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Abstract. To soundly assess the quality of implemented information systems (IS)
in MIS research, a measurement construct has to be designed in the first place.
Dominated by the social sciences, construct measurement research predomi-
nantly takes a realist approach in the conceptualization of the measurement where
indicators are identified as reflections of the underlying, latent factor (e.g. IS im-
plementation quality) (Nunnally and Bernstein, 1994; Babbie, 2006; Likert,
1932). Subsequently the measurement model is statistically calibrated and vali-
dated with the risk that theoretically meaningful model properties are dropped to
achieve high validity scores (Petter et al. 2007, MacKenzie et al., 2011; Rossiter,
2002).

In this work, a constructivist approach is applied in the creation of a formed ma-
turity scale. Here, the rational is that the latent factor is formed by its defining
attributes (Rossiter, 2002). By combining modeling principles of the C-OAR-SE
procedure (Rossiter, 2002) to conceptually define the rated object (Enterprise
Risk Management system) and attribute (maturity), with Capability Maturity
Model Integrated (SEI, 2010) design principles, the conceptualization and oper-
ationalization of an expert knowledge based formed ERM maturity scale is pre-
sented under the umbrella of the Design Science Research Methodology (Geerts,
2011; Peffers et al., 2008).

Keywords: Maturity Model, ERM, Scale Development, Formative Indicators,
CMMLI, Design Science Research Methodology, Construct Measurement Re-
search, MIS
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Kurzfassung. Um die Qualitéit der in Unternehmen implementierten Informati-
onssysteme (IS) bewerten zu konnen bedingt es eines allgemein akzeptierten
Messmodells, welches typischerweise mit Construct Measurement Research Me-
thoden erstellt wird. Dieser wissenschaftliche Zweig wird jedoch von den Sozi-
alwissenschaften dominiert (Nunnally and Bernstein, 1994; Babbie, 2006, Likert,
1932), welche zumeist Realismus-basiert von der Pramisse ausgehen, dass sich
der zu messende latente Faktor in beobachtbaren Indikatoren (reflektiv) wider-
spiegelt. In der statistischen Kalibrierung und Validierung solcher Modelle wer-
den haufig theoretisch sinnvolle Modellkomponenten zugunsten hoherer statisti-
scher Validititsscores vernachldssigt (Petter et al. 2007, MacKenzie et al., 2011;
Rossiter, 2002).

In dieser Arbeit wird die Erstellung einer Reifegradskala présentiert, welche
Konstruktivismus-basiert aus ihren definierenden (formenden) Attributen gebil-
det wird (Rossiter, 2002). Es wird gezeigt, dass Elemente aus der C-OAR-SE
Methode (Rossiter, 2002), zur Konzeptualisierung des zu bewertenden Objektes
(Enterprise Risk Management System) und Attributes (Reifegrad der Implemen-
tierung) mit Designmethoden des Capability Maturity Model Integrated (SEI,
2010) kombiniert werden kénnen um eine ERM Reifegradskala zu konzeptuali-
sieren und operationalisieren, welche ausschlieBlich auf Expertenwissen basiert.
Diese Fusion sich ergdnzender Modellierungsansitze wird nach der strukturier-
ten Design Science Research Methodology (Geerts, 2011; Peffers et al., 2008)
présentiert.

Schlagworter: Reifegradmodell, Unternehmensweites Risikomanagement-Sys-
tem, Skalenentwicklung, Formatives Messmodell, CMMI, Design Science Rese-
arch Methode, Managementinformationssysteme
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1 Introduction

1.1  Prologue

Let’s assume you are a government official in the middle of an economic crisis. Assume
further, that the situation is so bad that all businesses except financial institutions need
some form of government bailout in order to survive. A federal stimulus package has
already been signed by the Prime Minister and although it is the largest package in
history, it is by far not big enough to rescue all businesses. Thus, a decision mechanism
has to be found how to distribute the money in an ethical and sustainable way. An equal
distribution of funds across all businesses is not an option, since the resulting amounts
wouldn’t be enough to keep the businesses solvent. Long and hard discussions in par-
liament resulted in the decision that no one industry should be treated as more important
than another (since the relative shares of the industries in the market reflect their im-
plied importance for society). At the same time, it is well known that certain businesses
are very bad run and wouldn’t be able to survive in normal times anyway. After con-
sultation of all relevant experts, the Prime Minister, as the head of the crisis team, an-
nounced that the money will be distributed according to the quality of the implemented
Enterprise Risk Management System in businesses. It has been brought to him that
Enterprise Risk Management facilitates the capacity for businesses to adapt, survive
and prosper (COSO-ERM, 2017). The crisis team thinks this is exactly the capacity that
is needed in businesses, since the crisis will not end in the foreseeable future.

After this big call was made, the experts went through all prominent Enterprise Risk
Management (ERM) guidelines such as COSO II, ISO 31000 and the Three Lines of
Defense Model only to realize that they offer valuable guidelines on how to implement
an ERM system, but not how to efficiently assess the quality of an implemented system.
However, the government needs a valid and reliable assessment tool for ERM quality
and they tasked you to come up with a conceptual as well as an operational model for
such a tool.

To enable the ERM quality assessment and further the distribution of funds in a timely
manner, the crisis team decided that the assessment should be deployed as a web-based
self-assessment. The alternative appraisal technique of sending officers with checklists
to all business was deemed to be not viable. However, since Chief Executives may be
prone to lie in order to get their businesses funds needed for survival, high attention
must be put to develop a self-assessment that is based on objective evidence, i.e. on
facts that can be checked in an on-site audit at a later time. Vague and to a certain degree
subjective measurement items that allow for different interpretations must be strictly
eliminated.

To give you a kick-start into your construct measurement endeavor an expert from the
Technical University advises you to study the Capability Maturity Model (SEIL, 1993).
He said that the complex measurement task of ERM quality reminds him of the situation
the US Defense Dept. faced in the 1980s when they needed to assess the quality of the
software development process in companies in order to determine which company is
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best equipped to develop military software. Their solution was to develop a model com-
prising five levels of process maturity...(Humphrey, 1988)

1.2 Development of a Formed Maturity Scale

The prologue should help to outline the objectives of this work. Even if it is first and
foremost for scientific purposes, the requirements described above are pretty much the
same.

At the heart lies a construct measurement task, or to be more specific, an attribute of
an object shall be measured (cf. Rossiter, 2002). The object could e.g. be an ERM sys-
tem and the attribute would be its implementation quality or maturity, as in fact the
attribute will be referred to in this work. Furthermore, the measurement should be con-
ducted as a self-assessment, hence the rater entity is the business itself (cf. Rossiter,
2002), e.g. in the form of an all-knowing CEO.

Such an objective is in no way new in maturity modeling (de Bruin et al., 2005;
Enkel et al., 2011; Monda and Giorgino, 2013; Schumacher et al., 2016) but the con-
ceptualization as well as the operationalization of most maturity models in the literature
falls short of reaching the full potential of maturity models as a (1) comparative model,
where differences in ratings can be unambiguously interpreted and as a (2) prescriptive
model that serves as a roadmap for improvement (de Bruin et al., 2005; SEI, 2010).
Furthermore, these “modern” maturity models deviate to a great extent from the design
principles of the original Capability Maturity Model (CMM, (SEI, 1993)) and its suc-
cessor the Capability Maturity Model Integrated (CMMI, (SEI, 2010)) without justifi-
cation in terms of construct measurement research and scale development.

The practices of construct measurement research and scale development will be used
in the conceptualization and operationalization of the aspired measurement model. A
decisive decision at the very start of this process is the determination of the epistemic
relationship between construct and items, i.e. the nature and direction of the relationship
between the theoretical construct and its measurable empirical phenomena (Bisbe et al.,
2007). This is so important because it sets the philosophical measurement perspective
and must be justified on conceptual grounds (Bisbe et al., 2007). Depending on the
overall measurement objective a reflective relationship between construct and meas-
urement items (realist approach) or a formative relationship between construct and
measurement items (constructivist approach) may be appropriate (Box 1). However, as
will be pointed out in multiple places in this work, especially in chapter 2, traditional
construct measurement research practices are tailored to reflective models and are not
appropriate for formative measurement (Edwards, 2011). Instead, the traditional con-
struct measurement practices have to be evolved as in the C-OAR-SE (Construct defi-
nition, Object classification, Attribute classification, Rater identification, Scale for-
mation, and Enumeration and reporting (Rossiter, 2002)) procedure to accommodate
formed measurement models, where statistical model validation is dropped in favor of
expert judgement.
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This work demonstrates the development of a formed Enterprise Risk Management
maturity scale. The development is conducted via the Design Science Research Meth-
odology (DSRM, chapter 4) (Geerts, 2011; Peffers et al., 2008) which serves as the
umbrella under which the abstract modeling concepts of construct measurement re-
search, scale development and maturity modeling are applied to the specific ERM do-
main. For the sake of reaching maximum clarity in the elaborations, the exact sequence
of steps in the DSRM process (Figure 1) will not always be followed exactly in this
presentation. Deviations, however, will be highlighted and explained where appropri-
ate.

Nevertheless, before some sort of developmental work can start, as a prerequisite the
concepts of construct measurement research (chapter 2) and scale development (chapter
3) need to be discussed.

Since the objective is to develop a formed maturity scale, construct measurement
research literature will be used to define a formed measure and distinguish it from the
more popular reflective measures prevalent in the social sciences, which is the primary
application field of construct measurement research (Nunnally and Bernstein, 1994;
Babbie, 2006; Likert, 1932). To be more specific, elements of the C-OAR-SE procedure
will be used to conceptually define the object (ERM system) and attribute (maturity)
for the concrete instance of the formed maturity scale. A central step in C-OAR-SE is
to determine the nature of the object and attribute that shall be rated, which is dependent
on the overall objective of the measurement and includes determining the epistemic
relationships of the model. Based on the specific objectives outlined in the prologue, it
will be shown that ERM is best classified as a formed object, comprising multiple com-
ponents and the attribute maturity is best classified as a formed attribute, where again
the complex attribute’s different components add up to what the attribute means
(Rossiter, 2002).

Once it is clear that the concept is of such complexity (formed object and formed
attribute), the aggregation of attribute scores to an overall scale score for the object (or
for each object component) must be conducted very carefully. Different to index scores,
where usually a summation of compensatory attribute scores is derived (Rossiter,
2002), a scale score of formed attributes is typically the result of noncompensatory at-
tribute scores, where a conjunctive rule (e.g. a minimum level for each component) is
needed in the aggregation (cf. Rossiter, 2012). More details on the distinction between
indexes and scales will be presented in chapter 3.

Only one model is known to the author that represents a prescriptive measurement
scale based on formed attributes. Surprisingly it is the origin of all maturity models, the
CMM (SEI 1993) and its successor the CMMI (SEI, 2010). Maturity models have
emerged in all kinds of domains (cf. de Bruin ef al., 2005), but the deviation in design
from the original CMM is noteworthy. Even in guidelines on how to develop maturity
models, the design principles that assure scale property of the model are thrown out of
the window (see de Bruin ef al., 2005). Maturity models are often conceptualized based
on the construct measurement research principle of the social sciences where they have
reflective measurement in mind. But unwittingly these principles were applied to
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formative models which resulted in bad maturity indexes, at best, not fit for purpose of
the intended assessment.

Especially the conceptualization of the CMMI takes some time to comprehend com-
pletely and maybe time constrains hindered maturity model developers to fully go
through its documentation. It’s worth mentioning that the existence of the CMM and
CMMI is well known in the maturity modeling domain, since every paper lists at least
one of them in its references. Although the conceptual model of the CMMI is compre-
hensively documented, it is never explicitly specified in the light of construct measure-
ment research. This could be another reason why its design principles are not followed
by other maturity model developers. But the last point is almost certainly the cause why
the CMMI design is not discussed in construct measurement research, where there
seems to be an ongoing discussion if and how such a model (a multi-dimensional form-
ative (formed) maturity scale) can be constructed (Petter et al., 2007; Edwards, 2011;
MacKenzie et al., 2011).

After the theoretical foundations are discussed in chapter 2 and chapter 3 and the
methodology of this work is presented in chapter 4, the CMMI-design principle for
maturity models is analyzed and discusses it in the light of construct measurement re-
search (chapter 8). The analysis should help in future maturity model development tasks
since it (1) highlights the shortcomings of modern, Likert-scale based maturity models
(chapter 7), (2) presents the CMMI-design principle to construct formed maturity scales
not only in a parsimonious way, but also in the scientifically standardized terms of con-
struct measurement research and (3) demonstrates the CMMI-design principle in the
construction of a formed maturity scale for Enterprise Risk Management systems
(chapter 9). Furthermore, the operationalization of the ERM maturity model as a web-
based self-assessment is presented as proof of concept.

As shall be shown, the operationalization of the maturity assessment deviates largely
from the operationalization of the CMMI model, where thorough on-site audits are per-
formed for appraisals. For the specific purpose outlined in the prologue and for most
scientific endeavors, however, a web-based assessment is the more viable option than
expensive and time-consuming on-site audits.
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2 Construct Measurement Research

A measurement task starts with the definition of the concept that should be measured
(Babbie, 2006). In the case at hand, this is the ERM system. The scientific literature in
the ERM domain (i.e. the object domain) supplies all the building blocks needed to
conceptually define the object. But for complex systems this can easily result in 100+
measurement items, since the ERM literature serves as a very broad pool of require-
ments for ERM systems. The problem, however, is that the relationship between the
requirements is not always well defined. For the desired measurement, a conceptual
model is needed that somehow orders all the requirements with respect to the attribute
of the object. But the ordering of requirements may not automatically result in an ordi-
nal sequence. Some requirements may have a nominal relationship with respect to the
attribute. An example for two ERM system requirements with a nominal (orthogonal)
relationship could be:

¢ Risk Information shall be taken into account in financial decision making.
¢ Risk Information shall be taken into account in operational decision making

For an arbitrary company, it is impossible to say that one requirement is more im-
portant in terms of ERM maturity. Neither it makes sense to postulate that one is kind
of a prerequisite for the other. Hence, the object domain alone is not enough to concep-
tually define a measurement model of an object’s attribute.

One the other hand of the measurement task, there is construct measurement re-
search. This scientific stream deals with the conceptualization of a construct. L.e., the
definition of a specific, agreed-on meaning for a concept for the purposes of research.
This process of specifying exact meaning involves describing the indicators we'll be
using to measure our concept and the different aspects of the concept called dimen-
sions.(Babbie, 2006, p. 125)

Construct measurement research is dominated by the social sciences, where for ex-
ample measures of certain character traits or attitudes in people are constructed (Likert,
1932; Nunnally and Bernstein, 1994; Babbie, 2006). Nevertheless, construct measure-
ment research also finds broad application in Management and Information Systems
research (Diamantopoulos, 2005; Bisbe et al., 2007; Petter et al. 2007; Rossiter, 2008;
Edwards, 2011; MacKenzie et al., 2011).

