop-out, opinion change,
agreement, feedback perception
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4.1 Introduction

The Delphi method, originally developed by Dalkey and Helmer (1963), is a structured data-
collection process that is often used to allow experts to achieve a certain level of agreement
on a particular topic (Keeney et al., 2006). However, the method has various other uses such
as maximizing the range of expert opinions (Banwell et al., 2005; Landeta & Barrutia, 2011;
Patari, 2010; Steinert, 2009; van de Linde & van der Duin, 2011). Any Delphi study consists of
at least two rounds. In each round experts are independently questioned about their opinion
on the topic of interest by means of a standardized questionnaire. To avoid undue influence
of dominant experts and group pressure, experts are anonymous and are not allowed to
communicate with each other. Instead, the researcher provides controlled opinion feedback
to the experts in the form of a summary of the results from the previous round. Based on
this feedback, experts may choose to revise their opinion in the next round. A Delphi study
usually ends when a desired level of agreement has been achieved or when a certain
stability in experts’ responses has been reached (Dalkey et al., 1969; Keeney et al., 2006;
Landeta, 2006; Linstone & Turoff, 1975; Rowe & Wright, 1999).

Controlled opinion feedback is an essential part of the Delphi method. Still, no evidence
based guidelines exist on how to provide feedback. As a result, Delphi studies differ in the
kind of feedback provided. Typically, a distinction is made between summary statistics,
which show the majority opinion, and rationales, which show why experts hold certain
opinions (Rowe et al., 2005). A systematic review on the use of the Delphi method for
selecting healthcare quality indicators, showed that most Delphi studies provided feedback
consisting of summary statistics only (Boulkedid et al., 2011). Various researchers criticised
this kind of feedback as being insufficiently informative and they proposed to feed back
rationales as well (Bolger & Wright, 2011; Murphy et al., 1998; Rowe et al., 1991). Lately,
some even suggested that feedback should solely consist of rationales to prevent experts
from simply changing their opinion in the direction of the majority (Bolger et al., 2011).

Although the provision of feedback in the form of both summary statistics and rationales is
advocated by some, there seems to be little empirical evidence in support of this claim. In
response to the debate about controlled opinion feedback, the current Delphi experiment
aimed to investigate the effect of feeding back rationales with and without summary
statistics on various Delphi features. These features include the drop-out rate, experts’
degree of opinion change, and the increase in the level of agreement among experts.
Additionally, experts’ perception of the usefulness of feedback was explored.
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4.2 Theory and hypotheses

Research into the effect of controlled opinion feedback

Few experiments investigated the effect of different kinds of controlled opinion feedback.
Generally, these experiments aimed to measure the effect of feeding back either summary
statistics or rationales, sometimes in addition to summary statistics, on experts’ degree of
opinion change and their forecast accuracy (i.e. the correspondence between experts’
judgments and a verifiable true value (Woudenberg, 1991)).

Concerning the effect of feedback on experts’ degree of opinion change, experiments
produced rather similar results: no significant difference in the degree of opinion change was
found between study participants who received summary statistics and those who received
rationales (Rowe & Wright, 1996; Rowe et al., 2005) or rationales in addition to summary
statistics (Bolger et al., 2011). Concerning the effect of feedback on experts’ forecast
accuracy, experiments produced mixed results. Best (1974) showed that study participants
who received rationales in addition to summary statistics were significantly more accurate
on one out of two questions than those who received summary statistics only. Rowe and
Wright (1996) found that the improvement in accuracy across rounds did not differ
significantly between study participants who received rationales and those who received
summary statistics. However, in a replication of the experiment Rowe et al. (2005)
discovered that only those study participants who received summary statistics showed a
significant improvement in accuracy across rounds. Finally, Bolger et al. (2011) found no
significant difference in accuracy improvement between study participants who received
summary statistics and those who received rationales in addition to summary statistics.

From the experiments mentioned above it may be concluded that the advantages of feeding
back rationales have not been convincingly demonstrated in terms of increased opinion
change and forecast accuracy. This may be due to the design characteristics of the
experiments: study participants consisted of university students and staff who had to answer
rather trivial questions. As such, high quality rationales were perhaps not elicited. Several
researchers criticized the oversimplification of these so called laboratory Delphi
experiments, dismissing them as largely inappropriate (Rowe & Wright, 1999; Rowe et al.,
1991).

Based on a review of numerous studies Woudenberg (1991) concluded that feeding back
summary statistics induces conformity to the majority opinion. This is particularly
troublesome as the original idea of providing controlled opinion feedback is that it
counteracts group pressure. Furthermore, pressure to conformity may impede experts to
achieve a genuine agreement (Hung et al., 2008; Woudenberg, 1991). Bolger et al. (2011)
concluded that study participants tended to ignore feedback of rationales and merely used
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summary statistics to change their opinion. Therefore, they suggested eliminating any
information concerning the majority opinion from feedback and solely present rationales.
Empirical confirmation for this suggestion is lacking.

The current study took the reviewed literature into account by conducting an experiment
within a real-world Delphi study in which actual experts were asked their opinion on issues
that were relevant to them. Experts were presented with either the recommended feedback
consisting of summary statistics and rationales (S&R condition) or the feedback as suggested
by Bolger et al. (2011) consisting of rationales only (R condition).

Hypotheses on the effect of controlled opinion feedback on Delphi features

The feedback given in the S&R and R condition may influence Delphi features in several
different ways. First, the two feedback conditions may have a different effect on the drop-
out rate. Drop-out of experts is recognized as a serious methodological issue in Delphi
studies (Hung et al., 2008; Keeney et al., 2006; Landeta, 2006; Powell, 2003). Nevertheless,
no study could be found that examined the effect of different feedback conditions on the
drop-out rate. Therefore, the following hypothesis was tested against the null-hypothesis
(no difference):

Hi: There is a difference between the S&R and R condition concerning the drop-out rate.

Second, the two feedback conditions may have a different effect on experts’ degree of
opinion change. The Delphi experiments mentioned earlier found no significant difference in
the degree of opinion change between study participants who received summary statistics
and those who received rationales, whether or not in addition to summary statistics (Bolger
et al., 2011; Rowe & Wright, 1996; Rowe et al., 2005). The current study differs from these
experiments in two important ways. First, feedback was manipulated by providing rationales
either with or without summary statistics. Second, the experiment was conducted in a real-
world setting. Because the effect of feedback on experts’ degree of opinion change has not
been investigated in such a real-world experiment, the following hypothesis was tested
against the null-hypothesis (no difference):

H,: There is a difference between the S&R and R condition concerning experts’ degree of
opinion change.

Third, the two feedback conditions may have a different effect on the level of agreement
among experts. This is of particular importance, because the current Delphi study involved
not a forecasting task, but a policy formation task (Rowe & Wright, 1996, p. 75): a task “(...)
where subjective opinions and views are sought because objective optimal solutions are
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difficult to specify”. In a policy formation task experts try to find common grounds
concerning for example the indicators needed to measure a particular concept, the
guidelines to be incorporated in a new protocol, or the content of a future research agenda.
In such tasks true values do not exist. Consequently, determining the accuracy of experts’
opinions is impossible. Alternatively, it is essential to determine the level of agreement
among experts.

Although many Delphi studies involve a policy formation task, remarkably little is known
about the effect of different feedback conditions on the level of agreement among experts.
Gowan and McNichols (1993) showed that experts who received feedback in the form of
computer-generated if-then rules achieved a greater level of agreement than experts who
received either of two kinds of summary statistics. While it is generally assumed that in a
Delphi study the level of agreement among experts increases across rounds, no evidence
could be found indicating that the increase in the level of agreement would be greater in
one of the two conditions under study. Therefore, the following hypothesis was tested
against the null-hypothesis (no difference):

Hs: There is a difference between the S&R and R condition concerning the increase in the
level of agreement among experts.

Finally, experts may perceive feedback as more or less useful. Although some research
examined experts’ satisfaction with the Delphi method as a whole (see for example Boje and
Murnighan, 1982) no study could be found that specifically investigated experts’ perception
of the usefulness of feedback. Finding out how experts perceived feedback may help to
explain other Delphi features. For example, a limited increase in the level of agreement
across rounds may be expected when experts perceived the feedback as rather useless.
Therefore, experts’ perception of the usefulness of the feedback as provided in the S&R and
R condition, as well as experts’ perception of the usefulness of summary statistics and
rationales as separate feedback components, was further explored.

4.3 Methods

Context of experiment

The Delphi study in which this experiment was introduced, was conducted within the field of
landscape architecture (see Meijering et al., 2015 or chapter 3 of this thesis for a complete
description of this study). The objective of the Delphi study was twofold: to explore which
research domains landscape architecture experts prioritize as most important for landscape
architecture as a scientific research discipline and which research domains they prioritize as
most useful for landscape architecture practice.
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Expert sample

An international sample of landscape architecture experts active in academia and
professional practice was assembled. These experts were considered important, because
landscape architecture is an academic discipline that is highly practice-oriented. As such,
academics and professionals have much in common: they have a similar educational
background and frequently meet at international design competitions. Additionally, many
academics are also active in practice, while professionals often teach design courses at
universities.

Search strategies were used to find potentially suitable experts. Names of academics were
obtained from the LE:NOTRE network as well as conference proceedings of the European
Council of Landscape Architecture Schools (ECLAS) and the Council of Educators in
Landscape Architecture (CELA). Names of professionals were obtained through the website
of the International Federation of Landscape Architects (IFLA) as well as the websites of
various IFLA subgroups and professional landscape architecture organizations affiliated to
IFLA. Selection criteria were used to reduce a selection bias and to assure the inclusion of
actual experts. Academics were only included in the sample if they held a position at an
academic institution and published at least one paper on the subject of landscape
architecture in an international peer-reviewed journal. Professionals were only included if
they held a position at a professional organisation (i.e. private companies and public
institutions involved in the practice of landscape architecture) and had been jurors or
winners of competitions that were administered or promoted by IFLA (including the various
subgroups of IFLA and the professional landscape architecture organisations affiliated to
IFLA). The final sample included 279 landscape architecture experts of whom 162 academics
and 117 professionals (see Meijering et al., 2015 or chapter 3 of this thesis for a complete
description of the expert sample).

Study design

The Delphi study was conducted online and consisted of three rounds. In round 1, experts
received a questionnaire that consisted of two sections. In the first section, experts were
asked to rate the importance of twelve research domains for landscape architecture as a
scientific research discipline within the next five years. Experts gave their opinion using a 5-
point scale ranging from ‘very unimportant’ to ‘very important’. In the second section,
experts were asked to rate the usefulness of the same twelve research domains for
landscape architecture practice. Experts gave their opinion using a 5-point scale ranging
from ‘very useless’ to ‘very useful’. After each section, experts were offered the option to
explain for up to three domains why they rated them as important or how they considered
them to be useful.

71




Summary of opinions provided by experts on the research domain '"human dimensions of
planning and design':

% 'very important' Median
evaluations evaluation
Most important research domain 77% (very imSportant)
Human dimensions of planning and design 57% T irr:sportant)
Least important research domain 40% (somewhat4important)

The research domain 'human dimensions of planning and design' has been studied intensively and
represents a large part of the Landscape Architecture body of knowledge. According to some
experts, Landscape Architecture revolves around landscapes made for people (e.g. cities) and
human dimensions need to be taken into account for the successful planning, design, and
management of landscapes. It is also important to understand how landscapes shape human life
(e.g. with regard to place attachment, quality of life, social interaction, values) and vice versa. A
stronger emphasis on the human dimensions of planning and design is needed to solve the
challenges of our time, especially urbanization.

According to you, how important or unimportant is the research domain 'human
dimensions of planning and design' for Landscape Architecture as a scientific research
discipline within the next 5 years?

Please give your opinion by using the scale ranging from 'very unimportant’ to 'very important’.

neither

important,
very somewhat nor somewhat very don't
unimportant unimportant unimportant important important know

Human dimensions of planning and design

Example research topics: place attachment,

landscape perception, human-environment o o o o o o
interaction

Figure 4.1: screenshot of feedback presented in the S&R condition.

Experts who completed round 1 were randomly assigned to one of two controlled opinion
feedback conditions. In round 2 experts received a questionnaire that was similar to the one
used in the previous round. This time, however, each research domain was presented with
controlled opinion feedback. In the S&R condition feedback consisted of summary statistics
and rationales. The summary statistics showed a domain’s median rating and its percentage
‘very important’ or ‘very useful’ ratings, compared to the most and least important or useful
domain. The rationales summarized in several sentences why experts considered a domain
as important or how they considered it to be useful (see figure 4.1). In the R condition the
summary statistics were removed from the feedback (see figure 4.2).

In round 2 experts in both feedback conditions were asked once again to rate the research
domains on their importance and usefulness (in the first and second section of the
questionnaire respectively). As in the previous round, they were also offered the option to
explain for up to three domains why they rated them as important or how they considered
them to be useful. Finally, experts were asked how useful or useless the provided feedback
was for their evaluation of the importance and usefulness of the domains.

72



Summary of opinions provided by experts on the research domain 'human dimensions of
planning and design':

The research domain 'human dimensions of planning and design' has been studied intensively and
represents a large part of the Landscape Architecture body of knowledge. According to some
experts, Landscape Architecture revolves around landscapes made for people (e.g. cities) and
human dimensions need to be taken into account for the successful planning, design, and
management of landscapes. It is also important to understand how landscapes shape human life
(e.g. with regard to place attachment, quality of life, social interaction, values) and vice versa. A
stronger emphasis on the human dimensions of planning and design is needed to solve the
challenges of our time, especially urbanization.

According to you, how important or unimportant is the research domain 'human
dimensions of planning and design’ for Landscape Architecture as a scientific research
discipline within the next 5 years?

Please give your opinion by using the scale ranging from 'very unimportant’ to 'very important’.

neither

important,
very somewhat nor somewhat very don't
unimportant unimportant unimportant important important know

Human dimensions of planning and design

Example research topics: place attachment,

landscape perception, human-environment o o o o o o
interaction

Figure 4.2: screenshot of feedback presented in the R condition.

In the third and final round experts were asked to select the three most important and three
most useful research domains (in the first and second section of the questionnaire
respectively). Before making each selection, however, experts could choose to receive
summary statistics, rationales, both summary statistics and rationales, or neither. In this
way, additional insight was gained into experts’ perception of the usefulness of feedback.
Experts were also asked to rate the usefulness of the chosen feedback components for
selecting the most important and most useful domains on a 5-point scale ranging from ‘very
useless’ to ‘very useful’.

Analysis

Drop-out rates with 95% confidence intervals were calculated in round 2 and 3 for both the
S&R and R condition. The 95% confidence intervals were calculated using the Wilson method
(Wilson, 1927). This method is recommended when sample sizes are relatively small, e.g. 40
or less (Brown et al., 1998). Assuming the S&R condition as the default, a difference in drop-
out rate was considered significant when the 95% confidence interval of the S&R drop-out
rate did not include the point estimate of the R drop-out rate.

The degree of opinion change from round 1 to round 2 was calculated for each expert on

each research domain within both sections of the questionnaire by taking the absolute
difference between the rating in round 1 and the rating in round 2. Next, each expert’s
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median degree of opinion change across all domains within a section was calculated.
Depending on the initial ratings, an expert could change his or her ratings from round 1 to
round 2 up to four points (e.g. from 1 ‘very unimportant’ to 5 ‘very important’). Across all
research domains within a section, an expert could have a median degree of opinion change
of up to 4. Because of the limited range of values obtained, significant differences between
the S&R and R condition were tested using Pearson’s chi-square test (denoted X2, with
corresponding degrees of freedom).

The level of agreement among experts was calculated using the Strict Agreement Index
(denoted SA;, with round t), because this index is easy to interpret. The index is based on
agreeing expert pairs, where two experts only agree if they attribute the same rating to an
object (i.e. research domain). The SA; expresses the level of agreement among experts as the
proportion of agreeing expert pairs within the total number of possible expert pairs (see
Meijering et al., 2013 or chapter 2 of this thesis). Theoretically, the index can take on any
value between 0 and 1. The SA; was calculated in round 1 and 2 for the S&R and R condition
across all twelve domains within both sections of the questionnaire. The change in the level
of agreement from round 1 to round 2 (denoted SA,; ) was calculated by SA; — SA;. To
investigate whether the SA,_; differed between the two conditions, the SA,_; in the R
condition (denoted SA,_;r) was subtracted from the SA,_; in the S&R condition (denoted
SA;_1sar). Corresponding 95% bootstrap confidence intervals were calculated using the bias-
corrected and accelerated method (Efron & Tibshirani, 1993) based on 2000 bootstrap
samples. To verify whether significant differences were not due to the particular agreement
index chosen, the same calculations were performed using Light’s kappa (denoted LK) (Light,
1971). This index is also based on agreeing expert pairs, but takes into account that some
agreement occurs by chance. The LK; is highly sensitive to the marginal distribution of the
ratings and may overestimate the chance agreement (Feinstein & Cicchetti, 1990).
Theoretically, LK; can take on any value between —1 and 1, with 0 indicating that there is no
agreement beyond chance agreement.

Finally, to test whether there was a significant difference between the S&R and R condition
concerning the perceived usefulness of feedback in round 2, the Mann-Whitney U test

(denoted U) was used. In round 3 expert’s perceived usefulness of feedback components
was explored using descriptive statistics.

4.4 Results

Drop-out rate

In the first round of this Delphi study 31% of the 279 experts from the initial sample
responded (n = 86). The drop-out rate was 36% in round 2 and 16% in round 3. Table 4.1
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shows the drop-out rates in the S&R and R condition in round 2 and 3 with corresponding
95% confidence intervals. In round 2 drop-out rates in the S&R and R condition were almost
similar whereas in round 3 there was a significant difference in drop-out rate between the
two conditions. Mixed results were thus found. The null-hypothesis (no difference) cannot
be rejected in favour of H; based on the drop-out rates in round 2, but should be rejected in
favour of H; based on the drop-out rates in round 3.

Table 4.1

Drop-out rates in round 2 and 3 in the S&R and R condition (95% confidence interval).
Round number S&R condition R condition
Round 2 35% (22% - 50%) 37% (24% - 52%)
Round 3 25% (13% - 43%) 7% (2% - 23%)

After round 1 the S&R and R condition each contained 43 experts.

Opinion change

Generally, the degree of opinion change from round 1 to round 2 was rather limited (see
Table 4.2). In both conditions and in both questionnaire sections the majority of experts had
a median degree of opinion change of either 0 or 0.5. This means that the majority of
experts did not change their opinion on at least half of the research domains. Pearson’s chi-
square, with the column categories 1 through 4 collapsed to ‘equal or larger than 1’, showed
that there was no significant difference between the S&R and R condition concerning
experts’ median degree of opinion change in section 1 (X*(2) = 0.073, p = .964) and section 2
(X3(2) = 1.842, p = .398). Based on these results, the null hypothesis (no difference) cannot
be rejected in favour of H,.

Table 4.2
Frequency distribution of experts” median degree of opinion change.
Section Condition n with median degree of opinion change
0 0.5 1 1.5 2 2.5 3 3.5
1 S&R (n=28) 12 6 9 0 1 0 0 0
R (n=27) 12 5 9 1 0 0 0 0 0
2 S&R (n=28) 13 7 7 0 0 0 1 0 0
R (n=27) 14 3 10 0 0 0 0 0
Agreement

Table 4.3 and 4.4 show the level of agreement among experts in the S&R and R condition
within both sections of the questionnaire. Based on the SA; and LK; similar results were
obtained. Remarkably, the level of agreement among experts did not increase in most
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instances. Within section 1, a slight decrease in the level of agreement was found among
experts within both the S&R and R condition. The 95% confidence intervals of the SA,_; sgr
and SA,_; r show that this change within both conditions was not significant. Nor was there a
significant difference between the conditions concerning the change in the level of
agreement, as can be seen from the 95% confidence interval of SA;-1 sgr —SAz-1 -

Within section 2, an insignificant increase in the level of agreement was found among
experts in the S&R condition. In contrast, the level of agreement among experts in the R
condition decreased significantly. Consequently, there was a significant difference between
the S&R and R condition concerning the change in the level of agreement across rounds.
Again, mixed results were found. The null hypothesis (no difference) cannot be rejected in
favour of Hz based on the results of section 1, but should be rejected in favour of Hz based
on the results of section 2.