In the social sciences the conceptualization process is normally guided by the para-
digm that the construct is a theoretical creation that is based on observations, but cannot
be observed directly (cf. Babbie, 2006, p. 124). In other words, the construct (e.g. re-
ligiosity) is a latent variable (character trait) that manifests itself in certain observable
(!) behavioral patterns. The observable behavioral patterns would subsequently be con-
ceptualized as the indicators to measure the latent variable. Babbie's (2006, p. 125)
definition of indicators in his book “The Practice of Social Research” underlines this
dominant conceptualization approach in the social sciences that the indicators are
merely reflections of the construct: [An indicator is] an observation that we choose to
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consider as a reflection of a variable we wish to study. Thus, for example, attending
religious services might be considered an indicator of religiosity.

Coming back to the measurement task of ERM maturity, reflective measurement
would mean that it is assumed that there is a ERM system somewhere hidden in a com-
pany, and its quality level is e.g. reflected in different publicly available Key Perfor-
mance Indicators. While this may be an interesting investigation, especially in times
where businesses are not willing to disclose information via surveys, some effort is
required to proof the validity of such a measure.

Especially for Management research another form of epistemic relationship between
construct and indicators is an interesting alternative for the conceptualization. In form-
ative measurement models, the construct is defined as nothing else than the combina-
tion of all defining indicators.

In fact, the ERM literature can be seen as a collection of the main building blocks of
an ERM system. While an ERM system is not something that naturally exists in com-
panies, it is rather a theoretical creation formed by all necessary risk management ac-
tivities. An ERM quality assessment based on determining the presence or absence of
these building blocks should naturally represent a theoretically valid measurement
based on expert knowledge (cf Petter et. al., 2007; MacKenzie et al., 2011; Rossiter,
2002).

Reflective Measurement: indicators are the outcomes of a latent variable
Formative Measurement: indicators are the causes of a latent variable
(Edwards, 2011)

Box 1: Reflective vs. Formative Measurement

However, in construct measurement research the interplay between domain
knowledge and scale development is typically of the form that domain expertise is only
used to identify potential indicators of the construct. In the next step, the measurement
model is calibrated and validated based on empirical observations (Diamantopoulos
and Winklhofer, 2001, Petter et. al., 2007; MacKenzie et al., 2011; Edwards, 2011),
where theoretically valid indicators might be dropped from the measurement model
only to achieve high validity scores (Rossiter, 2002)".

First, this procedure is problematic from the outset for formative measurement mod-
els, since it results in measurement scores that are not interpretable due to non-unidi-
mensional indicators (Edwards, 2011). And second, formative measurement models
which are used to measure an attribute of a formed object — that is, an object having
different components (Rossiter, 2002) — should be identified, calibrated and validated
using expert judgement only (Rossiter, 2002). In this process, experts determine the
main components of the construct, which can be seen as different dimensions that need
to be measured separately.

! A more detailed elaboration on empirical identification of measurement models can be found
in chapter 12.1 in the appendix.
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Given the volume of ERM frameworks and dedicated papers in the literature, as well
as the changing focus on different aspects of ERM in the publications, there is no ques-
tion that people’s interpretations of the object differ, which is an indication that ERM
should be seen as an abstract formed object (Rossiter, 2002).

Hence, reflective measurement can be eliminated as a viable alternative for the meas-
urement task. Formative measurement presents the right perspective in terms of the
epistemic relationship between construct and measurement items, but comes with the
burden of empirical identification (Diamantopoulos and Winklhofer, 2001, Edwards,
2011). Thus, the measurement task at hand has to go a step further and adopt elements
of the C-OAR-SE procedure (Rossiter, 2002) in terms of object and attribute classifi-
cation. That is the conceptualization of ERM as an abstract formed object, developed
and validated on domain/expert knowledge only.
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3 Scale Development

Once the decision regarding the epistemic relationship between the construct and its
indicators is made in favor of formative measurement and the object is well defined,
the conceptualization needs to be driven further with careful consideration of the overall
objective of the assessment tool.

3.1 Scale vs. Index

Remember that a comparative measure is needed by the government in order to de-
termine which business is better suited to survive in the economic crisis and thus worth
rescuing. At the same time, the measure should be descriptive in the way that a score
can be directly associated with a state that the ERM system is in, so that it can be ex-
plained to businesses for which reason one is doing better than the other. In other words,
the assessment result should be unambiguously interpretable (Edwards, 2011).

Hence, it is not enough to rank order all business in terms of some quality score of
their implemented ERM system. Different than an index score of “18 out of 30” — which
can be attained in multiple ways — a scale score should only be attainable in one partic-
ular way, or from one particular state of the system, respectively. These specific states,
which map one-to-one to the respective scale scores need to be defined by particular
patterns of indicator scores, i.e. the states of the system are defined by performing an
indicator grouping. The grouping of indicators is needed, since in the end indexes and
scales (especially scales) are efficient data-reduction devices: They allow us to sum-
marize several indicators in a single numerical score, while sometimes nearly main-
taining the specific details of all the individual indicators (Babbie, 2006, p. 153). With
this property in mind, it is easy to see their natural appeal to top level executives and,
of course, the Prime Minister. Since the terms index and scale are typically used im-
precisely and interchangeably in social research literature (Babbie, 2006, p. 153) the
defining differences should be elaborated at this stage to highlight the benefits of a
measurement construct possessing scale characteristic.

Indexes and scales are both ordinal measures of variables (thus they rank-order the
units of analysis). However, while indexes are constructed by accumulating scores as-
signed to responses to individual indicators, scales are constructed by assigning scores
to certain patterns of responses. In scales, it is recognized that some indicators represent
a relatively weak degree of the variable, while others represent a relatively strong de-
gree of the variable (cf. Babbie, 2006, p. 154). Hence, in scales the relationship between
the indicators of the construct is taken into account. Logical response patterns are pre-
determined and respondents are scored based on which response pattern they most
closely resemble (cf. Babbie, 2006, p. 154). Depending on the nature of the object and
attribute under investigation, a scale or an index may be the more suitable form of com-
posite measure.

If, for example a monitoring measure for the growth rate (attribute) of the German
economy (object) should be constructed, a share index as an aggregation of weighted
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share prices may be appropriate, where the weighting does reflect the (proposed) rela-
tive contribution of an individual share to the overall measure, but does not reflect the
relationships between individual shares.

On the other hand, if a measure for math skills (attribute) of pupils (object) is needed,
it would be natural to develop a scale with indicators for

1) “addition”

2) ‘“subtraction”

3) “multiplication” and

4) “division”.
The logical response patterns would only allow for answers that include lower order
indicators when higher order indicators are present. To further underline the difference
between indexes and scales, the example presented in Babbie (2006, p. 155) regarding
an index and a scale for political activism is presented in Figure 24 in the appendix.

3.2  Maturity as a Formed Attribute

Similar to the evolution of math skills as an attribute of pupils, the implementation
quality of information systems in businesses can be conceptualized as an evolving at-
tribute, which aids the development of a true scale measure. Therefore, the term ma-
turity as a means of competency, capability, level of sophistication (de Bruin et al.,
2005) should be the right term to refer to this attribute. I.e. with “a more mature system”
a system that is superior in every aspect compared to a less mature system is meant.
This wording serves to (1) express exactly what is wanted from the aspired scale scores:
they should represent levels of maturity of the assessed system; and (2) overtly bring
the elaborations from the scientific perspective of scale development to the more spe-
cific stream of maturity modeling.

Nevertheless, the attribute maturity shall be classified more precisely here, again
adopting the C-OAR-SE classification schema (Rossiter, 2002). Elaborations on the
exact attribute type are necessary because the attribute classification is not straightfor-
ward since it depends on the broader context of the construct.

The simplest case would be to have a concrete attribute, where raters agree unani-
mously what the attribute is. In this case, only one measurement item for each compo-
nent of the object would be necessary. Since (ERM) maturity, even if the defining com-
ponents (dimensions) of the ERM object are well defined, may highly likely result in
different interpretations amongst raters without further clarification, the requirements
for a concrete attribute are not met and so another attribute type has to be considered.

Formed attributes allow the attribute maturity to be formed (similar to formed ob-
jects) as the product of its components. These components are attributes themselves,
i.e. second-order attributes. The component of the component, i.e. a specific item of the
attribute maturity must be concrete in order to enable consistent ratings (cf. Rossiter,
2002, p.314). A good example would be to define sub-attributes of the formed attribute
maturity as concrete, binary measurement items.
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The combination of object and attribute to the overall concept can be thought of as
a two-dimensional classification schema, where the main object components (of formed
objects) represent one dimension as the entities that shall be rated. These entities are
projected onto an attribute, which represents the orthogonal dimension. Ratings even-
tually might be the result of responses to one attribute (concrete) or multiple compo-
nents of the attribute (formed). Figure 18 depicts such a high level (first order) schema
of the ERM maturity model as a combination of an abstract formed object (ERM with
sub-dimensions) with formed attributes (maturity levels).

In fact, the maturity levels represent a grouping of attributes that is isolated from the
C-OAR-SE conceptualization. The attribute grouping to maturity levels is the result of
expert judgements and serves to facilitate true scale characteristics of the measurement
construct. It is an enhancing property that maturity models naturally offer to derive
scale scores from formed measurement models, as will be shown for the CMMI (SEI,
2010).

3.3  Prescriptive Maturity Scales

In the fictive scenario of the prologue, companies would only be too happy to par-
ticipate in an survey-esque quality assessment, since their survival depends on govern-
ment funds. In the scientific reality, however, other incentives have to be found to mo-
tivate businesses to disclose information about their risk management activities. An
assessment based on a formed maturity scale not only produces comparative (how is
one company doing compared to another) and descriptive assessment results (present-
ing the as-is situation), it also allows for prescriptive assessment results (what exactly
needs to be done to reach the next maturity level, i.e. the model represents a roadmap
for improvement) (de Bruin et al., 2005).

Many “maturity models” found in the literature do produce maturity scores that ra-
ther resemble an index (de Bruin et al., 2005; Enkel et al., 2011; Monda and Giorgino,
2013; Schumacher et al., 2016). Typically, they identify all necessary indicators to
measure the concept. Next, they introduce a scoring schema via which each indicator
is scored during an assessment (more often than not, the scoring is operationalized via
Likert-type questions, this important point will be discussed later) and at the end the
indicator scores are irreversible aggregated into a single overall figure. A valid question
regarding the outcome of such an assessment would be: “So, Company A has a score
of 18 out of a possible 30 ... what does it mean?”. Without going through the assess-
ment process again, the only possible interpretation is: “Well, it is more than Company
B which has 17 and less than Company C with 19” (for a discussion on the
interpretability of fomative index scores see Edwards, 2011).

To aid the interpretability of maturity scores, the inherent scale property of true ma-
turity models must be made use of. The scale property comes from the characteristic of
the original CMM, that the maturity levels represent a natural development path, de-
scribing continuous evolutionary improvements (Humphrey, 1988). A measure like a
maturity score loses scale property whenever some kind of (weighted) average over
indicator scores is abstracted, unless (!) the indicators are in a reflective relationship to
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the concept. Why this is will be explained later, but for now it is important to remember
that for the measurement task of the Prime Minister, reflective measurement is not de-
sirable for reasons described earlier and statistical operations to aggregate indicator
scores are not desirable since the resulting aggregate loses expert knowledge and its
theoretical interpretability.

To sum up, the preceding discussion should help to frame the problem of developing
a maturity scale based its forming components and attributes. The relevant scientific
streams and most important model characteristics have been stressed. Moreover, a fic-
tive scenario helped to colorfully describe the wider context on how such a maturity
scale may be used as an assessment tool. Important restrictions stemming from the in-
tended usage of the assessment results were highlighted, which need to be considered
at the conceptualization phase already. The major criterions for the aspired measure-
ment model shall be summarized here:

e Businesses shall be rank ordered with respect to the maturity level of their ERM
system.

o Differences between businesses on different maturity levels shall be interpretable

instantly and unambiguously.

Maturity levels shall be interpretable instantly and unambiguously.

The maturity measurement shall be deployed as a web-based self-assessment.

The validation of the model shall be based on theoretical reasoning only.

The reliability of the model shall be enhanced via very precise, evidence-based at-

tribute specifications, i.e. a respondent shall be lead through the assessment by leav-

ing no room for interpretation or personal preference whatsoever

e The model shall be applicable to all industries except financial institutions, this needs
to be especially considered when trying to combine different ERM aspects.

Box 2: Assessment Tool Requirements

A model that satisfies all these criterions is missing in the ERM domain (Beasley et
al., 2005; Monda and Giorgino, 2013; Lundqvist, 2015), more general maturity mod-
elling domain (de Bruin ef al., 2005; Enkel et al., 2011; Schumacher et al., 2016) and
is even argued against in the construct measurement research domain (Edwards,
2011). Nevertheless, advocates of formative measurement can be found in the man-
agement sciences (Diamantopoulos and Winklhofer, 2001; Petter et al., 2007;
MacKenzie et al., 2011), even though they try to construct formative models with
methods more appropriate for reflective measurement. The big exception is Rossiter
(2002) who promotes formed measurement constructs based on theoretical considera-
tions without the need for empirical calibration and validation?.

2 Henceforth, in line with Rossiter (2002), the term attribute shall be used to refer to the items
defining formed attributes. The term indicator shall only be used when referring to items of
reflective models. For general elaborations, the perspective neutral form item will be used.
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4 Create Measurement Artefacts via Design Science Research

This work is associated with a research effort undertaken by the Institute of Man-
agement Science at the Technical University of Vienna. Research Projects sponsored
by the Funk Foundation® (Hamburg) aimed at developing a web based ERM maturity
assessment which could be applied in a use case, e.g. such as the one outlined in the
prologue. The development of the maturity assessment followed the scientific method
of design science research. Whereas natural sciences and social sciences try to under-
stand reality, design science attempts to create things that serve human purposes
(Simon (1996, p. 55) as cited in Peffers et al. (2008, p. 4)). As such, design science
research focuses on the question of how things should be in order to attain goals or how
to change existing situations into preferred ones (cf. Simon, 1996; Geerts, 2011). De-
sign science research creates artefacts (e.g. concepts, models, methods, instantiations)
that help to solve an unsolved problem or to solve an already solved problem in a more
effective or efficient way (Geerts, 2011). The artifact that resulted from the research
effort undertaken by the Institute of Management Science was the ERM maturity as-
sessment, which’s conceptualization and operationalization are central to this work.
However, to grasp the whole process of the design science research methodology
(DSRM), which is depicted in Figure 1, it is important not to look at this work in isola-
tion, but to see it in the context of the whole research effort.

Process lteration
v v E I
g o
@ k] o
=3 ES °
IDENTIFY 2 DEFINE Desion & 3 | Dmwowswanox | 5 EvaLuATION ;; COMMUNICATION
- EROBLEN 2 | OBJECTVESOF | v | DEVELOPMENT 3 x Obsarve g
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2 " aE ive, .
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What would a z c =
Show befter arifact 8 | Useatstactto | % | peratebackto | & | Professional
importance accompiish? T | sohaprobiem | 8 dasign = publications
= a
o
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Possible Research Entry Points

Figure 1: Design Science Research Methodology (DSRM) Process Model
(Figure 1 in Peffers ez al. (2008))

Going with the story of the prologue, the trigger for the design science exercise is
problem centered, since — step 1 — the need and importance of an ERM assessment tool
are clearly defined. The objectives of a solution — step 2 in the DSRM process — are
specified in Box 2. Design and development principles — step 3 — of domain independ-
ent maturity assessments will be comprehensively elaborated in the next chapters and
represent the core contribution of this work. For demonstration purposes — step 4 — the
research project’s ERM maturity assessment will be presented as proof of concept. The
evaluation — step 5 — will be centered around other maturity models found in the

3 The Funk Foundation | Risk Management and Cultural Projects - (funk-stiftung.org)
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literature, in order to show their shortcomings and/or valuable characteristics that need
to be embedded in the aspired maturity model.

To better lead the reader through the complex elaborations and to tell an interesting
story the exact sequence of the DSRM steps will not be followed in this presentation.
For example, the evaluation step will be the next stage presented in this work, when the
DSRM process will be re-entered in chapter 7, after details about the accompanying
scientific fields of construct measurement research and maturity modelling are pre-
sented in chapter 5 and chapter 6, respectively. This is done because the pitfalls should
be clear for the “first (and only) iteration” of design and development in this work.
Nevertheless, it should be mentioned that the ERM maturity assessment had to go
through multiple loops of iteration during the research project until the design was sat-
isfactory.

The last step in the DSRM process is communication, which is exactly what this
paper represents and why it is important to know the context of the whole design sci-
ence research undertaking.
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5 Conceptualization and Operationalization

5.1  Defining the Terms

The interrelated processes of conceptualization, operationalization, and measure-
ment allow researchers to move from a general idea about what they want to study to
effective and well-defined measurements in the real world (Babbie, 2006, p. 149).The
role of conceptualization, i.e. the precise specification of the construct of interest in
terms of its meaning, its potentially different facets (dimensions) and measurement var-
iables (indicators/attributes, or the perspective-neutral form item) has already been
touched in the introduction. It was pointed out that not only the identification of the
items itself, but also the determination of the epistemic relationship between construct
and item is important since the two possible directions of causality represent inherently
different measurement perspectives.

The operationalization of the measurement, on the other hand, specifies precisely
how a concept will be measured — that is, the operations that will be performed. An
operational definition [ ...] has the advantage of achieving maximum clarity about what
a concept means in the context of a given study. (Babbie, 2006, p. 128) The operation-
alization of one measurement variable, i.e. one item of the construct, would for example
involve specifying the levels composing the variable*. An operational choice that has
to be made in that sense is, if the item should be operationalized as a binary variable,
i.e. the measurement is only concerned to determine the presence or absence of the
item. Another very popular alternative in construct measurement research is to opera-
tionalize items as ordinal variables (Likert, 1932). In this case the measurement is in-
tended to capture different degrees of intensity of the variable. To give another example
of an operationalization alternative, e.g. in quantitative research a third type of item
operationalization may be an attractive choice, namely ratio variables (Altman, 1968).

Operational definitions of measurement models go one step further though, than the
pure specification of item levels. They also specify the measurement procedure that
will be used to measure variable’s level (Babbie, 2006). Since the measurement model,
which is subject to this study, should be deployed as a web-based self-assessment, the
measurement procedure involves answering written questions. The wording of the
questions is thus part of the construct’s operationalization, and depends on the item type
(e.g. binary vs. ordinal vs. ratio).

The following sub-chapters will show how the process of conceptualization and op-
erationalization can be applied in the management sciences to derive at a sound meas-
urement model. Especially the choices necessary to specify the epistemic relationship
between the theoretical construct and its items, as well as the operationalization of the
items to specify the measurement procedure will be discussed in depth. This discussion

4 In this context the levels of a variable can be seen as the different response options to a question.
In the wording of Babbie (2006) the question would represent an indicator and the different
response options would represent the attributes of the indicator. This wording, however,
clashes with the attribute definition of Rossiter (2002) and is thus avoided in this work.
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will provide the terms and definitions used later to discuss maturity modelling in the
light of construct measurement research.

5.2  Construct Measurement Research in the Management Sciences

As already mentioned, construct measurement is a topic dominated by the social
sciences and adopted to research into management constructs (e.g. MIS, MACS) (Bisbe
et al., 2007; Petter et al., 2007; MacKenzie et al., 2011). Especially Bisbe et al. (2007)
stresses the need for a proper conceptual and operational specification of the construct
in theory-based research. To better illustrate the relationship between conceptualization
and operationalization of a construct, the Predictive Validity Framework (PVF) is pre-
sented in Figure 2 (Libby et al., 2002; Bisbe et al., 2007). It shows the way how to come
from a theoretical construct such as ERM with all its apparent merits postulated by
prominent ERM frameworks (ISO 31000, 2009; IIA-3LoD, 2013; COSO-ERM, 2017)
to an empirical construct such as the ERM maturity model presented in this paper, using
the methods of construct measurement research.

B
i i eoretical
Conceptual level Dimensions . Th
and items construct
C | Item levels o D
Operational level and Empirical
i construct
questions

Figure 2: Predictive Validity Framework (Libby et al., 2002; Bisbe et al., 2007)

5.2.1 Use Cases of the Empirical Construct

Before the specific operations performed in the conceptualization and operationali-
zation of a theoretical construct are discussed, the overall objective of construct meas-
urement shall be framed, i.e. the potential use cases of the empirical construct should
be presented.

The empirical construct can be used as a tool on its own, such as the aspired ERM
maturity assessment tool for the Prime Minister. But the scientific endeavor does not
have to stop there. For many studies the empirical construct only serves as a vehicle to
perform the main inquiry, namely some form of causal analysis between the construct
and other metrices. From a statical perspective, two causal analysis purposes can be
distinguished using the empirical construct:
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1. Reflective Purpose: The empirical construct can be used as an outcome proxy to
statistically identify it’s drivers. (Beasley, Clune and Hermanson, 2005)

2. Formative Purpose: The empirical construct can be used as a driver proxy and its
impact on another metric can be statistically assessed. (Gostl, 2017)

Referring to the story of the prologue, the causal relationship postulating that ERM
maturity is a driver of sustainable firm performance is taken as given, but if circum-
stances wouldn’t be so critical and the distribution of funds less urgent, the proof of the
causal relationship between ERM maturity and firm performance would be subject to a
follow-up study before funds are allocated on this basis’.

Since the empirical construct (as the result of the construct measurement effort) itself
is not the central scientific contribution in many studies, but only one block in a struc-
tural equation model (SEM) that analyzes relationships between different constructs, it
is sometimes not getting enough attention in terms of careful conceptualization and
operationalization (e.g. Gordon et al. (2009); Lundqvist (2015)). It is pointed out by
Bisbe et al. (2007) though, that conceptual misspecification of the empirical construct
undermines the value of the resulting explanatory model.

To round up the discussion of use cases of conceptually sound empirical constructs,
the following two notes should be added:

e Note 1: To avoid the circular reasoning problem, it is very important to mention that
for whichever further purpose the empirical construct is used, it must be made sure
that items which were used to construct the construct in the first place are not used
in any causal analysis afterwards.

e Note 2: The terms formative and reflective in the potential further analysis purposes
are representative for the (new) conceptual model of the follow-up study (i.e. the
explanatory model), but are not dependent on the formative or reflective measure-
ment perspective chosen to derive the empirical construct in the first place. Still, for
the taken measurement perspective in the follow-up study, the definitions for form-
ative and reflective measurement elaborated earlier remain valid.

5.3 From the Theoretical Construct to Measurement Items

As shown in Figure 2 the conceptualization starts with the definition of the theoret-
ical construct (Box A) and continues with the specification of the construct’s dimen-
sions® and items (Box B). For simplicity, the elaborations should focus on one-

3 To save resources, one might be tempted to say the causal relationship between ERM maturity
and sustainable firm performance should be investigated before efforts are put into the con-
struction of an extensive ERM maturity assessment. But since a sufficiently valid and reliable
proxy of ERM maturity is missing in the literature, there is no value in analyzing the relation-
ship based on a purely constructed ERM maturity measure.

¢ does the construct have more than one conceptually distinguishable facet, aspect [...]?
(MacKenzie et al., 2011, p. 300)
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dimensional constructs at this point, i.e. we are only concerned to specify a theoretical
constructs in terms of its items. A construct’s items are identified based on domain
knowledge (which is especially the case for formed attributes) and/or based on statisti-
cal grounds. However, item identification is not at the center of attention of this work.
Together with the item identification, a very important step in the conceptualization is
to determine the direction of the relationship between constructs and items
(Diamantopoulos and Winklhofer, 2001; Bisbe et al., 2007; Petter et al. 2007; Edwards,
2011; MacKenzie et al., 2011).

One option is to view the construct as an underlying factor (latent variable) causing
variation in the item/indicators. Hence the assumption is that an object’s score on an
indicator is a function of the object’s real score on the latent variable plus error. Each
indicator is therefore viewed as an imperfect reflection of the latent variable (see
MacKenzie et al., 2011). It is important to notice, that in reflective measurement unidi-
mensionality is assumed, consequently each indicator must capture the entire construct.
Aggregating the indicators to abstract the score on the latent variable is therefore es-
sentially an attempt to reduce the measurement error that would accrue if the construct
would be measured via one indicator only (Edwards, 2011).

Formative or formed measurement, on the other hand, assumes that meaning is em-
anating from the items/attributes to the construct in a definitional sense. Hence, attrib-
utes are not reflections of the construct, but instead they combine to form the construct
(see MacKenzie et al. 2011). This allows the conceptualization of constructs that are
combinations of different components, where each component is covered by an indi-
vidual attribute.

In the introduction, numerous reasons were elaborated why the aspired ERM ma-
turity model should be constructed as a formed measurement model. When the charac-
teristics of true maturity models will be discussed in the remainder of this work, even
more arguments will be given why it is beneficial to have a formed model, always
keeping the requirements outlined in Box 2 in mind. Nevertheless, a short demonstra-
tion for the need of a formed, theory based ERM maturity model shall be presented
here.

For clarity, the demonstration should focus on one aspect of an ERM system only,
the Risk Management Process as defined by the International Organization for Stand-
ardization (Figure 3).
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Figure 3: Risk Management Process (Figure 3 in ISO 31000 (2009))

ISO 31000 (2009) defines the core of the risk management process, called risk as-
sessment as a succession of three tasks:

o Risk identification (ISO 31000, 2009, p. 17):

The organization should identify sources of risk, areas of impacts, events (including
changes in circumstances) and their causes and their potential consequences. The aim
of this step is to generate a comprehensive list of risks [...]. Comprehensive identifica-
tion is critical, because a risk that is not identified at this stage will not be included in
Sfurther analysis.

e Risk analysis (ISO 31000, 2009, p. 18):

Risk analysis involves developing an understanding of the risk. Risk analysis provides
an input to risk evaluation and to decisions on whether risks need to be treated, and on
the most appropriate risk treatment strategies and methods.

e Risk evaluation (ISO 31000, 2009, p. 18):

The purpose of risk evaluation is to assist in making decisions, based on the outcomes
of risk analysis, about which risks need treatment and the priority for treatment imple-
mentation.

To create a measurement construct for risk assessment according to the ISO 31000
(2009) definition, clearly a formed measurement perspective has to be adopted. In the
provided definitions it is clear to see that each of the three steps (risk identification, risk
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analysis and risk evaluation) is necessary to accomplish an appropriate risk assessment.
The items are neither interchangeable (e.g. substituting risk identification for another
item like “risk definition™) nor is each item intended to capture the whole concept of
risk assessment, both requirements for a reflective measurement perspective. The ex-
ample is also proof of the point Petter et al. (2007, p. 633) make when they argue that
...with formative measures, dropping one of the measures would affect the meaning of
the construct since the construct is defined by these measures.

As a small teaser of what to expect in one of the next chapters involved with discus-
sions about the nature of maturity models, the attention should be drawn to the box
“monitoring and review” in Figure 3. The figure indicates that a monitoring and review
process is somehow associated, but not part of the risk assessment process. In fact, the
monitoring is an extension of the risk assessment. A monitored risk assessment process
is therefore a concept possessing all properties of a pure risk assessment process, but
extended for a monitoring layer. This constellation exhibits exactly how maturity levels
work. A concept (e.g. a system) in a lower maturity level is defined by certain properties
(measured via the identified items), and the system in a higher maturity level maintains
all the properties, but is enriched by something else (captured by one or more additional
items), making it a superior system in every sense.

To close the argument for formative conceptualization of the aspired ERM maturity
assessment at this point, it should be mentioned that a formed model is compatible with
a constructivist, operationalist or instrumentalist interpretation in an ontological sense
(MacKenzie et al., 2011), which is perfectly in line with the methods of design science
research, which focuses on the creation of artefacts that serve practical purposes
(Geerts, 2011). Referring to multiple sources, Edwards (2011, p. 372) annotates that
formative measurement is consistent with a constructivist position |...] in which con-
structs are viewed as elements of language in theoretical discourse and are not as-
cribed any real existence independent of their measurement [ ...]. Formative measure-
ment might also be framed in terms of operationalism or instrumentalism, such that
constructs are merely latent variables that serve as analytical devices for combining
measures...".

5.4  Operationalization of Measurement Items

One of the big challenges in the conceptualization of a theory-based measurement
model is to structure the whole body of domain knowledge found in the literature, while
always keeping a careful eye on the intended meaning of the concept. The counterpart
of this challenge in the operationalization is to carefully define the measurement pro-
cedures, while always take the intended application of the empirical construct into con-
sideration. The main requirements for the application of the measurement model, with

7 The following statement, that formative measurement is akin to data reduction in Principal
Component Analysis (PCA) in Edwards (2011) is not supported by the author of this work.
In fact, the author would much rather liken reflective measurement to PCA.
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respect to the operationalization were already specified in the introduction (Box 2) and
are presented again in Box 3 for recollection.

e The maturity measurement should be deployed as a web-based self-assessment.

o The reliability of the model shall be enhanced via very precise, evidence-based at-
tribute specifications, i.e. a respondent shall be lead through the assessment by leav-
ing no room for interpretation or personal preference whatsoever

Box 3: Main Operational Requirements

The operationalization, remember, is concerned with the specification of an items
levels (e.g. gender used as an item would be composed of the levels female and male
(Babbie, 2006)) and the procedure how to determine which level of the item is present
(e.g. posing a question). This operation is represented by Box C in Figure 2.