Table 4.3
SA, (95% confidence interval) across experts in the S&R and R condition within the first and second questionnaire section.
Section S&R condition (n = 28) R condition (n = 27) SAy_158r —SAx-1 R
SA SA, SA, SA SA, SA,
1 0.4140 0.4083 —0.0057 0.4349 0.4309 —0.0040 -0.0017
(-0.0773, (~0.0845, (-0.1159, 0.1108)°
0.0725)° 0.0827)°
2 0.3818 0.4519 0.0701 0.5207 0.4352 —0.0856 0.1556
(~0.0022, (-0.1693,  (0.0490, 0.2823)°
0.1726)° -0.0002)°

? 95% confidence interval based on 2000 bootstrap samples.

Table 4.4
LK (95% confidence interval) across experts in the S&R and R condition within the first and second questionnaire section.
Section S&R condition (n = 28) R condition (n =27) LKy-1,s8r —LKy-1 1
LK, LK, LKyy LK, LK, LKy
1 0.0506 0.0327 —0.0179 0.0141 0.0007 —0.0134 —0.0045
(-0.0755, (—0.0535, (—0.0842, 0.0618)°
0.0392)° 0.0304)°
2 0.0326 0.0571 0.0245 0.0753 -0.0101 —0.0854 0.1099
(~0.0367, (~0.1695, (0.0156, 0.2139)°
0.0938)° -0.0280)°

?95% confidence interval based on 2000 bootstrap samples.
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Experts’ perception of feedback usefulness

In the R condition 44% of the experts rated the feedback in round 2 as somewhat useful and
41% rated it as very useful, while 69% of the experts the S&R condition rated the feedback in
round 2 as somewhat useful and 19% rated it as very useful. The difference between the
conditions concerning the perceived usefulness of feedback was not significant (U = 294.5, p
= .258).

In round 3 experts’ perception of the usefulness of feedback components was further
explored. Table 4.5 shows the percentage of experts within the S&R and R condition that
chose both, one, or none of the feedback components before starting with the first and
second section of the questionnaire.

Table 4.5
Percentage of experts within the S&R and R condition that choose both, one, or none of the feedback components before
starting with the first and second section of the questionnaire.

Feedback components chosen Section 1 Section 2

S&R (n = 21) R (n=25) S&R (n =21) R (n=25)
Both components 81% 56% 71% 60%
Rationales only 10% 8% 10% 4%
Summary statistics only 10% 20% 14% 16%
None of the components 0% 16% 5% 20%

Before starting with the first section of the questionnaire, the vast majority of experts in the
S&R condition chose to continue to receive both feedback components. In the R condition
only a few experts chose rationales only, while the majority chose to receive summary
statistics in addition to rationales and 36% chose not to receive rationales or any feedback at
all. After completing section 1, 55% of those experts who chose both feedback components
rated the summary statistics as somewhat or very useful and 61% rated the rationales as
somewhat or very useful (not in table).

Before starting with the second section of the questionnaire, 89% of all experts chose to
receive the same feedback as in the previous section (not in table). Similar results were
found concerning the perceived usefulness of the feedback components: 53% of those
experts who chose both feedback components rated the summary statistics as somewhat or
very useful and 60% rated the rationales as somewhat or very useful (not in table).

4.5 Discussion and conclusion

This real-world Delphi experiment showed that two controlled opinion feedback conditions,
one consisting of solely rationales and one consisting of both summary statistics and
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rationales, influenced some Delphi features differently. The two conditions had a different
effect on the drop-out rate in the final round and, in one section of the questionnaire, on the
change in the level of agreement among experts. In this section of the questionnaire the
level of agreement decreased significantly when solely rationales were fed back. The two
conditions did not have a different effect on experts’ degree of opinion change nor on their
perception of the usefulness of the feedback. Some of the results contained mixed messages
which require further elaboration and research.

The S&R condition had a higher drop-out rate than the R condition in the final round of this
Delphi study, suggesting that feedback of summary statistics in addition to rationales may
eventually increase drop-out of experts. A possible explanation for this result may be that
the feedback in the S&R condition was lengthier than in the R condition. Another possible
explanation is given by Bardecki (1984) who showed that experts with a minority opinion
drop-out more often than experts with a majority opinion. In the current study only experts
in the S&R condition were able to determine to what extent their opinion differed from the
majority opinion, which may have resulted in additional drop-out of experts with a minority
opinion. It is remarkable, however, that a difference in drop-out rate occurred in round 3,
whereas the two feedback conditions only differed from each other in round 2. Possibly,
experts in the S&R condition who found the feedback too lengthy or realized that they had a
minority opinion tended to complete round 2, but did not participate anymore in round 3.
Alas, this possibility could not be substantiated by the data in a post-hoc analysis.

Concerning experts’ degree of opinion change, no difference was found between experts
who received rationales and those who received summary statistics in addition to rationales.
This result is in line with earlier Delphi experiments (Bolger et al., 2011; Rowe & Wright,
1996; Rowe et al., 2005). In accordance with the experiment of Bolger et al. (2011), experts’
degree of opinion change in this study was generally limited. A possible explanation for the
limited opinion change is provided by Yaniv (2004) who showed that when study participants
make a final judgment they tend to discount advice from others in favour of their own initial
opinion. Bolger and Wright (2011) suggested to reduce this so called egocentric discounting
in Delphi studies by feeding back high quality rationales. To acquire high quality rationales
they recommended recruiting actual experts on the topic of interest, increasing their
involvement and motivation, and facilitating them to provide causal explanations for their
opinions. Although the current study followed these recommendations, high quality
rationales were by no means always acquired. Also, the rationales were fed back as rather
short summaries which may not have sufficiently reduced egocentric discounting. Perhaps
that more extensive feedback of rationales is more effective, however, caution is advised
when feeding back large amounts of information as lengthier feedback may increase drop-
out rates.
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This study showed that agreement among experts in Delphi studies does not necessarily
increase across rounds. In most cases there was no significant change in level of agreement
among experts. In the R condition, however, the level of agreement among experts
decreased significantly in the second section of the questionnaire. This suggests that, while
feedback of summary statistics may induce conformity (Woudenberg, 1991), feedback of
rationales may cause experts to disagree rather than agree.

In the second section of the questionnaire there was also a significant difference between
the S&R and R condition concerning the change in the level of agreement. This difference
may be explained by the opposite effect that each of the two feedback components
supposedly had. In the S&R condition this may have resulted in an insignificant increase in
the level of agreement. In the R condition the influence of the rationales, in the absence of
any summary statistics, may have resulted in a significant decrease in the level of
agreement.

The two feedback conditions thus had a different effect on the change in agreement, but
only in the second section of the questionnaire. This may be partly explained by the different
questions that were asked, given the composition of the expert sample. In section 1 experts
were asked to rate twelve research domains on their importance for landscape architecture
research, while in section 2 they were asked to rate the same twelve domains on their
usefulness for landscape architecture practice. By far most experts in the expert sample
were academics who may have had a more pronounced opinion about the importance of the
domains for landscape architecture research than their usefulness for practice.
Consequently, in section 1 there may have been less room for an effect of the feedback
conditions on the change in agreement compared to section 2.

In general, experts in both the S&R and R condition perceived the provided feedback as
useful for rating the importance and usefulness of the research domains. This result does not
seem to correspond with the limited degree of opinion change nor the limited change in the
level of agreement across rounds. Apparently, although experts found the feedback useful,
they were not so much influenced by it. Results of round 3 showed that when given a choice
experts preferred to receive both summary statistics and rationales. Experts who chose to
receive both feedback components seemed to perceive the rationales as somewhat more
useful than the summary statistics.

This study examined several important effects of controlled opinion feedback which until
now appear to have been largely overlooked in Delphi literature. It is remarkable that so few
studies were found that investigated the effect of different feedback conditions on drop-out
rates, the level of agreement among experts, and experts’ perception of the usefulness of
feedback. Although the current study is a controlled experiment, there is no absolute
certainty that the observed effects were actually caused by the different feedback
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conditions. It is possible that the results found are due to chance. Because the experiment
was conducted within a real-world Delphi study, with actual experts who gave their opinion
on relevant questions, the results may be better generalizable to other real-world Delphi
studies than results obtained from laboratory Delphi experiments. Still, the current
experiment was conducted within a specific type of Delphi study that involved a policy-
formation task and aimed at achieving agreement among experts. The results of the
experiment may thus have limited value for other types of Delphi studies, such as those that
aim for dissensus.

Future research into the effect of feedback in Delphi studies ought to widen its scope and
include more than just experts’ degree of opinion change and forecast accuracy. Preferably,
future Delphi experiments will also examine drop-out rates, the level of agreement among
experts, and experts’ perception of the usefulness of feedback. Drop-out threatens any
Delphi study (Hung et al., 2008; Keeney et al., 2006; Landeta, 2006; Powell, 2003) and as
such, it deserves more attention. For Delphi studies that involve a policy-formation task and
aim to achieve agreement among experts the study of agreement is pivotal. In this regard it
is important to note that there are different measures of consensus, agreement and
association (see Meijering et al., 2013 or chapter 2 of this thesis). Many Delphi studies aim
for consensus, but actually measure agreement or association. Finally, considering that
controlled opinion feedback is a key characteristic of the Delphi method, it seems important
to better understand how experts perceive and use it when reconsidering their initial
evaluations.

The results of this study suggest several specific directions for future research. First of all,
research is needed to clarify the mixed results which were found in the current study. For
the development of evidence based guidelines on the provision of controlled opinion
feedback it is important to know whether feedback of summary statistics induces drop-out
of experts and whether feedback of rationales enhances disagreement among experts.
Additionally, research is needed to learn how feedback of rationales influences the level of
agreement via opinion change. In this regard knowledge is needed on how to elicit and feed
back rationales in a way that sufficiently reduces egocentric discounting, without
overburdening experts with information. Finally, future research may reveal how experts in
Delphi studies perceive different feedback components and how these perceptions may
influence other Delphi features.

Researchers who want to design a Delphi study with a policy-formation task need to make
some important considerations regarding the provision of feedback. Although experts seem
to prefer to receive summary statistics in addition to rationales, feeding back both
components may increase drop-out rates. This is clearly undesirable, especially when drop-
out occurs among experts with a minority opinion. On the other hand, feeding back solely
rationales may result in more disagreement rather than more agreement among experts.
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This is undesirable when the Delphi study aims to achieve agreement among experts. Then,
feedback of summary statistics may be necessary to induce a certain conformity among
experts. Of course, the Delphi method should not be used to force experts to reach an
agreement they do not truly support. Moreover, as noted in the introduction of this paper,
not all Delphi studies focus on agreement. Instead, some Delphi researchers employed a so
called policy or dissensus Delphi to maximize the range of expert opinions (Banwell et al.,
2005; Landeta & Barrutia, 2011; Patari, 2010; Steinert, 2009; van de Linde & van der Duin,
2011). For these dissensus Delphis feeding back solely rationales may be considered.

Bolger et al. (2011) suggested to eliminate summary statistics from feedback. Based on the
current study a profound conclusion on the exclusion of summary statistics from feedback
cannot be made. For now, it is of particular importance that more Delphi experiments are
conducted, preferably in a real-world context, that shed more light on the effect of
controlled opinion feedback on various Delphi features.
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This chapter is published as:
Meijering, J. V., Kern, K., & Tobi, H. (2014). Identifying the methodological characteristics of
European green city rankings. Ecological Indicators, 43, 132-142
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Abstract

City rankings that aim to measure the environmental sustainability of European cities may
contribute to the evaluation and development of environmental policy of European cities.
The objective of this study is to identify and evaluate the methodological characteristics of
these city rankings. First, a methodology was developed to systematically identify
methodological characteristics of city rankings within different steps of the ranking
development process. Second, six city rankings (European Energy Award, European Green
Capital Award, European Green City Index, European Soot-free City Ranking, RES Champions
League, Urban Ecosystem Europe) were examined. Official websites and any methodological
documents found on those websites were content analysed using the developed
methodology. Interviews with representatives of the city rankings were conducted to
acquire any additional information. Results showed that the city rankings varied greatly with
respect to their methodological characteristics and that all city rankings had methodological
weaknesses. Developers of city rankings are advised to use the methodology developed in
this study to find methodological weaknesses and improve their ranking. In addition,
developers ought to be more transparent about the methodological characteristics of their
city rankings. End-users of city rankings are advised to use the developed methodology to
identify and evaluate the methodological characteristics of city rankings before deciding to
act on ranking results.

Keywords: methodology, ranking, index, indicator, city, environmental sustainability
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5.1 Introduction

Today many different rankings exist which are often used as a tool for influencing national
and international policy debates (Kern, 2008). All these rankings consist of two or more
objects that have been ordered based on their performance on certain attributes. Rankings
are transitive in the sense that if object A is ranked higher than object B, and object B is
ranked higher than object C, then object A is ranked higher than object C (Jones, 1971). The
ordered objects are usually given ascending rank numbers (starting with 1 for the highest
ranked object). These rank numbers indicate if an object performs better or worse than
another object, but they do not provide any information concerning the extent to which an
object performs better or worse than another object. This means that even when the ranks
of two objects are wide apart, the difference between their actual attribute values may still
be very small (Jones, 1971).

Ratings differ from rankings in that each object is assigned an actual attribute value on some
predefined scale (Lange, 2010). As such, ratings do provide information concerning the
extent to which an object performs better or worse than another object. Ratings can easily
be converted to rankings by ordering the objects based on their attribute values and
replacing the attribute values with rank numbers. Both rankings and ratings operationalize
the performance of objects on an attribute using an indicator system (Lange, 2010). Such a
system consists of several indicators each measuring the performance of the objects on one
aspect of the attribute. For each object, the measured indicator values are aggregated to
calculate one composite index value that reflects the attribute value. By summarizing the
performance of an object into a composite index value and corresponding rank number,
rankings make it easy to discern how well an object performs in comparison to the other
objects included in the ranking. However, multiple studies showed that composite indices,
and thus rankings, have some methodological issues concerning among others: the
definition of the ranking attribute (Wilson et al., 2007), the selection of indicators (Maretzke,
2006), the aggregation of indicators into a composite index (Jacobs et al., 2005; Schwengler
& Binder, 2006), data availability (Almeida et al., 2001), and data quality (Ochel & Roéhn,
2008). Various methodological choices within the ranking development process can severely
influence the final ranking outcome.

Different kinds of objects are ranked based on different kinds of attributes. The World
University Rankings (Quacquarelli Symonds, 2013) ranks universities based on their
performance on 30 subject areas, while the Environmental Performance Index (Nesshover et
al., 2007) ranks countries based on the performance of their environmental policy. Since the
late 1980s different rankings emerged that rank cities based on their quality of life, business
climate, or market potential (Chapman & Pike, 1992).
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Rankings are subject of scientific and political debate (Buela-Casal et al., 2007). Because of
methodological issues, controversies exist about the extent to which rankings reflect the
actual performance of objects on the ranking attribute (Ham et al.,, 2004). Rankings
oversimplify the performance of objects, causing misinterpretation and misuse by unwary
end-users (Espeland & Sauder, 2007; Taylor, 2011). Furthermore, they may incite objects to
manipulate data (Espeland & Sauder, 2007; Rauhvargers, 2011). Nonetheless, city rankings
may contribute to the evaluation and development of urban policy. According to Schonert
(2003) city rankings help trigger a discussion process about regional development strategies
and stimulate cities to learn from each other. Grabow (2006) stated that city rankings may
aid cities in making strategic decisions, while Besecke and Herkommer (2007) argued that
city rankings give insight into the strengths and weaknesses of cities and may therefore be
used for city planning and development.

In the European Union almost 75% of the population lives in cities. Therefore, the European
Union is committed to make its cities more sustainable (European Commission, 2010a).
Multiple city rankings have been developed that specifically focus on measuring the
environmental sustainability of European cities. Take for example the European Green
Capital Award, the European Green City Index and Urban Ecosystem Europe. These
European city rankings may contribute to the evaluation and development of environmental
policy of European cities. Like rankings in general, city rankings have some methodological
issues (Besecke & Herkommer, 2007; Grabow, 2006; McManus, 2012; Schonert, 2003). A
serious problem of city rankings is that their methodological characteristics are rarely
considered (Giffinger et al., 2007a). This includes city rankings that aim to measure the
environmental sustainability of European cities. Because of methodological differences, a
city may have a high position in one ranking and simultaneously a low position in another
ranking. For example, Vienna ranked fourth place (out of 30 cities) in the European Green
City Index 2009 and thirteenth place (out of 35 cities) in the European Green Capital Award
2010 (which was also published in 2009). The sensitivity of city ranking outcomes to
methodological choices obviously poses problems for urban environmental policy makers.
The objective of the current study is therefore to identify and evaluate the methodological
characteristics of existing city rankings that aim to measure the environmental sustainability
of European cities. The knowledge from this research may be used to help urban policy
makers deal with European city rankings and to improve the methodological quality of
(future) city rankings.

5.2 Literature review on city ranking methodology

The development of a city ranking consists of several phases: the decomposition of the
ranking attribute into indicators, the aggregation of indicators into a composite index, the
selection of cities, the data collection, and the reporting. Literature was reviewed to identify
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methodological issues within each phase and to develop a methodology for systematically
identifying the methodological characteristics of city rankings. The literature that was
reviewed is discussed below.

Decomposition of the ranking attribute

To measure a city’s performance on a complex ranking attribute, the ranking attribute needs
to be decomposed into indicators. For example, to measure a city’s environmental
sustainability, indicators concerning air quality (e.g. annual daily mean of PMygq emissions),
energy consumption (e.g. annual energy consumption in gigajoules per resident), and waste
production (e.g. annual waste collected in kilograms per resident) could be used. Ideally, the
decomposition of a ranking attribute into indicators is based on a theoretical framework
(Giovannini et al., 2008; Ham et al., 2004). Such a framework should provide a clear
definition of the ranking attribute, including its underlying categories and criteria for
selecting indicators (Giovannini et al., 2008). Remarkably, rankings sometimes do not
provide a (clear) definition of their ranking attribute (see Nesshover et al. (2007) for an
example). This obviously complicates the justification of the selected indicators.

The selection of indicators may also be justified by the use of stakeholders or experts (Morse
& Fraser, 2005; Singh et al., 2009). Experts can be acquired from within the organization that
initiated the ranking (and its project partners) or they can be acquired from outside. It is
important to make this distinction, because the use of internal experts may more easily bias
the indicator selection than the use of external and perhaps more independent experts. The
selection of indicators may also depend on political and practical considerations. Developers
of rankings may choose to align their selection of indictors with certain policy frameworks or
discard the use of indicators for which data are not readily available. Especially in the
context of international rankings, data availability is a severe selection criterion due to the
scarcity of internationally comparable data (Giovannini et al., 2008). When comparing and
ranking cities across countries, data availability also poses a problem (Kahn, 2006; Tirksever
& Atalik, 2001).

Usually, developers of rankings can choose from a wide range of indicators. For example,
when measuring CO, emissions many different indicators could be selected (e.g. total CO,
emissions in tonnes per resident, total CO, emissions in grams per unit of cities’ gross
domestic product). As such, developers of rankings need to select a limited number of
indicators that still captures the meaning of the ranking attribute as a whole (Grabow, 2006).
It is important that developers justify their specific selection of indicators, because it can
severely influence the final ranking outcome (Lun et al., 2006; Maretzke, 2006).
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With regard to the methodological characteristics of city rankings, a clear definition of the
ranking attribute is pivotal. Without such a definition it is impossible to determine if
appropriate indicators were selected. Some definitions of urban environmental sustainability
and closely related concepts are provided in the literature. According to Kahn (2006, p. 4)
green cities have clean air and water, are resilient in the face of natural disasters, run a low
risk of major infectious disease outbreaks, encourage green behaviour, and have a relatively
small ecological impact. Goodland (1999, p. 715) defined environmental sustainability as the

|rl

“maintenance of natural capital”, with natural capital as a provider of inputs (e.g. air, water,
energy) and as a sink of waste emissions (e.g. greenhouse gases). Others defined urban
environmental sustainability by decomposing it into categories such as air, water, energy,
and solid waste (Shane & Graedel, 2000; Yu & Wen, 2010). Although there are similarities
between definitions, one widely accepted definition of urban environmental sustainability
does not yet exist. Therefore, European green city rankings should clearly state and define
their ranking attribute. Additionally, they need a theoretical framework or emerging theory

(acquired from expert opinion) to justify their specific selection of indicators.

Aggregation of indicators

When aggregating indicators into a composite index, it is important to consider their
measurement level (nominal, ordinal, interval or ratio) as this has implications for the
legitimacy of any subsequent mathematical operation (Coste et al., 1995). In this regard it is
especially important to consider the applied normalization technique. There are numerous
ways to normalize indicators (Giovannini et al., 2008; Singh et al., 2009). Commonly used
techniques are ranking, ordinal categorization and re-scaling. Ranking and ordinal
categorization are usually applied when qualitative data were collected. For each indicator,
the collected data are evaluated (e.g. by experts) on the basis of which objects are ranked or
assigned to ordinal categories. Ranking and ordinal categorization can also be applied on
indicators with an interval or ratio measurement level, however, information regarding
relative distances between objects is lost. Re-scaling is usually applied when indicators have
an interval or ratio measurement level. When using this technique, the scales of indicators
are mathematically transformed to have an identical range (e.g. 0-100) and information
regarding relative distances between objects is retained.

When aggregating (normalized) indicators into a composite index, weights may serve to
reflect the importance of each indicator in measuring the ranking attribute. There are
numerous ways to determine the weights of indicators. Although the easiest way is to use
equal weighting, the assumption that all indicators are equally important is unappealing
(Kahn, 2006). Ideally, indicator weights are based on a theoretical framework (Ham et al.,
2004; Ochel & R6hn, 2008), but it is also possible to determine weights based on expert and
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stakeholder opinion (Giovannini et al., 2008; Grabow, 2006; Kahn, 2006; Mayer, 2008; Morse
& Fraser, 2005).

Most commonly, indicators are aggregated into a composite index using either the additive
or multiplicative method (Besecke & Herkommer, 2007; Grabow, 2006; Maretzke, 2006;
Schwengler & Binder, 2006). Whereas the additive method allows an object to compensate a
low value on one indicator with a high value on another indicator, the multiplicative method
partly prevents such a compensation.

With regard to the methodological characteristics of city rankings, it is important to consider
the measurement level of indicators as it determines which subsequent normalization
techniques are appropriate. In addition, it is important to determine which normalization,
weighting and aggregation techniques were used, because multiple studies showed that
these techniques can severely influence the final ranking outcome (Floridi et al., 2011;
Jacobs et al., 2005; Lun et al., 2006; Maretzke, 2006; Schwengler & Binder, 2006).

Selection of cities

To prevent rankings from comparing apples with oranges, it is recommended to select a
relatively homogeneous group of objects (Ochel & R6hn, 2008). For this, selection criteria
are needed. When city rankings apply selection criteria, they are actually defining their
target population. Most city rankings start from a certain geographic scope (e.g. only
European cities). Population size is often used as an additional selection criterion (Giffinger
et al., 2007a). Hendriksen et al., (2010) proposed to build a city typology based on cities’
population density, economic character, wealth, climate, and history. Such a typology may
be useful for establishing a homogeneous group of cities.

If the defined target population contains many cities, a final selection of cities needs to be
made. In this case it is possible to draw a random sample of cities from the target
population. However, cities within the target population are often purposively sampled
based on practical considerations like data availability and the perceived importance of the
cities for the target audience of the ranking (Giffinger et al., 2007a; Taylor, 2011). Some
rankings use convenience sampling by allowing cities within the target population to apply
for participation.

For city rankings it is important to be clear on the applied selection criteria. These criteria
determine to what extent the target population of cities can be regarded as a homogeneous
group of objects. In addition, it is important to describe the subsequent sampling strategy as
this gives end-users of city rankings insight into the extent to which the sample of cities
reflects the target population.
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Data-collection

Data can be collected from different sources. Obvious sources for data on cities are local city
authorities. Official institutions like national statistical offices and international organizations
(e.g. Eurostat, European Environment Agency) also provide data on cities in the form of
(publicly available) databases and reports. Various expert and stakeholder groups are
another data source.

According to Ochel and Réhn (2008), the quality of data collected from official institutions
and international organizations is largely unproblematic, although there are limitations
concerning, among others, the actuality and accuracy of the data. They argued that data
collected from experts are usually more up to date and may represent reality better. On the
other hand, they stated that the quality of expert data may be more problematic as experts
may be biased by sentiments. Nevertheless, because data from any source may be biased, it
is deemed important that city rankings have a procedure for checking the quality of the
collected data. A possible procedure could be the use of triangulation which involves
comparing data collected from one source with data collected from another source to see
whether they corroborate (Silverman, 2011).

Giffinger et al., (2007a) studied several city rankings and concluded that most of them
collected data through desk research. Other methods mentioned with regard to rankings,
are: interviews (Grabow, 2006; Schonert, 2003), surveys (Besecke & Herkommer, 2007;
Hendriksen et al., 2010), and participant observations (Besecke & Herkommer, 2007).

When data have been collected, two issues possibly need to be dealt with. First, data
collected on an indicator may be qualitative in nature. With regard to rankings, qualitative
data always have to be quantified. This may be done by the initiator of the ranking (or its
project partners) or some external party (e.g. expert group). In any case, a list of criteria
should be used to make sure all objects are evaluated in a similar way. Second, there may be
missing data. Missing data can be handled in different ways: it can be supplemented based
on data collected from additional sources, it can be estimated using imputation techniques
(Giovannini et al., 2008), or it can become part of the evaluation process.

With regard to the methodological characteristics of city rankings, it is important to
determine how and from what source(s) data were collected. Additionally, it is important to
know how any qualitative data were quantified, how missing data were handled, and how
the quality of data was checked. All these characteristics provide insight into the quality of
the collected data on which a city ranking is based.
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Reporting

Taylor (2011) showed that many economic city rankings are not transparent about their
methodology. It is important, however, that end-users of rankings understand how rankings
were developed and how this may have influenced the final result (Mayer, 2008). This
implies that a ranking should report as much information as possible about its
methodological characteristics. Lun et al. (2006) argued that every ranking should report a
sensitivity analysis which shows how robust the ranking is to changes made to certain
methodological characteristics like the number of indicators and the applied normalization,
weighting, and aggregation techniques.

A ranking of objects on an overall ranking attribute does not give detailed insight into the
strengths and weaknesses of objects. Hence, reporting an overall ranking hardly provides
meaningful information useful for practice (Nesshéver et al., 2007). A report in which objects
are ranked on separate dimensions and indicators may be more useful (e.g. for urban policy
makers). When many different cities are included in a ranking, it would also make sense to
report (decomposed) results per city type to provide a meaningful comparison between
cities. Again, a city typology might prove useful in this regard.

A disadvantage of rankings is that they suggest differences between objects that may not
exist. Objects in the middle of a ranking usually differ little from each other when it comes to
their composite index values (Grabow, 2006). Therefore, reporting the composite index
value (i.e. the rating) next to the rank of each object enhances insight into the differences
between objects. Another option is to classify objects in clearly distinguishable groups such
as forerunners, mediocrities, and laggards (Grabow, 2006; Lun et al., 2006; Maretzke, 2006).

With regard to the methodological characteristics of city rankings, it is important to
determine the transparency of the procedure followed and whether a sensitivity analysis
was performed. In addition, it is important to determine to what extent the overall ranking
result is decomposed (to dimension/indicator level and into different city types) and which
alternatives to the ranking of objects are reported (e.g. a rating or classification of objects).
The report determines the methodological transparency of a city ranking and thus its
usefulness for end-users.

5.3 Methods

The developed methodology, for systematically identifying the methodological
characteristics of city rankings, was applied on several city rankings. City rankings were
included in this study if they satisfied all of the following criteria: having a European scope
(ranking cities from at least two different European countries), being based on an indicator
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system (consisting of at least two indicators), having a primary focus on measuring the
environmental sustainability of cities or a more specific aspect of the environmental
sustainability of cities (e.g. air quality), publishing a publicly available ranking of cities (either
on their website or in a separate report), publishing a ranking within the years 2007 through
2012.

City rankings were found by searching on the internet, reading literature and talking to
experts on urban sustainability and urban policy makers. Based on these sources, a list of
potentially suitable city rankings was established. Following further investigation, several city
rankings were excluded from the list as they were not primarily focussed on measuring
environmental sustainability (Cushman & Wakefield, 2010; Giffinger et al., 2007b; Mercer,
2012) or did not publish a publicly available ranking of cities (Climate Alliance, 2012;
Foundation of Environmental Education, 2013).

Table 5.1 gives an overview of the six city rankings that were included in this study. Different
kinds of institutions are involved in the development of these city rankings: energy
companies, government agencies, city network organizations, commercial businesses,
research institutes, and NGOs. Some of the city rankings in Table 5.1 were conducted
multiple times, while other city rankings were conducted only once. When a city ranking was
conducted more than once within the years 2007 through 2012, data were collected on the
most recent version within that period.

For each included city ranking the official website, the ranking report, as well as any
additional methodological background documents that could be found on the website were
studied. In addition, semi-structured interviews were conducted with representatives of the
selected city rankings to get insight in any methodological information that could not be
obtained otherwise. A summary of each interview was sent to the corresponding
representative(s) with the question to check it on errors and completeness. Representatives
of four of the six city rankings replied (representatives of the European Green City Index and
the European Soot-free City Ranking did not reply).

An overview of the interviewees and the websites, reports, and methodological background
documents that were included in the analysis is found in appendix 5.1. Data were analysed
by means of content analysis. The developed methodology provided codes which were used
to identify the methodological characteristics of the city rankings in the data.
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5.4 Results

Decomposition of the overall ranking attribute

Five city rankings reported a ranking on an overall ranking attribute (see Table 5.2). Most of
these city rankings (numbered in all tables: 1, 2, 4, 5) did not provide a clear definition of the
overall ranking attribute on the official website, in the ranking report, nor in methodological
background documents. Only the European Green City Index stated in the methodology
section of the report what the ranking as a whole measured. During the interviews, most
representatives of the city rankings were able to provide a description of the overall ranking
attribute. The representative of the European Green Capital Award was unable to provide a
description of the overall ranking attribute and stated that the overall ranking is a technical
combination of the twelve separate indicators. During the interview, it was also explained
that a jury assessed the three highest ranked cities “on their ability to be green role models
for other cities” and then selected in July 2012 the winner of the European Green Capital
Award 2014.

Urban Ecosystem Europe was the only city ranking that did not report a ranking on an overall
ranking attribute. During the interview the representative of Urban Ecosystem Europe stated
that Ambiente Italia decided not to rank cities on an overall ranking attribute, because the
communication of a single index could be misleading from a technical point of view.

All city rankings that reported a ranking on an overall ranking attribute, decomposed this
attribute into a number of indicators. The number of indicators used in the different city
rankings ranged from four to 79. Four city rankings grouped the indicators into a smaller
number of categories. None of the city rankings provided a clear explanation on the official
website, in the ranking report, nor in methodological background documents about how the
indicators were selected.

Additional information about the selection of indicators was asked during the interviews. It
turned out that some of the city rankings (1, 2, 5, 6) based the selection of indicators at least
partly on a former national city ranking or previously developed indicator framework.
Experts were also used for the selection of indicators. Aside from the use of internal experts,
acquired from within the initiating institution of a city ranking or its project partners,
external experts were (also) used by some city rankings (1, 3, 6). None of the city rankings
based the selection of indicators on a theoretical framework.
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Aggregation of indicators

Most of the city rankings (1, 2, 3, 4, 6) contained indicators that required the collection of
qualitative data, whether or not supplemented by quantitative data (see Table 5.3). These
indicators had a nominal measurement level. Some city rankings (3, 5, 6) contained
indicators that required the collection of quantitative data expressed as a single number
(having a natural zero value). These indicators had a ratio measurement level. Some
indicators of the Urban Ecosystem Europe consisted of multiple items which required the
collection of a combination of nominal, ordinal, interval, and ratio data. For the purpose of
this study these indicators were classified as having a nominal (multi-item) measurement
level.

Different normalization techniques were applied: ranking (2), ordinal categorization (3, 4),
and re-scaling (3, 6). The developers of the European Energy Award and the RES Champions
League normalized their indicators by attributing points to indicators. Both city rankings
incorporated a weighting of indicators into the normalization technique by varying the
maximum amount of points each indicator could yield.

Three city rankings (1, 3, 5) weighted their indicators. Of these three, the European Energy
Award and the European Green City Index based the weighting of indicators on feedback
from the same experts who contributed to the selection of indicators. The RES Champions
League based the weighting of indicators on the experience of their partner organization
Solarthemen.

All city rankings, except for the Urban Ecosystem Europe, added the normalized (and
weighted) indicator values to obtain the composite index value. To take into account
different city conditions, the European Energy Award divided the composite index value of
each city by the maximum amount of points each city theoretically could obtain. The RES
Champions League calculated bonus points for each city, based on the specific combination
of points assigned to the solar photovoltaic and solar thermal category, which were added to
the composite index value.

Selection of cities

The number of cities included in the different city rankings ranged from 17 to more than
3675 (see Table 5.4). City selection criteria varied across city rankings. Aside from a
geographic scope, the European Energy Award and RES Champions League did not apply any
selection criteria. All other city rankings used at least the number of inhabitants as an
additional selection criterion. None of the city rankings used a city typology.
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None of the city rankings randomly selected cities from their target population. Three city
rankings (1, 2, 5) applied convenience sampling by allowing any city to participate which met
the selection criteria. The European Soot-free City Ranking and the Urban Ecosystem Europe
on the other hand purposefully selected cities from all the cities which met the selection
criteria. The European Green City Index applied strict selection criteria which made
subsequent sampling of cities unnecessary.

Data-collection

All city rankings used local city authorities as a data source (see Table 5.5). In addition, four
city rankings (1, 2, 3, 4) employed certain stakeholder or expert groups to evaluate and
quantify the qualitative data. These expert or stakeholder groups provided quantitative data
used to construct the city ranking and can thus be considered as data sources as well. All city
rankings, except for the European Green City Index, used some kind of standardized
questionnaire to collect data from their data source(s).

With three city rankings (1, 3, 4), the evaluation and quantification of qualitative data were
done using a guide or list of criteria. The experts who evaluated the data collected for the
European Green Capital Award, however, did so according to their own personal discretion.

With some city rankings (3, 4, 6) the initiator of the ranking (or the project partner
responsible for the data-collection) actively supplemented missing data by collecting data
from other sources. Project partners of the RES Champions League did not actively
supplement missing data, however, (other) sources were allowed to provide additional data
at any time. With the European Energy Award and the European Green Capital Award
missing data were not supplemented or estimated in any way, but became part of the
evaluation process. All city rankings, except for the European Green City Index, performed
some activities to check the quality of the collected data.

Reporting

Table 5.2 to 5.5 show that none of the city rankings provided complete information about
their methodological characteristics. Additional information had to be obtained from
interviews. In particular, information about the overall ranking attribute and the selection of
indicators was missing. In addition, none of the rankings, that reported a ranking on an
overall ranking attribute, mentioned something about the robustness of the ranking and its
sensitivity to the applied normalization, weighting, and aggregation techniques.
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All city rankings, except for the Urban Ecosystem Europe, reported composite index values
(i.e. ratings) next to the overall ranks of cities to give insight into the size of the differences
between cities. None of the city rankings classified cities into groups such as forerunners,
mediocrities, and laggards.

Most city rankings (2, 4, 5, 6) reported city rankings and ratings on individual indicators. The
European Green City Index reported city rankings and ratings on each of its eight categories.
The RES Champions League is the only city ranking that reported separate rankings for
different types for cities (based on the number of inhabitants). The Urban Ecosystem Europe
is the only city ranking that reported city profiles (showing the rating of each city on nine
indicators in comparison to the median rating).

5.5 Discussion

Based on literature a methodology for identifying the methodological characteristics of city
rankings was developed and applied on six city rankings that aimed to measure the
environmental sustainability of European cities. Results showed that the city rankings varied
greatly with respect to their methodological characteristics and that all city rankings had
important methodological weaknesses.

Most remarkably, none of the city rankings that ranked cities on an overall ranking attribute
provided a clear definition of the ranking attribute, which makes it hard to establish on what
cities were actually ranked. This may in part be due to the difficulty of defining and
operationalizing intangible concepts such as ‘urban environmental sustainability’. Kuik and
Gilbert (1999) stated that the operationalization of the related concept ‘sustainable
development’ needs an interdisciplinary approach. They also pointed out that this concept is
highly political which makes it unlikely that a common operationalization will be developed
in the near future. The same may be said of the concept ‘urban environmental
sustainability’. Tobi (2014) argued that the operationalization of interdisciplinary concepts
may be difficult but not impossible if all involved disciplines are willing to collaborate.
Indeed, according to Tirksever and Atalik (2001) basic consensus about the meaning of the
related concept ‘urban quality of life’ was also achieved. In much the same way it is possible
that future research will result in a definition and operationalization of ‘urban environmental
sustainability’ that is supported by a wide range of scientific disciplines and political views.

Theoretical frameworks with corresponding indicators could be useful to developers of
European green city rankings (Olewiler, 2006; Tanguay et al., 2010), but were not used by
any of the examined city rankings to justify the selection of indicators. Most of the city
rankings justified the selection of indicators by using experts. Although the use of experts
may have contributed to the credibility of these city rankings, questions need to be asked

103




about how experts were defined and selected, to what extent experts were unbiased
(especially when internal experts were used), and to what extent the selection of indicators
by experts followed a systematic approach.

The Delphi method may provide an opportunity for developers of European green city
rankings to develop their own emerging theory and to justify their specific selection of
indicators through expert opinion. The aim of the Delphi method is to allow experts to
achieve agreement on a certain topic (Linstone & Turoff, 1975). An important characteristic
of the Delphi method is that expert participation is anonymous. This prevents bias as a result
of group pressure and existing power relations. Using the Delphi method it may be possible
for experts to achieve agreement on the definition and operationalization of ‘urban
environmental sustainability’, including a selection of the most important indicators needed
to measure the concept. Research is needed to find out whether the Delphi method is
indeed suitable for this purpose.

Although indicators should ideally be selected based on their suitability to measure the
overall ranking attribute, the lack of internationally comparable quantitative data limits the
choice of indicators (Giovannini et al., 2008). Specifically with regard to European city
rankings it may be difficult to find indicators for which comparable quantitative data are
available. In response to this problem developers often select indicators which require the
collection of qualitative data (Giovannini et al., 2008). This might explain why most of the
examined city rankings also included this kind of indicators. Still, qualitative data need to be
evaluated and quantified (e.g. by experts) for ranking purposes, which in turn may introduce
bias.