The first bullet point in Box 3 leads to the conclusion that the measurement itself is
conducted by answering written questions on the computer. Hence, the measurement is
not conducted via an interview, where ambiguities can be followed up in a natural con-
versation, nor is the measurement conducted via an on-site audit, where points on a
check list can be investigated in depth. Therefore, the validity and reliability of the self-
assessment has to be assured via a precise operationalization of evidence-based items,
where it must be possible to demand proof of each answer. If there is ambiguity or
space for subjective interpretation in the question, assessment results are immediately
compromised with no chance for clarification.

A question is valid if it is measuring what it is intended to measure and reliable if it
gives the same result dependently, e.g. a factual question is answered in the same way
by independent entities. A colorful analogy regarding validity and reliability can be
found in Babbie (2006, p. 148) and is depicted in Figure 4.

Reliable but not valid Valid but not reliable Valid and reliable

Figure 4: Analogy of validity and reliability (Figure 5-2 in Babbie (2006, p. 148))

5.4.1 Operational choices — Likert-type questions in formed measurement

Since the ERM maturity assessment is of qualitative nature, viable item operation-
alizations are rather binary variables and ordinal variables, as opposed to ratio variables
which were also mentioned earlier.
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It can be seen that many maturity models and formative indexes found in the litera-
ture lean towards ordinal variables as the operationalization of choice (Diamantopoulos
and Winklhofer, 2001; de Bruin et al., 2005; Lundqvist, 2015; Schumacher et al., 2016).
As a consequence, they are tempted to measure the ordinal item via Likert-type ques-
tions. These are questions that use response categories such as “strongly agree” >
“agree” > “disagree” > “strongly disagree” (Babbie, 2006). Here, the item’s levels are
reflected in the relative intensity of the response categories. Originally, the question
format was developed with the aim to improve the measurement quality in social re-
search through the use of standardized response categories (cf. Babbie, 2006, p. 171).
However, after reading the preceding sentence and with the objectives of the measure-
ment task at hand in mind, alarm bells should be ringing. First, because it was already
elaborated that the social sciences mainly deal with reflective measurement models.
Second, one of the main inquiries in the social sciences is the measurement of attitudes
or opinions. In fact, the work in which Likert-type questions where introduced is titled:
“A Technique for the Measurement of Attitudes” (Likert, 1932).

Without going too much into the specifics of social research, it can easily be seen
that there is merit in developing an attitude (scale) measure as a reflective measurement
model. Attitudes are subjective by definition. Hence, to reliably rank-order people in
terms of their attitude towards a certain concept, it may not be sufficient to conceptual-
ize the concept via one indicator only, since different entities may comprehend the spe-
cific indicator differently and thus make the measurement error prone. To the contrary,
multiple indicators must be used to cover the different manifestations of the construct
and give the responding entities a better chance to get down to the intended meaning of
the underlying construct. Still, all manifestations have to be representative for the whole
underlying concept. This is the essence of reflective measurement, where a construct is
conceptualized via a sample of different, interchangeable indicators where each indica-
tor covers a different manifestation of the latent construct (Edwards, 2011). To illustrate
this, the operationalization of two indicators of the Imperialism Scale presented in
Likert (1932) are shown in Table 1. The concept Imperialism seems to refer to the US
military strength, but it should be pointed out that Likert made no attempt to conceptu-
ally define the meaning of the construct®, the focus was solely on the operationalization
technique.

8 The different scales presented here have been given their respective names merely for conven-
ience in referring to them. The names given them seem the most plausible, but to avoid any
"jingle fallacy" it should be recognized that the scales measure merely what the different
statements included in them involve. (Likert, 1932, p. 15)
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Table 1: Example of Likert-type questions

All men who have the opportunity should enlist in the Citizens Military Training
Camps.
Score Response option

1 o  Strongly Approve

2 o Approve

3 o Undecided

4 o Disapprove

5 o Strongly Disapprove

The united states should have the largest military and naval air fleets in the world.
Score Response option

1 o Strongly Approve

2 o Approve

3 o Undecided

4 o Disapprove

5 o Strongly Disapprove

It can be seen that both indicators are representative for the whole concept, but show

different manifestations of the concept Imperialism. For such a measurement construct,
where each indicator is a scale on its own, an aggregation of (weighted) scores over all
indicators is legitimate since it serves its intended purpose of error reduction and the
resulting overall score preserves the scale property of the indicators’.
Would the concept be specified via formed attributes, where each attribute represents a
different aspect of the concept, (1) the chosen attributes would need to represent the
main components construct and (2) a weighted aggregation of attribute scores would
immediately result in an overall index score.

In the next chapter, the rationale behind maturity models in the sense of the original
CMM will be presented, before the Design Science Research process is re-entered as
promised with an evaluation of current maturity models and their deviation in design
from the CMM design principles. There the preceding discussion of the use of Likert-
type questions as a means of maturity model operationalization will be picked up once
more, in a more specific way. To round up the abstract elaboration about ordinal vari-
ables and Likert-type operationalization choices, and to make another point against
their usage in maturity modelling, two statements in the methodological section of
(Likert, 1932, p. 44) should be stated here, which are in stark contrast to the operation-
alization objectives of this work:

o [t is essential that all statements be expressions of desired behavior [sic] and not
statements of fact.

® In this study, however, each statement becomes a scale in itself and a person's reaction to each
statement is given a score. These scores are then combined by using a median or a mean.
(Likert, 1932, p. 24)
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o FEach statement should be of such a nature that persons with different points of view,
so far as the particular attitude is concerned, will respond to it differentially.

In support of the here aspired evidence-based operationalization of assessment ques-
tions, Likert (1932, p. 44) states that two persons with decidedly different attitudes may,
nevertheless, agree on questions of fact. Consequently, their reaction to a statement of
fact is no indication of their attitudes. This is exactly the behaviour needed for the as-
pired ERM maturity assessment.
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6 Maturity Level Measurement

After a colorful introduction into the context and the outline of the objectives of this
work, the design of an ERM maturity assessment with bespoken properties, it was ar-
gued that the Design Science Research Method is the right methodological umbrella to
conduct the analysis of design-principles for a conceptually sound maturity model, op-
erationalized as a valid and reliable web-based self-assessment.

Of the six-step DSRM process, the “problem identification and motivation” step as
well as the “define objectives of a solution step” where already conducted in the intro-
duction. In order to present the following three steps (“design & development”,
“demonstration”, “evaluation”) the concepts of construct measurement research where
extensively elaborated in the preceding chapter. This was important, since a central
contribution of this work is to “translate” the CMMI-design principles to the wording
of the scientific stream of construct measurement research. Especially the discussion of
the value of formative or formed models in construct measurement research should be
enriched, since it seems that the CMMI-design is a proof of concept that is needed for
the advocates of formative measurement (Diamantopoulos and Winklhofer, 2001;
Petter et al., 2007; MacKenzie et al., 2011) and if there is no need to determine the
construct statistically, it should also serve as an answer to the critics (Edwards, 2011).

However, before the pending three iterative steps of the DSRM process are re-en-
tered at the “evaluation” step regarding present maturity models, the nature of maturity
levels needs some further elaborations to see why maturity models are in general the
right choice to bail out the Prime Minister.

6.1 Fundamental Characteristics

In 1984 the US Defense Dept. formed the Software Engineering Institute (SEI) at
Carnegie Mellon University to establish standards of excellence for software engineer-
ing and to accelerate the transition of advanced technology and methods into practice.
(Humphrey, 1988, p. 73)

In one SEI project, the objective was to provide some way to characterize the capa-
bilities of software development organizations. The result was a software-process ma-
turity framework which can be used to assess an organizations capabilities and identify
the most important areas for improvement (Humphrey, 1988).

In this maturity framework, five maturity levels for software-processes where con-
ceptualized on the basis of actual historical development paths that represent continu-
ous evolutionary improvements from ad-hoc (maturity level 1: Initial) to best practice
(maturity level 5: Optimizing) processes (Figure 5).
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Process evolution

Process
conlrol

Managed

Process
measurement

Process

definition
Basic

management
control

Figure 5: The five levels of process maturity (Figure 1 in (Humphrey, 1988))

The conceptual model of the maturity framework, which was evolved to the CMM
(SEIL 1993), constitutes a scale where the levels of the variable process maturity are
defined as discrete ordinal stages of the continuous process development process. It is
important to understand that each higher maturity level builds on the basis of compe-
tences in lower maturity levels and so can’t exist without them!?,

In the conceptualization of the maturity model, items are assigned to each maturity
level. These items shall represent objective evidence that the requirements for the re-
spective maturity level are met. To finally derive the empirical construct as a scale
measure, this design principle (i.e. the assignment of items to maturity levels), however,
requires that the relationship between all the items (in a dimension) are taken into ac-
count. Thus, maturity levels represent nothing other than groups of items that have a
specified relationship to the items in the neighboring maturity levels. This characteristic
is in line with the definition of a scale, where relationships between the items are taken
into account and scores are assigned to specific combinations of items (see Babbie,
2006, p. 154).

6.1.1 Multi-dimensional Constructs

Up until this point, the discussions focused on one-dimensional constructs. Coming
to the application of the practices of construct measurement in maturity models, how-
ever, the discussion must be broadened and include multi-dimensional constructs,
which are nothing else than the formed objects in the wording of Rossiter (2002).

10 Remember: Processes (objects) in higher maturity levels are always superior in every aspect
to processes in lower maturity levels. This is an important characteristic of maturity models
that can also be found in scales, but not in indexes.
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As already mentioned, in reflective measurement uni-dimensionality is assumed,
therefore a reflective model can by definition have one dimension only (Edwards,
2011). The situation is different for formative constructs, since it was already estab-
lished that formed objects themselves represent constructs with different components
that need to be rated/measured separately.

In maturity modelling, multi-dimensional constructs have to be considered, when
there might be progress in different aspects of the concept can’t be attributed to the
same development path. The dimensions may well effect each other, but progress in
each dimension can be achieved independently. In this work, a separation of the dimen-
sions in the maturity model is promoted. Thus, multi-dimensional maturity assessments
shall result in a maturity profile, i.e. a scale score for each dimension without aggrega-
tion to an overall maturity score for such multi-dimensional concepts. There is a severe
risk that the aggregation to an overall score would represent an index score that can’t
be unambiguously interpreted. In terms of the objectives of maturity level measurement
from an assessed entity’s point of view, assessment results may be benchmarked against
a target profile. This approach is for example incorporated in the continuous represen-
tation of the CMMI, as will be shown later.

6.2  Objectives of Maturity Level Measurement

Maturity level measurement, based on a sound maturity model and accepted as a
standard in the respective domain serves different purposes on the micro (i.e. perspec-
tive of the assessed entity) and macro perspective (i.e. perspective of the assessment’s
sponsor).

First, the assessment presents a snapshot of the as-is situation, e.g. it serves a de-
scriptive purpose. For the assessed entity this information is fundamental for any im-
provement activities since it highlights respective strength and weaknesses.

Second, since the model is clearly specified in terms of the items for each maturity
level, information about necessary improvements for the next maturity level can easily
be abstracted. As the maturity levels reflect a natural development path, reaching the
next higher maturity level is the only logical way to progress. Thus, the model itself
represents a roadmap for improvement and therefore serves a prescriptive purpose.

From a macro, e.g. scientific perspective, measurement models are often created to
(1) get insights to score distributions on an empirical construct (Box D in Figure 2) in
certain populations and compare scores across different populations as well as (2) iden-
tify the effects (e.g. firm performance (Gordon, Loeb and Tseng, 2009)) or drivers
(Beasley, Clune and Hermanson, 2005; Lundqvist, 2015) of the empirical construct.

In most cases these scientific analyses are dependent on survey data and unfortu-
nately there is an increasing reluctance from firms to participate in this kind of scientific
endeavor. In order to still be able to collect the data, firms have to be incentivized to
participate and the mere presentation of the score benchmarked against the survey



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thek,

L]
lio
nowledge

b

o
i
r

m You

36

population may not be enough. For reasons outlined above, maturity assessments bear
much more value for the assessed entity than other (formative index) measurements do,
where norms have to be developed for representative samples in order to be able to give
some interpretations to the results (MacKenzie et al., 2011).

After discussing the fundamentals and objectives of maturity level measurement, as
intended by the SEI, with first references to construct measurement research, the fol-
lowing chapters should first highlight deviations from design principles of the CMM in
the conceptualization of many maturity models found in the literature and subsequently
give a detailed presentation of the CMMI-design. According to the DSRM process, it
will be evaluated if exemplary, non-CMM compliant maturity model designs are fit for
their intended purpose, as well as for the purpose of the Prime Minister’s ERM maturity
assessment.
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7 From Maturity Indices to Formed Maturity Scales

Since the advent of maturity modeling with the Capability Maturity Model (CMM)
the concept has been widely adopted, while it also has been developed by the SEI them-
selves to the Capability Maturity Model Integrated (CMMI). But the maturity model
design has evolved in different directions.

The mainstream is to conceptualize maturity models as an aggregation of ordinal
items, where each item is operationalized as a Likert-type question so that each re-
sponse option is directly assigned to a maturity level. There the logical progression of
the maturity levels as stages in the development process is used to specify the item as
an ordinal variable. This technique makes it easy to map responses to maturity levels
(de Bruin et al., 2005), but suffers either from misinterpretation risks by respondents if
the question is double-barreled or too vague, or from interpretation problems of the
resulting overall maturity level if it is the result of an aggregation of formed attribute
scores. l.e. the overall maturity level represents an index value as opposed to a scale
value (Edwards, 2011).

The CMMI takes an objective evidence-based approach to maturity modeling. In this
approach, the logical progression of the development process is used to conceptualize
the resulting maturity levels (as an ordinal variable). In a second step, the maturity lev-
els are specified in terms of necessary and sufficient requirements. These requirements
are binary attributes in the sense that their presence or absence alone decides if the
assessed entity has reached the respective maturity level in its development or not. This
method helps to split each maturity level into its basic elements, which can then be
measured independently, not least to mitigate the misinterpretation risk of respondents.
To further increase validity, CMMI appraisals (similar to maturity assessments) are set
up to seek objective evidence for the presence or absence of the attributes in the as-
sessed entity. The evaluation of the maturity level in the end is only a matter of deter-
mining the highest maturity level for which all attributes were measured as present. Via
this method results can be unambiguously interpreted, since the maturity level was
clearly specified from the outset and is not a product of an arbitrary combination of
formed attribute scores.

Depending on the specified objective of the research the mainstream or the CMMI
approach may be appropriate for maturity level measurement. The implied modeling
decisions of both approaches will be elaborated in this and the subsequent chapter. Sit-
uations will be presented where the mainstream approach ends in the accidental creation
of a maturity index, rather than a maturity scale where it is not possible to derive at
meaningful measurement results that serve the purpose of the research. It will be con-
cluded that to fulfill the objectives of the ERM maturity assessment (Box 2), maturity
models have to be conceptualized in terms of their forming attributes while retaining
scale characteristics.
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7.1  Maturity Level as Reflective Proxy Variable

In research projects where the focus is on determining factors associated with high
maturity levels (as discussed in chapter 5.2), time and budget constraints may exist
which prevent researchers from allocating significant resources to the conceptualization
of maturity models. In this cases, often reflective indicators (sometimes even a single
indicator) are used as a proxy maturity. An example for this can be found in Beasley et
al. (2005) where factors associated with the extend of ERM implementation where an-
alyzed. For this analysis, a single variable was used to capture the stage of ERM de-
ployment (Table 2).