A methodological weakness of all composite indices and rankings is the normalization,
weighting, and aggregation of their underlying indicators. Although several studies showed
that the applied techniques may severely distort the final results (Floridi et al., 2011; Jacobs
et al., 2005; Lun et al., 2006; Maretzke, 2006; Schwengler & Binder, 2006), the examined city
rankings hardly substantiated their choice for certain techniques. To obtain composite index
values, the city rankings simply added the normalized and weighted indicator values,
allowing cities to compensate low values on some indicators with high values on other
indicators. A proper substantiation of applied techniques is also necessary to reduce the
potential risks of lobbyism and developers manipulating ranking results. Again, the Delphi
method may provide an opportunity, for example by using experts to establish indicator
weights.

The examined city rankings used insufficient criteria to obtain a homogeneous target
population of cities. Consequently, city rankings included many different types of cities (e.g.
coastal and inland cities) that perhaps ought not be compared with each other in terms of
environmental sustainability. Tlrksever and Atalik (2001) stated that it is important to take
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cities’ climatic, topographic and physical welfare features into account when measuring their
quality of life. The same may be said when measuring cities’ urban environmental
sustainability. To prevent European green city rankings from comparing apples with oranges,
a European city typology may be useful. Although such a typology exists (Seidel-Schulze et
al., 2009), more research is needed to develop a European city typology that distinguishes
different kinds of cities based on features that are important when measuring urban
environmental sustainability.

Local city authorities appeared the most important source for data on urban environmental
sustainability. All examined city rankings, except Urban Ecosystem Europe, also collected
data from other sources. From all sources that have an interest in city rankings, biased data
may be expected. Whenever qualitative data were evaluated by experts or other
stakeholders, the possibility of bias was also introduced. Most city rankings checked the
quality of the collected data using triangulation. Nevertheless, it remained unclear to what
extent these checks really contributed to better data quality or introduced other bias (e.g.
when local NGO partners were allowed to check data provided by local city authorities).

The reporting of the examined green city rankings left much to be desired for (Taylor, 2011).
None of the green city rankings reported complete information on their methodological
characteristics. Representatives of the city rankings were willing to be interviewed and were
able to provide additional information on most methodological characteristics. A general
shortcoming of rankings, relative to composite indicator systems, is that the composite index
values of all objects are transformed into ordinal (rank) numbers and information about
relative differences between objects is lost. Therefore, it is good to note that all the city
rankings reported composite index values next to the ranks. Nevertheless, none of the city
rankings reported a sensitivity analysis as has been suggested in the literature (Floridi et al.,
2011; Lun et al., 2006; Singh et al., 2009). Without a sensitivity analysis end-users of rankings
are unable to judge the robustness of the results (Lun et al., 2006).

5.6 Conclusion

The results of the current study are based on six city rankings that aim to measure the
environmental sustainability of European cities and cannot be generalized to other types of
city rankings or rankings of other objects. However, all rankings which are based on an
indicator system do have similar methodological issues. The methodology as developed in
this study can therefore be used in future research aimed at identifying the methodological
characteristics of other rankings as well. As such, the methodology may enhance insight into
the methodological quality of rankings in general and monitor their future methodological
development.
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Developers of city rankings are advised to use the methodology developed in the current
study to identify methodological weaknesses in their ranking and make improvements
where possible. For developers of European green city rankings several specific
recommendations can be made. Most importantly, developers are advised to make use of
existing research into the definition, operationalization, and measurement of ‘urban
environmental sustainability’ and closely related concepts (such as presented here).
Theoretical frameworks including indicators for measuring the concept, exist which could be
useful. Alternatively, developers may use external urban sustainability experts as well as
end-users to come up with their own tailored definition and operationalization of the
concept with corresponding indicators. When selecting cities, developers ought to use
selection criteria beyond geographical scope and population size. If possible, they ought to
use a city typology to make sure similar types of European cities are compared on their
environmental sustainability in a meaningful way. Although local city authorities are an
important source for data on the environmental sustainability of cities, developers ought to
verify data collected from this source. Preferably by using a source that has no interest in the
ranking (e.g. national statistical offices, environmental bureaux, the urban audit database). If
indicators are used that require the collection of qualitative data, developers are advised to
use external experts, in the field of urban environmental sustainability, to evaluate and
quantify these data according to pre-defined criteria. As for any ranking, developers of
European green city rankings ought to provide full information on all methodological
characteristics, preferably in a separate methodological background document that is freely
accessible. In addition, developers ought to conduct and report a sensitivity analysis.

Finally, end-users of city rankings (e.g. urban policy makers and the media) are advised to
use the methodology developed in the current study to identify and evaluate the
methodological characteristics of city rankings. In particular urban environmental policy
makers ought to find out how European green city rankings defined and operationalized the
overall ranking attribute, whether the specific sample of cities allows meaningful
comparisons to be made, and to what extent the results may be distorted and biased. In
doing so, they may be able to identify the ranking which is most meaningful for evaluating
and monitoring the environmental sustainability of their city. This implies that the usefulness
of any ranking largely depends on how it reports its methodology. End-users ought to be
careful using results of city rankings that provide insufficient information about
methodological characteristics and do not provide any information about the robustness of
the results.
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Chapter n

Defining and measuring urban sustainability

in Europe: A Delphi study on identifying
its most relevant components

This chapter is submitted as:
Meijering, J. V., Tobi, H. & Kern, K. Defining and measuring urban sustainability in Europe:
A Delphi study on identifying its most relevant components.
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Abstract

Context:

How urban sustainability is defined influences the results of urban sustainability rankings.
Various efforts have been made to define the concept and to operationalize it into specific
components (e.g. air quality, inequality, employment). Consequently, numerous different
components are currently being used without agreement on which components are most
relevant for defining and measuring urban sustainability.

Objectives:

This study identified which components experts find most relevant for defining and
measuring urban sustainability in a European context. The study thereby provides insight
into what the concept actually entails. This may facilitate the development of future urban
sustainability rankings.

Methods:

A European sample of 419 urban sustainability experts was invited to participate in a three-
round Delphi study. In each round experts were asked to evaluate and comment on the
relevance of various components of urban sustainability.

Results:

The following seven components were identified as most relevant: air quality, governance,
energy consumption, non-car transportation infrastructure, green spaces, inequality, and
CO, emissions. Five of these components are part of the environmental dimension of urban
sustainability, which suggests that urban sustainability is still perceived as mainly an
environmental concept. Based on experts’ evaluations of the components weights could be
established that reflect the relative relevance of each component for measuring urban
sustainability.

Conclusions:

This study provides an expert-based framework in which urban sustainability is
operationalized into several weighted components. This framework may be used by future
developers of urban sustainability rankings to properly define the concept and to select
appropriate indicators.

Keywords: Delphi method, urban sustainability, definition, measurement, operationalization,
components, dimensions, categories, themes, indicators
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6.1 Introduction

With more than two-thirds of Europeans living in urban areas, Europe is one of the most
urbanized continents in the world (European Commission, 2011). Although cities are
considered to be the engines of the European economy, they are also home to many
problems such as unemployment, poverty, and environmental pollution to name only a few
(European Commission, 2011). The European Union is therefore committed to making its
cities more sustainable (European Commission, 2010a). In 2008 the European Commission
initiated the European Green Capital Award: a competition in which European cities are
evaluated and ranked according to their environmental standards and commitment to
future environmental improvement and sustainable development (European Commission,
2015). Since then, other institutions have also developed and published some form of urban
sustainability ranking. Examples are the European Green City Index (Siemens, 2009) and the
Sustainable Cities Index (Arcadis, 2015).

City rankings may be useful for urban governance, in particular urban planning and
development (Besecke & Herkommer, 2007), but should also be used with caution because
of methodological issues (Meijering et al., 2014). City rankings are often based on an
indicator system. This means that the ranking attribute on which cities were finally ranked
(e.g. urban sustainability) was operationalized into various indicators that each measure a
specific aspect of the ranking attribute. For each city, data were collected on the indicators
and then aggregated into a composite index value and corresponding rank number.
Although rankings thus developed ought to reflect the performance of cities on the ranking
attribute, they may be very sensitive to various methodological choices made, such as the
techniques used to normalize and weigh indicators (Floridi et al., 2011; Jacobs et al., 2005;
Lun et al., 2006).

A fundamental choice concerns the definition of the ranking attribute. How urban
sustainability is defined influences the selection of indicators and thereby ranking results
(McManus, 2012). In this regard it is problematic that many different definitions of urban
sustainability exist (for an overview see: Huang et al.,, 2015). Since the report of the
Brundtland Commission (World Commission on Environment and Development, 1987), it is
widely accepted that sustainability consists of three pillars or dimensions: environmental,
economic, and social sustainability (Hassan & Lee, 2015; Huang et al., 2015; Tanguay et al.,
2010). Still, these three dimensions are very abstract and open to a wide range of
interpretations. To help define and measure urban sustainability, various efforts have been
made to divide the three dimensions into more specific components, also referred to as
themes or categories (see for example: Huang et al., 1998; Michael et al., 2014; Tanguay et
al., 2010). So far, these efforts all ended up with a different mix of components. As a result,
many different components of urban sustainability are currently being used without
agreement on which components are most relevant for defining and measuring the concept.
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Meijering et al. (2014) suggested that agreement on the definition and operationalization of
urban environmental sustainability may be achieved by using the Delphi method: a
structured data-collection method that aims to facilitate a group of experts in achieving
agreement on a topic (see also chapter 5 of this thesis). The method has indeed been
frequently used to develop definitions and operationalizations of various concepts such as
‘team effectiveness’ (Lohuis et al., 2013) and ‘acute respiratory distress syndrome’ (Ferguson
et al., 2005). In the current study the Delphi method was used to identify which components
experts find most relevant for defining and measuring urban sustainability in a European
context, thereby providing insight into what the concept actually entails and facilitating the
development of future urban sustainability rankings. The study was restricted to the
European context as urban sustainability is a place-dependent concept (Hassan & Lee, 2015)
and may thus be defined and measured differently in different parts of the world.

6.2 Methods

The Delphi method

The Delphi method, developed in the 1950s by Dalkey and Helmer (1963), consists of at least
two rounds of data collection. In the first round experts are independently questioned about
their opinion on the topic of interest, usually by means of a standardized questionnaire. To
prevent group pressure and inadvertent influence of dominant individuals, experts
participate anonymously and do not directly communicate with each other. Instead, the
study moderator provides experts with so called controlled opinion feedback: a summary of
the findings from the previous round. Based on this feedback experts are allowed to
reconsider and change their opinion in the second round. This process continues until a pre-
specified number of rounds has been completed, a certain level of agreement has been
achieved, or experts’ opinions have stabilized (Diamond et al., 2014). In the current Delphi
study a sample of urban sustainability experts was questioned in three subsequent rounds
about which components are most relevant for defining and measuring urban sustainability
in a European context.

Expert sample

Urban sustainability experts were considered to be people whose work is related to urban
sustainability as inferred from the institution they work for, their position within that
institution, their job description, or work related activities (i.e. participating in urban
sustainability conferences or projects). With regard to Delphi studies it is recommended to
compile a heterogeneous panel of experts to assure the inclusion of a diverse range of views
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(Hussler et al., 2011; Powell, 2003). For the current study it was therefore decided to search
for urban sustainability experts from four different types of institutions: academia, business,
civil society (i.e. NGOs, non-profit, and community-based organisations that pursue
charitable or member-oriented goals), and government. Furthermore, it was decided to
search for experts from various European countries.

A convenience sample was assembled from various sources. Several conferences on urban
sustainability that took place in Europe in 2013 or 2014 formed a first major source of
experts. Initially, contributors (i.e. presenters and authors of accepted abstracts as
mentioned in the conference program or proceedings) to the following three conferences
were regarded as potentially suitable experts: The Sustainable City Conference 2014, The
Urban Sustainability and Resilience Conference 2014, and The PLEA Conference 2013 (on
sustainable architecture and urban design). Because the three conferences mainly yielded
experts from academia, additional experts were acquired from two conferences targeted at
a more diverse audience: The Future Cities Forum 2014 and The Reference Framework for
European Sustainable Cities Conference 2013. Names of potentially suitable experts were
researched online to acquire additional background information (i.e. the institution they
work for, their position within that institution, their e-mail address) and to verify whether
they held a position in an institution located in a European country.

The Joint Programming Initiative Urban Europe formed another major source of experts. This
program was established in 2010 by the European Commission and aims to “Enhance the
capacities and knowledge on transition towards more sustainable, resilient and liveable
urban developments” (Robinson et al., 2015, p. 5). By means of two calls for proposals the
program selected and funded 20 projects. The coordinators of these projects and their
project partners as listed on the website were regarded as potentially suitable experts. Their
names were researched online to acquire additional background information and to verify
whether they held a position in an institution located in a European country.

Finally, by searching on the internet and talking to experts, many institutions were found
that are active in the field of urban sustainability. For example, developers of urban
sustainability rankings (e.g. Arcadis), partners of sustainable and smart city conferences (e.g.
Accenture), EU funded research projects (e.g. TRANSFORM), partnerships (e.g. Climate-KIC),
and consortia (e.g. Amsterdam Institute for Advanced Metropolitan Solutions). These
institutes were contacted by telephone to find out whether they had urban sustainability
experts who are willing to participate in the Delphi study. In some cases names and contact
details of one or more experts were directly acquired. In other cases a contact person
agreed to forward a ready-made invitation to potentially suitable experts or to put the
invitation in a newsletter or on a website. In this invitation the objective and procedure of
the Delphi study was shortly explained. Furthermore, experts were asked to register their
participation by sending an e-mail to the research team with the following information: their
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name, the name of the European country where they work, the name of the institution they
work for, their job title, and how their work relates to urban sustainability. Experts who
responded to the invitation were included in the sample. Based on all sources a sample of
419 experts from all over Europe was assembled.

Questionnaire development

The questionnaire for the first round of the Delphi study was developed based on several
existing urban sustainability rankings. By entering a search query in three different search
engines on the internet (Google, Bing, Yahoo) on two different computers, eight rankings
were found that rank European cities on their sustainability or another closely related
ranking attribute (see table 6.1). The components and the corresponding indicators of these
eight rankings were identified and put together in one list. This list was content analysed by
categorizing components of different rankings (e.g. air pollution, ambient air quality) and
labelling each category with a single component name (e.g. air quality). As such, a total of 38
components was identified of which 22 components recurred in at least three of the eight
rankings. These 22 components were given a single-sentence explanation and presented in a
concept version of the questionnaire. This concept was pre-tested using the cognitive
interview approach (Willis, 2005) with three urban sustainability experts and one research
methodologist from Wageningen University. Based on the pre-tests, the questionnaire and
the list of components were reviewed and refined (one component was removed from the
list). The 21 components included in the final version of the questionnaire are listed in

appendix 6.1.

Table 6.1

Overview of urban sustainability rankings used to construct the initial list of components.
Ranking Initiator/developer Edition
Cities of Opportunity PricewaterhouseCoopers 2014
European Green Capital Award European Commission 2016
European Green City index Siemens/Economist Intelligence Unit 2009
European Smart Cities Vienna University of Technology (Department of Spatial Planning) 2014
Networked Society City Index Ericsson 2014
Sustainable Cities Index Arcadis/Centre for Economics and Business Research 2015
The Smartest Cities in the World Boyd Cohen 2014
The Sustainable Cities Index Forum for the future 2010

In the questionnaire experts were asked to express their agreement or disagreement with
two statements about their work in relation to urban sustainability, using a 7-point scale
ranging from ‘strongly disagree’ to ‘strongly agree’. Next, experts were presented with the
21 components in a random order and were asked the following question: “Based on your
expertise, how relevant are the following components for defining and measuring ‘Urban
Sustainability’ in a European context?” For each component experts could give their answer
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on a 10-point scale, ranging from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.
Subsequently, experts were asked to explain for up to three components (they had rated
with at least an 8) why they evaluated them as relevant. Additionally, experts were invited
to suggest up to three relevant components that they missed on the list of 21 components.
The questionnaire was concluded with several background questions to verify whether
experts were assigned to the correct institution type and European country.

For the second Delphi round a questionnaire was developed which was similar to the
previous one. Again, experts were asked to evaluate the relevance of the 21 components for
defining and measuring urban sustainability. This time, each component was accompanied
by a summary of the findings from the first round. This summary consisted of a table with
summary statistics showing the component’s median evaluation, interquartile range, and
the percentage of evaluations equal to or greater than 8, compared to the most and least
relevant component. The summary also provided a short explanation of why experts
evaluated the component as relevant. As an example, figure 6.1 shows the summary that
accompanied the component ‘green spaces’. Next, experts were asked to evaluate the
relevance of six additional components which were added based on experts’ suggestions
given in the first round (see appendix 6.1). Finally, experts were once again invited to explain
for up to four components (rated with at least an 8) why they evaluated them as relevant.

Summary statistics of the component ‘green spaces’ in comparison to the most and least relevant components:

Median Interquartile % of

evaluation range 2 evaluations = 8
Most relevant component 9 8-10 88%
Green spaces 9 8-10 81%
Least relevant component 6 5-8 28%

Note: experts evaluated components on a scale which ranged from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.
" When all evaluations of a component are ordered from lowest to highest, the median is the middle evaluation.
2The interquartile range contains the middle 50% of evaluations.

Summary of experts’ explanations regarding why the component is relevant:

Green spaces provide many benefits for inhabitants of cities, such as an improved well-being and opportunities
for recreation and community building. Furthermore, green spaces offer potential solutions for various problems
related to among others climate change, water runoff, and the urban heat island effect. Green spaces are also
relevant for nature and biodiversity within a city.

Based on your expertise, how relevant is the component ‘green spaces’ for defining and measuring

‘Urban Sustainability’ in a European context?
Please give your answer by using the scale which ranges from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.

not

relevant entirely
atall relevant
don't
1 2 3 4 5 6 7 8 9 10 know
Green spaces: @) O O O O O @) O O (@) @)

the amount of nature and parks within a city

Figure 6.1: screenshot of the questionnaire administered in the second Delphi round.
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The questionnaire for the third and final Delphi round had a different set-up. First, an overall
summary of the findings from the second round was presented. This summary consisted of
two parts: (1) a table with summary statistics showing each component’s median evaluation,
interquartile range, and percentage of evaluations equal to or greater than 8, and (2) short
explanations of why experts evaluated each component as relevant. Experts were asked to
read the summary carefully and to select, from the list of 27 components, five components
which are most relevant for defining and measuring urban sustainability. To acquire insight
into the relative relevance of the five selected components, experts were also asked to
distribute 100 points across these components. Finally, experts were invited to explain why
they selected the five components as most relevant.

All three questionnaires were written in English, checked by a native English speaker, and
programmed as web-surveys using the online survey builder Qualtrics (Qualtrics, 2015). In
May 2015 an invitation e-mail was sent to all 419 experts in the sample. One week later
experts received an e-mail with a link to the first online questionnaire. The e-mails with a
link to the second and third questionnaire were sent in June and September 2015
respectively. In each round of the Delphi study experts were given up to three weeks to
complete the questionnaire. Experts who did not respond received a maximum of two
reminders.

Analysis

After the first and second round of the Delphi study the following statistics were calculated
for each component: the median evaluation, the interquartile range, and the percentage of
evaluations equal to or greater than 8. After the third round the percentage of experts that
selected each component as most relevant was calculated as well as the total number of
points attributed to each component.

To identify the most relevant components in the first and second Delphi round, a 95%
confidence interval was calculated for each component around the percentage of
evaluations equal to or greater than 8. A component was regarded as one of the most
relevant when the lower limit of that 95% confidence interval was greater than 50%,
implying that significantly more than half of all experts evaluated the component with at
least an 8. To identify the most relevant components in the third round, a 95% confidence
interval was calculated for each component around the percentage of experts that had
selected it. A component was regarded as one of the most relevant when the lower limit of
the 95% confidence interval was greater than 19%, the percentage of experts that would
have selected the component based on chance alone. All confidence intervals were
calculated using the Exact method (Newcombe, 1998).
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The level of agreement among experts regarding the relevance of each component was
estimated using the Strict Agreement index (denoted SA) (Meijering et al., 2013). This index
is easy to interpret as it expresses the number of agreeing expert pairs as a proportion of the
total number of possible expert pairs, whereby two experts only agree if they evaluated an
item (i.e. component) using the same point on the rating scale. Originally, the SA was
developed for a 5-point scale whereas in the current Delphi study a 10-point scale was used
in the first and second round. Therefore, when calculating the SA in these two rounds the
agreement criterion of the index was relaxed in such a way that two expert agree if their
evaluations did not differ by more than one point on the rating scale. Theoretically, the SA
can take on any value between 0 (none of the experts agreed with each other) and 1 (all
experts agreed with each other). Preferably, the SA of the most relevant components as
identified in this Delphi study is greater than 0.5 as this implies that more than half of all
expert pairs agreed on the evaluation of these components.

The robustness of the results regarding the most relevant components was examined by
testing whether there were significant differences between experts from different
institutions and experts from different European regions. As most experts in the sample
were from academia and the number of experts from business, civil society, and government
was limited, a distinction was made between experts from academia and experts from other
institutions. Charron et al. (2015) showed that countries in Western Europe (i.e. covering the
United Kingdom (UK), Ireland, the three Benelux countries, France, Germany, Austria and
Switzerland) and Northern Europe generally score better than countries in Southern Europe
and in Central and Eastern Europe (CEE) regarding the quality of governance, a concept that
is related to countries’ social and economic development as well as their environmental
conditions. Moreover, in most city rankings (e.g. European Green City Index, European
Green Capital Award) cities in Northern and Western Europe generally score better than
cities in Southern Europe and in CEE. Therefore, a distinction was made between experts
from Northern and Western Europe on the one hand (in the following called North-West
Europe) and Southern Europe and CEE on the other (in the following called South-East
Europe). In the first and second Delphi round differences between groups were tested using
the Mann-Whitney test (denoted U), whereas in the third round differences were tested
using Fisher’s exact test (denoted F) (Lindgren, 1976). Because of multiple testing, only
differences with a p-value less than 0.01 were considered significant.

Content analysis (Gray, 2004) was performed on answers given on open questions.
Suggestions for additional components relevant for defining and measuring urban
sustainability, were analysed by categorizing comparable suggestions. For each category that
contained more than four suggestions a new component with a corresponding single-
sentence explanation was formulated that captured the underlying suggestions as fully as
possible. Appendix 6.1 shows the resulting new components included in the second and
third round of the Delphi study. Explanations on the relevance of each component were
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analysed by categorising comparable explanations, labelling each category with a single
sentence that captured the underlying explanations as fully as possible, and combining the
labels into one short explanation stating why the component was considered to be relevant.
Figure 6.1 shows an explanation for the component ‘green spaces’.

6.3 Results

Response and drop-out rates

Table 6.2 shows the number of experts that responded in each round of the Delphi study,
specified to institution type and European region. In the first round 33% of the 419 experts
in the panel responded. Of these experts 93% agreed with the statement “It is important to
me that my work relates to urban sustainability” and 86% agreed with the statement “In my
work | spend most of my time on urban sustainability issues”, indicating that there was a
high level of commitment among the respondents with regard to urban sustainability. In the
second and third round 29% and 27% of the experts dropped-out respectively. In all three
rounds more experts from academia than experts from other institutions responded.
Furthermore, more experts from North-West Europe (including experts from Austria,
Belgium, Denmark, Finland, France, Germany, Luxembourg, Netherlands, Norway, Sweden,
Switzerland, United Kingdom) than experts from South-East Europe (including experts from
Albania, Greece, ltaly, Lithuania, Poland, Portugal, Romania, Spain, Turkey) responded.

Table 6.2
Number of respondents in each round of the Delphi study.
Round  Total response Response per institution type® Response per European regionc'd
Academia Other” North-West South-East
1 139 86 46 86 43
2 99 59 35 61 31
3 72 47 22 39 26

 Seven expert were not classifiable due to conflicting information.

b Expert from business, civil society and government.

¢ Based on (Charron et al., 2015) with Switzerland categorized in North-West and Albania in South-East Europe.
4Ten experts were not classifiable as they stated to work on a European level or did not specify the correct country.

The first Delphi round

Table 6.3 shows per component the percentage of evaluations equal to or greater than 8
and the corresponding value of the SA in the first and second Delphi round. In the first round
the percentage of evaluations equal to or greater than 8 ranged between 28% (international
embeddedness) and 88% (non-car transportation infrastructure). Fourteen components
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were evaluated with at least an 8 by significantly more than half of all experts and were thus
identified as most relevant for defining and measuring urban sustainability. Of these
fourteen components the following ten also had a SA greater than 0.5: non-car
transportation infrastructure, air quality, CO, emissions, energy consumption, green spaces,
health, solid waste, climate resilience, waste water treatment, and water usage.

Table 6.3
Percentage of expert evaluations > 8 (95% Confidence Interval) and SA per component in the first and second Delphi round.
Component Round 1 (n=139) Round 2 (n=99)
% evaluations % evaluations
>8(95% Cl) SA >8(95% Cl) SA

Air quality 87 (80 - 92)° 0.64 89 (81 - 94)° 0.66
CO, emissions 87 (80-92)° 0.61 89 (81 -94)° 0.58
Non-car transportation infrastructure 88 (81 - 93)° 0.61 89 (81-94)° 0.66
Energy consumption 83 (75 - 89)° 0.59 88 (80 - 94)° 0.68
Governance n.a. n.a. 88 (80 - 94)° 0.65
Green spaces 81 (74 -87)° 0.58 87 (78 -93)° 0.67
Health 82 (75 - 88)° 0.59 85 (76 - 91)° 0.63
Solid waste 81 (74 - 87)° 0.54 80 (70 - 87)° 0.57
Climate resilience 80 (72 - 86)° 0.55 78 (68 - 85)° 0.54
Waste water treatment 82 (74 - 88)° 0.55 77 (67 - 85)° 0.59
Water usage 82 (74 - 88)° 0.53 75 (65 - 83)° 0.58
Education 61 (53 -70) 0.41 71 (61 - 80)° 0.51
Civic engagement 71(62-78) 0.49 70 (60 - 79)° 0.53
Local resources n.a. n.a. 70 (60 - 79)° 0.51
Housing 66 (58 - 74) 0.48 68 (58 - 77)° 0.61
Inequality 73 (65 - 80) 0.48 68 (58 - 77)° 0.51
Employment 59 (50 - 67) 0.44 66 (55 - 75)° 0.56
Noise pollution n.a. n.a. 65 (54 - 74) 0.47
Safety 67 (59 - 75) 0.44 64 (54 - 73)° 0.54
Cultural capacity n.a. n.a. 59 (48 - 68) 0.50
Smart infrastructure 61 (52-69) 0.41 58 (48 - 68) 0.47
Biodiversity n.a. n.a. 56 (46 - 66) 0.46
Economic productivity 48 (40-57) 0.45 56 (45 - 66) 0.53
Urban microclimate n.a. n.a. 55 (44 - 65) 0.44
Business climate 47 (39 - 56) 0.43 38 (29-49) 0.55
International embeddedness 28 (21-36) 0.35 37 (27 -47) 0.40
Entrepreneurship 35 (27 - 43) 0.42 36 (27 - 46) 0.45

? Components of which the % evaluations > 8 is significantly greater than 50% and the SA is greater than 0.5.

Significant differences were found between experts from academia and experts from other
institutions regarding the relevance of the following seven components: non-car
transportation infrastructure (U = 1395.5, p < .01), air quality (U = 1495, p < .01), CO,
emissions (U = 1429.5, p <. 01), energy consumption (U = 1055.5, p < .01), solid waste (U =
1396, p < .01), waste water treatment (U = 1210.5, p < .01), and water usage (U = 1103, p <
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.01). Experts from academia tended to evaluate these components as more relevant than
experts from other institutions. Significant differences were also found between experts
from North-West Europe and South-East Europe regarding the relevance of the components
‘air quality’ (U = 2341, p < .01) and ‘health’ (U = 2407, p < .01), Experts from South-East
Europe tended to evaluate these components as more relevant than experts from North-
West Europe.

Experts suggested 204 additional components relevant for defining and measuring urban
sustainability. The content analysis yielded 43 different categories (including an ‘other’
category with unique suggestions), of which six contained more than four suggestions. For
each of these six categories a component label and explanation was formulated, resulting in
the following new components: biodiversity, cultural capacity, governance, local resources,
noise pollution, urban microclimate (see appendix 6.1).

The second Delphi round

In the second round the percentage of evaluations equal to or greater than 8 ranged
between 36% (entrepreneurship) and 89% (non-car transportation infrastructure, air quality,
CO, emissions). Nineteen components were identified as most relevant of which 18 also had
a SA greater than 0.5. These included, in addition to the ten components that already had a
SA greater than 0.5 in the previous round, the following eight components: governance,
education, civic engagement, local resources, inequality, housing, employment, and safety.

Differences between experts from academia and experts from other institutions regarding
the relevance of the components were no longer statistically significant. Significant
differences were found between experts from North-West Europe and South-East Europe
regarding the relevance of the components ‘green spaces’ (U = 1322.5, p < .01), ‘education’
(U = 1249, p < .01), and ‘noise pollution’ (U = 1324.5, p < .01). Experts from South-East
Europe tended to evaluate these components as more relevant than experts from North-
West Europe.

The third Delphi round

Table 6.4 shows the percentage of experts that selected each component as most relevant
for defining and measuring urban sustainability, the corresponding value of the SA, and the
total number of points that experts attributed to each component in the third round.
Remarkably, none of the components was selected by a majority of experts. As a result, the
high values of the SA are mainly due to a majority of expert that did not consider the
components to be most relevant.
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Table 6.4
Percentage of experts that selected each component as most relevant (95% Confidence Interval), the SA and total number
of points that was attributed to each component in the third Delphi round.

Component Round 3 (n=72)
% selected (95% Cl) SA Number of points

Air quality 46 (34 - 58)° 0.50 667
Governance 40 (29 - 53)° 0.51 676
Energy consumption 40 (29 -53)° 0.51 585
Non-car transportation infrastructure 33 (23 - 45)° 0.55 462
CO, emissions 32 (21 - 44)° 0.56 470
Inequality 32 (21 - 44)° 0.56 452
Green spaces 32 (21-44)° 0.56 446
Health 25 (16 - 37) 0.62 391
Climate resilience 25 (16 - 37) 0.62 372
Solid waste 22 (13-34) 0.65 232
Civic engagement 18 (10-29) 0.70 247
Local resources 17 (9-27) 0.72 265
Biodiversity 17 (9-27) 0.72 260
Education 14 (7 - 24) 0.76 185
Employment 13(6-22) 0.78 164
Water usage 13 (6-22) 0.78 128
Economic productivity 11(5-21) 0.80 195
Smart infrastructure 11 (5-21) 0.80 160
Waste water treatment 11(5-21) 0.80 136
Housing 10 (4-19) 0.82 115
Noise pollution 8(3-17)° 0.85 119
Safety 7(2-15)° 0.87 145
Urban microclimate 7(2- 15)b 0.87 113
Entrepreneurship 6(2- 14)b 0.89 85
Cultural capacity 6(2-14)° 0.89 60
Business climate 4(1- 12)b 0.92 50
International embeddedness 1(0- 7)h 0.97 20

Note: based on chance alone, each component would have been selected by 19% of experts.
? Components which were selected significantly more often than expected based on chance alone.
b Components which were selected significantly less often than expected based on chance alone.

The following seven components were selected significantly more often as most relevant
than what may be expected based on chance alone: air quality, governance, energy
consumption, non-car transportation infrastructure, green spaces, inequality, and CO,
emissions. These components also received the most points. Although the component ‘air
quality’ was selected more often as most relevant than the component ‘governance’, it
received less points. Likewise, the component ‘non-car transportation infrastructure’ was
selected more often than ‘green spaces’, but also received less points.
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Experts provided various explanations of why they selected a component as most relevant.
They stressed that air quality is relevant for the health, well-being, and quality of life of
inhabitants: “Air quality is related to health, which is important for people’s wellbeing.” They
also pointed out that air quality is related to many other components of urban sustainability,
such as biodiversity, green spaces, and CO, emissions.

With regard to the relevance of the component ‘governance’, experts explained that city
governments determine the extent to which cities develop in a sustainable way:
“Governance is a key item in developing sustainability. Without political support, plans and
projects cannot reach results.” City governments can support a sustainable development
among others by adapting legislation, providing resources, involving stakeholders, as well as
by planning and managing city development.

Experts selected the component ‘energy consumption’ as most relevant, because energy is
needed to sustain life and because the use of energy impacts the environment. Cities’
energy consumption is related to various environmental issues, such as CO, emissions,
climate change, and the use of natural resources. It also determines cities’ self-sufficiency
and dependency on non-renewable energy. Experts stressed that renewable energy
consumption is crucial for a sustainable urban development: “The degree of renewability of
the overall energy consumption is a crucial element to achieve sustainability.”

Experts explained that a non-car transportation infrastructure is most relevant, because it
reduces the use and negative impacts of cars and improves the sustainability of urban
mobility: “A sustainable city should be measured by its mobility infrastructure and in
particular to non-car mobility which is the most environment friendly.” A non-car
transportation infrastructure also improves the environment in terms of among others
pollution, CO, emissions, energy and resource consumption, noise pollution, congestion,
quality of life, and space use.

Regarding the relevance of the component ‘CO, emissions’, experts explained that CO,
emissions impact the environment as a whole and affect climate change: “The level of
industrial activity in urban Europe is very high. These industrial activities generate a lot of
CO, emissions, which contribute in no small way to climate change and ultimately affect
urban sustainability.” As emitters of high levels of CO,, cities need to mitigate and fight
climate change. Experts also explained that CO, emissions are related to other urban
sustainability issues, such as energy consumption, transportation, as well as inhabitant's
health and quality of life.

Experts stated that inequality, as a social aspect of sustainability, is a relevant component

that is often neglected: “Societies that aim to be environmentally sustainable should not
forget the social aspects of sustainability, of which reducing inequality is the most
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important.” Inequality creates many social problems like social exclusion as well as tensions
and conflicts between different groups of people. A sustainable, functioning, and inclusive
city needs to provide for all its inhabitants, among others by sharing benefits and offering
equal opportunities.

Lastly, experts explained that green spaces are most relevant, because they improve a city's
general quality of life as well as the well-being of its inhabitants: “Green spaces in fact
improve the well-being of inhabitants.” They provide many benefits to a city in terms of
among others biodiversity, air quality, health, and urban microclimate. Green spaces are also
important for recreation, relaxation, and as meeting places for people. Finally, green spaces
support and raise people's awareness regarding environmental topics.

In addition to the most relevant components, table 6.4 also shows the seven components
that were selected significantly less often than what may be expected based on chance
alone: noise pollution, safety, urban micro climate, entrepreneurship, cultural capacity,
business climate, and international embeddedness. The corresponding high values of the SA
indicate that experts generally agreed that these components are not the most relevant for
defining and measuring urban sustainability. The components also received the least points,
except for the component ‘safety’. This component was selected by few experts who gave it
relatively many points.

With regard to the percentage of experts that selected each component as most relevant, no
significant differences were found between experts from academia and experts from other
institutions. Likewise, no significant differences were found between experts from North-
West and South-East Europe.

6.4 Discussion

Study outcomes

In this study the Delphi method was used to identify which components experts find most
relevant for defining and measuring the ranking attribute urban sustainability in a European
context. The following seven components were identified as most relevant and may
therefore be regarded as central to defining and measuring urban sustainability: air quality,
governance, energy consumption, non-car transportation infrastructure, green spaces,
inequality, and CO, emissions. Remarkably, none of these components was selected as most
relevant by a majority of experts. This lack of agreement reflects the ambiguity surrounding
the definition and measurement of urban sustainability, which has also been discussed in
the literature (Ameen et al., 2015; Tanguay et al., 2010).
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Five of the seven components that were identified as most relevant are part of the
environmental dimension of urban sustainability (air quality, energy consumption, non-car
transportation infrastructure, green spaces, and CO, emissions). Although sustainability was
initially considered to be mainly an environmental concept (Ameen et al., 2015), researchers
have stressed the importance of especially the social dimension and to some extent also the
economic dimension of urban sustainability (Ameen et al.,, 2015; Dempsey et al., 2011;
Hassan & Lee, 2015; Lorr, 2012; Michael et al., 2014). Nonetheless, in this Delphi study only
the social component ‘equality’ and none of the economic components ended up among the
most relevant components. These findings suggest that urban sustainability is still perceived
as mainly an environmental concept.

The results of this Delphi study also suggest that most environmental policy sub-fields such
as water pollution, waste management, and biodiversity have become somewhat less
relevant in favour of other issues such as climate mitigation, renewable energy,
transportation and green spaces. The only exception here is air pollution which is a classical
field of environmental policy that still seems to be placed high on the agenda. It appears that
social issues, in particular those related to health and inequality, have become more
relevant, though not yet as relevant as environmental issues. On the other hand, it seems
that economic issues are still not considered to be as relevant as social or environmental
issues. This suggests that the experts in this Delphi study did not (yet) fully support the EU’s
green growth agenda which is mainly focused on developing a smart, sustainable, and
inclusive economy (European Commission, 2010b). The component ‘governance’, which was
included in the Delphi study based on experts’ suggestions, may be difficult to place under
one of the three dimensions. Whereas some researchers placed it among the social
components (Tanguay et al., 2010), others included it as a separate fourth dimension (Shen
et al., 2011) or see the three dimensions as embedded in a framework of governance
(Petschow et al., 2005).

Limitations

For the first round of the Delphi study a list of 21 components was constructed. Although
this list was based on various existing urban sustainability rankings, it is possible that certain
potentially relevant components were not included. Therefore, experts were invited to
suggest additional components. Based on these suggestions six components were added to
the list. For each component on the list a one-sentence explanation was formulated to
facilitate interpretation. The specific way in which these explanations were formulated may
have influenced the results.

A convenience sample of European urban sustainability experts was assembled. To avoid a
selection bias, selection criteria and different search strategies were applied. Nonetheless,
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the sample contained more experts from academia than experts from other institutions as
well as more experts from North-West Europe than experts from South-East Europe.
Consequently, the majority of the response in each round consisted of experts from
academia and experts from North-West Europe. Although no lasting significant differences
between expert groups were found, questions may be asked about whether or not similar
results would have been obtained with a different composition of experts. As the study was
explicitly restricted to a European context, caution is advised when using the results for
defining and measuring urban sustainability in other parts of the world (see: Science
Communication Unit, 2015).

A low response rate and high drop-out rates are well-known limitations of the Delphi
method (Hung et al., 2008; Keeney et al., 2006) that may also be a cause for concern in this
study. In the first Delphi round 33% of the invited experts completed the questionnaire,
which is comparable to the average response rate of ordinary web-surveys (34%) (Shih &
Fan, 2008). Considering that experts were invited to participate in not one, but three
qguestionnaire rounds, the response rate may be regarded as satisfactorily. Whether the
drop-out rates in the second (29%) and third (27%) Delphi round are favourable or
unfavourable in comparison to other Delphi studies is difficult to determine as many Delphi
studies do not report them (Boulkedid et al., 2011).