Table 2: Example maturity assessment question adopted from Beasley et al. (2005)

To what extend is Enterprise Risk Management implemented in your organization?
Score Response option

Complete ERM is in place

Partial ERM is in place

Planning to implement ERM

Investigating ERM, but no decision made yet

No plans exist to implement ERM

— N WA W
O O O O O

In this research the implementation stage of ERM was conceptualized as a reflective
construct, which can be interpreted and is appropriate given the research objective. The
indicator clearly covers the whole concept of ERM implementation and in order to re-
duce measurement error they could have added some additional questions with similar
response options (see Table 3) which could have been aggregated without losing scale
properties.

Table 3: Example of an additional reflective indicator

How satisfied are you with the ERM implementation in your organization?
Score Response option

5 o Excellent

4 o Good

3 o Satisfactory

2 o Sufficient

1 o Unsatisfactory

Other research undertakings might aim to create a more detailed model to gain more
information about the assessed entity and survey sample, respectively. For example,
“partial ERM is in place” can be the response of firms that have completely different
ERM implementations and the study of Beasley et al. (2005) doesn’t account for that.
Additionally, as mentioned earlier, there has to be an incentive for organizations to
participate in the survey. Participants do not learn anything new from the survey de-
scribed above and their participation can only be attributed to goodwill.
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7.2 Maturity Level as Index of Formed Attributes

Schumacher et al. (2016) designed an Industry 4.0 maturity model which should
measure the readiness of manufacturing companies to comprehensively embed the new
technologies in their production. For this, the domain was conceptualized as a 9-dimen-
sional maturity model where each dimension represents another aspect of a manufac-
turing company.

The result of their assessment is a maturity level ranging from one to five for each
of the nine dimensions, i.e. the assessed entities are described via a maturity profile
composed of nine aspects. Figure 6 shows an exemplary assessment result.

Strategy

Technology — ant -.).!.eadershlp

Governance {-

Peaple <. ¥ Customers
“ p

Cul ture\. vOpEratinns

Figure 6: Example - Industry 4.0 maturity in 9 dimensions, Figure 2 in Schumacher et al.
(2016)

The decision not to aggregate the dimensional maturity levels into an overall score
obviously helps to avoid the interpretation fallacy on the top level (Edwards, 2011).
However, a look at the conceptualization layer further down (that is the specification
of items) shows that 62 maturity items were used as the measures of the assessment.
An analysis of the maturity items immediately shows that they are very distinct aspects
of their individual Industry 4.0 dimension and they are not designed to capture the re-
spective dimension as a whole. Hence the maturity items have to be treated as forming
attributes rather than reflective indicators. It is worth mentioning that the relationship
between the items and the construct is, as so often the case, not explicitly discussed in
the paper (Schumacher et al. 2016).

The 62 items were assigned to the nine dimensions and a logic was introduced of
how to aggregate the items within the dimensions to derive the respective dimensional
maturity level.

Prior to discussing the introduced aggregation logic and its consequences, the oper-
ationalization of the maturity items, i.e. the attributes of the maturity model needs some
elaboration though.



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thek,

L]
lio
nowledge

b

(]
|
r ki

m You

40

Similar to the example discussed earlier, the items are operationalized as ordinal
variables (see Figure 7). Again, the reliability of the measurement has to be questioned,
since respondents have little guidance on how to classify their implemented system.

2
PN}
-+
w

External Question 1

Do you use a road map for the

plannmg of Industry 4.0 activities ] [] [] ] ]

in your enterprise?

1..Not implemented, 5...Fully implemented

Figure 7: Exemplary question to measure a maturity item, Table 3 in (Schumacher et al.
2016)

From the wording of the question, one can clearly see that the question is intended
to measure a factual phenomenon, as it is supposed to do in a maturity assessment, but
as already discussed in chapter 5.4, these Likert-type questions where originally used
to measure the wants, desires or conative dispositions of subjects (respondents) and not
their opinions regarding matters of fact. Because it is such an important point, nothing
is lost if Likert (1932, p. 13) is cited once more to point out what the intention of the
question format was: Without exception, the questions were presented in such a form
as to permit a "judgment of value" rather than a "judgment of fact”. [...]. Since value
Jjudgments are required, it was conceived that every issue might be presented in such a
way as to allow the subject to take sides between two clearly opposed alternatives.

So naturally, one would say that the phenomenon which is subject to the question in
Figure 7 can be fully captured by a binary indicator which is set to 1 if a road map for
planning Industry 4.0 activities is used and set to 0 if it’s not. Still, should there be any
value in operationalizing the variable in a way to capture more information, e.g. the
degree of implementation, than for factual measures the interim stages should be clearly
specified in order to achieve a higher level of reliability (e.g. Table 2).

To conclude, there is no definition of the item’s level that is present in response
options 2-4, so the measurement is prone to reliability and interpretation problems from
the outset. Also, regarding the prescriptive purpose for improvement activities that ma-
turity models can serve thanks to their characteristic, it can already be said that this
won’t be the case for the model at hand. If the measures themselves are not unambigu-
ous, the outcome of the assessment can be neither.

Now that the measurement is defined on the item level, the aggregation of the items
to maturity levels in each of the nine dimensions can be discussed. In expert interviews
it was found that not all maturity items are of equal importance, and so a weighting
schema was introduced (Schumacher et al. 2016). With these weights the maturity is
computed according to the following formula:

_ Y Mpai*9gpai
My, = ~“F——— (1
Yi=19DAi
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with M being the maturity (level), D the dimension, A the item, g the weighting factor
and n the total number of maturity items for the respective dimension. Though weights
where assigned, thus the relative importance of the item is accounted for, the items have
never been arranged in an ordered sequence and their relationship is not part of the
conceptual model (as would be the case if they were assigned to different maturity lev-
els). Through this aggregation, the resulting maturity level is finally impossible to in-
terpret in absolute terms. In fact, a maturity model like this is the perfect example of an
index and lost all necessary properties of a scale.

Diamantopoulos and Winklhofer (2001) proposed an alternative measurement per-
spective to reflective measurement, based on formative items which ends in the creation
of an index rather than a scale. They give numerous examples where indexes where
created based on a formative measurement perspective and admit that in many instances
this perspective is not explicitly acknowledged as such (see Diamantopoulos and
Winklhofer (2001, p. 270)). The example of Schumacher et al. (2016) shows that the
inexplicit creation of indexes with formative items is not only limited to the economics
literature, but also present in the literature of maturity modeling.

A look at the operationalization of the formative index in Diamantopoulos and
Winklhofer (2001) shows, that it is no different to Schumacher et al. (2016). An exam-
ple question is shown in Table 4. The items where again operationalized as ordinal
variables, without clear specification of each item’s level (thus no guidance for the re-
spondent). Since the objective of the study was not to create a maturity model, the cri-
tique that relationships between the items where not accounted for does not apply. The
aggregation to an overall index score was achieved via a MIMIC model (i.e. the model
was statistically identified), which is neither common nor suggested for maturity mod-
els.

Table 4: Example question from Diamantopoulos and Winklhofer (2001, p. 276)

The costs of obtaining data useful for export sales forecasting purposes are often
prohibitive.

Score Response option

5 o strongly agree

4 o agree

3 o neither agree nor disagree
2 o disagree

1 o

strongly disagree

To summarize, the objective of the study of Diamantopoulos and Winklhofer (2001)
was to present an alternative to scale development, since conventional scale develop-
ment procedures assume reflective measurement, while they believe that several con-
structs would be better captured if approached from an formative perspective (see
Diamantopoulos and Winklhofer (2001, p. 274)). The proposed alternative is to con-
struct an index with formative items. By declaring it as an index, they concede that their
model merely rank-orders the units of analysis and no response patterns stemming from



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thek,

L]
lio
nowledge

b

(]
|
r ki

m You

42

logical relationships between the items are incorporated in the conceptualization. So
the resulting score is only valid for relative comparisons and has little, if any, value
when interpreted on its own, as is also argued in Edwards (2011).

When the dimensions are looked at individually, the maturity level in Schumacher
et al. (2016) is derived quite similarly as an index score. The only difference is, that the
item weights are derived from theoretical considerations rather than that they are sta-
tistically identified. But the knowledge about the item weights is not enough to make
the formative construct unambiguously interpretable, since also the items’ variances
and covariance have to be taken into account (Edwards, 2011). Thus, their maturity
model is rather an index and not capable of providing a roadmap for improvement for
assessed entities via the identification and specification of appropriate improvement
activities in an ordered sequence.

In this chapter, exemplary mainstream maturity models were presented and their de-
sign in terms of conceptualization and operationalization were discussed in the light of
construct measurement research. It was demonstrated that they inadvertently may not
represent empirical constructs that produce scale measures, which is the main charac-
teristic that is needed for the aspired ERM maturity assessment. Thus, the evaluation in
terms of the DSRM process triggers a red traffic light, which means the iteration loop
has to go through once more and the brave maturity assessment designer has to go back
to the design & development step to come up with another artefact, but this time going
by the design of the CMML.
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8 Maturity Scales — the Capability Maturity Model Integration

This chapter will present the CMMI design principles for maturity models. This shall
be done in the light of construct measurement research, which, to the knowledge of the
author, hasn’t been done before. Thus, this chapter in isolation should already represent
a scientific contribution in its own right. This is because advocates of formative meas-
urement in the management sciences (Petter et al., 2007; MacKenzie et al., 2011) are
looking for successful implementations of formative/formed measurement models, but
seem to overlook the CMMI. This could be because none of their usual, construct meas-
urement research-based, key words are part of CMMI’s documentation (SEI, 2010).

However, when discussing the CMMI-design principles, it is important to mention
that the CMMI takes a clearly defined, process-based measurement perspective!l,
which is not universally applicable. Therefor the subsequent discussions will identify
the CMMI model characteristics, while stripping it from the process focus. The so de-
rived design principles should be general enough that they are ready made for applica-
tion in arbitrary measurement tasks in the management sciences, like for example an
ERM maturity assessment. Nevertheless, CMMI models provide guidance to use when
developing processes (SEI, 2010, p. 5), just like the ERM maturity assessment should
provide guidance when developing an ERM system in businesses to fulfill its prescrip-
tive purpose.

The analysis of the CMMI will be split into two parts. In the first part, the concep-
tualization of the CMMI will be analyzed, including the identification of the measure-
ment perspective (formed vs. reflective), the specification of the model in terms of the
relationship between maturity levels, dimensions and items, as well as the two concep-
tually different representations of the model.

The second part of the CMMI analysis will be concerned with the operationalization
of the model, where especially the SCAMPI!? A appraisal method will be elaborated.
In this appraisal method a trained team of professionals audits the organization and uses
all available channels (The appraisal team observes, hears, and reads information...
(SCAMPI Upgrade Team, 2011, p.10)) to determine which model items are present and
which are absent. The presentation of the operationalization will show the importance
of specifying the model on fact-based items in the conceptualization, which can be de-
termined as present or absent — based on objective evidence — in the operationalization.

While the conceptualization of the model should be discussed independently of the
process focus of the CMMI, the operationalization should be discussed (partially) in-
dependent of the on-site audit basis of the SCAMPI A appraisal method. Keeping in

' cvms focus on improving processes in an organization. They contain the essential elements
of effective processes for one or more disciplines and describe an evolutionary improvement
path from ad hoc, immature processes to disciplined, mature processes with improved quality
and effectiveness. (SEI, 2010, p. 5)

12 Standard CMMI Appraisal Method for Process Improvement (SCAMPI)
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mind the requirements of the aspired ERM maturity assessment (Box 2), to which the
CMMI-design principles should be applied, the operationalization must be done via a
web-based self-assessment, as opposed to an on-site audit. Thus, the objective evidence
behind each item must already be expressed in the wording of the questions. Still, there
should be the possibility to assess the plausibility of the self-assessment result after-
wards via on-site checks.

8.1 CMMI Conceptualization

8.1.1 Concept, Dimensionality and Measurement Perspective

The conceptual model of the CMMI is proposedly designed to contain all elements
that are considered to be important for enterprise-wide process improvement in all kinds
of organizations. The concept of process improvement is thereby discretized in capa-
bility maturity levels. The documentation stresses, that from their perspective, it is im-
portant not to focus improvement approaches on specific areas of the business, but to
take a holistic view on the whole enterprise and coordinate process improvement activ-
ities in different areas.

Translated to construct measurement research, the outset of the conceptualization im-
plies that to assess the overall stage of the holistic business development process, it was
decided to:

1. Conceptualize the concept process improvement as an ordinal variable, i.e. a process
improvement scale composed of ordinal capability maturity levels.

2. Conceptualize the concept process improvement as a multi-dimensional construct in
order to capture the business as a whole and not to focus on one aspect of the business
only.

Once the objective is set to create a measurement construct that produces a scale
value as the measurement outcome, and the necessity is identified to conceptualize it
as a multi-dimensional construct, the next step is to specify the constructs items.
A second-order construct has formative relationships between the construct and dimen-
sions (i.e. a formed object and it’s components), whereas the dimensions themselves
can be conceptualized as formed or reflective, depending primarily on the objective of
the measurement (Petter et al., 2007) (i.e. the classification of the attribute that shall be
rated (Rossiter, 2002)).

The CMMI documentation shows that, in essence the census of items of the model is
thought of as a comprehensive integrated set of guidelines for developing products and
services and the itmes represent a collection of best practices that help organizations
to improve their processes. (SEI, 2010, p. i)

It is immediately clear that these items are building blocks of mature (i.e. highly im-
proved) processes and none of them is intended to capture the whole construct. Hence,
within the CMMI, capable organizations are defined in terms of best practice activities
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to achieve high process maturity. The defining relationship between items and construct
is assertive of a formed measurement model.

Similar to the Industry 4.0 maturity model, different aspects of organizations are
grouped into separate dimensions of the CMMI. As a result of the process focus, di-
mensions are specified along different purposes of processes. Thus, so called process
areas are representative of model dimensions. For each of these dimensions a develop-
ment path from immature (i.e. incomplete) to mature (i.e. defined) processes is defined.
The stages of the development process are not called maturity levels, but capability
levels. Still, they possess the same conceptual meaning as maturity levels. This naming
convention for the development stages within the dimensions (process areas) was prob-
ably introduced to avoid confusion with the overall maturity of the organization, which
is labelled the organizations maturity level and derives from a clearly specified aggre-
gation of the dimension’s capability levels.

8.1.2 Continuous and Staged Representation of the CMMI

The differentiation of capability levels and the maturity levels rises the need to be
more specific about two different representations of the CMMI, namely the staged rep-
resentation and the continuous representation.