Implications

The results of this study may serve to develop a conceptual framework in which urban
sustainability is conceived as a multi-dimensional concept (i.e. environment, society,
economy, and perhaps also governance), with each dimension consisting of several specific
components that are measurable by means of indicators. Such a framework, also referred to
as a domain-issue-based (Maclaren, 1996) or theme-oriented (Huang et al.,, 2015)
framework, would then contain at least the seven components which were identified as
most relevant. As most of these components are part of the environmental dimension of
urban sustainability, several social and economic components may need to be added that in
the final round of this Delphi study were selected by at least 10% of the experts (e.g. health,
education, employment, economic productivity). The total number of points that experts
attributed to the components in the final Delphi round may be used as a basis to determine
the weights that reflect the relative relevance of each component for measuring urban
sustainability.

Selecting indicators for each component remains a daunting task as a large pool of indicators
is available (Huang et al., 2015). Systematic procedures and criteria for selecting a
parsimonious list of urban sustainability indicators are available (see for example: Maclaren,
1996; Tanguay et al., 2010). Alternatively, indicators may be selected by means of experts
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(Giovannini et al., 2008). Perhaps here lies another opportunity for using the Delphi method,
for example to identify indicators for the component ‘governance’. It would also be
interesting to replicate the current study in other parts of the world to find out which
relevant components are place-dependent and which components are universally relevant
for defining and measuring urban sustainability. For example, it may be assumed that water
issues are more relevant in other parts of the world which are confronted with water
scarcity on a daily basis.

6.5 Conclusion

Meijering et al. (2014) suggested to use the Delphi method to define and operationalize
urban environmental sustainability. This study showed that the Delphi method indeed seems
to be useful for this purpose. Although high levels of agreement among experts were not
always obtained, the method did prove useful for identifying the most (and least) relevant
components for defining and measuring urban sustainability in a European context. This
study thereby provides an expert-based framework that may be used by future developers
of urban sustainability rankings to properly define the ranking attribute and to select
appropriate indicators.
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Appendix 6.1
Overview of components evaluated by experts.

Components based on a content analysis of eight existing urban sustainability rankings

- Air quality: the extent to which the air in a city contains pollutants

- Business climate: the extent to which a city is suitable for doing business, for example in terms of taxes, regulations,
and corruption

- Civic engagement: the extent to which a city's inhabitants are being engaged in urban policy and politics

- Climate resilience: the extent to which a city is resilient to the potentially harmful effects of climate change

- CO, emissions: the amount of a city's carbon dioxide emissions

- Economic productivity: the extent of a city's economic productivity

- Education: the education level of a city's inhabitants

- Employment: the extent to which the inhabitants of a city are economically (in)active

- Energy consumption: the amount of renewable and non-renewable energy that is consumed within a city

- Entrepreneurship: the amount of business start-ups within a city

- Green spaces: the amount of nature and parks within a city

- Health: the health of a city's inhabitants

- Housing: the cost and quality of housing in a city

- Inequality: the extent of differences between groups of inhabitants, for example in terms of income, access to
education, and political participation

- International embeddedness: the extent to which a city participates in international networks and hosts international
events

- Non-car transportation infrastructure: the size, quality, and use of a city's non-car transportation infrastructure (for
trains, the metro, buses, cycling, walking)

- Safety: the amount of violent crimes within a city and the extent to which inhabitants feel safe

- Smart infrastructure: the extent to which technology is used within a city to improve among others government
services, commuter traffic, and the energy efficiency of buildings

- Solid waste: the amount of solid waste that is produced and recycled within a city

- Wastewater treatment: the amount of wastewater that is collected and treated within a city

- Water usage: the amount of water that is used within a city as a result of water consumption and leakages in the
water distribution system

New components based on a content analysis of experts' suggestions

- Biodiversity: the diversity of plant and animal species in a city

- Cultural capacity: the availability of cultural facilities and activities in a city

- Governance: the extent to which the organization and political composition of the city government supports a
sustainable urban development

- Local resources: the extent to which a city produces and uses local resources such as food and energy

- Noise pollution: the extent to which inhabitants of a city are exposed to bothersome noise

- Urban microclimate: the extent to which the climate in a city is comfortable for its inhabitants, for example in terms of
temperature and humidity
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Chapter

Feeding back experts’ own initial ratings in

Delphi studies: Effects on opinion change
and the level of agreement

This chapter is submitted as:
Meijering, J. V., & Tobi, H. Feeding back experts’ own initial ratings in Delphi studies: Effects
on opinion change and the level of agreement.
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Abstract

Feeding back experts’ own initial ratings in Delphi studies has been recommended, although
empirical evidence is lacking. This study aimed to provide insight into the effects of feeding
back experts’ own initial ratings on three different outcome measures: (1) the percentage of
questionnaire items on which experts changed their opinion, (2) the degree to which experts
changed their ratings towards the majority opinion, and (3) the increase in the level of
agreement among experts. With regard to the second outcome measure, two conformity
indices were developed. Within a real-world Delphi study about the definition and
measurement of urban sustainability, experts were randomly assigned to either a condition
in which initial ratings were excluded from feedback (EX condition) or a condition in which
initial ratings were included in feedback (IN condition). Results showed that experts in the EX
condition changed their opinion relatively more often than experts in the IN condition.
Results also suggested that experts in the EX condition changed their ratings to a greater
degree towards the majority opinion than experts in the IN condition, although differences
were not always statistically significant. No difference between conditions was found
regarding the increase in the level of agreement among experts. Based on this experiment,
feeding back experts’ own initial ratings seems to be justified as it may increase the
reliability of experts’ ratings. The two conformity indices that were developed provided
important insights into the degree to which experts changed their ratings towards the
majority opinion and may thus be useful for future Delphi studies.

Keywords: Delphi experiment, controlled opinion feedback, initial ratings, opinion change,
conformity, agreement
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7.1 Introduction

The Delphi method, developed in the 1950s (Dalkey & Helmer, 1963), was generally defined
by Linstone and Turoff (1975) as: “a method for structuring a group communication process
so that the process is effective in allowing a group of individuals, as a whole, to deal with a
complex problem” (p. 3). They further explained that the method is particularly useful when
the problem at hand “does not lend itself to precise analytical techniques but can benefit
from subjective judgements on a collective basis” (p. 4). Since its public introduction in the
1960s, many different types of Delphi designs have been developed that usually aim to allow
a group of experts to achieve agreement on a particular topic (Hasson & Keeney, 2011), such
as the dimensions of a concept (Zill et al., 2015) or a list of quality criteria (Verhagen et al.,
1998). Regardless of type and aim, the Delphi method has some defining characteristics
(Dalkey et al., 1969; Keeney et al., 2006; Rowe & Wright, 1999). A Delphi study consists of at
least two rounds of data-collection. In each round experts give their opinion on the topic of
interest, commonly by rating a number of items (pre-selected or developed during a first
Delphi round) using a standardized questionnaire. Experts do not directly communicate with
each other, but instead receive so called controlled opinion feedback: a summary of the
findings from the previous round. In light of this feedback experts may reconsider and
change their opinion in the next round.

Although controlled opinion feedback is a crucial aspect of any Delphi study, there is debate
about what information should be fed back. Often feedback solely consists of summary
statistics, showing per questionnaire item a measure of location (e.g. mean, median) and
dispersion (e.g. standard deviation, interquartile range). This type of feedback has been
criticized because it may induce experts to simply conform their opinion to the majority
opinion, creating an artificial agreement (Woudenberg, 1991). Therefore, various
researchers recommended to also feed back rationales that give experts insight into why
items were rated in a certain way (Bolger et al., 2011; Murphy et al., 1998; Rowe et al.,
1991). A related issue of debate concerns the feedback of each expert’s own initial ratings
from the previous round. Although feeding back this information has been recommended
(Keeney et al., 2006; Murphy et al., 1998), a systematic review of Delphi studies (regarding
the selection of healthcare quality indicators) by Boulkedid et al., (2011) showed that a
minority of studies (39%) reported the feedback of experts’ own initial ratings. According to
Boulkedid et al. (2011) feedback of initial ratings is necessary, because it informs experts
about their position relative to the rest of the group, and thus, assists them in making
decisions in future Delphi rounds. However, feeding back experts’ own initial ratings may
also have disadvantages. Bolger and Wright (2011) stated that opinion change in Delphi
studies is less than it could be, because people tend to discount advice from others and
favour their own initial opinion. This so called egocentric discounting may be reinforced by
feeding back experts’ own initial ratings, thereby impeding experts to change their opinion
and achieve agreement. Despite the debate about what to feed back, only few experiments
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into the effects of different types of controlled opinion feedback have been conducted. Most
of these experiments focussed on the effect of feeding back summary statistics, rationales,
or some combination of the two, on experts’ degree of opinion change, forecast accuracy, or
level of agreement (Best, 1974; Bolger et al., 2011; Gowan & McNichols, 1993; Meijering &
Tobi, 2016; Rowe & Wright, 1996; Rowe et al., 2005). Experiments into the effect of feeding
back experts’ own initial ratings could not be found at all.

The current paper seeks to fill the identified knowledge gap by describing an experiment
that aimed to provide insight into the effects of feeding back experts’ own initial ratings on
three different outcome measures: (1) the percentage of questionnaire items on which
experts changed their opinion (i.e. by giving different ratings in the second round), (2) the
degree to which experts changed their ratings towards the majority opinion, and (3) the
increase in the level of agreement among experts. With regard to the second outcome
measure, an index was sought that estimates the degree to which experts in Delphi studies
changed their ratings towards the majority opinion as presented in the controlled opinion
feedback. As no such index could be found, this paper also describes the development and
application of two proposed conformity indices.

For each of the three outcome measures a hypothesis was formulated and tested.
Considering the possibility that feedback of initial ratings reinforces egocentric discounting
(Bolger & Wright, 2011), it may be expected that experts who received their own initial
ratings changed their opinion relatively less often and changed their ratings to a lesser
degree towards the majority opinion as compared to experts who did not receive their own
initial ratings. As no empirical evidence in support of this expectation could be found, the
following two hypotheses were tested against the null-hypothesis (no difference):

Hi: there is a difference between experts who received their own initial ratings and those
who did not regarding the percentage of questionnaire items on which they changed their
opinion.

H,: there is a difference between experts who received their own initial ratings and those
who did not regarding the degree to which they changed their ratings towards the majority
opinion.

If feedback of initial ratings impedes experts to change their ratings towards the majority
opinion, it may also be expected that it impedes them to achieve agreement. In lack of any
empirical evidence, the following hypothesis was tested against the null-hypothesis (no
difference):
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Hs: the increase in the level of agreement among experts who received their own initial
ratings differs from the increase in the level of agreement among experts who did not
receive their own initial ratings.

7.2 Materials and methods

Context of experiment

The current experiment was conducted within a real-world Delphi study that aimed to allow
a panel of urban sustainability experts to achieve agreement on the components (e.g. air
quality, inequality, entrepreneurship) that are most relevant for defining and measuring
urban sustainability in a European context (see chapter 6 of this thesis). In total, three
rounds of data-collection were conducted of which round one and two are relevant with
regard to the experiment.

Expert sample

A convenience sample was compiled that consisted of European urban sustainability experts
from four different types of institutions: academia, business, civil society (i.e. NGOs, non-
profit, and community-based organisations that pursue charitable or member-oriented
goals), and government. Most names of experts were obtained from the programs and
proceedings of several urban sustainability conferences that were held in Europe in 2014
and 2013 (e.g. The Sustainable City Conference 2014) and projects funded by the Joint
Programming Initiative Urban Europe, a program established by the European Commission
that aims to create attractive, sustainable and economically viable urban areas (Robinson et
al., 2015). Additionally, by searching on the internet and talking to experts, various
institutions and projects active in the field of urban sustainability were found (e.g. Arcadis,
Climate-KIC, Amsterdam Institute for Advanced Metropolitan Solutions). These institutes
and projects were contacted by telephone and asked whether they had urban sustainability
experts who are willing to participate in the Delphi study. All in all, a final sample consisting
of 419 experts from 26 European countries was acquired.

Study design
For each round of the Delphi study a standardized questionnaire was developed which was

written in English, checked by a native English speaker, and programmed as a web-survey
using the online survey builder Qualtrics (Qualtrics, 2015). In May 2015 all 419 experts in the
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sample received an e-mail with a link to the first online questionnaire. In this questionnaire
experts were asked to rate the relevance of 21 components for defining and measuring
urban sustainability in a European context. Experts gave their opinion on a 10-point scale,
ranging from 1, labelled ‘not relevant at all’, to 10, labelled ‘entirely relevant’. Thereafter,
experts were invited to explain for up to three components (rated with an 8 or higher) why
they rated them as relevant.

Experts who completed the first questionnaire were randomly assigned to either the
condition in which initial ratings were excluded from the controlled opinion feedback (EX
condition) or the condition in which initial ratings were included in the controlled opinion
feedback (IN condition). In June 2015 these experts received an e-mail with a link to the
second online questionnaire which was very similar to the previous one. Once again experts
were asked to rate the relevance of the same 21 components for defining and measuring
urban sustainability, on the same 10-point scale. This time, each component was
complemented with controlled opinion feedback that consisted of two parts: (1) a table with
summary statistics, showing the component’s median rating, interquartile range, and
percentage of ratings equal or greater than 8, in comparison to the most and least relevant
component, and (2) a summary of rationales of experts who rated the component as
relevant. In addition, experts in the IN condition were presented with their own initial rating
of the component in the previous round (see figure 7.1 and figure 7.2).

Summary statistics of the component ‘green spaces’ in comparison to the most and least relevant components:

Median Interquartile % of

evaluation ' range 2 evaluations 2 8
Most relevant component 9 8-10 88%
Green spaces 9 8-10 81%
Least relevant component 6 5-8 28%

Note: experts evaluated components on a scale which ranged from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.
"When all evaluations of a component are ordered from lowest to highest, the median is the middle evaluation.
2The interquartile range contains the middle 50% of evaluations.

Summary of experts’ explanations regarding why the component is relevant:

Green spaces provide many benefits for inhabitants of cities, such as an improved well-being and opportunities
for recreation and community building. Furthermore, green spaces offer potential solutions for various problems
related to among others climate change, water runoff, and the urban heat island effect. Green spaces are also
relevant for nature and biodiversity within a city.

Based on your expertise, how relevant is the component 'green spaces' for defining and measuring

‘Urban Sustainability’ in a European context?
Please give your answer by using the scale which ranges from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.

not

relevant entirely
atall relevant
don't
1 2 3 4 5 6 7 8 9 10 know

Green spaces:
the amount of nature and parks within a city o O O O ©) O O @) o @) O

Figure 7.1: screenshot of feedback presented in the EX condition.
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Summary statistics of the component ‘green spaces’ in comparison to the most and least relevant components:

Median Interquartile % of

evaluation ' range 2 evaluations > 8
Most relevant component 9 8-10 88%
Green spaces 9 8-10 81%
Least relevant component 6 5-8 28%

Note: experts evaluated components on a scale which ranged from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.
" When all evaluations of a component are ordered from lowest to highest, the median is the middle evaluation.
2The interquartile range contains the middle 50% of evaluations.

Summary of experts’ explanations regarding why the component is relevant:

Green spaces provide many benefits for inhabitants of cities, such as an improved well-being and opportunities
for recreation and community building. Furthermore, green spaces offer potential solutions for various problems
related to among others climate change, water runoff, and the urban heat island effect. Green spaces are also
relevant for nature and biodiversity within a city.

In the previous round you evaluated the relevance of the component 'green spaces' with a(n): 7
Based on your expertise, how relevant is the component 'green spaces' for defining and measuring

‘Urban Sustainability’ in a European context?
Please give your answer by using the scale which ranges from 1 ‘not relevant at all’ to 10 ‘entirely relevant’.

not

relevant entirely
atall relevant
don't
1 2 3 4 5 6 7 8 9 10 know

Green spaces:
the amount of nature and parks within a city o o ) ) O O O O O (@) O

Figure 7.2: screenshot of feedback presented in the IN condition.

Analysis

All experts who completed the first and second questionnaire were included in the analysis.
The percentage of opinion changes was calculated by expressing the number of components
on which an expert changed his or her rating as a percentage of the total number of
components that the expert rated in both rounds. Significant differences between the EX
and IN condition were tested using the independent samples Mann-Whitney test (denoted
U) (Mann & Whitney, 1947). This tests is non-parametric, meaning that it does not require
that the percentage of opinion changes within the EX and IN condition is normally
distributed nor that there is homogeneity of variances.

Two conformity indices C; and C, were developed to represent the degree to which experts
in Delphi studies changed their ratings towards the majority opinion as presented in the
controlled opinion feedback. Both indices are based on the change in the distance between
an expert’s rating of an item and the median rating of that item in the previous round. Let Xj;
denote the rating X of component i by expert j in round r. Furthermore, let M;; denote the
median of component i across all experts in round 1, which was fed back in round 2 to
inform experts on the majority opinion. Finally, Smin and Spax denote the minimum and
maximum value of the rating scale. In the current study Smin= 1, Smax= 10.
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The definition of C; is as follows:

0, for | Xio—Mix |=[Xij1—Miy |

|Xij2_Mi1|

C1= 1—m, for |xij2_Mi1|<|Xij1_Mi1|
|Xij2_Mill_|Xij1_Mi1|

mMin{Smin—Mi, Mil_smax}+|xij1_Mil

, for |Xij2_Mi1|>|Xij1_Mi1|

The index C; takes on values in between —1 and 1 with 0 reflecting no change from round 1
to round 2 in the distance between an expert’s rating and Mj;. The index C; is greater than 0
if an expert’s distance to M;; decreased from round 1 to round 2. The maximum value 1 is
reached when an expert changed his or her initial rating to M;;. When an expert’s distance to
Mi; increased from round 1 to round 2, C; takes on a negative value. The minimum value of
—1 is reached when the distance to M;; becomes as large as possible, reflecting an expert’s
greatest possible degree of non-conformity to the majority opinion.

Whereas the index C; only takes on values in between —1 and 1, the range of values of C, is
sensitive to the width of the rating scale in such a way that the index takes on a minimum

value of —(Smax— Smin) @and a maximum value of (Smax— Smin)-

The definition of C, is as follows:

0, fOr |Xij2_Mi1|=|Xijl_Mi1|
X:.o— M
<1—ﬁ> *(Smax—Smin)» for |Xij2_Mi1|<|Xij1_Mi1|
Co= Xir—M,
1—ﬁ, for |Xij2_Mil|>|Xij1_Mil| and XijliMil
Xiio—M:
—(Smax—Smin)* | 2 Ill for Xjj;=M;1 #X;;

max{|Mi;=Sminl, IMi1=Smax|}’

If the distance to M;; increased from round 1 to round 2, a distinction is made between
experts whose rating in round 1 was unequal to Mj; (see condition 3) and experts whose
rating in round 1 was equal to Mj; (see condition 4). The index C, only takes on its minimum
value —(Smax— Smin) if an expert’s rating in round 1 equalled Mj; and the distance between X3
and M;; was as large as possible.

The indices C; and C, were calculated for each expert on each component. Then, per expert
the following location and dispersion statistics were calculated across components for both
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indices: the mean, median, standard deviation, and interquartile range. Cumulative
frequency graphs were made to examine the distribution of these statistics within the EX
and IN condition. Differences between conditions were tested using the independent
samples Mann-Whitney test as well as the bootstrapped independent samples t-test, based
on 10.000 bootstrap samples (Efron & Tibshirani, 1993). Like the Mann-Whitney test the
bootstrapped independent samples t-test is non-parametric.

The level of agreement among experts in round r was estimated using the Strict Agreement
index (SA;) which was originally developed for an ordinal 5-point Likert scale (Meijering et
al., 2013). The index expresses the number of agreeing expert pairs as a proportion of the
total number of possible expert pairs, where two experts are said to agree if they attributed
the same rating to an item. Because experts in the current Delphi experiment rated items on
a 10-point scale, the agreement criterion was relaxed: here two experts were said to agree if
their ratings did not differ by more than one point on the rating scale. The SA; takes on
values between 0 (indicating no agreement at all) and 1 (indicating complete agreement or
consensus). Differences between the EX and IN condition regarding the increase in the level
of agreement from round 1 to round 2 were tested using the following procedure. First, the
level of agreement was calculated across all experts and all components in both round 1 and
2 for each condition c, resulting in SA; and SA, .. Then, for each condition the increase in
the level of agreement from round 1 to 2 was calculated by subtracting SA; . from SA,,
resulting in SA,—; . The difference between the two conditions regarding the increase in the
level of agreement was calculated as the difference between SA,_;in and SAj,jex.
Corresponding 95% bias-corrected and accelerated (BCa) confidence intervals were
calculated based on 10.000 bootstrap samples (Efron & Tibshirani, 1993). Because SA, does
not take chance agreement into account, the same procedure was followed using Light’s
kappa (denoted LK;) (Light, 1971). This index takes on values between —1 and 1, with O
indicating that there is only chance agreement. Like other kappa statistics, LK, overestimates
chance agreement when the marginal distribution of the ratings is skewed (Feinstein &
Cicchetti, 1990).

7.3 Results

Percentage of opinion changes

A total of n = 99 experts completed the first and second round of the Delphi study, of which
n = 49 were randomly assigned to the EX condition and n = 50 to the IN condition. On
average, the percentage of items on which experts changed their opinion was 69% in the EX
condition and 49% in the IN condition. The Mann-Whitney test showed that this difference
was statistically significant (U = 576.5, p < .001). Based on this result the null-hypothesis (no
difference) is rejected in favour of Hj.
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Opinion change towards majority opinion

Figure 7.3 depicts the cumulative distributions of the mean, median, standard deviation, and
interquartile range of the conformity index C; in the EX and IN condition. With regard to the
two location statistics, the lines of the conditions clearly diverge in the middle part,
indicating that in comparison to the IN condition the EX condition contained relatively more
experts with greater values on the mean and median conformity index. With regard to the
two dispersion statistics, the lines hardly show any overlap, indicating that the variation of
the conformity index across components was greater in the EX condition than in the IN
condition.

100% 100%

80%

80%

60%

60%

40%

40%

20%

Cumulative percentage of experts

-20 00 20 40 60 80 10 00 20 40 60 80 1.0
Mean conformity index Standard deviation conformity index

100% 100%

20%1 20%|

Cumulative percentage of experts

T
0% T T T T T 0% T T T T T
-20 ,00 ,20 40 .60 80 10 .00 .20 .40 .60 .80 1,00 1,20 1.4
Median conformity index Interquartile range conformity index
IN condition
EX condition

Figure 7.3: cumulative frequency graphs of the mean, median, standard deviation,
and interquartile range of the conformity index C, in the EX and IN condition.

Table 7.1 shows the results of the bootstrapped independent samples t-test and the
independent samples Mann-Whitney test. With regard to the mean C;, only the Mann-
Whitney test showed a significant difference between the EX and IN condition, indicating
that experts in the IN condition changed their ratings to a lesser degree towards the majority
opinion than experts in the EX condition. Looking at the median C;, none of the tests showed
a significant difference between the EX and IN condition. With regard to the standard
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deviation and the interquartile range of C;, both tests showed significant differences
between conditions: the variation of C; across components was greater in the EX condition
than in the IN condition. Using C, similar results were obtained. The only notable difference
is that with regard to the mean C, both the bootstrapped t-test and the Mann-Whitney test
showed a significant difference between the two conditions.

Table 7.1

Results bootstrapped t-test and Mann-Whitney test for independent samples.
Statistic® Mean Median p-value

EX condition IN condition EX condition IN condition bootstrapped Mann-Whitney
t-test test

Mean C; 0.24 0.17 0.25 0.15 0.06 0.04
Median C; 0.09 0.04 0.00 0.00 0.26 0.45
SD G 0.44 0.37 0.46 0.40 <0.01 <0.01
IQR C; 0.70 0.40 0.75 0.40 <0.01 <0.01
Mean C, 2.24 1.66 2.27 1.49 0.04 0.02
Median C, 0.84 0.39 0.00 0.00 0.25 0.44
SD G, 3.84 3.25 4.00 3.51 <0.01 <0.01
IR C, 6.07 3.47 6.75 3.50 <0.01 <0.01

? Calculated across components.

Overall, the results indicate that feedback of expert’s own initial ratings may have had an
effect on the degree to which experts conformed their ratings to the majority opinion.
However, because results are not unequivocal, the null-hypothesis which stated that there is
no difference between the two conditions regarding the degree to which experts changed
their ratings towards the majority opinion, cannot be rejected.

Increase in the level of agreement

Table 7.2 shows the level of agreement among experts in the EX and IN condition based on
SA; and LK. In both conditions the level of agreement as expressed by SA; showed a
significant increase from round 1 to round 2. Nonetheless, based on SA: no significant
difference between conditions was found regarding the increase in the level of agreement.
Using LK, a statistically insignificant increase in the level of agreement was found among
experts in both conditions. Consequently, no significant difference between conditions was
found regarding the increase in the level of agreement. Based on these results the null-
hypothesis cannot be rejected in favour of Hs.
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Table 7.2
SA, and LK, across all experts and components in the EX and IN condition.

Index IN condition EX condition Difference
SA; 0.50 0.49 0.00
SA, 0.56 0.57 -0.01
SA; 1 0.06 0.07 -0.01
(0.02, 0.10)° (0.02, 0.13) (—0.08, 0.06)°
LK, 0.08 0.08 0.01
LK, 0.11 0.11 -0.01
LKy1 0.03 0.04 —-0.01
(-0.01, 0.07)° (~0.002, 0.08)* (~0.06, 0.04)°

* 95% bias-corrected and accelerated confidence intervals based on 10.000 bootstrap samples.

7.4 Discussion

This Delphi experiment aimed to provide insight into the effects of feeding back experts’
own initial ratings on three outcome measures: (1) the percentage of questionnaire items on
which experts changed their opinion, (2) the degree to which experts changed their ratings
towards the majority opinion, and (3) the increase in the level of agreement among experts.
In this experiment experts who did not receive their own initial ratings (EX condition)
changed their opinion relatively more often than experts who did receive their own initial
ratings (IN condition). Regarding the degree to which experts changed their ratings towards
the majority opinion, no clear evidence of a difference between conditions was found.
Overall, results suggested that experts in the EX condition changed their ratings to a greater
degree towards the majority opinion than experts in the IN condition. No difference
between conditions was found with regard to the increase in the level of agreement among
experts.

The difference between conditions regarding the percentage of opinion changes may have
been mediated by reinforced egocentric discounting in the IN condition (Bolger & Wright,
2011). Another explanation for at least part of the difference in the percentage of opinion
changes may be random error taking place in the EX condition. Experts in this condition who
wanted to give a component the same rating as in the previous round may not have
remembered well. This would also explain why the difference in the percentage of opinion
changes was not translated into a difference on the second and third outcome measure. The
two conformity indices suggested that the degree to which experts changed their ratings
towards the majority opinion was rather limited in both conditions. Although differences
between conditions were observed, only some of these were statistically significant. In any
case, they were not reflected in the generally limited increase in the level of agreement
among experts.
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Two new conformity indices were developed which both provided insight into the degree to
which experts changed their ratings towards the majority opinion. Of course, as the indices
have not yet been extensively tested or used in practice, their measurement validity and
other properties require further scrutinizing. In the context of Delphi studies the word
‘conformity’ may suggest that experts adopt a herd mentality by merely changing their
ratings towards the majority opinion (Woudenberg, 1991). Regarding the two conformity
indices introduced in the current study: they do not provide any insight into whether experts
adopted a herd mentality or genuinely changed their ratings towards the majority opinion
based on all the information that was fed back.

This experiment has several strengths and weaknesses. The use of two newly developed
conformity indices for estimating the degree to which experts changed their ratings towards
the majority opinion may be considered to be a weakness. Therefore, differences between
conditions were tested using two different location and dispersion statistics as well as two
different statistical tests. This made it possible to verify results as well as to provide nuance,
strengthening the results of the experiment. Furthermore, as this experiment was conducted
within a real-world Delphi study in which actual experts gave their opinion on a topic
relevant to them, the ecological validity is probably better than that of artificial laboratory
Delphi experiments which have been criticized as being inappropriate (Rowe & Wright, 1999;
Rowe et al., 1991). Nonetheless, this real-world Delphi study had a specific design, aim, and
panel of experts. Therefore, caution is advised when generalizing the results of the current
experiment to other settings.

Back in 1991 Rowe et al. (1991) requested more research into the functioning of the Delphi
method, such as the effects of different types of controlled opinion feedback on various
Delphi features. Since then some relevant experiments have been conducted (Bolger et al.,
2011; Campbell et al., 1999; Gowan & McNichols, 1993; Meijering & Tobi, 2016; Rowe &
Wright, 1996; Rowe et al., 2005). Nonetheless, this seems to be the first Delphi experiment
that investigated the effect of feeding back experts’ initial ratings on opinion change and the
level of agreement. More Delphi experiments, preferably conducted within different types
of real-world Delphi studies, are needed to confirm or contradict the results found in the
current study. The two conformity indices that were proposed will be useful in this regard,
although they need to be tested more extensively. For example in a simulation study in
which the number of experts, items, points on the rating scale, and the level of opinion
change towards the majority opinion are systematically varied (like in Birko et al., 2015 and
Meijering et al., 2013).
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7.5 Conclusion

Several researchers recommended to include experts’ own initial ratings in controlled
opinion feedback (Boulkedid et al.,, 2011; Keeney et al., 2006; Murphy et al., 1998). Until
now, empirical evidence for this recommendation was lacking. Based on the results of the
current experiment feeding back experts’ own initial ratings indeed seems to be justified.
Although feedback of initial ratings reduced the percentage of questionnaire items on which
experts changed their opinion, this was ultimately not reflected in the level of agreement
obtained. Furthermore, by providing experts with their own initial ratings, random errors in
the form of unintentional opinion changes may be reduced, improving the reliability of
experts’ ratings.
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Chapter H

Discussion and conclusions
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8.1 Introduction

This thesis revolves around the Delphi method and its potential for developing rankings. The
Delphi method is named after the Greek Delphic Oracle, an ancient shrine that according to
myth enabled the Greeks to consult the god Apollo about various important decisions. Like
the Oracle, the Delphi method supports people in making and justifying decisions. However,
instead of consulting the god Apollo, the Delphi method is used to collect data from a group
of experts. These experts are independently questioned about a particular topic in several
subsequent rounds. After each round, the study moderator provides experts with controlled
opinion feedback: a summary of the findings from the previous round. The idea behind this
procedure is that it allows experts to improve their judgements and achieve a certain level of
agreement on the topic.

Rankings consist of objects that have been ordered based on their performance on a ranking
attribute. Because of their apparent simplicity they are often used by individuals,
organizations, and governments to determine for example where to live or which processes
to improve. Remarkably, the methodology of rankings generally receives little attention. This
is worrisome, because within the ranking development process many important and often
subjective decisions need to be made that may severely influence ranking results. For
example, the decision on how to define the ranking attribute determines how it is measured
and thus how good or bad each object performs on the attribute.

In the Introduction of this thesis | explained how the Delphi method may support the
development of rankings. First, the method may be used to directly obtain a ranking by
asking experts to evaluate objects (e.g. landscape architecture research domains) according
to a ranking attribute (e.g. usefulness for landscape architecture practice). Second, the
method may be used to allow experts to define and operationalize a complex ranking
attribute (e.g. urban sustainability). This could then be used to select specific indicators by
which the performance of objects on the ranking attribute may be measured.

Surprisingly, it appeared that the potential of the Delphi method for developing rankings had
hardly been explored. Moreover, it turned out that the Delphi method itself had some
unresolved methodological issues. For example, there are no evidence-based guidelines on
how to measure agreement among experts or what information to include in the summary
that is fed back to experts after every round. As a result, agreement is measured in various
ways and feedback takes on many different forms. To successfully use the Delphi method for
developing rankings, these issues required further investigation. Therefore, in this thesis | set
out to find an answer on the following overall research question:

What are the methodological challenges and opportunities of the Delphi method for
developing rankings?
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This final chapter gives an overview of the main findings of this thesis in light of the overall
research question. This overview is followed by a discussion on the limitations of the thesis
as well as its contribution to science and society. Finally, several directions for future
research are given.

8.2 Overview of main findings

To examine the opportunities of the Delphi method for developing rankings, | conducted
two Delphi studies. Chapter 3 reported on a Delphi study in which an international sample of
landscape architecture experts was invited to evaluate various research domains in three
subsequent rounds according to: (1) their importance for landscape architecture research
and (2) their usefulness for landscape architecture practice. Based on the results, two
rankings of landscape architecture research domains were built. In both rankings the
domains ‘human dimensions of planning and design’ and ‘built environments and
infrastructure’ came out on top. Experts thus considered research into these two domains
desirable from both an academic and practice-oriented view. The Delphi study thereby
seemed to be the first to provide insights into which research domains should form the core
of a future landscape architecture research agenda.

Chapter 5 and 6 explored the opportunities of the Delphi method for supporting the
development of urban sustainability rankings that are based on an indicator system. Chapter
5 reported on a method that | developed to critically examine the methodological
characteristics of indicator-based city rankings. This method distinguishes several phases in
the ranking development process and facilitates the identification of methodological issues
within each phase. The method was applied on six existing rankings that aimed to measure
the sustainability of European cities. In doing so, various methodological weaknesses were
identified. Most remarkably, none of the rankings provided a clear definition of the ranking
attribute. This made it hard to determine whether appropriate indicators were selected.
Furthermore, the techniques used for normalizing, weighting, and aggregating indicators
were hardly substantiated. This is problematic, because the techniques used may severely
influence ranking results (Floridi et al., 2011).

Chapter 6 reported on a Delphi study that was conducted in response to some of the
methodological weaknesses identified. European urban sustainability experts were invited to
evaluate various components (e.g. waste water treatment, safety, business climate) in three
subsequent rounds according to their relevance for defining and measuring urban
sustainability. Based on the results of the final round, the following seven components were
identified as most relevant: air quality, governance, energy consumption, non-car
transportation infrastructure, green spaces, inequality, and CO, emissions. Furthermore,

147




weights of these components could be established that reflect their relative contribution to
measuring urban sustainability. Thus, by applying the Delphi method it was possible to
define and operationalize the ranking attribute urban sustainability into several weighted
components that may guide the future development of indicator-based urban sustainability
rankings.

In conducting the two Delphi studies some challenges were encountered. For both studies a
large heterogeneous sample of experts needed to be assembled. To do so, selection criteria
and search strategies were developed for different types of experts (e.g. landscape
architects from academia and from professional practice). Still, some types of experts were
hard to find. Additionally, non-response and drop-out caused some types to be
underrepresented in the studies. In both Delphi studies it was decided to design a first round
questionnaire that included a predefined list of items that could be presented to the experts
(i.e. landscape architecture research domains in the first Delphi study and components of
urban sustainability in the second Delphi study). Drawing up these lists proved to be
complicated as the number of items needed to be limited, despite the great diversity of
items available. In the final round of both Delphi studies the level of agreement among
experts, regarding the most important and useful research domains as well as the most
relevant components of urban sustainability, remained rather low. None of the items was
regarded as most important, useful, or relevant by a majority of experts.

Several studies were conducted to acquire insight into the methodological challenges of the
Delphi method itself. In chapter 2 the measurement of agreement was examined. Based on
literature (among others: Banerjee, 1999; Dijkstra & van Eijnatten, 2009; Hubert, 1977),
various existing consensus (i.e. DeMoivre index), agreement (e.g. Light’s kappa), and
association indices (e.g. Cronbach’s alpha) were identified that are suitable for estimating
the level of agreement among experts. Additionally, | developed a so called Strict Agreement
index that expresses the number of expert pairs that agreed on the rating of an item as a
proportion of the total number of expert pairs. Unlike the other agreement indices included
in the study, this index does not correct for chance agreement. By means of computer
simulations, data were generated according to various Delphi scenarios. All scenarios
consisted of three Delphi rounds, but differed from each other with regard to the number of
experts that participated, the number of items rated, the distribution of item ratings, and
the degree to which experts changed their initial ratings towards the mean ratings across
rounds. Next, the indices were used to estimate the level of agreement in the generated
data. In doing so, it was shown that in the same data the indices suggested different levels of
agreement within Delphi rounds. Moreover, the indices suggested different levels of change
in agreement across rounds. The study thus made apparent that the choice for a particular
index determines the level of agreement that is finally obtained.
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Chapter 4 and 7 reported on two experiments into the provision of controlled opinion
feedback. Both experiments aimed to find out what effect different types of feedback have
on various Delphi outcome measures. Feedback may consist of summary statistics (e.g. the
median rating and interquartile range of each item) and rationales (i.e. summaries explaining
why experts rated each item as ‘very important’ or ‘very useful’). Additionally, feedback may
include experts’ own initial ratings. In the first experiment, which was conducted within the
landscape architecture Delphi study, experts either received feedback consisting of summary
statistics and rationales, or feedback consisting of rationales only. The results of the
experiment suggested that feeding back summary statistics and rationales may increase
drop-out of experts, whereas the provision of solely rationales may decrease the level of
agreement among experts.

In the second experiment, which was conducted within the urban sustainability Delphi study,
experts received feedback that either included or excluded their own initial ratings. To
properly analyse the data from the experiment, | developed two so called conformity indices
that provided insight into the degree to which experts changed their ratings in the direction
of the majority opinion. The results of the experiment suggested that feeding back experts’
initial ratings increased the reliability of their subsequent ratings. Furthermore, results
suggested that feeding back initial ratings reduced the degree to which experts changed
their ratings in the direction of the majority opinion. With regard to the level of agreement
that was obtained, no statistically significant difference was found between experts who did
and those who did not receive their own initial ratings.

To conclude, this thesis showed that the Delphi method offers opportunities for developing
rankings. First, the method proved to be useful for building two rankings of landscape
architecture research domains. Second, the method made it possible to define and
operationalize the complex ranking attribute urban sustainability into several weighted
components.

This thesis also showed that using the Delphi method for developing rankings does not come
without challenges. The first challenge relates to assembling a heterogeneous sample of
experts. Users of the Delphi method need to develop selection criteria and search strategies
by which sufficient numbers of different expert types may be found. For some expert types a
potentially low response rate and high drop-out rates may be expected. More effort should
then be made to find these expert types and to engage them in the study.

A second challenge involves drawing up a predefined list of items included in the first round
questionnaire. Based on a possibly wide variety of available items, users of the Delphi
method need to draw up a limited list consisting of about 20 to 30 items. This should be
carefully done, because it largely determines the final results of the Delphi study (i.e. the
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objects that end up in the resulting ranking or the components of the ranking attribute that
are identified as most relevant).