A clear objective of the CMMI is to be a prescriptive model, i.e. offer a clear path
for process improvement. The different representations of the model enable organiza-
tions to follow two distinct improvement strategies:

e Continuous Representation: Results in a capability level profile for organ-
izations that want to incrementally improve processes corresponding to an
individual dimension, called process area (see Figure 9)

e Staged Representation: Results in an overall maturity level for organiza-
tions that want to improve processes corresponding to incrementally in-
creasing sets of process areas

But regardless of their type, Levels are used in CMMI-DEV to describe an evolu-
tionary path recommended for an organization that wants to improve the processes it
uses to develop products or services.(SEIL, 2010, p. 21)

Continuous Representation

Capability levels are the scale against which the process capability of a specific pro-
cess area is measured. This is directly comparable to the dimensional maturity levels in
Figure 6. Each capability level is defined in terms of a goal that has to be achieved in
order to be awarded a capability level. To facilitate the assessment of these binary goals,
sets of practices were defined for each goal (Figure 8).
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Process Area Capability Level Goal Practice

Figure 8: CMMI continuous representation — conceptual model

Since the mapping of goals to capability levels is one-to-one and in order to facilitate
the comparison to other models already discussed earlier, the practices can be referred
to as the attributes of the capability levels.

The result of a CMMI appraisal (the equivalent to a maturity assessment) for the con-
tinuous representation is presented in Figure 9.

Process Area 1 |

Process Area 2 |

Process Area 3 I
o

Process Area 4

Process Area N |

CL1 cL2 CL3

Figure 9: Continuous representation - capability levels form (capability) profile

The continuous representation is quite generic in the way that it does not prescribe a
specific set of process areas based on which an organization should be assessed. In fact,
the recommendation is, that organizations themselves decide which process areas are
important to them, depending on the environment they are operation in and the specifics
of the organization. Thus, an organization specifies a target profile for itself in terms of
the relevant process areas and the appropriate process area capability level.
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Requirements Management I |

Project Planning ] ]

Project Monitoring l ]
and Control

Supplier / it [ ‘
Management

Measurement and Analysis [ ‘

Process and Product l ]
Quality Assurance

Configuration Management I

Capability Capability Capability
Level 1 Level 2 Level 3

Figure 10: Target and achievement profile

The result of an CMMI appraisal via the continuous representation is thus a
strength/weaknesses analysis where the as-is situation is benchmarked against a target
profile (Figure 10).

Additive vs. Multiplicative Dimensions

The concept of maturity levels in the CMMI model is a more complex matter, but it
is strongly related to capability levels. While for the continuous representation, dimen-
sions, i.e. process areas are kept separate and a capability level is awarded in each of
them, the process area’s capability levels are combined in the staged representation and
a maturity level is awarded for the whole organization.

There is a case for arguing that this aggregation of dimension scores into an overall
score will result in a maturity index, since this happened for all other models that were
discussed earlier. But the design of the CMMI staged representation allows for an ag-
gregation of formative dimensions that preserves scale characteristics, which lets the
resulting maturity level be well defined and interpretable.

As MacKenzie et al. (2011, p. 302) put it, the focal construct is a function of the
[sub-]dimensions that jointly define it. The question is, what type of function? Is it an
additive or multiplicative one?

They argue that additive dimensions are compensatory for each other, where the ef-
fect that one dimension has on the construct is independent from the effect of another
dimension. Or, put differently, a change in an individual dimension is sufficient, but
not necessary to produce a change in the construct (cf. MacKenzie et al., 2011, p. 302).
If changes in dimensions go in opposite directions, they may even leave the construct
unchanged. This is exactly how the dimensions in Schumacher et al. (2016) combine
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to form their maturity index. MacKenzie et al. (2011) describe this kind of construct as
the union of its dimensions.

The alternative scenario is, that the construct represents the intersection of its dimen-
sions, i.e. the dimension are multiplicative. There the dimensions are necessary and
jointly sufficient for the meaning of the construct. L.e. the construct is defined by the
exact state that dimension 1...N are in and it does make a difference if dimension one
has score/maturity level 3 and dimension 2 has maturity level 1 or the other way around.
MacKenzie et al. (2011, p. 302) conclude the discussion of constructs with multiplica-
tive dimensions by stating that: Although we are not aware of any specific examples of
the use of this multiplicative structure for a measurement model, we do believe that this
type of measurement model is appropriate for some constructs and should be explored
in future research.

However, as will be shown, the staged representation of the CMMI is such a specific
example of a conceptual model with multiplicative dimensions. This is also manifested
by the fact that each process area has related process areas assigned, where high-level
relationships between the process areas are described in the model’s conceptualization.
Furthermore, it shall be seen that the incorporation of the multiplicative nature of the
dimensions into the conceptual model is exactly what is needed to derive at a formed
measurement model that produces scale values.
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Staged Representation

To start going into the specifics of maturity levels, and thereby the staged represen-
tation of the CMMI, Figure 11 gives an overview of the available capability and ma-
turity levels. As can be seen, a process area can be assessed as having a capability level
(CL) from 0 to 3, whereas the organization as a whole may have a maturity level (ML)
from 1 to 5. For a detailed elaboration of the concepts behind the different capability
levels, see Table 5 in the appendix.

Level Continuous Rep on | Staged Repr [ Maturity Level 5
Capability Levels Maturity Levels [ Maturity Level 4
[ Maturity Level 3

Level 0 Incomplete Maturity Level 2

Level 1 Performed Initial SAM
Level2 | Managed Managed

VLeveI 3 | Defined Defined

Level 4 Quantitatively Managed

Level 5 Optimizing

Figure 11: CMMI — Capability and maturity ~ Figure 12: Assignment of process areas to
levels maturity levels

For the continuous representation, it has been stated that organizations may want to
specify their own target profile and thus determine themselves which process areas are
important in the first place and further, how capable their processes are ought to be
within those areas.

The staged representation on the other hand provides a standardized target profile
against which all organizations are benchmarked. To be more specific, each maturity
level of the staged representation in essence is a target profile. This is because the re-
quirements for each maturity level are stated as capability levels in specific process
areas. As can be seen in Figure 12, process areas, indicated by their abbreviations, are
assigned to maturity levels. At the same time, the assigned process areas must be im-
plemented to a certain capability level in organizations in order to be awarded the re-
spective maturity level. Thus, as the SEI (2010, p. 26) puts it, a maturity level is a
defined evolutionary plateau for organizational process improvement.

To obey the logic of ever-increasing properties, higher maturity levels have all pro-
cess areas of lower maturity levels assigned, plus a higher capability level in each is
demanded and/or additional process areas are assigned. Within the CMMI documenta-
tion, the process of defining target profiles (relevant process area + capability level) to
satisfy maturity levels, i.e. choose the one continuous presentation of the model that
matches the staged representation, is called equivalent staging. Since equivalent stag-
ing is the most intuitive way to understand the requirements for each maturity level, it
should be used to present how capability levels in the different process areas are aggre-
gated into maturity levels, thereby demonstrating how scores of a construct’s multipli-
cative dimensions combine to produce an overall scale score. Figure 13 depicts the
equivalent staging logic and also represents the names of the CMMI’s process areas for
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the first time within this work, which helps to get a feeling for the model. In addition
to Figure 13, the CMMI maturity level aggregation algorithm should be described tex-
tually in the following:

e ML 1: Is awarded if requirements for ML 2 are not met

e ML 2: Is awarded if all assigned process areas are at CL 2

e ML 3: Is awarded if all assigned process areas are at CL 3, including all process
areas assigned to ML 2

e ML 4: Is awarded if all assigned process areas are at CL 3, including all process
areas assigned to ML 3 and ML 2

e ML 5: Is awarded if all assigned process areas are at CL 3, including all process
areas assigned to ML 4, ML 3 and ML 2

Name Abbr. ML CcL1 CcL2 CL3
Configuration Management CM 2

Measurement and Analysis MA 2 Target /
Project Monitoring and Control PMC 2 Profile 2 /
Project Planning PP 2 /
Process and Product Quality Assurance PPQA 2 /
Requirements Management REQM 2 /
Supplier Agreement Management SAM 2 /
Decision Analysis and Resolution DAR 3 /
Integrated Project Management 1PM 3 Gt /
Organizational Process Definition OPD 3 s
Organizational Process Focus OPF 3

Organizational Training oT 3

Product Integration Pl 3

Requirements Development RD 3

Risk Management RSKM 3

Technical Solution T8 3

Validation WAL 3

Verification VER 3

Organizational Process Performance OPP 4

Quantitative Project Management aPM 4

Causal Analysis and Resolution CAR

Organizational Performance Management OoPM 5 P-Il-':;ﬁ:tS

Figure 13: Equivalent staging - Mapping the continuous representation to the staged repre-
sentation of the CMMI

However, when reading through the CMMI documentation carefully, one might get
the impression that the staged representation of the CMMI is a legacy of the CMM,
where the assessment culminated in the assignment of a maturity level for the whole
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organization. The design that is truly promoted, however, is the continuous representa-
tion where an actual as-is profile is compared against a customized target profile. This
approach helps of course to account for the idiosyncrasies of individual organizations
and their business models. Whereas one figure, at such a high level of abstraction, at-
tempts to compare what isn’t to be compared...as intriguing as it might be.

This draws the attention of this work back to the continuous representation of the
CMMI, where the specification of attributes for capability levels in the different process
areas (Figure 14) needs some more elaboration before the discussion moves to the op-
erational level.

8.1.3 Conceptualization of Process Areas

Descriptions about components of process areas are extensive in the CMMI docu-
mentation. Touching every component would contradict the objective of giving a par-
simonious overview about the relevant aspects of the CMMI in terms of construct meas-
urement research. Fittingly, the documentation distinguishes between required, ex-
pected and informative components of process areas whereby only the first two will be
discussed further in this work'3. But there are some more steps to do and characteristics
to elaborate on in order to describe the CMMI precisely in construct measurement re-
search terms. Although all that this sub-chapter aims to achieve is translating the con-
ceptualization in the CMMI terminology depicted in Figure 8 to the construct measure-
ment research terminology depicted in Figure 14.

Let’s start from the top, i.e. from the left in Figure 8. A process area, as a dimension
of the CMMYI, is composed of four capability levels (CLO — CL3). Since the capability
levels themselves describe broad concepts (see Table 5), which are defined by multiple
attributes, they need further specification to enable a precise measurement.

As can be seen in Figure 8, capability levels are compositions of goals. Goal satisfac-
tion is used in appraisals as the basis for deciding whether a [capability level of a]

process area has been satisfied (SEI, 2010, p. 9).

The complication herein, however, is that goals map one-to-one to capability levels
and so do not help in the measurement’s specification. Thus, for the construct measure-
ment investigation, capability levels and goals can be collapsed into one entity. This is
important to remember, because in the following elaborations the terms capability level
and goal will be used simultaneously'*.

Before coming to the capability level’s attributes, another characteristic that needs to
be mentioned is, that the basic requirements for the capability levels remain consistent

13 For an overview of all process area components see Figure 25 in the appendix

14 This is necessary because it helps to compare the elaborations to the quite specific CMMI
model terminology which holds more complications than the already generalized construct
measurement research terminology.
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over all process areas. This is achieved via implementing a universal progressive logic
in the capability levels which requires at level:

1. that process area specific requirements are satisfied, where e.g. “Project Planning”
may have completely different core/operative processes than “Configurations Man-
agement”

2. that general, common requirements over all process areas are satisfied, where in es-
sence a process management is required for the operative processes of the respective
process area (see Table 5)

3. that the process management principles, which are needed for CL2 and guide the
operative processes defined in CL1, derive from a set of enterprise-wide standard-
ized process principles and experiences are collected and used for continuous im-
provements (see Table 5)

These concepts, which are common amongst capability levels of all process areas are
conceptualized as required practices, which exactly replicate what is defined as items
in construct measurement research. Before goals can be considered to be satisfied, ei-
ther their practices as described, or acceptable alternatives to them, must be present in
the planned and implemented processes of the organization (SEI, 2010, p. 10).

This finally brings the CMMI conceptualization to Figure 14. As already discussed,
the conceptualization included identifying the attributes based on which the construct
will be measured, but the exact specification of the items in terms of their levels is part
of the construct’s operationalization. Nevertheless, conceptualization and operationali-
zation are in no way independent processes and when it is stated “practices as described
or acceptable alternatives must be present’ in the CMMI conceptualization, it gives
already a hint that there should be some room for maneuver in the operationalization,
as will be shown in the next sub-chapter.

Process Area Capability Level Attribute

Figure 14: Process area — conceptual model

To give a more detailed presentation of the basic building blocks of the CMMI to
the interested reader, its attributes, i.e. the practices required to satisfy goals which re-
semble capability levels are presented in Table 6 in the appendix.

To fully understand the specifics of the CMMI and at the same time the content of
Table 6, a final characteristic has to be mentioned, which relates to elaborations earlier
and leads to a final graphical presentation of the conceptual model.

With goals, as well as with practices, there is a distinction between specific and ge-
neric ones within the CMMI. The distinction can be traced to the characteristic that,
whenever a goal or a practice is process area specific, it is labeled as such and whenever
a goal or a practice is common across all process areas, it is labeled generic. Thus,



Die approbierte gedruckte Originalversion dieser Diplomarbeit ist an der TU Wien Bibliothek verfligbar

The approved original version of this thesis is available in print at TU Wien Bibliothek.

thek,

L]
lio
nowledge

b

(]
|
r ki

M vou

53

requirements of capability level 1 are concerned with specific goals and practices and
requirements of capability level 2 and 3 are concerned with generic goals and prac-
tices!®. Additionally, generic goal 1 (generic practice 1), which represents capability
level 1, is defined as the aggregation of all specific goals (specific practices) of the
respective process area. This special characteristic can be seen in Table 6, and enables
the presentation of the conceptual model of a process area as depicted in Figure 15,
where capability levels can be inferred from the satisfaction of generic goals only.

Process Areas

.
|
I

- -

Specific Practices l' Generic Practices |
\

______

Figure 15: CMMI — process area, main components

15 The fact that capability levels 2 and 3 use the same terms as generic goals 2 and 3 is inten-
tional because each of these generic goals and practices reflects the meaning of the capability
levels of the goals and practices. (SEL 2010, p.24)
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8.2  CMMI Operationalization

Chapter 8 serves two purposes, (1) in the overall framework of this thesis it is part
of the ‘evaluation’ step of the DSRM process, where the objective is to find a suitable
maturity assessment design for requirements outlined in Box 2. Furthermore (2), it pre-
sents the CMMI design principles in the light of construct measurement research and
thus enriches the discussions in this field with a well-defined instance of a formed meas-
urement model applied in the management domain. While purpose (2) was at the heart
of the comprehensive elaborations of CMMI’s conceptual model in sub-chapter 8.1,
purpose (1) should represent the focus of this sup-chapter. Therefore, the elaborations
will center around important design principles that provide useful guidance in the op-
erationalization of the ERM maturity assessment and not so much around other specif-
ics discussed in the method definition document for CMMI operationalization
(SCAMPI Upgrade Team, 2011).