The third challenge concerns the provision of controlled opinion feedback. The two
experiments reported in this thesis showed that the information included in feedback may
influence important Delphi outcome measures. Users of the Delphi method thus need to
carefully consider which types of information to feed back (i.e. summary statistics,
rationales, experts’ own initial ratings). Feeding back summary statistics in addition to
rationales may increase drop-out rates, whereas providing solely rationales may decrease
the level of agreement among experts. Both effects are clearly undesirable. Feeding back
experts’ own initial ratings seems to be justified as it may increase the reliability of experts’
ratings and does not seem to have an effect on the level of agreement obtained.

A final challenge lies in measuring the level of agreement among experts. Which index is
chosen, determines the level of agreement that is finally obtained. Users of the Delphi
method are thus advised to consider whether they want to measure consensus, agreement,
or association. In addition, they ought to report the value of the chosen index within every
Delphi round to provide insight into how the level of agreement developed across rounds.
Depending on which index was chosen, users of the Delphi method also need to be aware
that the level of agreement in the final round may remain rather limited.

8.3 Limitations

With regard to answering the overall research question, this thesis has several limitations.
The challenges and opportunities regarding the actual application of the Delphi method for
developing rankings were explored by means of two Delphi studies. Both studies were
designed in a similar and specific way. In the first and second Delphi round experts had to
rate a number of mostly predefined items using an ordinal rating scale, while in the third
round experts had to select a limited number of items. Feedback was incorporated in the
second and third Delphi questionnaire and included rather short summaries of experts’
rationales, sometimes supplemented with a table of summary statistics and experts’ own
initial ratings. Of course, there are other ways of designing Delphi studies that may or may
not be better suited for developing rankings. Alternative design may also give rise to
different challenges and opportunities of the Delphi method for developing rankings.

Two experiments into the provision of controlled opinion feedback were conducted.
Although both experiments gave valuable insights into the effects of different types of
feedback on various Delphi outcome measures, general guidelines on how to best provide
feedback in Delphi studies cannot yet be established. Both experiments were conducted
within real-world Delphi studies that, as explained above, had a specific design.
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Furthermore, both experiments were conducted within the context of specific topics, using
specific samples of experts. Perhaps that in Delphi studies with different designs, topics, and
expert samples, different results will be obtained.

In this thesis three new indices were introduced. The two conformity indices were useful for
finding out whether feedback of experts’ own initial ratings had an effect on the degree to
which experts changed their ratings in the direction of the majority opinion. Little is known,
however, about how the indices behave within the context of Delphi studies. To a lesser
extent this also applies to the Strict Agreement index. This index was used in both Delphi
studies and in both Delphi experiments to measure the level of agreement among experts.
Although the behaviour of the index was examined in the simulation study, relatively little is
known about how the index behaves in real-world Delphi studies. Results based on the three
indices should therefore be interpreted with some caution.

8.4 Scientific contribution

This thesis provides new knowledge on how the Delphi method may be used to obtain a
ranking of objects on a ranking attribute. With regard to this application, a ranking-type
Delphi method was proposed by Dickson et al. (1984) and Schmidt (1997). As explained in
the introduction of this thesis, the ranking-type Delphi method requires experts to actually
rank objects according to some attribute. This could be regarded as problematic, because it
forces experts to make a specific distinction between objects that they may not actually
perceive. In chapter 3 of this thesis a different approach was taken. In the first two rounds
experts were asked to rate various research domains according to their importance for
landscape architecture research and their usefulness for landscape architecture practice,
using a 5-point rating scale. Consequently, experts gave many domains rather similar high
ratings, which indicates that they did not perceive clear differences between most domains.
In the third and final round experts were therefore asked to select the three most important
and the three most useful domains. It was shown that based on this approach two rankings
of landscape architecture research domains could be built that are actually meaningful for
the field of landscape architecture. As a relatively young academic discipline, landscape
architecture still struggles with defining its intellectual core (van den Brink & Bruns, 2014). In
this sense, the two rankings of landscape architecture research domains may contribute to
the maturation of landscape architecture as an academic discipline.

This thesis also provides knowledge on how the Delphi method may be used to obtain a
definition and operationalization of a complex ranking attribute. When it comes to
developing rankings based on an indicator-system, the consultation of experts has been
recommended (Morse & Fraser, 2005; Singh et al., 2009). Chapter 5 of this thesis showed
that developers of urban sustainability rankings indeed often consulted experts, although
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not by means of the Delphi method. Research into the use of the Delphi method for
developing indicator-based rankings also seemed to be lacking. This thesis addressed this
knowledge gap by using the Delphi method to define and operationalize the ranking
attribute urban sustainability. In the Delphi study experts were asked to rate various
components of urban sustainability in two subsequent rounds. In the third round experts
were asked to select the five most relevant components and to distribute 100 points across
the selected components. It was shown that based on this approach the most relevant
components of urban sustainability could be identified and weighted. The Delphi study may
thereby help to resolve the ongoing debate about the definition and measurement of urban
sustainability.

By conducting a simulation study into the measurement of agreement and two experiments
into the provision of controlled opinion feedback, this thesis also contributes to the limited
scientific knowledge about the functioning of the Delphi method. Quite some time ago Rowe
et al. (1991) already called for more research into the Delphi method. Although the
methodological issues of the Delphi method have since then been frequently discussed (see
among others: Hasson & Keeney, 2011; Hung et al., 2008), the number of empirical studies
into these issues remained limited. The reasons why this is so, can only be guessed. Perhaps
that Delphi researchers rather apply the method than do research into its methodological
issues or maybe they lack the necessary knowledge to properly set-up a Delphi experiment
or simulation study. Anyhow, it is hoped that this thesis may serve as an inspiration for
Delphi researchers to conduct more empirical studies into the Delphi method and develop
evidence-based guidelines.

The measurement of agreement in Delphi studies has been recognized as a methodological
issue for some time now (e.g. Powell, 2003). Nonetheless, the simulation study as reported
in this thesis seems to be the first that actually examined and compared the behaviour of
various agreement indices within the context of Delphi studies. This thesis thereby provides
new knowledge on how the choice for a particular index may influence the level of
agreement that is finally obtained and reported. The provision of controlled opinion
feedback has been studied more extensively (e.g. Bolger et al., 2011; Gowan & McNichols,
1993; Rowe & Wright, 1996). Still, no evidence-based guidelines exist that help users of the
Delphi method to decide whether or not to feed back summary statistics in addition to
rationales or whether or not to feed back experts’ own initial ratings. The two experiments
reported in this thesis provide new knowledge on how these decisions influence several
important Delphi outcome measures, such as the degree to which experts change their
opinion and achieve agreement. Additionally, this thesis shows how to conduct these kind of
experiments within real-world Delphi studies. This is important, because most Delphi
experiments had an artificial set-up in the sense that university students or staff participated
as experts and were asked their opinion on rather trivial topics. These so called laboratory
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Delphi experiments have been heavily criticised as their results are difficult to generalize to
real-world settings (Rowe & Wright, 1999).

During the course of this PhD project | developed an agreement index and two conformity
indices that will be useful for future substantive Delphi studies and Delphi experiments. The
Strict Agreement index provides insight into the level of agreement among experts within
rounds and into the change in the level of agreement across rounds. Although the index
does not correct for chance agreement, which could be regarded as a disadvantage, it is
easily interpretable. Moreover, correcting for chance agreement may be less relevant within
the context of Delphi studies in which experts are invited to give their deliberate opinion.
The Delphi method has been criticized for inducing experts to simply conform their ratings to
the majority opinion (Bolger & Wright, 2011). In this regard, the two developed conformity
indices may be used to acquire insight into the degree to which experts in Delphi studies
actually changed their ratings in the direction of the majority opinion.

8.5 Contribution to society

In today’s society rankings are everywhere and impact, to a greater or lesser extent, the
decisions of ordinary individuals, organizations, and governments. It is therefore important
that rankings are well developed in the sense that they reflect the actual performance of
objects on the ranking attribute as good as possible. This thesis shows how the Delphi
method may be used for developing rankings. It is hoped that this knowledge will stimulate
future developers of rankings to actually make use of the Delphi method, for example to
properly define and operationalize the ranking attribute of interest. As such, this thesis may
ultimately contribute to improving the methodological soundness of rankings and thereby
the decisions that are based on these rankings.

To effectively apply the Delphi method, however, insight is needed in how to deal with its
various methodological issues. In this thesis two of those issues, the measurement of
agreement among experts and the provision of controlled opinion feedback, were studied.
In doing so, this thesis may contribute to improving the functioning of the Delphi method
and thereby its usefulness for developing rankings. Aside from developing rankings, the
Delphi method is often applied to solve complex societal problems related to for example
the environment and health (Linstone & Turoff, 1975). This thesis may thus improve the use
of the Delphi method in these and other societal domains as well.

This thesis also made clear that during the process of developing an indicator-based city
ranking, various methodological choices need to be made that may severely influence
ranking results. Moreover, it showed that urban sustainability rankings have several
methodological weaknesses. End-users of urban sustainability rankings and rankings in
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general are thus advised to look beyond the final ranking results and make an effort to find
out how the results were obtained, particularly by examining methodological background
documents. The method that | developed for examining the methodological characteristics
of indicator-based city rankings will be useful here as it enables end-users of urban
sustainability rankings to identify methodological weaknesses. The method may also be
useful for identifying methodological weaknesses in indicator-based rankings of different
objects (e.g. universities instead of cities), although some adjustments will need to be made.
Most importantly, a part of the method that specifically focuses on the selection of cities will
need to be broadened so that it may include other types of objects.

The results of the two real-world Delphi studies reported in this thesis also have societal
value. The rankings of landscape architecture research domains may form the basis of a
future landscape architecture research agenda that meets the needs of professional
practice. Such an agenda could bridge the current gap between landscape architects from
academia and those from professional practice. The operationalization of the ranking
attribute urban sustainability in various weighted components may improve the way in
which the sustainability of cities is defined, measured, and monitored. Ultimately, this may
help to make our cities more sustainable.

8.6 Future research

This thesis represents an important step in uncovering the methodological challenges and
opportunities of the Delphi method for developing rankings. However, more studies need to
be conducted in which the Delphi method is used to either define and operationalize a
ranking attribute or to directly rank objects on a ranking attribute. In doing so, it is
worthwhile to try out different Delphi designs. For example, a variation on the ranking-type
Delphi method in which experts in the third phase do not rank, but rate objects. By using
different designs it will be possible to find out how to best design Delphi studies for the
purpose of developing rankings.

More research is also needed with regard to the methodological issues of the Delphi
method. When it comes to the measurement of agreement, it will be valuable to find out
how the indices studied in this thesis behave in other types of Delphi scenarios. For example,
scenarios in which not an ordinal, but an interval or ratio scale is used. Moreover, other
indices may exist or may have been developed that require further investigation by means of
a new Delphi simulation study. Those who would like to do such a study should also consider
to simulate data according to more realistic scenarios. The simulation study reported in this
thesis assumed for example that within a scenario all experts either had a low, moderate, or
strong tendency to conform their initial ratings to the majority opinion. This was done,
because it was unknown what proportion of experts in Delphi studies have a low, moderate,
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or strong tendency to conform. The two conformity indices developed during this PhD
project could be applied in various real-world Delphi studies to acquire insight into experts’
tendency to conform. This knowledge could then be used to more realistically model the
degree to which experts in Delphi studies change their ratings towards the majority opinion.

With regard to future research into the provision of controlled opinion feedback, it is crucial
to replicate the two experiments reported in this thesis, albeit in a different context. In this
way the results of the two experiments may be supported or contested. Additionally, future
experiments should not only try to manipulate the type of information that is fed back to
experts, but also the way a particular type of information is presented to experts. For
example, the rationales that were fed back in the landscape architecture Delphi study were
rather short and it will be interesting to find out whether more elaborate feedback of
rationales would have more influence on the drop-out rate and the level of agreement
among experts. By conducting these kinds of experiments within various real-world Delphi
studies, enough evidence may eventually be acquired for drawing up clear guidelines about
the provision of controlled opinion feedback.
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Summary

In today’s society rankings are everywhere. There are rankings of the most prominent
universities, the most sustainable cities, and the happiest countries to name only a few.
Rankings are often used by individuals, organizations, and governments to make important
decisions. Nonetheless, the methodology of rankings generally receives little attention. This
is worrisome, because how a ranking was developed may severely influence ranking results.

The development of rankings may be supported by the Delphi method: a structured group
communication process in which data are collected from experts in several subsequent
rounds with the aim of allowing these experts to achieve agreement on a particular topic.
The Delphi method may be used to directly obtain a ranking of objects (e.g. research
domains in landscape architecture) on a ranking attribute (e.g. usefulness for landscape
architecture practice). Alternatively, the method may be used to obtain a definition and
operationalization of a complex ranking attribute (e.g. urban sustainability) on the basis of
which an indicator-based ranking may be developed.

Remarkably, it seemed that the potential of the Delphi method for developing rankings had
hardly been explored. Moreover, it appeared that the Delphi method itself had some
unresolved methodological issues that required further investigation. Therefore, this PhD
thesis set-out to find an answer on the following general research question

What are the methodological challenges and opportunities of the Delphi method for
developing rankings?

Within the context of this general research question six studies were conducted. Half of the
studies focused on two major methodological challenges of the Delphi method itself: the
measurement of agreement and the provision of controlled opinion feedback (i.e. the
summary of findings that is sent to the experts after every round). The other half aimed to
provide insights into challenges and opportunities regarding the actual application of the
Delphi method for developing rankings.

In chapter 2 the methodological challenge of measuring agreement among experts in Delphi
studies was examined. First, a theoretical distinction was made between indices that
measure consensus, agreement, or association. For each type, one or more existing indices
were sought. Additionally, | developed a so called Strict Agreement index. The behaviour of
all indices was examined by applying them on datasets that were simulated according to
various Delphi scenarios. It was shown that within the same data the indices suggested
different levels of agreement, and also, different levels of change of agreement across
Delphi rounds. Whereas some indices generally showed a limited increase in agreement
across rounds (e.g. Light’s kappa), other indices showed a substantial increase in agreement
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(e.g. Cronbach's alpha). This implies that users of the Delphi method need to clearly justify
how they intend to measure agreement among experts as it may severely influence the level
of agreement that is finally obtained and reported.

Chapter 3 described a study in which | actually applied the Delphi method to obtain a
ranking of objects on a ranking attribute. In this study an international sample of landscape
architecture experts was invited to evaluate various research domains in three subsequent
rounds according to: (1) their importance for landscape architecture research and (2) their
usefulness for landscape architecture practice. Based on experts’ subsequent evaluations
two rankings of landscape architecture research domains could be built. In both rankings the
domains ‘built environments and infrastructure’ and ‘human dimensions of planning and
design’ came out on top, indicating that these domains may form the core of a future
landscape architecture research agenda. Challenges in applying the Delphi method were also
encountered. Putting together a heterogeneous sample of landscape architecture experts
was difficult as some types of experts were hard to find. Additionally, because of differences
in response and drop-out rates some types were underrepresented in the study. Drawing up
a wide-ranging, but limited list of research domains that could be presented to the experts in
the first Delphi questionnaire also proved to be challenging. In the field of landscape
architecture numerous different domains exist, making it difficult to develop a parsimonious
list that reflected the great diversity of domains available. Finally, the level of agreement
among experts (as measured by the Strict Agreement index) regarding the most important
and useful domains remained rather low.

Chapter 4 reported on an experiment that was included in the landscape architecture Delphi
study. This experiment examined the methodological challenge of providing controlled
opinion feedback. Different types of information may be fed back to experts and it is
unknown what effects different types have on various Delphi outcome measures. In this
experiment the effects of two controlled opinion feedback conditions were investigated. In
one condition feedback consisted of solely rationales (i.e. a summary of experts’
explanations on why they evaluated each domain as important or useful). In the other
condition feedback consisted of both rationales and summary statistics (i.e. the median and
interquartile range of each domain as well as the percentage of experts that evaluated each
domain as ‘very important’ or ‘very useful’). Results suggested that feeding back both
summary statistics and rationales may increase drop-out of experts, whereas the provision
of solely rationales may decrease the level of agreement among experts (as measured by the
Strict Agreement index and Light’s kappa). Users of the Delphi method are thus advised to
carefully consider whether or not to feed back summary statistics in addition to rationales.

Chapter 5 and 6 explored the opportunities of the Delphi method for developing rankings

that are based on an indicator system. Chapter 5 reported on a method that | developed for
identifying the methodological characteristics of indicator-based city rankings. This method
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was applied on six existing urban sustainability rankings. It was shown that all these rankings
had methodological weaknesses. Most remarkably, none of the rankings provided a clear
definition of the ranking attribute, which made it hard to establish whether appropriate
indicators were selected. Furthermore, the rankings hardly substantiated their decisions
regarding the techniques that were used to normalize, weight, and aggregate the selected
indicators into composite indicator values and rank numbers.

Following these results, chapter 6 described a study in which the Delphi method was applied
to define and operationalize the ranking attribute urban sustainability. A sample of
European urban sustainability experts was invited to evaluate various components (e.g. air
quality, inequality, business climate) in three subsequent rounds according to their
relevance for defining and measuring urban sustainability. Based on the results of the final
round seven components could be identified as most relevant (air quality, governance,
energy consumption, non-car transportation infrastructure, green spaces, inequality, and
CO, emissions). Additionally, weights of these components could be established that may
reflect their relative contribution to measuring urban sustainability. Challenges in applying
the Delphi method, similar to those described in chapter 3, were also encountered.
Assembling a heterogeneous sample of urban sustainability experts was difficult as some
types of experts were hard to find, resulting in a limited representation of those types in the
study. Drawing up a parsimonious list of urban sustainability components proved to be
challenging, considering the great diversity of components available. Finally, the level of
agreement among experts (as measured by the Strict Agreement index) regarding the most
relevant components remained rather low.

Chapter 7 reported on an experiment that was included in the urban sustainability Delphi
study. Like in chapter 4, this experiment examined the methodological challenge of
providing controlled opinion feedback. This time, however, feedback either included or
excluded experts’ own ratings from the previous round. Results showed that experts who
did not receive their own initial ratings changed their opinion relatively more often than
experts who did receive their own initial ratings. This may be because experts who did not
receive their own initial ratings made more random errors when they wanted to give a
component the same rating as in the previous round. Results based on two conformity
indices that | developed also suggested that experts who did not receive their own initial
ratings changed their ratings to a greater degree towards the majority opinion than experts
who did receive their own initial ratings. With regard to the level of agreement that was
obtained, no statistically significant difference was found between experts who did and
those who did not receive their own initial ratings. Overall, the experiment suggested that
feeding back initial ratings is justified as it may improve the reliability of experts’ subsequent
ratings and does not seem to influence the level of agreement obtained.
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Overall, this thesis showed how the Delphi method may be used to: (1) obtain a ranking of
objects on a ranking attribute and (2) obtain a definition and operationalization of a complex
ranking attribute. It was also shown that these applications of the Delphi method do not
come without challenges. First, selection criteria and search strategies need to be developed
by which sufficient numbers of different types of experts may be found. Second, for the first
Delphi questionnaire a parsimonious list of items (e.g. ranking objects or components of a
ranking attribute) needs to be drawn up that largely covers the potentially great diversity of
existing items. Third, careful considerations need to be made about which types of
information (i.e. summary statistics, rationales, experts’ own initial ratings) to feed back to
experts after every round as this may influence various Delphi outcome measures. Fourth,
the choice for a particular consensus, agreement, or association index needs to be carefully
made and justified as it determines the level of agreement among experts that is obtained.
Finally, this thesis showed that by means of a simulation study and two real-world Delphi
experiments new knowledge about the functioning of the Delphi method could be acquired.
More of these studies are needed to establish evidence-based guidelines and to uncover the
full potential of the Delphi method for developing rankings.
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