The relevant method definition document for this work will be the one for the
SCAMPI A appraisal method, which, as a Class A appraisal method, is the officially
recognized and most rigorous method. Further, it is the only method that results in
benchmarking quality ratings (i.e. comparative results), since it assures consistent rat-
ings across different appraised organizations (SEI, 2010). Less formal Class B and C
CMMI appraisals can’t guarantee this and thus are not able to give guidance for the
aspired ERM maturity assessment’s operationalization, because consistent ratings
across organizations are key for the intended purpose of being a decision mechanism
to allocate government funds.

At this stage the conceptual model is already well defined in terms of the construct’s
dimensions and items and a final step is missing to derive the empirical construct (Bisbe
et al., 2007). This is the exact specification of the measurement including the specifi-
cation of each item’s levels and the exact procedure to determine which level of the
item is present (Babbie, 2006). Above all, however, is the premise that the measurement
is based on objective evidence in SCAMPI A appraisals (SCAMPI Upgrade Team,
2011).

There are two types of objective evidence to determine to which degree a practice
(= item) of the CMMI is satisfied (SCAMPI Upgrade Team, 2011), namely

e artefacts — a tangible form of objective evidence that a practice is implemented, e.g.
organizational policies, meeting minutes, review results

e daffirmations — an oral or written statement confirming (a lack of) implementation of
a practice, which may be collected using interviews, demonstrations, questionnaires,

While affirmations are the only form of objective evidence that can be used in the
aspired web-based self-assessment, questions in the assessment may well be articulated
to specifically ask for the existence of artefacts, which can later be fact-checked in an
on-site assessment.
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Affirmations in an interview, however, are more suited to represent objective evi-
dence than answers to static questions in a web-based questionnaire. This is because
ambiguities in the questions can be followed-up in an interview setting and if conducted
properly, the only way to falsely collect objective evidence is if the interviewee is lying
on purpose. While deliberately lying respondents are a risk that is not intended to be
completely eliminated from the ERM self-assessment, the possibility that an auditor
appears on-site and checks the answers afterwards (e.g. by demanding proof for the
artifacts that where subject to the assessment questions) should be an acceptable miti-
gation measure.

Besides lying, however, the lack of a possibility to follow-up ambiguity is a severe
risk for the validity and reliability of a web-based self-assessment priding itself of being
based on objective evidence. This problem will be discussed in the remainder of this
sub-chapter.

After highlighting differences in the audit-based SCAMPI A measurement proce-
dure and the ERM model’s self-assessment-based measurement procedure, the findings
should be incorporated in the second part of the operationalization, namely the specifi-
cation of item levels. Stepping back for a moment, it can be clearly seen at this stage
that in construct measurement research every decision made regarding conceptualiza-
tion and operationalization impacts other aspects of the measurement.

It was already stated that objective evidence is used to determine to which degree a
practice of the CMMI is satisfied. The notion of a “degree of satisfaction” immediately
brings the discussion to the specification of the model’s items, i.e. the levels of the
variable practice implementation. Rather than just assessing if a practice is imple-
mented or not, in SCAMPI A appraisals five degrees of implementation are distin-
guished:

Fully Implemented (FI)
Largely Implemented (LI)
Partially Implemented (PI)
Not Implemented (NI)
Not Yet (NY)

Definitions for each level of practice implementation can be found in Table 7, but to
avoid confusion with maturity and capability levels, the stages of practice implementa-
tion shall be referred to as degrees of practice implementation hereafter.

The ordinal nature of the item evaluation is reminiscent of Likert-type question for-
mats. The big difference to, e.g. Schumacher et al. (2016) however is, that each item
level is very well defined and a team of experts is responsible to determine the true
value of the ordinal variable, as opposed to a manager who participates in a survey and
is not even aware of the conceptual model behind the questionnaire.
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The operational choice to provide different degrees of practice implementation
which can be determined in a SCAMPI A appraisal serves to give the experts some
room for maneuver when determining if a capability level should be awarded or not. It
avoids constellations where a capability level cannot be awarded in a process area when
each practice is fully implemented and only one practice has slight insufficiencies (i.e.
is partially implemented), which may play a very minor role in the specific context of
the appraised organization.

For the aspired web-based ERM maturity assessment, similar to the situation of
Schumacher et al. (2016), there is a manager of the assessed organization responsible
to answer static questions. Furthermore, the assessment should be as parsimonious as
possible in terms of the number of questions and necessary elaborations about the ex-
plicit concepts that are measured with the specific question. Thus, neither the questions
can be as granular as is the SCAMPI A appraisal, nor can be the evaluations. In other
words, there is no benefit in specifying very detailed response categories to fairly broad
questions. For the ERM maturity assessment it makes therefor much more sense to
operationalize the items as binary variables, more broadly capturing if e.g. a specific
artefact in general is present or not, without going much into the details of the exact
manifestation of the artifact. This recognition of limitations in the measurement’s gran-
ularity should, before all, aid the realization of an objective evidence-based self-assess-
ment.
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9 ERM Maturity Assessment — Demonstration Case

The preceding discussions, from the introduction to the detailed analysis of CMMI-
design principles, served to illustrate different steps of the DSRM process (Peffers et
al., 2008) (Figure 1) which was applied when the ERM maturity assessment was de-
velop at the Institute of Management Science, TU Vienna. The first two steps, “Identify
Problem & Motivate” and “Define Objectives of a Solution”, where covered at the start
of the “Communication” step, i.e. in the introduction of this work. Subsequently, the
Communication went on to the steps “Design & Development”, “Demonstration” and
“Evaluation” quite dynamically, meaning that the

e presentation of design principles prominent in construct measurement research
(chapter 5),

o the evaluation of mainstream maturity models found in the literature, based on fun-
damental characteristics of maturity models (chapter 6) as well as construct meas-
urement research theory (chapter 7) and

e the presentation and evaluation of CMMI-design principles, based on construct
measurement research theory (chapter 8) and compared against the objectives of the
present study (Box 2),

represent aspects of all three steps at the same time. The deviation from the proposed
DSRM sequence is not problematic since design science is an iterative process anyway.
Furthermore, deviations were made consciously with the main objective to keep the
presentation of fairly complex and interdisciplinary measurement approaches clear and
interesting.

However, what is missing in the presentation of the design science approach to create
a web-based ERM maturity self-assessment is a sound demonstration, i.e. a proof of
concept of an empirical construct (Bisbe et al., 2007) that possesses all the characteris-
tics deemed valuable in the preceding evaluations. At the time of writing (spring 2021),
such an assessment tool is hosted on the servers of the TU Vienna (Figure 16), although
not yet used by the Prime Minister.

In this chapter, the ERM maturity model, as the conceptual model of the maturity
assessment will be presented as well as the operationalization of the maturity assess-
ment as a web-based smart questionnaire.
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+ B

ERMMA
o =

Enterprise Risk Management

Maturity Assessment & Monitoring - Tool

What's the quality of your ERM-system? If you are interested in assessing the quality of
your currently implemented ERM-system, then you should use the ERMMA-Monitoring-
Tool. You can use the tool free of charge. Just register and log in for assessing the maturity
level of your system, identifying weaknesses and correcting them as well as monitoring the
achievement of your targeted maturity level over time.

3-Dimensional Assessment ERMMA Profile

a5 an overal qualty soore as

the ERMMA profie

diture of time

i take about 10-15 minutes to conduct, The more

Figure 16: Web-based ERM maturity assessment tool

9.1 ERM Maturity Model

The intended purpose of the ERM maturity assessment (Box 2) is to rank-order all
relevant businesses with respect to the maturity of their implemented ERM system,
while keeping assessment results unambiguously interpretable. Thus, the utmost im-
portance must be placed on the development of a true scale measure.

Consolidating the ERM literature with special attention to prominent ERM frame-
works (ISO 31000, 2009; ITA-3LoD, 2013; COSO-ERM, 2017), it is clear that not all
aspects of ERM can be attributed to one development path only. Hence different ERM
dimensions/components need to be specified, where each component can be conceptu-
alized as a scale via its own development path.

The formation of construct dimensions was based on a process focus in the CMMI
model, since processes are supposed to be the backbone of businesses developing prod-
ucts and services (SEI, 2010).

In risk management, however, information is the live and blood of all activities. As
can be seen, e.g. in Figure 3 where it is shown that information must be gathered,
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structured and categorized in order to conduct the risk management process'® compris-
ing risk identification, risk analysis and risk evaluation.

Thus, a three-dimensional conceptual construct for ERM was developed (Figure 17),
based on an informational perspective where the information provider (dimension B) is
separated from the information user (dimension C). Information provider and infor-
mation user are separated, but by no means independent of one another. Referring back
to the distinction between additive and multiplicative construct dimensions, it is imme-
diately clear that a mature usage system of information can in no way compensate for
an immature system that provides information. This finding has two implications:

1. If scores in dimension B and C should ever be aggregated to an overall ERM scale
score, the aggregation has to deal with multiplicative dimensions and thus the aggre-
gation algorithm in essence would have to rank possible combinations of B and C
scores. As is the case in the staged CMMI representation.

2. The interplay between information provider and information user should not be left
to chance, but should be well organized, derive from a well defined policy towards
risk management and include a common risk understanding within the business. I.e.
an ERM-governance is needed, which represents dimension A in the ERM maturity
model.

A) ERM-Governance
(ERM-Master mind)

B) Risk Manage- C) Risk-based

ment System Planning and
Generating Control Systems
risk information Using
(Info-provider) risk information
incl. risk (Info-user)

management in in traditional
isolated systems management systems

Figure 17: Information based perspective on three dimensional ERM construct

In the briefly mentioned design iterations leading up to the present ERM maturity
assessment tool, it has been found that with the three theoretically well-defined dimen-
sions, there are still too many aspects and too many loosely dependent development
paths to specify three clean and consistent scale scores.

The solution found to keep the theoretically meaningful dimensions in the model,
while getting an extra layer of granularity to set up the basic development path was to
introduce three sub-dimensions for each dimension. Hence, in the end, ERM is

16 To be precise, the elaboration focusses on the risk management processes’ risk assessment
part, according to ISO 31000 (2009)
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constructed as a 9-(sub-)dimensional construct, where three sub-dimensions can always
be attributed to one theoretically meaningful component of ERM. An example of how
sub-dimensions naturally represent elements of a dimension was subtly provided in
point 2 of the punctuation above.

The resulting nine (sub-)dimensions of the model where then conceptualized as a
scale, composed of five ordinal maturity levels representing a natural development path
from uncoordinated ad-hoc processes to systems interactively managed by top-man-
agement, i.e. best practice (Figure 18).

Maturity Levels
ML 1 ML 2 ML 3 ML 4 ML 5
£ DI HEOERINTGE Partial, i.e. Proc'ess per- Enterprise- Corporate
. . spective incl. . . .
. silo-oriented . wide (holis- perspective
Al: Risk Strategy review and tic) (doubl
A2: Risk Understanding pr;)CGCSfig:r- management 1 ]:ie‘j:pec- 132 )e
A3: Risk Organisation P (single loop) P
@ .
£ | B. Risk Mgt. System . Enterprise- Corporate
= . Risk man- . X e .
17 Risk man- wide (holis- holistic risk Interactively
= agement sys- SN
2| Bl: RM Process agement pro- . tic) risk management managed by
E : o tem (single
a B2: RM Training System cess loop) management | system (dou- top manage-
B3: RM Information Sys. P system ble loop) ment
C. Risk-based Planning Key risk- Key risk-
based plan- Management
and Control Systems . based con- .
o ning systems systems with
Risk limit . trol systems i .
. . (incl. strat- . risk-adjusted
Cl1: Strategic MGT System systems cov and ob- (i.e. perfor- rformance
C2: Fin. Perf. MGT System 'EZtive sel mance man- pmeasures
C3: Op. Process MGT Sys. J ting) agement)

Figure 18: Enterprise risk management maturity model

Each element of this maturity model, i.e. each maturity level of every sub-dimension
was subsequently specified in terms of its necessary and sufficient requirements. The
resulting binary attributes were designed to reflect objective evidence of the require-
ments being met. Hence the relationship between sub-dimensions, maturity levels and
attributes in the ERM model (Figure 19) is no different to the relationship between
process areas, capability levels and practices in the CMMI (cf. Figure 8 and Figure 14).

Dimension h Sub-Dimension Maturity Level Attribute

Figure 19: ERM maturity assessment - conceptual model
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The consistent concepts behind the capability levels of all process areas of the CMMI
(see Table 5 and Table 6) is replicated in the ERM model’s maturity level specifica-
tions. The rational is that

e ML 1 represents processes that work on a silo basis, focused on the operational tasks
of the respective business area only.

e In ML 2, the ML 1 processes have evolved to systems. These systems do still work
in isolation between different business areas, but already include processes with are
subject to monitoring activities. Such a system is comparable to the whole risk man-
agement construct that is shown in Figure 3.

e ML 3 represents harmonized ML 2 systems that are deployed enterprise-wide, i.e. in
each relevant business area.

e ML 4 makes use of the harmonized ML 3 systems by aggregating the key figures
over the whole enterprise. At ML 4, e.g. the risk management process as one ERM
dimension produces holistic risk exposures representative for the whole business.
Only at this high maturity level, the ERM systems becomes a truly comprehensive
steering tool for Top-Management.

e ML 5 is conceptualized as a best practice system, which is the point when the Top-
Management realizes what a mighty tool an ERM system at ML 4 is and actively
uses it to manage the organization and conducts periodic reviews of ERM’s effec-
tiveness to drive a continuous improvement effort in ERM implementation.

As depicted in Figure 18, the model frame is ready to be populated by the attributes
of the sub-dimension + maturity level concepts described in this sub-chapter.

The exact specification of the ERM maturity assessment attributes was already in-
spired by the predetermined operational choice that the assessment should be conducted
questionnaire based, which necessitates binary attributes in order to achieve maximum
validity and reliability for reasons already discussed (e.g. see chapter 8.2). Thus, attrib-
utes where specified in a way that they represent artefacts that can be either present or
absent in organizations. Table 8 in the appendix presents the attributes for maturity
levels 1-3 in the sub-dimension B1: Risk Management Process as an example.

This sub-chapter should be concluded with a final note to the ERM maturity model
conceptualization, before the next sub-chapter briefly discusses its operationalization.

A system development, i.e. progression form one maturity model to the next, in the
understanding of the ERM maturity model can be achieved in either of two ways:

1. A system is extended by an additional property.
2. A specific property of a system is replaced by a superior property.

These two ways of achieving progress for a system are also visible in Table 8, where
red attributes represent completely new properties of the risk management process, and
green attributes represent superior properties that replace already existing attributes in
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the model. Black attributes represent risk management process properties that already

existed in lower maturity levels and remain unchanged.
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9.2 ERM Maturity Assessment Operationalization

Summarizing the context in which the operationalization of the ERM maturity as-
sessment is specified, it is known form the preceding discussions that static questions
from a questionnaire are used in the measurement procedure. Furthermore, the ques-
tions must be articulated that they discover which one of the two attribute levels (pre-
sent vs. absent) are true for the assessed organization.

In this quite predetermined scenario, there are still two important operational choices
to make with the aim of achieving maximum validity and reliability as well as keeping
the assessment as short as possible.

The first choice is to determine the sequence in which attributes of the models should
be measured. Since the questionnaire in the end is not a chaotic assembly of questions
with arbitrary relationships, the structure of the conceptual model from which it derives
should be made use of in order to guide the participant through the assessment. This
means that (1) each sub-dimension should be assessed on its own to keep the participant
in the topic and (2) the ever-progressing nature of the system that is subject to the as-
sessment within a sub-dimension should be made use of. Hence, in order to facilitate
validity in the assessment, the measurement should start with the basic concepts in ML
1 and then go on to more complex systems to which the ML 1 system develops over
the maturity levels.

The principle to start the measurement at maturity level 1 and then go on to higher
maturity levels not only promises higher validity, it also offers the opportunity for a
dynamic ending of the assessment in each sub-dimension, thus making the question-
naire smart.

Since the conceptual model is designed (in line with CMMI-design principles) in the
way that a maturity level forms a necessary foundation for the next level, trying to skip
maturity levels is usually counterproductive (SEI, 2010, p. 30). This model property
can be used in the operationalization to end a dimension’s assessment as soon as not all
attributes of a maturity level are measured as present. This frees the participant from
the burden of having to answer questions about artefacts that are not present in the
organization.

To give an example of the ERM maturity assessment’s operationalization, Figure 20
depicts an exemplary assessment screen as seen by participants. The figure holds two
typical binary assessment questions regarding ML 3 attributes shown in Table 8. In
addition to the question, participants are guided by context boxes at the top of the
screen. These context boxes help the participant to grasp the perspective of the question
as well as provide information about which aspect of the ERM system the questions
relate to. For the specific questions shown, the ERM aspect is the risk management
system (sub-dimension B1 in Figure 18).
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Please answer the questions from a top management perspective.

Please give us some insight in the risk management system of your firm via selecting all matching statements.

Risks are documented enterprise-wide, i.e. for all relevant Annotations
domains and are identified via different methods (e.g. top-
down and bottom-up)

Yes

Ne

Methods for risk measurement (e.g. simulations, statistical Annotations
analysis) are documented enterprise-wide, i.e. for all
relevant domains

Yes
No

Figure 20: ERM maturity assessment - operationalization example

9.3 Exemplary ERM Assessment Result

The last sub-chapter shall serve to present assessment results as they are produced
by the ERM maturity assessment tool (Figure 16). In the end assessment results, pro-
vided that the assessment is valid and reliable, are all that matters to top level execu-
tives, or the Prime Minister in the fictive scenario of the prologue.

As discussed, the measurement procedure reveals all necessary information, about
which attributes are present in the assessed organization and which are missing, to pro-
duce the assessment results, i.e. score the entity on the maturity scale in each sub-di-
mension (Figure 21). Note that the left panel of Figure 21 shows the maturity level in
each sub-dimension as a scale score that can be unambiguously interpreted in its own
right, since the state of the development process that the organization is in is well de-
fined. To fulfill the requirements (reach the attributes) of the next higher maturity level
would represent the natural successive improvement activities.
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ERMMA Profile (Sub-Dimension Dimension Scores
Scores)

§ L1 { Il.lid ': : ; -: “ ;
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o | & Overall Score : 2.56

e [ Relative Rank : 14/100

Maturty-Level

Relative comparison with the other participants in the survey
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7 20 40 w 0 100

Figure 21: Maturity assessment results for participants (scores and rank)

Contrary, the information on the right panel of Figure 21 present index scores (arith-
metic averages) that can be used to rank-order participants with respect to a specific
dimension or the overall system, but provide no guidance on logical improvement strat-
egies whatsoever. In the assessment results, the aggregation is even driven one step
further to derive an overall index score for the participant as the result of an equally
weighted aggregation of sub-dimension scale scores. With this overall score, it is pos-
sible to rank-order all participants of the assessment, as is shown in the graph at the
bottom of Figure 21. Still, at this stage of the elaborations it should be clear that the
overall score as an index has very little value in representing the as-is situation in the
organization, controversial value in comparing organizations (i.e. ranking) and abso-
lutely no value whatsoever in determining logical next improvement activities.

The last paragraph in this sub-chapter should be used to highlight the potential of the
ERM maturity assessment tool not only to be used for one-off assessments, but to be a
monitoring tool that can help to track developments over time.

For follow-up assessments, the scale characteristic of maturity levels can be used to
parsimoniously monitor the development of the ERM systems over time. In follow-up
assessments, participants may start with questions regarding attributes of the maturity
level they were assigned in their last assessment. If answered positive, the presence of
attributes in lower maturity levels is guaranteed and doesn’t have to be assessed again.
If answered negative, the respective maturity level can’t be reached and higher ones
can’t be reached either, so doesn’t have to be assessed.
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10 Conclusion

This work demonstrated the development of a formed ERM maturity scale (Figure
18) which can be used as the basis for web-based ERM maturity self-assessments
(Figure 16). The concept ERM maturity was conceptualized as a formed object, defined
by its 9 main components. These components need to be rated separately because pro-
gress in terms of the attribute maturity can be achieved independently within them. The
conceptual model of the respective ERM components was further specified in terms of
its forming maturity attributes.

As a prescriptive maturity model, it not only helps to determine the as-is situation of
businesses’ ERM systems, but it also allows to derive consistent ratings (maturity lev-
els) that can be compared across businesses and, most importantly, the underlying ma-
turity scale serves as a roadmap for appropriate improvement activities.

The ERM maturity scale was developed in line with CMMI design principles (SEI,
2010) for maturity models, which implicitly provide all necessary conceptual and op-
erational model characteristics needed to develop formed maturity scales of a prescrip-
tive nature.

A major contribution of this work is to make the implicit conceptualization and op-
erationalization of the CMMI explicit, i.e. analyze CMMI design principles in the light
of construct measurement research and scale development. This should aid future ma-
turity modeling endeavors to get a better understanding of the CMMI and apply its
design principles in other domains. It was shown that maturity models in the literature
fall way short of the full potential of prescriptive maturity models (de Bruin ez al., 2005;
Enkel et al., 2011; Schumacher et al., 2016).

Further, the parsimonious elaborations of the CMMI design in the standardized
terms of construct measurement research shall enrich the discussion in this scientific
filed for a demonstration case of a formed measurement model. The discussions there
are dominated by representatives of the social sciences, which take a realist perspective
on construct measurement and start with the premises that the latent construct is some-
thing that exists and is reflected in certain observations (Likert, 1932; Nunnally and
Bernstein, 1994; Babbie, 2006). However, especially in the field of MIS a constructivist
measurement perspective might prove more usefull, where a concept is seen as a theo-
retical creation that is nothing else than the product of all its defining/forming attributes
(Diamantopoulos and Winklhofer, 2001; Petter et. al., 2007; MacKenzie et al., 2011).
The problem with traditional formative measurement, however, is that model identifi-
cation, calibration and validation is not purely done based on theoretical reasoning
(Rossiter, 2002), but instead the same empirical methods as in reflective measurement
are used (e.g. see Diamantopoulos and Winklhofer, 2001). This leads to the loss of
interpretability of the results of multi-dimensional constructs (Edwards, 2011) and pre-
vents the creation of a prescriptive model.

The C-OAR-SE procedure (Rossiter, 2002) provides guidelines for certain types of
concepts (e.g. formed objects, formed attributes) to be developed and validated based
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on expert knowledge only. Even though it has its critics (Diamantopoulos, 2005), its
concepts in terms of construct measurement research are perfectly in line with the
broadly accepted CMMI and where successfully applied to develop the ERM maturity
model.
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12 Appendix

12.1 Empirical Identification of Measurement Models

In reflective models (Figure 22, left panel) the loadings (Ai) capturing the magnitude of
the effects the construct () has on the indicators/measures (xi) are empirically deter-
mined in a way to reduce the uniqueness in the measures (8i) as much as possible
(Edwards, 2011). Similar as in factor analysis, the linear combination of measures is
sought that best explains the variances in the measures. From a conceptual perspective,
reflective models essentially represent a method to reduce measurement error. Thus,
the technique to identify the model in a way that the error in the measures is reduced to
their uniqueness is perfectly in line with the research objective.

9,

o,

— 95,

Figure 22: Reflective (left) and formative (right) measurement models
(Figure 1&2 in Edwards (2011))

Formative models on the other hand, as depicted in the right panel of Figure 22, suffer
from an identification problem. The indicators/measures (xi) are unique aspects of the
construct (1) and there is no assumption that they correlate in one way or another. The
identification of the model should produce the loadings (yi) that specify how the indi-
cators combine to define the construct. But different to reflective models where the
objective of the identification was to minimize the error terms (i), there is no such
objective given for formative models.

To overcome this, the value for the construct () could, e.g. be derived from a meas-
urement model with two reflective indicators (yi) and then a combination of the form-
ative indicators can be sought that minimizes the error term in the construct ({). This
would produce a multiple indicator multiple cause (MIMIC) model (Figure 23). But as
Edwards (2011) points out there are deficiencies in this method, not least that the model
will change whenever other reflective indicators are chosen to determine the value of
the construct.
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Figure 23: Formative measurement model incl. reflective indicators for identification (Fig-
ure 3 in Edwards (2011))

The need to implement formative models in bigger model structures in order to be able
to identify them gives rise to the debate if there is any utility or interpretability whatso-
ever when such constructs are identified empirically.

12.2 Scale vs. Index, Additional Example

Index-Construction Logic

they've taken.

Scale-Construction Logic

comes closest to describing them

Here are several types of political actions people
may have taken. By and large, the different actions
represent similar degrees of political activism.

To create an index of overall political activism, we
might give peaple 1 point for each of the actions

Wrote a letter Signed a Gave money
toa political toa
public official petition political cause
Gave money Wrote a ;?Tr;?n??o
to a political political letter h i
candidate to the editor crande 1osoF
his voting plans

Here are some political actions that represent very different degrees of activism: e.g., running for office represents a
higher degree of activism than simply voting does. It seems likely, moreover, that anyone who has taken one of the
more demanding actions would have taken all the easier ones as well.

To construct a scale of political activism, we might score people according to which of the following “ideal” patterns

Ran for office No
. _Worked ona n _;e;Mi Yes
political campaign
Voted No Yes Yes Yes Yes
0 1 2 3 4

Figure 24: Scale vs. Index of political activism (Figure 6-1 in Babbie (2006, p. 155))
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12.3 Additional CMMI Definitions

Table 5: Definition of CMMI capability levels

Capability Level

Definition

CL 0: Incomplete

CL 1: Performed

CL 2: Managed

CL 3: Defined

A process that either is not performed or is partially performed.
One or more of the specific goals of the process area are not satis-
fied.

A process that accomplishes the needed work to produce work
products; the specific goals of the process area are satisfied.

A performed process that is planned and executed in accordance
with policy; employs skilled people having adequate resources to
produce controlled outputs; involves relevant stakeholders; is
monitored, controlled, and reviewed; and is evaluated for adher-
ence to its process description.

A managed process that is tailored from the organization’s set of
standard processes according to the organization’s tailoring
guidelines; has a maintained process description; and contributes
process related experiences to the organizational process assets.

Table 6: CMMI — Generic goals and generic practices

Generic Goal

Generic Practice

GG 1: Achieve Specific Goals

GP 1.1 Perform Specific Practices

GG 2: Institutionalize a Managed Process

GP 2.1 Establish an Organizational Policy

GP 2.2 Plan the Process

GP 2.3 Provide Resources

GP 2.4 Assign Responsibility

GP 2.5 Train People

GP 2.6 Control Work Products

GP 2.7 Identify and Involve Relevant Stakeholders

GP 2.8 Monitor and Control the Process

GP 2.9 Objectively Evaluate Adherence

GP 2.10 Review Status with Higher Level Management

GG 3: Institutionalize a Defined Process

GP 3.1 Establish a Defined Process
GP 3.2 Collect Process Related Experiences
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Specific Practices ﬂ

Example Work . : Generic Practice

Figure 25: CMMI — Process Area, all components
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Table 7: Characterization of practice implementations

Label

Fully
Implemented (FI)

Largely
Implemented (LI)

Partially
Implemented (PI)

Not
Implemented (NI)

Not Yet (NY)

Meaning

Sufficient artifacts and/or affirmations are present (per
1.1.4, Determine Appraisal Scope and 2.4.1, Verify
Objective Evidence) and judged to be adequate to
demonstrate practice implementation, and no
weaknesses are noted.

Sufficient artifacts and/or affirmations are present (per
1.1.4 and 2.4.1) and judged to be adequate to
demonstrate practice implementation, and one or more
weaknesses are noted.

Some or all data required (per 1.1.4, Determine Appraisal
Scope and 2.4.1, Verify Objective Evidence) are absent
or judged to be inadequate, some data are present to
suggest some aspects of the practice are implemented,
and one or more weaknesses are noted.

OR

Data supplied to the team (artifacts and/or affirmations)
conflict —~some data indicate the practice is implemented
and some data indicate the practice is not implemented,
and one or more weaknesses are noted.

Some or all data required (per 1.1.4, Determine Appraisal
Scope and 2.4.1, Verify Objective Evidence) are absent
or judged to be inadequate, data supplied does not
support the conclusion that the practice is implemented,
and one or more weaknesses are noted.

The basic unit or support function has not yet reached the
stage in the sequence of work, or point in time to have
implemented the practice.
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12.4 Additional ERM Maturity Assessment Definitions

Table 8: ERM maturity model - attributes

B1.ML1.1a: Specific risk
identification

BI.MLI1.1b: Specific risk
measurement

B1.ML1.1c: Specific risk
evaluation and risk re-
sponse policies

B1.ML1.1a: Specific risk
identification

BI1.ML1.1b: Specific risk
measurement

B1.ML1.1c: Specific risk
evaluation and risk re-
sponse policies

B1.ML2.1d: Specific RM
process monitoring

B1.ML2.2: Specific review
of RM process and moni-
toring

75

B1.ML3.1a: Enterprise-wide
risk identification

B1.ML3.1b: Enterprise-wide
risk measurement

B1.ML3.1c: Enterprise-wide
risk evaluation and risk re-
sponse policies

B1.ML3.1d: Enterprise-wide
RM process monitoring

B1.ML3.1e: Enterprise-wide
coordination of RM process

B1.ML3.1h: Different con-
cepts for monitoring and ad-
justing activities in different

domains

B1.ML3.2: Enterprise-wide
review of RM process and
monitoring
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